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5 ZE: [H%] L8 (Channaargus) 2 —ft E &6 R KEFa X, AHRALRRLE, 2REFR
KAREZHR A mB AR, CRAFGLTHELEGMA., [8 6] BT L8R REEH
Bk, BORMLE], AREF QTG feds bl RERFRF. [FF]1 AERLERMINIT5 BIRFT 34
FARA Y. SY3. SY7), FFatitfrind & AR MR Ao K B AN 5 ARIESKR 280 5
BABEERRRAGEARA., AR, ATEAHKREIER ARG FF AR FmmAR., [4X]
#3% 16S rRNA A FH 0| 5 B F 48 -F 34 4% 3 B — 30t (average nucleotide identity, ANI)Z 47, B4k SY1.
SY3. SY7 Ak 7 A B A FLK A (Shewanella xiamenensis). i F &3 i i (Aeromonas dhakensis)
Fa i 4 i%F K, (Nocardia seriolag). 258 iRIe 2 R B 7, Kb RExT % A did & BA & 2h A,
FHMHEE. Rk @h, AFEEh,. 2E 5. L5 L. MHEE. 745 5. RTELH A
Wb hiE, ML ERLA K554 4 895 555 bp (G+C A& 46.23%). 4 853 433 bp (G+C 4
F 61.54%)%= 9294 386 bp (G+C & & 68.24%). ERBREHAEMA T LB FEALR 1714, FARE
k. WL ShEE. REAEEG. ThHRAARE. REK;, BN B HE wIREE. KK
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Isolation, antibiotic resistance examination, and genomic
characterization of pathogenic bacteria from Channa argus

TAN Guiliang™', QI Shaohan?, LI Xueyan!, LIN Kaiwen!, ZHAO Lichao?, LI Xiangli**, WU Xiaohe®

1 University of Electronic Science and Technology of China, Zhongshan Institute, Zhongshan 528402,
Guangdong, China

2 College of Food Science, South China Agricultural University, Guangzhou 510642, Guangdong, China

3 Zhongshan Torch Polytechnic, Zhongshan 528436, Guangdong, China

Abstract: [Background] Snakehead fish (Channa argus) is an important species of freshwater
economic fish. The farming industry of C. argus is developing rapidly, while diseases, especially
bacterial diseases, have become a bottleneck restricting the sustainable development of this
industry. [Objective] To gain deep insights into the antibiotic resistance and infection
mechanisms of the pathogens from C. argus and provide scientific guidance for disease
prevention and control. [Methods] Three pathogen strains (SY1, SY3, and SY7) were isolated
from diseased C. argus and subjected to antibiotic susceptibility testing and whole genome
sequencing. The virulence genes, resistance genes, prophages, as well as potential virulence and
resistance genes carried by the prophages, were annotated based on the whole genome sequencing
data. [Results] Based on 16S rRNA sequencing and genomic average nucleotide identity (ANI)
analysis, strains SY1, SY3, and SY7 were identified as Shewanella xiamenensis, Aeromonas
dhakensis, and Nocardia seriolae, respectively. Antibiotic susceptibility testing revealed that these
pathogens had resistance to multiple antibiotics, and all showed resistance to penicillin, oxacillin,
ampicillin, erythromycin, clarithromycin, azithromycin, vancomycin, and lincomycin. The genome
sizes of strains SY1, SY3, and SY7 were 4 895 555 bp (G+C content of 46.23%), 4 853 433 bp
(G+C content of 61.54%), and 9 294 386 bp (G+C content of 68.24%), respectively. A total of
171 virulence genes were detected in the genomes of the three pathogens, and they were involved
in motility, adherence, exotoxin, effector delivery system, nutrition/metabolism, and stress
responses. The genes conferring resistance to 15 categories of antibiotic were detected in the
bacteria. Prophage prediction analysis revealed that all the three strains carried prophages, while
no virulence or antibiotic resistance genes were detected in the prophage sequences. [Conclusion]
This study expands our understanding of antibiotic resistance and infection mechanisms of
pathogens from C. argus, providing a scientific basis for the prevention and treatment of diseases
in Channa argus.

