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HRAEE AR R B AT F IR, 2R E SRR 2R
BB BT 25 1 20 5 40 o P DR A RO G . TR
(Vibrio)fE k1 A 858 Hh B i UL %) A0 A 20, 2V Rk
AW X ZR Y B R A3, TR AR R DL A R B
e o H IR 5 RS 1Y) D1 28 — M HLA A 7 A AR
KA RE R IR B R R AR E AR A

7% B 9K B (Mibrio alginolyticus) 5§ J& T K B4 #F
(Vibrionaceae) K& J& (Vibrio) , & —F & UL 1Y JC 240
TCIERER PG EL . VB IR Y DR AU A 2% [R P PR A T
JUEZ AR K . R TR MK A A B (B8R 45, 2006).,
AT FIHE SR B, W RS K = 5%
BN v RN SR U e T RIAE T B e —

(#A, 2016; Jrif, 2019; k%I, 2021; Zhang et al,

2022) o BF 5 & B, W EE N B AT 5l R R B fi
(Pseudosciaena crocea) . H&ff(Sparus macrocephlus) .
L 4 % % iR (Litopenaeus vannamei) . H A< Xif #F
(Penaeus japonicus)ZF £ Fl /K A A2 W K i A KA AT
T-(Lee etal, 1996a. b; ERPRMLEE, 2001; 25 IR4E,
2002; T4, 2004) . D12 4N 4t 85 (Crassostrea
gigas) . T VT.4% 1 (Crassostrea ariakensis) il £ Il Dl
(Mytilus edulis) %5 i) B 1A 1 &l 4 s A7 B 7 5 K BT Jak
go | FECRABIIE T A 2 61 18 S 1 2% 4, 1991,
Riquelme et al, 1996; Sainz et al, 1998; Ak, 2007;
7K 445 2008; Wang et al, 2021; Yang et al, 2021),
WS W BOW 1 5 1w B IR G . 1)
FE R 7= A AR ) I st AL 22 LAk, #5 AS[R) 8
JIBEPR A BN , RIS ] 1 A ) 2 R Ak 5 B0
PE(MIKEE, 2015), Z407 45751437 (multilocus sequence

typing, MLST)J& % I & B2 R ¥ 571 i) — Fol 41 1 43 74
ik, g A 51 5 (sequence type, ST)R] LA A
[F) BRI R 22 ] B SR 250G R o 95 UIAH G 1 TR R LA A ] Y
ST sk ANA WA TN FE A v A AR ST, 1A AH K B
Wy ST 2=/ 3 DEHAL S AR (Maiden et al,
1998), Zit Z4ELEAMSEE, MLST B AN — Rl
BT R, BA PR SR EE R
s, BRI T AT = A, a1 TRk
AL AR AR 5T (Martin, 2006) . HET, XFAS[E DI2E5%
FAPRE T, 5 BN DA A ) 2 T B AR (LA I 1l oI o
(Vibrio parahaemolyticus) 2\ £ 3#E47 T T 12 WF5 (2R3
4, 2020), TV EE SN BE 1Y 35t 45 43 B R AR B 2 Rk g A0
FEAXT A o ARG 3H 2 FRFEAS [R) DX Il P AN [R] A J8 1)
PR L AR S Mt 2Pk 22 5, B AE R DUYR I e
WA R —E WSS %,

1 MR57EE
11 EMSBEE4U

W78 T AR e N LD AR 8 5 0 L B0 L R &
BT 4 A DRI T IX () U1 S 2 2R 57 5 /K AR
oy . KEME, 80 CIRIRMEAF Q0% H ), M
FH 2216E 8555500 HIlM R AE AR 2 255 , I TCBS 1%
BRI AT R LR Al 85 77, LB B V5 T S 0 BRI
EBATEVE R T 2216E WRAKRE SRR, 28 CHEKT
R R, WHEHEBE T 4 CUKM & . B3R
X/B I 3 MRIEEORE M R, HAK
KA EILE 1,

