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—HRo B BB LGB KSERERRFRES ST251 2IEHKE
EEEFALLR

Fas, TER, BEXxF, ZF, anm', TR BxY?

1. Aol K2FK =2z g, RRA TR KA Y BB E L=/ R Yt M5 A aE S s,
db ®I 430070;
2. Rl EY R R R TSR, W :IX 430070

W JifiE Wb Ak — i 3k 8 (Megal obrama amblycephal a) % 35 1 3 14 % 975 95 IR 14 B 06 JEUARAE, I M43k R 41 )2
T 25 S AT 200 1 RO B 10 AN 2555, A0 78 DA B80T Sk 1057 B9 JHE O 2 288 15 31 — Mol R BT LHW39, B fb R %
16S rRNA %52, W] LHW39 KW 7K < 51 Hi 75 (Aeromonas hydrophila) , £ 7 51| 43 %1 45 5 s LHW39 J8 Tk S 20
MR ST251 MITERERE, 12 vo B ff 2 S B0h [E A 32 [ M X £ 25 2% &SP i B WYL AE (motile Aeromonas septicemia,
MAS) AT AREE o 1R ST IFSC T bR LHW39 S5 R AU 1 3k 855 2805 B8 SR T, LHW39 X B 5 ffi (Danio
rerio) (il EBIEFIE-N 1.55%10° CFU/E, FW LHW39 N E T IRk, 25805056 WoR, LHW39 Xk fMEmy i 2h . 4
FE R ZH I P45 5k B, LHW39 £ 3L K 2H K/ A 5099855 bp, GC &y 60.80%, FLFMZ] 4572 4465 51 (CDS),
GenBank & 55 CP050012, JE P2 5 77 HE P LU AT 45 2R 7R : LHW39 5 HAl ST251 BUB MRAHML, A hH
FEBEE SN, HFEEAR VI B RG(T6SS); Lok, RAIMEIRE/R ST251 FeRERFE B Ak 2 1 AH G SE IR 1y ik £k
A 85 TR AT B B b A0 B IR YL A i A DG o 6 DX 4 R e M I 5 1 S %, LHW39 RN P& — K
FEA 30.2 kb A 5E3& JRIE B AR phAWLHW39, HAE ST251 Bk P A S 4R 5F . IF HJ& ST251 RIE AR TG - it 253%
HAMTEE R, LHW39 &g il . meimmide . UIFRES, LA E BERE ST AT RMHCER, X
SURERIZE ST251 B Mk b /& B R ST o A58 X B0 M P /K BRI B LHW39 iE AT T IR 2 S A SE R4 Lo, ok
Bl 7 00 24 W 7K AT PR T R AR T — i I S KA

K ki FEKS M, ST251; SLE4; &y M2y, Bk
FEDES: S941 XHEAFRAERD: A XEHE: 1005-8737—(2021)04—0503—14

I 3k fijj (Megalobrama amblycephala) £
A A —Fh e B BT N T IRIEIR K 25 2K,
PRUHAE RSB R PER . RS . RS v 4
e, T2 ERA T B R, e E T B
REB A, 5 N T Fa R, KR
fitl 5 (Aeromonas hydrophila)!'! . i 1< B i B
(Aeromonas sobria)®! . [z A B FF T (Acinetobacter
pittii)™! . EEFLINE (non-cholera Vibrio)*!, fili %

Kt BHA: 2020-08-31; f&I1THHA: 2020-11-02.
ES£WAB: EXARPFEELE EIH (31570078).

T E A I (Klebsiella pneumoniae), 4 [GA B
Jif4 i (Aeromonas veronii )\ V455 JU i AT 5 | P 3k i
R UGS 240 AP UL I 05 1 5 e o L rh g K A<
it TR s £ A Sk B0 7E P 1 2 FRBE R S d ol T
R ST

g 7K SRR B R Ak R AR BOR
A RET | N2 F -t ISR AR IR A
g K B i 1 BE S 2t % f4 (Ctenopharyngodon

EEB N FAR0995-), B, Wi-EarAs, BFETr m oK™ g8 9% 5 B, E-mail: 1742467881@qq.com
BEEE: PR, BIZEZ, W55 0 K= sk 5 B 1. E-mail: luoyi@mail.hzau.edu.cn
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idellus)”? . # ff1(Mylopharyngodon piceus)!'” . #j
(Acipenser sinensis)!''l, fil(Carassius auratus)!'*!,
P 3L f513) 4 (Cyprinus carpio)t 145 Z Fhik /K 325
AR ILAE A2 A, 3 L R e PR R, S8
Hh R S [ 4 1K S 5 3 M S T D i
(motile Aeromonas septicemia, MAS)FJ AT EHE
ST251 FERERE o 251 Tk = Fny) iz Eulo,
HHT, A ST251 FaReff ik iy 2 3L R 4LRFHE Y
W IRIE L A Z . Pang 250 7h 5o He A (K 41 24y
Br e PR LI | MV R S L BB 4 3 SRt
WAR R RE N X IR JAFAE T ST251 WA Thkh, 1S
IR AL AT BE S ST251 AL ATHR N 7 J1 Fe ik 5
PIF