Keywords: Channa argus; pathogenic bacteria; antibiotic susceptibility; virulence gene; antibiotic
resistance gene; prophage
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156 (Channa argus), X FRBfa ., 9
i, BEIE HEER, B TR, A EREE
PR K ek fa 2t Oy B IRy 22 i) 2 | ) o £
Wz ek, e—MEEn . KRNI IR
KRB, T, SEEFEHHAE EEN
WA BT R, 2 2022 e EAE SRR
F| 553 T3 t, Hrh TR B FRAE AR R
1 29.5 U7 t, MO AR S B8 SR GH AR 7 i e 1A
By SR, BEE S IR AL R PR A S,
TR B Rk . FRAH KR RS 15 Y LA KoK A4
W S R N R AR, wEF R E
By % B8 7 7 i B 7 B Y — KO, % A
Bl 1) P 4R 282 R SRR B T R

NP S SR EE RN E L
— W LR R B R OO E R, (R ER I
W, MRS IR AT DLE K . UM, NE
S50, E R 0 S 2 TR D TR A K
S (Aeromonas hydrophila) . i i 5 [
P& (Nocardia seriolae) . M 4k (X 9K B (Mibrio
harveyi) . 4 %< 5 il 7 (Aeromonas veronii) . £
FC S 90 1 (Aeromonas  schubertii) 26491, S T
FERE, PUAERAGYMH BT KiabiEE
PR AN W IR BRI A 2R 2 I Py s A 4, ™
RPN 2 A RS AR o B4 RUEUI 5
IR 8 5 PR M T X R A IS . IR R RIS
HERE RS 8 MY HA T M A AP
B ) % B4R T (Edwardsiella piscicida)
XPRMEPEMR , sEfi R . TR R WRER
ORI Z MR R 6 Fh2h W) S B 2 ;
T e & 5 BIF 5T kB U A G I T
WL-3 X2 RPIM . ZPHE . RIBER . 4%
2.V ER . EEE IS 12 R YA Boam i
2tk ERRBE, BT R UL 620 T
PRI 32 SISV IS QTR (485 7150 ) R S I 1 D o,
e, e il £ G S TG TR R KB T 400

JEIX 2 PR R EMR IR kR
(Aeromonas dhakensis) K 5 g 7K < B e H A
AEARL )RR AIE B8 DA A 2 g /K S EA L P SEFfr, 7]
JERYL 20 | BRI AR U012 SR R G
{855 R AR IR TR A DG iRGE o T T A BUEG TR
(Shewanella xiamenensis) s J& T #v kL X H &
(Shewanella), [ iz i T HARWRE D, —H
BN R R SR EOR N R G R A2
MR 24 S5 0 7 i ) T I, A BB TR R IR UK SR A
0, GG R AR LA BERE BOENY, HE
T TR A DL JBE ) A B R R TR e 1 88 3 S0 114 A
M .

MR, DI B R TR 2R K S T
FP2S | AR . TR0 T RS A5 T RS T
IR AW IEER A ST T 99 D TR 1) i P
HAFPPE . BURER 58 H . w2 Sy
BL DL R s S v A RE 7, S TR A S 5
3o ML) AR R A Xl e ) T BT 4 o) 5 e AR AL T R
DS TR /N TR INE B NN S5 e
1 3 A BE DRV A3 A T — bk S R A £ 0 R
FCTR A ACI D RE WS 1 FnEE T I+ Rl BHAEUSIHR
BT g5 & SRR 2 B AF R, X
1 {8 v JHC At 5 TR 4 35 BRI 2 1) F 9 AT R DL 4
o kWA T RS B R T
5 PEFNBOR LG, ABIEFE A L 855 kAL 53 5
Joa B TR, N D A A TP AR R U i, E
b A DR A e A B HERE R L BiA R btk
FEDR, I TO0I0 I O A 8 T B B ) RN 2
DR, AR A T 8 9 D AT 1Y) i 25 2 R 38005 L
il AR X% I T ) Sk g B 45 i R
U