®1 BAENERERER

Tab.1 Sampling information of strains of V. alginolyticus
SRAFHb A KA SRAERT [H] TERAIR Strain sources
Sampling sites Sampling sources Sampling time YyFh Strains 17K Seawater
A HE R 2020-08 KIEF TR DL(A ) IR (AL As)
Qingdao Holding pond Sick Mizuhopecten yessoensis(A ) Seawater in holding pond (A,, As)
B: iy a7 2020-11 IR IR IR (B)) FRFEIEK (B, Bs)
Weifang Mudflats Healthy Ruditapes philippinarum (B;) Seawater in cultured region (B,, B3)
C: iy ity 2020-08 RIREATIE(C) FRFRIER(Cy. C3)
Weihai Shallow sea Sick C. gigas(C)) Seawater in cultured region (C,, Cs)
D: & " 2021-08 KA WEFRN (D) KIRHGEIK(Ds)
Yantai Hatcheries C. gigas broodstock (D) Natural seawater(D3)

R KA (D,)
Sick C. gigas larvae(D,)

1.2 BHHKREE

PR DNA HEHC: BB 12 000 r/min, #5405 30 s,

F LIW, WA 500 uL EEK, 95 °C, 10 min, 3
F W DNA, FIH 16S rRNA LI (WL3 2), %
R PCR SN A AEXT $2 B AY T DNA 3E47 PCR §7
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M4, PCR RZWAKZ (25 uL): DNA #ik 2 uL; | Fiif
514 F/R(10 umol/I)4% 1 uL; Premix Tag™ 12.5 pL;

ddH,0 8.5 pL, PCR Wi f#)¥: 94 C, 5 min; 94 C,
30s; 55°C, 30s; 72°C, 30s; 72°C, 7min; 354
TE¥R; 4 °C, DRFF. P YTE 120 V (- F T, &
1.5%3 IS AR EE JiE HL Uk 30 min, 3 H S5 B 25 ) PCR
PR E A T AW TR () DA R A k4T
Sanger W/ . XP P e AT N TS LG, %
B ZE I 45 2 ) 12 BEIREE 16S rRNA J3 51 5 NCBI
B8 4T BLAST [RIUE T 91 LU XT, )20 %5 5 TR AR 53

KA,
1.3 BE# MLST HBRREZLBEHH

HRHE PubMLST (http://pubmlst.org/Vibrio spp./)4X
PEEFT VI E 1Y 4 N ZEER RS PR 2)dktT
ZAL RPN B, S5 16275 5K/ NI 4§ (2021) . PCR
SRR Z A N FE R 1.2.1, iR KRR 2, §3%
PEITE 120 V Z&AFTR L 15% IR EEIC LUK 30 min,
PEHCRAT W52 PCR P2 Hik 248 TAY TR (L)
JBEAR A BIR 2 w0 e o o I e = 8 AR 0 A 7 N A