2018 4F 7 H, #IACAIBE— 141 3k 5 4 57 b 2%
RWMAE, AR REIET, A KA T e N
TOHTR IR, AT 5 6 i B I VR UL AL E £ 55 I
HEAT T A3 B, 2 B2 I T O g /K S L
I HJB TWATH ST251 BUsae it . it — 00
OYBIRRINEE ST . T ZRAE L 2 S oAt ST251 A
ARRB SR, [FIRHEST ST251 B 50 B RE I bk 22 7k
5| SRR R B N, FRATT i o) B AR A T
T A IR AL Y A R R A 2E o B, iR — A 1
W17 ST251 RIFATHER 2 FE KRR, HIEKA
A ST251 BmiAT ko i 2w H PG .
I 2 5 B30I 14 W K /=B R TR 1) T 7 5 27 B B
R HL S T A

1 #MEEFE

11 HENE

BEILIE B AN Bk — 131 3k 6 % 2 3 vh 2 2
SO Sk, TR ERAR I . BURR AT E
RGN AR TR G A LR K 203K, U B IS TR T
AT LB 35 T4 [ 28 CHFAL 48 ho Bk f 3
HVR 4T LB Ble- A B R AG56 H
12 HEES. BEFESEALSERE

P 1y 1 A A S 564 00 75 38) 1 ok ) 2 A
FevE, MRARMEIEA . B e SRR PRI i 45
B FEKYE Bergey’s Manual of Determinative
Bacteriology(9th ed)m]
Disease in Farmed and Wild Fish“”&ﬁ?é?ﬁﬂ,

. Bacterial Fish Pathogens:

F R 5y B TR B 43 A
13 HEHNDFERE

I FH 0% 24 i 1k P2 B4 B B DNA, = 1|
Clarridge Jill E J7 75443 B T AR 4T 16S rDNA 48
£, 168 1DNA A Bt PCR ¥ 3 [931#918 27F
(5-AGAGTTTGATCCTGGCTCAG-3'), 1492R (5'-
TACGGCTACCTTGTTACGACTT-3"), PCR j=¥j
0 TR A P H R A BR A /L S, A
BLAST (http://www.ncbi.nlm.nih.gov/BLAST)#f &
FE o B R R E

Z 741437 (multilocus sequence typing MLST)
S8 Martino 2P R MBI MR 2. K45 B bR
5B f£% MLST 1.8 (https://cge.cbs.dtu.dk/ser-
vices/MLST/) it 4743 #, @4 L[4 gltA. grol .
gyrB. metG. ppsA Fll recA iX 6 NIEFE A ALY
A2 5, JFAR BT E & Wtk 6 DS
185 B R AE B o
1.4 [ERABRERARES OGN

NI AL AT XU AT K B85 7 5 e b W 9 A A
I &I 40~50 g MOMRER AL, H R &R
PR o K B R R T LB AR R, 28 C
Kigt 12 ho HJCEE A B K HE i hlovdk BE 0 il R
107, 10°. 10° CFU/mL WYBM . H4rikta sy 1
XA 1 AL, B 6 B, LIMALNE
FETEGT 0.2 mL BT, %IRRT 0.2 mL A=
PRERIK o RS M B IE S 0L, M BISE A 3k 6
JH R LR S A S A R B A R R T S U
AKX,

Iy S TRR I LDso 18 3o BE 2 o5 A0 5 2
T B A BRI e 43 50k 107, 10, 107,
10°, 10° CFU/mL (M. U2 A 2t s T
55 0.02 mL P9 TEW, X IRAL 4 0.02 mL T A 21
HoK, BB —H, Mo, a4 102,
Tt e, HMRESamsET 28 CHMHET,
B R E B WS IE R BE S B T O, FF A5
KA % o X5 R T — JE %, LDso {E1Y
WAL T LR, RAMER Karbers )5,
SCE AL R 3 IR
15 HEMZMEIE

K H IR Y H(K-B) ik X5 0 B bR R AT 22
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TG — PR A 1Sk 0 Y Mg K R T I SO ST251 RYTR BRI 2 R D 21 L A 505

FRHTTE 25 Wy U E I 5, S CLST 245 a0 A
Y S 5 TR, LA T P A M O AR A it
G HETR bR o 2580 B 3K A BN KA A
PR ARA A .

16 “£EREANF

WAL A%, T LB B kb 28 CHigf
18 h, #1# TIANamp Bacteria DNA Kit 4 LA
20 DNA $2 sl & [db st RAR AR AL s A
BN B0 BREE R MR LHW39 42 JE[F 4] DNA 3
A4l DNA H NanoDrop2000 (Thermo Scientific)
IR v B R AR I 2B B, & OD260/ODasgo M
1.8~2.0, ¥KEE KT 10 pg.