1 MR5r%

1.1 REHEK
AR LR B ) A LT = AR R
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FRIE -
1.2 EFE. FERFNEE

Jigi 0> 3% ¥ (brain heart infusion, BHI) A
U, R ER R AR A | BiER, T
RIFHAYBHEA A 5 415 DNA £ 507
& . BlY 27F/1492R, Wi KR ERAEY T REA
PR/ s ANTPs, Taq DNA BAW, 4T
FE(KIE)A PR 7] 3 Sepharose 6B Fifighl, bt
RHERABRA A IR YW . DNA marker,
et b B AR A R EA A LR,
RHEIK KA 2R A R w5 25804 R, B
AR AR A . Fair R, i
PHUSHURA R A A BE TES, H &R
ST A AR w] s R K w A,
GERITa) T ARG, il ERL
AIRA A mE R RS AL, & R IR REE IR
M PCR A, FEER R HIRBHL (P EDA PR A v 5 H
VKA, AEHR—ERHCA BR A A BER R &
gt AR (B A RA
1.3 REEMNTEEWL

TETC TR 45 18 T X B 58 1 R85 8 3 1 7 A
B, A 0l SR A L A8 P I B R B 2H 21
B e, G I A B AKX X s ] Uk A HR 2
VEME, DAWSCER IR A o o e 2 A ok 5
WRUGHEAT 10 f5H6 FERRRE , L 80 pL R B 19 5)
URAT T BHIBUIE R 3728, 28 °ClE K 57 7-10 d.
ML BE TPk e PR B PR Ak 2l fl 2-3 W, &
AT 3 BRANTE , 5o SYL. SY3 F1 SY7,
PR R UL 22 TR 7% TE SRR AIE o
14 RERNT FENFEE

P PRI T HE N 20 DNA 423G & f9d
D5 AR B AL E bR A DNA . FIFH 16S rRNA 3
Kl 514 27F (5'-AGAGTTTGATCCTGGCT
CAG-3")H1 1492R (5-TACGGCTACCTTGTTACG
ACTT-3)iHf7 PCR ¥ 4. PCR JZJiifA % : PCR Mix

45 L, 27F (10 pmol/L) 2 pL, 1492R (10 umol/L)
2 uL, DNA i 1 uL. PCR S 5514 98 °C 5 min;
98°C10s, 56°C10s, 72°C 10s, 35 PMEHK;
72 °C 5 min; 4 °CfAF. PCR =¥ fRHHEE AL
FL KRG TG 15 I 36 BRI T 5 B A R A
B RIHEATIN e, 60 s 5L o T J A 0
1.5 ATL[E#EREIRIE

I\ L 68T e WA f R S [ (100+25) g/ ],
EOKFEPER 1 HE, 4 H L Syl
(1.9x10” CFU/mL).SY3 (8.4x10° CFU/mL).SY7
(3.0x107 CFU/mL) A9 B/ 8 % 55 88 15 47 1 e v o5
(200 pL/fE), SEELHAF4H 8 BB XFIR4H (4 B)iE
SPaFE R O AR AR K . B ROUEE R IC ) S i
WO, B85 H AT A I S
LS 2 J8 o bR ] R s B
KBTI 40 B 5 0 AR S E
1.6 ZhHULE

K AR /OE N E 4 B bR SY 1.
SY3. SY7 X EH&HE . KMEPGAM ., ZFVIM.,
PRKEE RS 31 FpiAE 2 i st o AR 35 [ I
PRS00 2 AR AL U 2 R HE - 45 G A M SUZE D
TR A PR w4t Ay 24 5 e 4 2 0 S 1R
ff AR E A T 45 A E o
1.7 REEMERBZESH
171 EREBANFERFEHZEFER —B 4
(average nucleotide identity, ANT)EL Xt