®2 AHARBTALISIMFIIR RN EHE

Tab.2 Primer sequences and reaction conditions used in this study

519 BlE 2] FA R B 8 (5'~3) B K
Primer Primer sequence Fragment size (5'~3')/bp Annealing temperature/C

16S rRNA AGAGTTTGATCCTGGCTCAG 1517 55
TACGGYTACCTTGTTACGACTT

gyrB GAAGGTGGTATTCAAGCGTT 812 55
CGGTCATGATGATGATGTTGT

pyrH CCCTAAACCAGCGTATCAACGTATTC 606 55
CGGATWGGCATTTTGTGGTCACGWGC

recA TGCGCTAGGTCAAATTGAAA 563 55
GTTTCWGGGTTACCRAACATYACACC

atpA ATCGGTGACCGTCARACWGGTAAAAC 564 60
ATACCTGGGTCAACCGCTGG

ompw AACACCATTCAGCCACGACA 213 53
AGTTCAGACCTGCACCAACG

collagenase GTACTACGACATTGGCGAAGG 591 51
CCCGACCATACATTTCATACTG

fur ATTAACCCTTTGAAGTTCGTGG 111 51
TGACATATACTTTCCCGTTGGATC

FlaA AATCAATGGAGCGTTTGTCTTC 253 51
GCTACACGTTCTGCTTTTGAGTTAG

toxR GGATTCAACCAAATCTCCAGAGT 434 49
GGATTCAACCAAATCTCCAGAGT

toxS GCCGTATCTATCCTTTTCAGTGG 228 50
GCCTTGTGCGAACAGTTTG

AspA GCATGGTACTCACGTAGCGG 154 54
CTTTCACAAGACCAGAAGAGTAACC

tdh ATAAAGACTATACAATGGCAGCGG 138 50
GAATAGAACCTTCATCTTCACCAAC

trh GCCTTTCAACGGTCTTCACAA 179 51
TAACAAACATATGCCCATTTCCG

tth CGAACGAGAACGCAGACATT 108 51
CTTTGTTGATTTGATCTGGCTG

UreR AATGAGTCTGGAGTGGATGTGC 730 52
TTGCGTTTGAAAGCGTCG

vscB ATGTTAGATAAGATGATGAAATC 400 47
TCATGGTAACCACACTGTATG

tcpA ACCGTGGTCTAGGTAATT 431 53

CAACGCCGAATGGAGCAG
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J& , K BT AR IO I e oI A58 S vk 4 N RIE A 751
TE MLST %040 A o0t 45 28 1) FU X, 75 31 AH R A 465 o7 3
M4t , FME gyrB, pyrH. recA, atpA FyHEFIIF
Wi R ST A4, BRI RV 0B 4 M KL
J¥50, i H MEGA 11.0 5 MUSCLE Jjfigfis )L
AT Z S X, MHBR H X I e 370 A 4 15 s AS RE Eb
Xof S At [R5 50 04 7 B o Al AR BRI (NT %), H
MLST 3B 2 G K BW . KA Bootstrap 32 5 42 il L
1000 YRFEAS, X T A5 25 AU AR 0 4+ D 235 44 %) o ff 4
ARG 55 FNAIE

14 FEHERKT

e R 2 0 R 7 2R (B, 20135 )5 52,

2017; SKEGHI, 2021), GL4EG B JCH I 2 3K (tdh,
tih, trh). 2 I3 (toxS, toxR) . Bk 8 1 3
P (fur)&8 3% 13 5 805 I s LA . A4 SC
BRI B A 3R B 51 (L3R 2)0 LA 1.2 Higs i
JIHE AU DNA A, PCR A £ K [ b A2
M 1.2.1, BKIREWME 2 FiR, PP 120V
ZAET, 1.5%I IR HEEE RS L VK 30 min, #ECHLIE R 58
TOURERY R S, DT Wi AR S B 5 HE it B  H
FHI S FEE

S
Fig.1

22 BENE MLST 9EEEZELABOH

MRYEINEJE MLST B 24ty 4 M RILH
(gyrB. pyrH. recA. atpA)FIG|¥ S HE T £ 00 5 0
A, 12 PRV BRI A9 PCR ¥ 34 7= 28 1.5% 1 3 B b
HER Rk, PR B — I S (LR 4). 4 MER
FE[H PCR =9yl 745 22 PubMLST 48 J4 e X,
AR A RIER T A1, A5 345 8 53 DA I 9 25
iR gmts, $% 88 gyrB. pyrH. recA fll atpA 3 K HE

BRI 7E TCBS P A KA
Growth of V. alginolyticus on TCBS plate

15 TZEHESH

R A% 35 6] [ R R 52 960 2 A ifE b 23 51 23 (NCCLS)
HEFF AR E (2 HEZE4E, 2006), KT Kirby-Bauer 1%}
12 BRI BOICER 43 B AR UEA T 24 0l o (0 FH AR SRS
B B4 2 ODgoo nm=1 (1.0x10® CFU/mL), fE#G
HHEL 100 pL BRI AR T 2216E FAR 1, AL
FE 5 10 Fhbrd: K 2580407 WG I8 72 536 0m
28 CHHEEHEFE 24 h, WL a0 S 2084t R
B ELAR RN, AR 0 SRR R A A A v

2 #R

21 BENENSBERE

i TCBS EHEPESE IR, MR A 4 N IX
RN AT R N L IR AL RIS 3 . AT O I R
SMREE Y R AIURE G, HEES NRIEE
B, rpoii . IZOEN, AN 2~3 mm, WIEE
TR H AN S PREC (LR 1), B 75 PCR HI 16S ik
L W 5 0 AR TR O, 0 5 0 2 ) A A RS 450, A R
KB — RS2 H 5 Y . 4 NCBI-Blast X} 16S 1l 545 5
PEATHEXT, 25 R oK, S s R R R AR 99% LA 1,
WIS MR , S e g R A .