Pk LHW39 JE[H 4] DNA K A4 )5, 17
FEESE AL/ BESCRE(350 bp), SRJ5 I Tlumina
AT HiSeq2500 Ml - £ HEAT BWUR Sl e, 0l
FPIREE 200X FRA5 10 LB BCE 25 R 5 19 L 4k A
i I AT BT o 1) BHE 2, A D R 4 2 2k AR
SOAPdenovo2 (http://soap.genomics.org.cn/) % AL
W Fe I WAL Y 5 9F 42, 15 B contigs 2%
45K . Contigs Z A PHHELHEEH PCR 435 K2 )
Je 10 75 258 o

(CEIFE SNBSS DS I D S = S E N
GenBank, JfHI| A% A4 Wy 2L 240 A 2h {1 B R 1A
(https://www.ncbi.nlm.nih.gov/genome/annotation_
prok/)Xf 2 Pl 1 42 Kk PRI AH R A7 1308 o 40 R ik R 2 D
o SCHT IR A4 TAE M i SE 5 A B 2R A
FRSF SE . 8 T 91 1A% 2 78 G0 B I
eggNOG-mapper (http://eggnog-mapper.embl.de),
153 B & [F] P54 (cluster of orthologous group COG)

SR, IR R AP ggplot2 FfF2xl COG
Uiaesr 2L .
1.7 BERAFRBEESH

F|F PHAST (http://phast.wishartlab.com/)7E
2 TOUI T 5L X 20 R S PR 2 A A S, A
A RAST (https://rast.nmpdr.org/)F B T HIfF45 &
GenBank SC/EFT BLAST Ho X T H X Fi 21 %) Ji
WE R AR TR . R B easyfig (Version 2.1)
XoF Jir I A A 5 DR A i A 7 SR 2 M 437 o KL MEGAS
AT R G AT

1.8 FAMMZHERES

fdi 1] diamond (version 0.9.24) 815, ¥&
71 A 7 %9 FE (virulence factor database VFDB,
http://www.mgc.ac.cn/VFs/main.htm) 1 & J1 1 <
B TR B AH OC R BE T R, T R OB Y
pheatmap X 10 £k ST251 HRRIEATRZE 4007
IR E

FIHBCA R Pk 2 B 2 (The comprehen-
sive antibiotic resistance database CARD, https://
card.mcmaster.ca/home)Jf-{#i H CARD K1 BATF & 1)
RGI /4 (resistance gene identifier), fifiie LHW39
EEFH, 2R TH,

2 ZHRE5HMH

21 HFEENSBRETE

ST Sk W R AT R E B L AL, RS
PUHLARTE 1B R, Rk R uam, &% 5 K,
faEgmTRL, IRERREH, BEKBUKSERED,

FIH LB Bi3edk, MO fa e n] DL 8
KBS —BRIEREH . L5k, bk
. IRE W HARZAE 2 mm ELTIRETE K
RH DRI T 4k, 44 LHW39,

bR LHW39 EZEH LM 0 i iy 25 R 545
WM —E(FE 1); ¥ LHW39 ) 16S rDNA H Bt
P47 PCR ¥ 34310 ¥ )5 BLAST A4 i oK,
LHW39 /i 16S rDNA F Bt 51 /K = 2l 18 g ik
J-1 0 —ZE R 100%, FKATEHK LHW39 AIE KA
PO LT

ok — %E LHW39, AHF 58 H FH g K < 2
MUBE ) gItA, groL. gyrB. metG. ppsA Fil recA 75
AFEEXT LHW39 4T T 200 S50 0 8, 4551
FMH, Rk LHW39 J& T ST251 A, 578 E 1
] 5 | 7 e 2SS A DAL ) A T R 8 T ] — A
J7 1] 43 0L
22 EABREREHKREN

208 s T B A BRAER UK X BB 4 AT Sk s, e
T HAE KRS R, BEEEEST LHW39 11k
fifj, =RKNMER] 100%MIFET-R, I H LI &
Fham ., fasEmTes . W YR . IRERIE N . IEER
BUKRRERR, 5 A 2R &% 0 e AL 1), A



506 R R A

%28 %

£ 1 EH LHW39 B4R £ MR
Tab.1 Physiological and biochemical characteristics
of theisolate strain LHW39

i WK S SR )
- LHW39  Aeromonas
characteristics hydrophila
AL oxidase + +
FZ=F% rhamnose - _
Ik urea + +
B-2-FLBEF i B-galactosidase + +
19 S BRI 2 Bl ornithine decarboxylase - +
2 R IR 1§ lysine decarboxylase + +
JULEE inositol _ _
FH /K peptone water T +
H #& ¥ mannitol + N
LA HoS + +
IIALEE sorbitol _ d
B[ FAF1 B arabic candy + +
15 R R XVUK fift i Arginine dihydrolase + +
# % melibiose _ d
HEBE sucrose + d
WZ R EE citrate - _
KN %82 phenylalanine _ _
WA gelatin I i
AP R ER R Ok N N

glucose phosphate peptone water

T, W RORE; <=, BRI “d”, FhIEAFFEZE 5.