W o B aiAb 5 TR U [ 41 DNA )5
RN GRS AR A, SR
lumina (538 5 05 F 5 % DNA #F47 005 .
JPoe R, ] Trimmomatic /4RO 3545 1
i IE T A A AT Bl s, A
MEGAHIT TP b i 5 i e o ik T2 e, DA
AR I R 4L Y SR AR AIE . R PyANT K
R BRER S SE R RN ANL, JfiE
Mauve FAAEZNE 734722,
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1.7.2 SHERASH

K A1 BLAST #1528 1 I 5 B4k %
(virulence factor database, VFDB) (http://www.
mgc.ac.cn/VFs/)AHZE G 1Y 5 25, X I B 110 i (A

WP H) AT RE BRI RE ) B DR M e -

RITR P S —ZE=85% , B E=90%.
1.7.3 fnERMERSH

i1 Resistance Gene Identifier T.H., fifi [

r A R 25 M 25 & B HE % (comprehensive
antibiotic resistance database, CARD) (https://card.
mcmaster.ca)iE 1T 25 38 K 33 B, 445 I i

TS 24 I DR R i 245 5 PR R 28 123 A R ik 5t
[Hl (antibiotic resistance gene, ARG)AY % E AR IE :
SR T A 1 —3HE>80%, E-value iy le—5.
1.7.4 ARG B A TN 93 4

WL PhiSpy T HPA5HIXF B #E SY1.SY3 .,
SY7 A HEIA 2 Fh AR iR B A HEA T TN, A AT
X LTI A AT 1) AT RS T A ) R R R
AERPUPEREA S 0 S (E AR HETR] 1.7.3,

1 SEFLAERFEERERES A A
1€ BHI Al F I HEETEAS .
Figure 1

diseased fish; B: The diseased viscera; C-E: Colonies of SYI,

respectively.

fEilE s B: AZNE; C-E 23518 SY1.

2 ERS594

21 LSRERERSE. BEERSEN
R Bl ERRRER

SRR RPN EONR, R, Bt
7, RS AR AT DL ERUK, L L A
A LB B R R AR 25755 (] 1AL 1B). HUWAS
() N IE T T B AR BRER K HP AT R AR B, RS
VR A TR FE AR BEIF I 51U A AE. BHI [E{A
Rigedk b, 28 °CHigE 7-10 d. MWEEHH—3L4
BT 8 Mk, Hoirh 3 #k2 16S rRNA JEH]
J¥ 53 9k % 5 S JE 1) A BL IR AT (S xiamenensis)
Y1, kR HHIEA dhakensis) SY3 Flfli 3%
R ECHE(N. seriolae) SY7 (Kl 1C-1E), HRESZ K
AL 2,

XFIX 3 BRI B 0 R VR A TR A 2 R &
P, BEIIAFRE SY1 HiEh.oRE e, b
ZebiE W, WEA R B RAEME SY3

RO, ANEY, RIEAOERE: TfE R

@n*k

JIF Liver ¥ Kidney

Jl§ Spleen

SY3 Hl SY7

Lesions of Channa argus and colony status of pathogenic bacteria. A: The anatomical map of the

SY3, and SY7 on BHI agar plates,
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B2 £T 16S rRNA EEFIIHMEZENBERERRNRZLEN

155 W95~ GenBank B35 ; 11

FALE TR 1000 YR E S HURE Bootstrap 6590 B 5 BE(H s AR 0.05 o it 14 I 25 1Y 07

Figure 2 Phylogenetic tree of pathogenic bacterial strains based on 16S rRNA gene sequences. The
numbers in parentheses are GenBank accession numbers; The numbers at nodes represent bootstrap
confidence values from 1 000 resampling tests; The scale bar of 0.05 indicates the unit of genetic distance.