FetfaE ST BI(ILEE 3). FEI &L, 12 MRS 1Y
ST AUE A, Horp, 7 B M 2 B 2l iy ST
B, S BRAH ST B, 7 RRESRE ST AU Bk DL IR %A 5
JRE(Dy), Hofth 6 BRI A/KIFAEBEINE; 5 B ST
I AT 4 Bk DUVEESENE (A, By, Cp. DA T #RK
PRV BEINTE (Cy) o 5 BB ST BUvA IR I 5 B e vl
SRS ST HAKIERELE X R : HFHTEKA)
SR e ST %1%y 38, 131, 134, 46, 56 VAT
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R AHGIT 5 B B RR(C L Co) S8 2 ST o 111,
322, 61 (BN AT ; MR A B R (D)5 BUE
P ST Uk 268, 275, 341, 344, 351, 358 YA
SRBE EARAT, PRRE L 3.

4 NEFIERFIRERE , X 12 PRIE IR ST
MY RELEANERER, REKEW EZ SN
AN A1, 42, 43 M 4 (LK 3).
12 BRIF BN 4 BRI BN (AL By. Dy, Dy)
2 BRAKTRESEINE (A, . Dy)RETH 1+, HAH 1
XTHRZE T ST BIKZ K i EN 2, 3 MoKiEE
N (As. By Bo)fl 1 #RILEE BN (CHERET
2H 25 2 BROAKIEIABINE (Co. CHRETH3; 44l
X REZH A R o DUUEIS SR 2o AR AE4 1,
RV BRI ER [B) 2E A DG 2R 1 B I3 o AN ) Hb X g ] —
IR BN 7E L S R T BB NRAT ; 4 2 4 3
A B RR TR MK IR, I IR — M X anige s
DXV b DX 4) 7K R 7 9 A ] A DL 58 7 s I o A a0 Ak
KFREERBK, MHHEFRMAME G TS KK
e e oI pR A DUYR I P AE E AL R 22 R BN

M 1 2 3 4

(bp)
2000 —

1000
750 —

500

250
100

B2 i B oo A 8k DR ARG B Je P K s )
Fig.2 Example of gel electrophoresis results for
V. alginolyticus housekeeping genes

M: FR#EsrTF it Marker; 1~4: BRIEE, HKIH gyrB,
recA, atpA Fl pyrH.
M: Standard molecular weight marker; 1~4: Housekeeping
genes, in order of gyrB, recA, atpA,and pyrH.

®3 REBFBENESEREERSMNERRBE ST BLR
Tab.3 Encoding and ST type of alleles of each steward gene of 12 V. alginolyticus strains

Bk ENEEF Allele

Strain gyrB pyrH recA atpA ST %! Type ST HAML ST %Y Similar type ST
A 134 85 32 38 — 38. 46, 131, 134, 56

A, 40 33 32 32 45

A; 17 17 22 16 87

B, 134 39 118 96 — —

B, 124 97 118 88 156

B, 47 39 38 56 56

C 91 69 87 79 — 111, 61, 322

C, 103 21 97 39 —

Cs 103 40 97 19 125

D, 19 19 14 23 — 268, 275, 341, 344, 351, 358
D, 42 17 69 16 96

D; 30 19 47 23 57

W —: B ST H,

Note: —: New ST type.

23 FBAHERKN

38 2 4 AKX 13 Fob 3228 5 07 S DR R T A I (D
x4, FRER, 12 HRIEEINE R th, fur,
collagenase A ; VscB, Ompw, FlaA, toxSZ%5#E
FEHFE R ZBERAAAE; UreB, AspA %53 1136 A H
PRAE /DR BR 5 T AR A E] tdh | trh toxR T tcpA

PR R [ X s ) — B X R [ 3 958 L K 2 e
IR B A 4 24 13 5 DR 1 ol K BB 4 7 22
S, AT R M X K B I A R S
R RIRCIR 2 2 T ¥ R 45 b DK S s i I
M X K BRI A 2 S DR R R, %
38 2 F DL LA DI B L A1 5 R A M X K T
I 250 L PR S 22 T DL
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@ Vibrio alginolyticus-(A,)
|V. alginolyticus ST82 I
V. alginolyticus ST16
V- alginolyticus-(Dy)
V. alginolyticus ST23 |
V. alginolyticus ST57 (D,)

L— @ V. alginolyticus-(B;)
41 [V alginolyticus ST27

V. alginolyticus ST22
[ V. alginolyticus ST312 |
76 V. alginolyticus ST311

I_, V. alginolyticus ST45 (A,)