Note: “+”, positive control; “~”, negative control; “d”, significant
difference.

SIS R ) £A IR 2 B O AR, 5 LHW39 HoA
FHEN A A AR R FT 16S rDNA LR FF], X
Sogh LR, LHW39 & 51 AR Ik 1A Sk 95 8000 1) 9

J TR 5B B A BUwR T

Rt — Y EE M LHW39 3, &A1=
M8 Pang 2Pt MM TE B PG O EE, MIE T
LHW39 X B & f () SO o 8558 8w, {0
Az PRER K I B 1 0 4 B 475, LHW39 [FBE
N 1.55x10° CFU/RE. Bdi&M, Wik LHW39
T e B TR
2.3 HEHk LHW39 Hizh &t

Wl CLSI 25tk irbn i 4 52 PP R (o
A N RGN 2 i ) PO LA (K 7 FH 2
Y1, TR LHW39 #E17T25 B0 . 250 4G
R 2 FroR: KB R PG AR -flmde (40 | Sk 7t
5o SkAgERG . SRHLAbRE . S h AN g . Sk
¥ @M. WHER, RV E . EARDAE.
Horwtil, &%, Z2VHE. fREH . i
JHe S RV R R B e R RRUR, X SR
Thim ., THRREIPER, KKEE., iR TE
U XSk FRLBE My 25
24 HEE LHW39 MEEEANF KT

XIRHE LHW39 S 74 3E Ay, 1530
FERASE A, g558 WoR: LHW39 JEH 41 K/ N
5099855 bp, GC - h 60.80%, Tz 4572
SIS (CDS) . Bk LHW39 LA 14 5|
NCBI 3813 GenBank % 3¢5 (CP050012), COG ¥
BRI LHW39 rhitf 4314 A3 HA COG I
REAFZE, 73R 20 25(E 2), Hih, JEHIhREEE Y
AR st F5i U . faeht
PP AR G AN, 19.07% 3L COG 432 bk
= W ERAE, ThREM AS B .

F1 TR RR LHW39 [0 A Sk 075 | A9 i HR
(a) BEFIETE; (b) PRI (c) HRERZEH; (d) MEEBUK; (o) fafigihs.
Fig. 1 Artificial infection tests results of Megalobrama amblycephala
(a) scales fall off; (b) surface bleeding; (c) proptosis; (d) abdominal effusion; (e) fin fester.



%41 FHARGE: — R B [ Sk 87 5 g K SR o S S ST251 RYBE AR Y 42 5L PF 41 oA 507
R2 HEFEHRLHWI HHFLWLER
Tab. 2 Drug sensitivetest of theisolate strain LHW39
00 TR P A o 2 TR P LA 4 W o
, N . 25 zone diameter & zone diameter interpretive
ant?ﬁiiiﬁ:lﬁass antiﬂiﬂiiflient ﬁzs‘k’ ) phenotype/mm criteria/mmp
content/pg LHW30 S 4 4 I ‘ .R
susceptible  intermediate  resistant
T8 RLTB-IBEREE/B-N URPLPEAR- Al £ 30 100/10 23S =21 18-20 <17
ok S Tl 4004 39) 2H & penicillins  piperacillin-tazobactam
and pB-Lactam/B-Lactamase
inhibitor combination
kIR LAk fi5 cefepime 30 328 =18 15-17 <14
cephems SLFMENT cefotaxime 30 33 =26 2325 <2
Sk EBEN) cefoxitin 30 12R =18 15-17 <14
L ALfbRE ceftazidime 30 268 =21 18-20 <17
L A#H ceftriaxone 30 338 =23 20-22 <19
Sk cefuroxime sodium 30 278 =18 15-17 <14
PAFRB-NBERLZS monobactams  Z I aztreonam 30 338 =21 18-20 <17
RS carbapenems 3 %W K5 ¥ meropenem 10 141 =16 14-15 <13
FIHMEL 2 aminoglycosides T B RIBE E amikacin 30 151 =17 15-16 <14
KK T2 gentamicin 10 141 =15 13-14 <12
PUFR 22K tetracyclines PUFF % tetracycline 30 218 =15 12-14 <11
W i) 2 RN AL ciprofloxacin 5 278 =21 16-20 <15
quinolones FE AP S levofioxacin 5 25S =17 14-16 <13
%3 X 4T T
El—l%fjf}fﬂ]vg‘i‘:hitors injlijizgffn—sulfamethoxazole 1.25/23.75 198 =16 =13 <10
S B £ phenicols HAF & chloramphenicol 30 26 S =18 13-17 <12
KPR 8 % neomycin 30 141 =17 13-16 <12
antibiotics for aquatic products LV % doxycycline 30 20S >16 13-15 <12
A e % florfenicol 30 298 =18 13-17 <12
fiff i 57 A% sulfagan 300 198 =17 13-16 <12
b AL enrofloxacin 5 258 =21 16-20 <15
RV & norfloxacin 10 238 =17 13-16 <12