W SY7 WL &, FORA RN, Zerm 44 |
TIEPEGR 1o
BRI R Won, A% 3 K2, &
RARNE SY3 S22 rY S i 2 AT,
SPFAERALAEACT BT i . A, A AR
RIOWEIERUK . WIENUZZEAL . Il el
Wbt — )5, Mitaih R IRE SY7 LA S
BERBL W Eh S . AR, ISR B4,
ST SR AE o PR IEAR 5 A BFCTRAEE L O
AL, (HIEMK . BREHR, HIA R

QT SY1 B4 A S 88447 — 2% Hh BURAE , &
BN RS TZL, T RS R 8 e e i
iR i PF A BRI A PN IR SS of , JCHE K sl 45
REAR o LA g kb, 249002 ) 5 e Ao
TR R B L S AR Y TR R, Gl 16S rRNA 5
WP FISERE , %o B R AR S H AR AR50
JE—20, Z8 ESCRER, AR R AT LS
S B VR CMAE B f A R ER R R S
PRARGE T 5 T ) A U R AT RE N A5 F B
W, (EfE BRI 5 R LA B .
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Table 1

Morphological observation of pathogenic bacteria isolated

k7S BHI A i T2 &

Strain Colony morphology on BHI agar

S Y RS [Fi) 5 B2
Reference species Accession Homology
number (%)

SY1 Ber, BIE, RBEH, BOErE, Wi, REFHEEHE, Shewanellaxiamenensis AP025014  99.8

NG HEST

Pink, round, translucent, glossy, moist, smooth and flat

surface, regular edge

SY3 mEt, BIE, NEH, BI6EE, B, RE-FHEYEH, Aeromonas dhakensis

NG HEST

strain NUITM-VS1

CP023141 99.8
strain KN-Mc-6U21

Pinkish white, round, opaque, glossy, moist, smooth and flat

surface, regular edge

SY7 FE, AHWIE, RNE, JoobEE, T4, KRS, &1 Nocardia seriolae strain CP017839 100

YR

White, irregular shape, opaque, dull, dry, rough surface,

irregular edge

EM150506

22 SRFEREENIEZAHEXM
MIEZER

AU Y BOE D E Wik SY1. SY3 #l SY7
Xt 31 M e, SR BN, BRI
FCRT SY1 XFWRHT FAAREE 12 Fi2hifiuek, xfskii
MR IR SE 3 Fh 2P b BERRURR, X AR R SE 16 Rt
ARBATLYE; A RHAME SY3 XSk Hfth
WESE 7 FhpiAE Z UK, XTURPIPG RS 4 Bzl
W RUR, XTURHBIPEAREGE 20 RGP A i 2y
Ve fifais RICHE SY7 XU 4 12 Fhdid:
RHUR, XEHR 19 MPAERMAGE 2). X
SERH RN B AR . RMETE AR . ERTEA, DL
KA RANERZE . B IRSSFAR AT e 2 B Ay
i 2451k
23 WERNERBFSIER
2.3.1 EPREVEEEFMHE

X9 Ji T 1 A SR LA R A A T RN R, 4
il TR R ) PR L P PR . T ) A BL IR TR SY L /Y
FERA 44Kk 4 895 555 bp, G+C &N
46.23%, 5 9mi ¥4 (coding sequence, CDS)
4321 4~, iz RNA (transfer RNA, tRNA)FE A

100 4>, #HA RNA (ribosomal RNA, rRNA)JE
8 ~, CRISPR J¥41 1 (Kl 3A), A RAH
T SY3 MIEH AT A 21Kl 4 853 433 bp,

G+C il 61.54%, f17%5 CDS A 4 443 4>,
tRNA FEH 115 4>, rRNA FE[H 9 4>, CRISPR
J¥51 9 A& 3B). fiififaif < R SY7 SER4
FE5 42K K 9 294 386 bp, G+C 5K 68.24%,
£ 8 CDS #:[H 10 223 4>, tRNA A 79 14,

rRNA 2K 13 4>, CRISPR /%41 2 4~ (A 30).