54| 5OL— @ V. alginolyticus ST96'(D,)
V. alginolyticus ST302
V. alginolyticus ST370
V. alginolyticus ST167
V. alginolyticus ST313
V. alginolyticus ST88

V. alginolyticus ST355
E V. alginolyticus ST310

V. alginolyticus ST364
- V. alginolyticus ST328
V. alginolyticus ST327
25*0 V. algzjnolytzjcus ST354

Ol V. alginolyticus ST366
94| | V. alginolyticus ST301
- V. alginolyticus ST352

82
60 V. alginolyticus ST365
|— V. alginolyticus ST307

54 @ V. aiginolyticus-(Cy)
86 _‘j/ alginolyticus ST87 (A;)
@ V. alginolyticus ST156 (B,)
_ﬂiﬂ——. V. alginolyticus ST56 (Bs)
V. alginolyticus ST322

60 @ V. alginolyticus-(C,) — Group 3
1001 @ V. alginolyticus ST125 (C3)

V. alginolyticus ST2 ]"Group 4

2711
22

37

6
& ~ Group 1
2350

57

23,
37

S

1

¥e)

- Group 2

0.050
K3 BT 4 M HER 12 BRiFHEIE ST B R G L F M

Fig.3 A phylogenetic tree of 4 housekeeping genes of 12 strains of V. alginolyticus

LU HE NI BEIEDR ARSI AL 4L W G HE N B R A PRk

V. alginolyticusin the red box are from marine animal tissues; V. alginolyticus in the blue box are from the environment or seawater.

M 1 2 3 4 5 6 7 8 9

2.4 TZEEENE

o 12 BRYESEILEAT 10 At 32 AT 25 2 5 0
L 000 50 AT BT BEONE 2 =X 2 R DL EBUAE
750 — REZ WMLy, P i e w0 20N PR 8 R R
500 PRI 245, TS 5 D7 A W R S 2R AR I S v U
250 P RKERMEBEINE X THRIR KR ER | L8R
100 W R . RN R AR HTA 3R AR R OB R
TR

4 iSO O X2 1 A K U e 2 (PR, AR LI
Fig.4 Example of gel electropj;oresis ;esults for 9 pairs of U S bR, RECBUS 0 B W TR, DOCHER
virulence genes of V. alginolyticus LR R P URIY R 5 R, W BEBURIh 6 PR Xk
M BRAES T4 Markers 1-9: 8735 IAUCN th, fur, Aspa, D 22T URO 2 0K, IERUSE % 10 ks X
toxS, FlaA, ompw, UreR, vscB #il collagenase, YR U 4 kR LU O 8 B AN
M: Standard molecular weight Marker; X AV SR X AR R AT 25 e 2 5, [/l —#h

1~9: Virulence genes, in order of tlh, fur, AspA, toxS I 7] — BURE 5K Y5 F v 38 3 B i 24530 o 14297

FlaA, ompw, UreR, vscB, and collagenase.



FBEARAE: FRFEIAEE K DUIRVA A MLST 73 54 1 H 55

TN | T2 217

F4 AREMERHBAELNESHWEFRES
Tab.4 Virulence gene distribution of V. alginolyticus in different regions

FH & Qingdao

BhHHT

#Yj Weifang

B Weihai M4 Yantai

Virulence genes A, A, Aj B, B,

B; G & Cs D, D, D;

trh - - - - -
tdh - - - - -
toxR - - - - -
tcpA - - - -

UreB
AspA
toxS
ompw
FlaA
VscB
tlth
fur

+ o+ o+ o+ o+ o+ o+

+ o+ + o+ L+ A+ o+ o+

+ o+ o+ o+ o+

+ o+ o+ o+ o+
o+ o+ o+

+ o+ o+

collagenase

|
|
+
+
|
|
|

+ o+ + o+ + o+
+ o+ o+ o+ o+ o+
+ o+ o+ o+ o+ o+t
+ o+ o+ o+

+ o4+

+ o+ + o+ + o+

+ + + + + + o+

o+ W, 0 R
Note: +: Carry; —: Do not carry.