25 BE#HRLHWIHHSHERKRHEES ST2518
BIR A L2

534t LHW39 5 HA ST251 AURE /K< Hp i
WA EL AL RRE ) 5[], AR50 LHW39 4
PRI 4H 5 HA 220 ST251 (1% 8 7K A< o B T T ik
J-1. NJ-35 11 D4 % 9 P iibk R4 — i 17
Pl A HE PR A 27 3B o X 10 AN TEAR Y, LHW39 . D4
JBN2301 #l ZYAH72 % 4 #dtL(LHW39 1 D4 /3
B H AL 7, TBN2301 F1 ZYAHT72 4385 [ i
i), J-1 A1 NI-35 Sk HILI8 (53 85 H B ),
GYKI1 kAT RO 8 H BRI, J-1 F1 NI3S Hy
H [ VL5 X AT R P27, AL09-71, ML09-119

M pclOdA HFEEFATHR Bk B AL N 4
MXAE R R 3, XEEEEFARN T
4.95~5.28 Mb, GC M T 60.51%~60.90%,
RECRAT 4415~4774 B4 T8 PR AY PR 2 A
A 31 1 rRNA, XEEE L2 RNA W g5
B R X PR 4% 1 il A f P o 3 0 A 1A e R

FARFLE MR LHW39 g3 N 5
ST251 BUHAMEE AR R [\, ABFFENTX 10 BRI
bR G FEB R T B R AR N R 58 %
IR PR EAT T RIS, WKl 3 fr
/N, TE 10 #R ST251 BRI /K AME S A I
ST 255 (type 11 secretion system, T2SS), A7 T3SS,
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RNAMN T #&HG RNA processing and modification

Yoo FE5MIMZh F1% chromatin structure and dynamics

AEE A 7= A4S energy production and conversion ||

MRS, S, YeafhsrHl cell cycle control, cell division, chromosome partitioning |
FHIREE B AL amino acid transport and metabolism

T RREL B FILH nucleotide transport and metabolism

KA A B BRI I carbohydrate transport and metabolism

BB AR coenzyme transport and metabolism

BE B S AR lipid transport and metabolism

BE, BOARLS AN YT ) translation, ribosomal structure and biogenesis
$:3% transcription

EHl, EHMEE replication, recombination and repair

245 B/ 40 A YR A cell wall/memt

‘envelope bic

0 COG AR H & COG function classification

1

298

345

358

BB Z) cell motility | 152

BIRIE M, BAMRAY, B8 postiranslational modification, protein turnover, chaperones (I 137

TCHLES F4212 F4R inorganic ion transport and metabolism |

WM EY AR, FEMHRfR secondary metabolites biosynthesis, transport and catabolism
KRTHEERTM general function prediction only

AR function unknown

1555 2H1#) signal transduction mechanisms

AMAPNIEHT, ZHRIZENLIZHT intracellular trafficking, secretion, and vesicular transport

BiBILH] defense mechanisms

ZUHISHEEH extracellular structures

SNHIA%E5H nuclear structure | ()

823

B cytoskeleton | ()

0 200 400 600 800
FH ¥/ number of genes

K2 LHW39 i) COG Hifgsr2k
Fig. 2 Gene distribution based on COG classification of strain LHW39

WA FTH T6SS. YL T B i A 4% 2 FH I e A A 2k
WEMZS 5 MR RIS 8B IV mETE 10
PRI T, B MR RTIAER . X
M Em R AREAR AR ER . (A
o i EmRE R . MM IR | %I E A
HE T RAE 10 Bk ST251 BURE /K< B 1 rh 24
FETE o 75 10 BREA A0S A REAS I 25 52 Wi 41 141 55
MEREE . ks 2 A R O 1 7 DL KR
fi% 338 5 A0 TR 7 AN [R) PR 5% 1) 2B A7 BE ) B AR RN R
8., FEAAEIEN BRI R DR, 3 HREREE
(AL09-71, ML09-119 I pc104A)FIH ™ AR B bk
GYKI1 RH—3, NEH T6SS; HAh 4 #rb[=#
(s LHW3O)FI 2 #Rr EVLIR R R o —2K,
A T6SS (K 3),
26 BE#RLHWIOHKEREEHRHES ST251 8
BRI EE B

XF LHW39 A % JE g i 44 5 91 R4 7 0, 45
RER LHW39 3L 6 AN g g 1A 7 1), Hodp
1 528, 4 phAhLHW39, H4r 5 N AR5E
BER 4. WEIERA ST R, 2508 0 RIS TN