5 H A 5 7] Ay PO PG TR 16 Pk (GenBank &5k 5

GCF_019973655 .GCF_007595335 . GCF_012490345 ,
GCF_023283665.GCF_014647135.GCF_030008365 .,
GCF_026012575)fH L, FtE SY1 [ CDS FE[H
M G+C FRRBAF, HH tRNA BF%L
TR, TRNA FERBCR AL, 5 HAhIs A3
JI A A A&k (GenBank & 55 : GCF_002285935 .

GCF_019348695.GCF_019348645.GCF_000820305 .,
GCF_000819705, GCF_029773005, GCF_022703095)
FHEE, BFk SY3 (19 CDS JERECR 405, rRNA %t
RBCRFAK, T G+C a1 (RNA FE AR A
I 5 AW 608 R QA MK (GenBank 515
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Table 2 Results of antibiotic susceptibility paper diffusion test
R RN L/ BN 73 G U RES 2 AR TR AU
Antibiotic category Drug name Strain susceptibility Antibiotic category Drug name Strain susceptibility
SYl SY3 SYy7 SY1 SY3 SY7
GEEES TR R R R RIFNMRAE IR R R R
Penicillins Penicillin Macrolides Erythromycin
ESL TN R R R NI R R R R
Oxacillin Clarithromycin
RN R R R [TEEEES R R R
Ampicillin Azithromycin
W7 PG bR S I R HIPETF2E PR S S S
Piperacillin Aminoglycosides ~ Amikacin
IRIETEN S R R RREER S S S
Sulbactam Gentamicin
SRS KR S R R FIRER R R S
Cephalosporins Cefalexin Kanamycin
e Fnenk I R R R I I S
Cefazolin Neomycin
KA E S R R WIS WD R S R
Cefradine Quinolones Norfloxacin
Sk S I R AR A R R S
Cefuroxime Ofloxacin
Sk ftftne S S R WA R S S
Ceftazidime Ciprofloxacin
KA S S R e TR R R R
Ceftriaxone Glycopeptides Vancomycin
PUFR R PUFR R R R S rgires S5 S R R
Tetracyclines Tetracycline Sulfonamides Trimethoprim-
sulfamethoxazole
LR I R S MRAT R VINUESEN R R R
Doxycycline Lincosamides Clindamycin
KRR S I S IS ZHHEEB S R R
Minocycline Polypeptides Polymyxin B
FEE S HER R R S FltaEERE FltEF- R R S
Chloramphenicols ~ Chloramphenicol Rifamycins Rifampicin
B % R S S
Florfenicol
S: MUB; 1. R R: M.

S: Sensitive; I: Medium sensitivity; R: Drug resistant.

L Mauve BAF 3 HIXT R SYT 52 HH
¥k S. xiamenensis strain NUITMVS1. SY3 5%
Z WPk A. dhakensis strain KNMc6U21, SY7 5
ZZ kK N. seriolae strain EM 150506 1Y 42 3L [
AT XS, S P OC R (K] 4). 25 R 3R,

GCF_001865855.GCF 009712165 .GCF 009712555,
GCF_003667075.GCF_000583715.GCF_003013595
GCF_001885535)fH Ik, Wtk SY7 HHEAHm K,
HAKZM CDS 3K | t(RNA FEHFl rRNA 3
K, {H G+C & HEA—2,
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Figure 3  Circular genome map of pathogenic bacteria. A, B and C: the circular genome map of strains SY1,
SY3, and SY7, respectively.
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Figure 4 Genomic collinearity analysis of pathogenic bacteria from Channa argus. A: Collinearity analysis
of S xiamenensis strain NUITMVS1 and SY1; B: Collinearity analysis of A. dhakensis strain KNMc6U21
and SY3; C: Collinearity analysis of N. seriolae strain EM 150506 and SY?7.
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Figure 5 Classification of virulence genes of
pathogens.
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F| groEL2 (4ifi s> F1#16 GroEL, #5BhZ5#% 53
KT ETETE FAMNE AR ) . pafA (dihd
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FrEERR TR BERRIE) . mprA (iS4 R4
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ERARIUAH e i FE H e 3K) o
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fifi s RV SY7 AT 25 38 R A7 1 30l
CARD 5# FE HE XS 45 5 R I, A6 3 ko I 1 1)
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PRI TIRE, ETE] 5 A FimE A, HIER K
JE 4 757-39 088 bp, G+C il 48.5%67.1%
(F 4). TR SY1. SY3 o Fi 3 i iy s i 1A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WO R A | SRR R N B 2 S S R AL R O 1735