®5 RHFRPMEAFIBRER
Tab.5 Drug susceptibility test results of 12 strains of V. alginolyticus

E/INATE 3 H & Qingdao

Y5 Weifang

Bt Weihai M Yantai

Antibiotics A, A, A; B

B, B;

o
e
e
o
S
S

7 % % Penicillin

Z R PYHR Aminobenzylicillin
Sk AR Ceftolozoline

T W¢RIB Butyraminecarbana
R KFZE Gentamicin
2145 R Erythromycin
WA A Ciprofloxacin
WP &2 Norfloxacin

&5 Hri# B Cotrimoxazole
S # ZE Chloramphenicol

v - —~ n nn nn ~ " I
»n v~ n wn yn — "I
v U Ly yn ™I
v nn v o= = = = "I

9]
9]
w2

v v v = = = = X
v n nn - = - n " X
»n N v = o~ =~ X" XX
v v yn n "I
v v v yn n ™I
N o= = = = - n ™ T
v - N n — "I
»n v v rn n n ™A

9]
w2
w2
w2

T AR 5% [ [ 5 PR 52 36 3 hR o AL 2% B3 22 (NCCLS)HEF B v 14 Pl B A% (mm): S UK

L s Re 2.

Note: According to the U.S. National Committee for Clinical Laboratory Standardization (NCCLS) recommended standard
inhibition circle diameter (mm): S: Sensitive; I: Intermediate sensitive; R: Resistant.

3 g

T B TR R e AL AT DL 2 P Y 2% i Il K 3R A Bl
YinaiEC A MRZ, (HX DR B EOw 77 | g%
AR S S AT S A RO O 4 T8 A AR D G U 2,
2016) ANIFFE PRI AN [R] 3t DX IR AR DL 2 2H 4 73
B BACRMEA BEOE , 248 TCBS B Ie ) & i v Jm
B A B AT BEALLI B IR T 7 32 O B el iE W
WA PR GE ORI s, MRS 2
SR X —FUR S A (2015) 418 AT A A

AN IEZE RIEA—5L, 45 RR, £ RRFIFREEA
T, 5 B 0 TR VR MR IE A a5 0 A e A i 35 ek
ORI, 2014), AN B A8 S5k 2R B0 H 3
Joi 1A RN 2 e AT R FR TR PR Al 35 4% 9 Jo A
SHlEN.

MLST Jyikidiid PCR 9731 218 B i
R 73 , 45 s AR P 51 (14 78 S AR 3 — A () 3 1A
T ARl 5 3 DR A0 2 B A L e k> 44 22 PR AR — A~
SEOLGR T, R A BE PR e B s B 1 HE B
T BT N 205 732 N 90 D B A T A
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BN F BRI SE R A0TSR AN A1 D 72 S e ) 45
8 WA JE RN 3 B A TR Y T B (Martin, 2006).
AR 36 A AN ] il DX R 5 1) 375 38 T 7 Ak G 3R
SR, Rl X A EIE 7R R E
FEAT , X — 5 SR AT A r T L 5 B ) T e A i)
(A2 A, DA S22 LA K 1 38 1 730 5 A R AR st % 0
o ZHN IR WA BRI AR ZE, RIR]—Hb X
KR A5 BAR AL LU0 B RTE ST B L AP
AR LR (BR KA, 2018; 1] 55 4%, 2022), BFFE AR,
5 FOBr ST AU R R E st ST HUHR /45 5 5k
PR 4 % & A AR TR B, 2RI Jmy #E 7 SEAF (2017)
4z F A5 (2019) % € [ HB /K 2% 4 (Yersinia ruckeri)
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Qingdao Key Laboratory of Mariculture Epidemiology and Biosecurity, Qingdao 266071, China)