& phAhLHW39 78 HiAt 9 4~ ST251 Hrg /K< Hjifg
B oA EB A AR, JF H OB B — BOME &k
99.99%~100%, 1 phAhLHW39 7£ ST251 Hlig
KA MR s BEAR ST 3B R, 7E NCBI
B, phARLHW39 {3 FE RS AE7E T ST251
RIE K S AT B TR AR (B 4), %BH phARLHW39
“h ST251 AUIE 7K, . Jifd I 8 R il ¢ A7 - BLAST 41
Brivt &8, 78 NCBI #4EEd, BT &R
ST251 HUME/K S HMITE R, 5 phAhLHW39 —
R0 e e P g 7K AP TR D TR A 910K TR P
GSHS8-2(fii 4 4 phAhGSHS-2), — 3 il — 3
£ 59.76%; [AI}, J3Hr & Etk GSH8-2 J&§ T
STS558 I, HArES H H AR Uiy KA, %
PRLH LA o3 B e B, T A Dot e T A B A 3t 1 3
LMERFR, MADEFARA 1 LRIt B
[i] b % 58 4> VE L ; phAhGSHS8-2 3t PR 2H K & (35870
bp) 4 & F phAhLHW39 (30211 bp), #H X} F
phAhLHW39 1fi 5, phAhGSHS8-2 7&K BB £ i
2 PMERE AR SSEMARCH 3 S RFIIEE CDS
(A 5),
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FlpZIBE Flp type IV pili
4= ¥ lateral flagella 06
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TapZ P E Tap type IV pili 0.4
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Tab. 4 Prophages characteristics of strain LHW39

10 #k ST251 HL g /K H i B 1 iRk 2 ) IR L ARC A

Fig. 3 Heatmap chart generated from distances calculated based on the presence or absence of
virulence-related genes in 10 ST251 type Aeromonas hydrophila strains

KB R/MEFMHFEZE aerolysin AerA/cytotoxic enterotoxin Act
KIS IE extracellular hemolysin, AHH1
PR AT MR heat-stable cytotonicenterotoxin, Ast

Y IMLZE hemolysin 11T

Y I hemolysin, HlyA

FHFBE the repeat in toxin (RTX)

P E MM ZE thermostable hemolysin (TH)

amonabactin

AT A B enterobactin synthase

JaFTH R -G8V FEE enterobactin synthase subunit E
TonBHK#i# 321 TonB-dependent receptor
TonBKHi I Fg k8 3% & TonB-dependent siderophore receptor

TonB/ExbBD

PEZEFFEE vibriobactin utilization protein

HREEBUETT B F ferric uptake regulator
14 FFI A heme utilization protein

HME- 1141 24K outer-membrane heme receptor

hgpBiE 37 A F hgpB regulator
#ABCHizE H iron ABC transporter
PEEIA TR H ferrous iron transport protein

B H ferritin

M ERTE 1 bacterioferritin

N-BE3E = 22 R B2 NG & FES N-acyl homoserine lactone synthase
BRI AT quorum sensing regulon activator
AL-24 /5B AL-2 synthase
PHARRN AR 45 H quorum sensing phosphorelay protein
FHAIRN 5K F quorum sensing response regulator

*F 4 HEEE LHW?39 Bl B R 451E

AL B 1 1 51 SR J¥ 51K B /kb CDS & GC & 1/% T WA T A 7 4 B DR 2 1 oL
prophage region completeness region length number of CDS CG content region position

1 AR5EHE incomplete 21.8 12 51.14 154276-176095

2 A5E# incomplete 25.1 33 56.84 2518561-2543721

3 SEH£ intact 30.2 37 56.56 3461552-3491762

4 AR5EFE incomplete 21.8 12 52.70 3630995-3652875

5 AR5EFE incomplete 15.7 19 57.63 4080361-4096123

6 AR5 incomplete 30.1 24 52.07 4095079-4125276
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&K A MIE LHW39 deromonas hydrophila LHW39 (CP050012, ST251)
&K S M D4 Aeromonas hydrophila D4 (CP013965, ST251)
WK S MR TBN2301 Aeromonas hydrophila JBN2301 (CP013178, ST251)

WK S BAHE ZYAHT2 Aeromonas hydrophila ZY AH72 (CP016989, ST251)

100 | KRS HHMIE I-1 Aeromonas hydrophila J-1 (CP006883, ST251)

WK S BT NI-35 Aeromonas hydrophila NJ-35 (CP006870, ST251)

W& K S BAMIE GYKI1 deromonas hydrophila GYK1 (CP016392, ST251)

83 REIKS BT AL09-71 Aeromonas hydrophila AL09-71 (CP007566, ST251)

&K S BB ML09-119 Aeromonas hydrophila ML09-119 (CP005966, ST251)

100 WK S B pcl04A deromonas hydrophila pcl104A (CP007576, ST251)

100 100

95

YRS AS-AHP Aeromonas veronii AS-AHP (CP046407, %)
K HEMEE R ASNIHS deromonas sp. ASNIHS (CP026122,% )

S HE R CA23 deromonas sp. CA23 (CP023818,% )
100 1EK S BN NEB724 Aeromonas hydrophila NEB724 (CP050994, % )

&K S A GSH8-2 deromonas hydrophila GSHS8-2 (AP019193, ST558)
RS LB B565 Aeromonas veronii B565 (CP002607, ST166)

100 ~|: ERR WU deromonas dhakensis KN-Mc-6U21 (CP023141, % )

0.05 S HHTEBE M CUS deromonas sp. CU5 (CP023817, %)

Kl 4 phAhLHW39 iE{Lm fo e 2t
K FIRTE MLST #udfa e P AR REFL BIAH N, ST 2.
Fig. 4 Phylogenetic tree of phAhLHW39
% means that the corresponding ST type could not be found in the MLST database.

phAhLHW39 (ST251)
attL
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/,\ N

4 ({(a-(mmm

‘\ Ty

el

I 100% attR

2.5kb
m JEALEH morphological structure Il Z# lysis [
R genomic metabolism B ZRATZNEE unknown function 74%

Kl 5 JEWERE A phAhLHW39 5 phAhGSHS-2 FL2k 1 L i
Fig. 5 Genome comparison between prophage phAhLHW39 and phAhGSHS-2

27 BEHRLHW3OHKMAERERHELS ST251 8
IR A L 52
FRAMFGE LHW39 [T 2555 0E, AW 58 X}
LHW39 1) FEM 25 3L A 17 Tk (R 5). 45
7R, LHW39 SHEAh&A Shikds . F/R
PR SRR . RE R R ERDUAE R
G, IF H &R — 8RR (43.11%~

98.82%) . X 4L EL A, B G9455 05385 .
G9455_01715 i ixf B AR Hi AR 2R SR X i e s bt
R RERERT A2y, K G455
00060, G9455_20055 il i:f i HLAE 2 2 1 EL# XT3k
161 P 2 FRR T 85 0 7 A T 245 0 JE R G9455_
07190, G9455_16575 i i P A= R AMHEXT Fol s 147
M2 B A 2 AR T 21k
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Tab.5 Themain antibiotic resistance genes from strain LHW?39

A Jit & BRI AE W i 24 P TX 5 EAREEY /3 UL S LR — Bk
gene AMR gene family drug class resistance mechanism /% identity
G9455_05385  Jififfil — S M Wi A+ L FolP WA R PUA: A0S 48.34
sulfonamide resistant sulfonamide antibiotic antibiotic target alteration

dihydropteroate synthase FolP

G9455_01715 T /R 18 %R EF-Tu BTR R R PR A 87.51
elfamycin resistant EF-Tu elfamycin antibiotic antibiotic target alteration

G9455_00060 OXA B-HN ELIffF OXA-724 D ONE bR RN 97.73
beta-lactamase OXA-724 cephalosporin antibiotic inactivation

G9455_20055 CphA B-P B CphA3 HEM bR R 98.82
CphA beta-lactamase CphA3 carbapenem antibiotic inactivation

G9455_07190 RND $i/: 2 4MIES AdeF TEEEIRRGUE £, IR K Bk RS 48.44
resistance-nodulation-cell division (RND) #i4:2 fluoroquinolone antibiotic, antibiotic efflux
antibiotic efflux pump AdeF tetracycline antibiotic

G9455_16575 RND #i4: ZHMER AdeF TMETRE R PUE R, WHERE FiAERIME 43.11
resistance-nodulation-cell division (RND) #i4:% fluoroquinolone antibi- antibiotic efflux
antibiotic efflux pump AdeF otic, tetracycline antibiotic

B DL PIGRIR, A A T i bR AT L
XA T ARG AR . A5 R B, LI EJEINTE
10 ¥k ST251 MG PR A1, HbskE—2EN & K AN T e 7K™ IR BT A O 2 i R A
100%, 7EHAl ST BRI bR M AF7E 225 (K 6), & WATHEM FEON ™ E AR IR, &% S 2R M
A 30 6 i 24 B R FE ST251 Y Ak o BE AR ST FRAMIET, G FRalba sk T ERIHK . A