Abstract China is the most productive country in the world in terms of shellfish farming, with
seawater shellfish occupying a dominant position in China’s shellfish farming industry. In the past two
decades, China’s marine shellfish culture has been enriched in terms of species and culture methods.
Moreover, its scale has expanded, with annual production remaining above 10 million tons and the total
economic output exceeding 220 billion yuan. However, the economic losses caused by epidemic diseases
in the shellfish aquaculture industry are also increasing annually, exceeding 10 billion yuan in 2021.
These diseases have become some of the primary limiting factors for the healthy development of the
shellfish aquaculture industry. Epidemiological surveys in recent years have shown that vibriosis is the
most prevalent bacterial disease and the leading cause of mass mortality in shellfish farming. Vibrio
alginolyticus is one of the most common Vibrio pathogens in shellfish diseases, posing a grave threat to
the healthy development of the shellfish farming industry. However, effective methods for preventing and
controlling V. alginolyticus are still lacking. The pathogenicity of V. alginolyticus is frequently closely
related to its virulence factors and biological characteristics, and it is unclear how the virulence factors
and biological characteristics of V. alginolyticus vary according to different sources and regions. Therefore,
in this study, we aimed to gain a deeper understanding of the pathogenicity and scientific control of
V. alginolyticus by analyzing the genetic variation and distribution patterns of V. alginolyticus in different
aquaculture environments and shellfish tissues. The study was conducted to observe the external
morphological characteristics and conduct 16S identification of twelve V. alginolyticus isolates collected
from four regions: Qingdao, Weifang, Weihai, and Yantai. These were isolated and purified in TCBS
selective medium; MLST typing of the strains by four housekeeping genes; the distribution of thirteen
Vibrio virulence genes in V. alginolyticus; and the resistance of V. alginolyticus to 10 common antibiotics.
The findings showed that all V. alginolyticus colonies were yellow or yellowish in color, round and
transparent in shape with a raised center and smooth edges, moist, and difficult to harvest. 16S rRNA
sequencing showed a homology of greater than 99% with V. alginolyticus, which was initially verified as
V. alginolyticus and was consistent with the initial identification results. The ST typing of the twelve
V. algolyticus strains differed from each other. Seven strains (A,, Az, B,, B, C3, D,, and D3) contained ST
types already included in the PubMLST database, with ST types 45, 87, 156, 56, 125, 96, and 57; five
strains (A, B;, Ci, C,, and D;) formed new ST types owing to allelic locus changes in housekeeping
genes, and four of the new ST types were isolated from shellfish tissue. The Qingdao isolate (A) has
similar ST types 38, 131, 134, 46, and 56 in the database; the Weihai isolate (C;, C;) has similar ST types
111, 322, and 61 in the database; and the Yantai isolate (D) has similar ST types 268, 275, 341, 344, 351,
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and 358 in the database. These results suggested that V. alginolyticus in the shellfish culture environment
had a high genetic diversity and that V. alginolyticus of shellfish origin might be more easily typed than
V. alginolyticus from water sources. The MLST typing phylogenetic tree showed that there were four
distinct branches: Group 1, Group 2, Group 3, and Group 4. All V. alginolyticus from shellfish tissues
were predominantly observed in Group 1; isolates from Group 2 and Group 3 were mainly from marine
environments and had closer evolutionary relationships with V. alginolyticus from the same region of the
aquatic environment. The evolutionary relationships between V. alginolyticus from different areas of the
aquatic environment and V. alginolyticus from shellfish tissues showed different characteristics. All
V. alginolyticus strains carried three virulence genes: tlh, fur, and collagenase; VscB, Ompw, FlaA, and
toxS virulence genes were present in most strains; UreB and AspA virulence genes were only present in a
few strains; and tdh, trh, toxR, and tcpA virulence genes were not detected in any of the strains. The
variety and number of virulence factors carried by V. alginolyticus were influenced by factors such as
regional distribution. V. alginolyticus of different origins were characterized by multiple drug resistance
interactions, but there were differences in the types of antibiotics to which resistance was developed.
All V. alginolyticus species showed high susceptibility to cotrimoxazole and chloramphenicol, while they
were resistant to penicillin and ampicillin. The majority of V. alginolyticus developed intermediate or high
susceptibility to antibiotics such as butyraminecarbana, gentamicin, erythromycin, norfloxacin, and
ciprofloxacin. Among all V. alginolyticus, one strain was resistant to ceftolozoline, five strains were
intermediated, and six strains were highly sensitive. In addition, five strains were intermediated, and six
were highly sensitive to butyraminecarbana, gentamicin, and erythromycin. Two strains were
intermediated, and ten were highly sensitive to norfloxacin. Four strains were intermediated, and eight
were highly sensitive to ciprofloxacin. Combining the MLST typing results, drug resistance results, and
virulence genes in this study, no significant correlation between the three was found at this time. This
study showed that V. alginolyticus in a shellfish culture environment was characterized by complex
populations and high genetic diversity. There were large differences in virulence gene carriage and
drug resistance among strains from different sources. The study provides a theoretical reference
framework for understanding the pathogenicity of V. alginolyticus and assisting in the effective
control of V. alginolyticus of shellfish origin by investigating the genetic variation and drug resistance of
V. alginolyticus from different sources in various regions.
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