100 — MK HHIB 23-C-23 Aeromonas hydrophila 23-C-23 (CP038465, ST516)
ﬁ{ L kS B WCX23 deromonas hydrophila WCX23 (CP038463, ST516)
K&K S B AHNIHI deromonas hydrophila ABNIHI (CP016380, %)
17K S BB HX-3 Aeromonas hydrophila HX-3 (CP046954, %)
%7K S B AL06-06 Aeromonas hydrophila AL06-06 (CPO10947, %)
g7k S BB KN-Mc-1R2 Aeromonas hydrophila KN-Mc-1R2 (CP027804, %)
91 S MR 2692-1 Aeromonas sp. 2692-1 (CP038513, %)
K S BB ZY AHT5 Aeromonas hydrophila ZY AHTS5 (CP016990, %)
100 | "E/KS MBI GSHS-2 Aeromonas hydrophila GSHS-2 (AP019193, ST558)
| r7k S ¥ U WP8-S18-ESBL-02 Aeromonas hydrophila WP8-S18-ESBL-02 (AP022252, ST558)
100 —— /KB WP7-S18-ESBL-06 Aeromonas hydrophila WP7-S18-ESBL-06 (AP022206, %)
L WK I MX16A Aeromonas hydrophila MX16A (CPO18201, %)
&K S BB ATCCT7966 Aeromonas hydrophila ATCCT966 (CP000462, ST1)
FE 7K S BB AH10 deromonas hydrophila AH10 (CP011100, %)
S HfIH 1805 Aeromonas sp.1805 (CP038515, %)

%7K S AU GYK1 Aeromonas hydrophila GYK1 (CP016392, ST251)
/K S BB NJ-35 Aeromonas hydrophila NJ-35 (CP006870, ST251)

100 | FE/K S BB J-1 Aeromonas hydrophila J-1 (CP006883, ST251)

K BARUBH AL09-71 Aeromonas hydrophila AL09-71 (CP007566, ST251)
7K BB ML09-119 Aeromonas hydrophila ML09-119 (CP005966, ST251)
K S BB pel04A Aeromonas hydrophila pc104A (CP007576, ST251)

7K BB LHW39 Aeromonas hydrophila LHW39 (CP050012, ST251)
%7K BA U TBN2301 Aeromonas hydrophila JBN2301 (CP013178, ST251)
W& K S BT D4 Aeromonas hydrophila D4 (CP013965, ST251)

17K BB ZY AHT2 Aeromonas hydrophila ZY AHT2 (CP016989, ST251)

Pl 6 BBk LHW39 Huifis 24 5 PR HE A 74 g 2
* FRAE MLST %04f8 e AR REFR ZIAH N ST AU
Fig. 6 Phylogenetic tree of resistant genes of strain LHW39

0.0050

 means that the corresponding ST type could not be found in the MLST database.
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WF 5T AL AL — A1 Sk 55 % 5 dth 5 £ 5 11 =k 55 i
WEF 2R B3RS T 20 AR R, ZUEENIEKA
PAMI T DU ERE LHW39 VARS8 195 I
W42,
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Aetiology characteristics of a pathogenic Aeromonas hydrophila strain
isolated from Megalobrama amblycephala and genomic characterization
with the epidemic ST 251 clones
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Abstract: In order to determine the pathogen and pathogenic characteristics of diseased blunt snout bream
(Megalobrama amblycephala) in a farm in Hubei Province, as well as to analyze the virulence and drug-resistance
characteristics of the pathogen through the whole genome, a strain of pathogenic bacteria (LHW39) was isolated
from the liver lesions of the diseased blunt snout bream. Based on 16S rRNA identification and physiological and
biochemical characteristics, LHW39 was identified as Aeromonas hydrophila. Multi-sequence typing showed that
LHW39 belongs to the ST251 clonal group, the epidemic strain group causing the outbreak of motile Aeromonas
septicemia (MAS) in China and the USA. Artificial infection tests confirmed its pathogenicity to blunt snout
bream. The median lethal concentration of LHW39 to zebrafish (Danio rerio) was 1.55x10° CFU/fish, suggesting
that LHW39 is highly virulent. Drug susceptibility tests demonstrated that LHW39 was resistant to cephalothin.
Whole genome sequencing results showed that strain LHW39 contained a chromosome of 5,099,855 bp with an
average G+C content of 60.80% and 4,572 coding sequences (CDS). Its complete genome has been deposited at
GenBank under the accession number CP050012. Genomic comparative analysis suggested that the virulence
genes of LHW39 are plentiful and highly similar to those of other ST251 strains. LHW39 also contains a type VI
secretion system (T6SS). In addition, a heat map suggests that the evolution of the virulence-related genes of
strains in the ST251 clonal group might be related to the geographical locations or the infected hosts of the isolates.
A complete prophage named phAhLHW39 (30.2 kb) is presented in the LHW39 genome, which is highly con-
served among ST251 strains and is unique to ST251. Analysis of drug-resistance genes showed that LHW39 con-
tained resistance genes related to antibiotics such as sulfonamides, quinolones, tetracyclines, cephalosporins, and
carbapenems, all of which were highly conserved among ST251 strains. In this study, pathogenic and ge-
nome-wide comparative analysis of the pathogenic A. hydrophila strain LHW39 was carried out, which provides
references for the prevention and control of fish diseases caused by A. hydrophila.
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