*3 WEEEEAHBFHREEEHER

Table 3  Specific virulence genes carried by the pathogen genome
IR BRESERZRR] w R

Pathogen Virulence gene  Virulence gene

category
SY1 Zhlfl Adherence tufA (3)
s Motility  cheY
SY3 Zhiff Adherence tapQ mshi1 mshG fimD tapC tapV (2) tapU tppY1
tapP mshK mshB tppE tapB tapW  tapT tppA
tapO mshlL mshD tppB tppF tapF tapD/pilD mshN
tapN mshM mshP tapM mshE fimC mshl fimA
mshJ mshC ASA RS18105
ML RG  exeC exeG exel hep (2) vgrG3(2) atsD  atsH atsL
Effector delivery exeD exeH exeM exeA vgrG2(3) VvipA  atsl dotU
system exeE exel exeN vgrG1 atsA vipB atsJ clpB
exeF exeK exeB atsB atsG atsK vasH
AHA_ atsP atsQ vasK/icmF  atsS
RS09305
iz gtk nueA(2) flmH(@2) chev flgB chew2 chez  flhB flaB
Motility firC figl flgA cheR-3 chew chey fliR flaG
flrB flgH flgM maf-1 AHML_  fliA fliQ flio
R07540
flrA flgG flgN pomA2 pomB flhnG fliP fliN
flgL flgF flgD motA flhF fliF fliM
flgK flge flgC motX cheB-2  flhA flie fliL
flgd pomB2 (2) AHA RS21095 motY maf-2 nueB flmD flid
fliH fliG flaH flaJ flil cheA-2 flaA
B ASA_ ASA_ hutz ASA_ hutX amoA  ASA_ ASA_
Nutritional/ RS16540 RS16570 RS16575 RS16580 RS16555
Metabolic factor ASA_
RS16550
Exotoxin hlyA AHA_ rtxA rexC rexH rexB rexD rtxe
LINTES RS16280
AHML _ ahhl ABJ52834
RS18555
SY7 B groEL2
Adherence
itk pafA ahpC

Stress survival
Eeiilivi) icl
Nutritional/
Metabolic factor
(ERER Lt mprA regx3
Regulation
5 P B AR B R 0 4 DLk

The numbers in parentheses represent the copy number of the genes.
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Figure 6 Overall characteristics of antibiotic resistance genes.

R4 BIEEETNERE]
Table 4 Basic information for predicting prophages

k73 MR A GS  FEKCEE (AT K G+C &
Strain Phage ID Family-level classification Position (bp) Length (bp) G+C content (%)
SY1 SY1-ppl Peduoviridae 267 916-307 003 39 088 48.5
SY3 SY3-ppl Peduoviridae 294-23 069 22776 56.1
SY3-pp2 Peduoviridae 10 077-36 541 26 465 57.9
SY7 SY7-ppl Unknown 13 496-18 252 4757 64.3
SY7-pp2 Unknown 929-12 348 11 420 67.1

J&TF Peduoviridae B}, TRk SY7 HAYRTIER  RPUVEIEIAIRE SR N #EAT 1. 45 Rk B,

PRI 54 B MR T AR VS L, AT RES I F 4 3 e Ty R [R5 2 2 5 TR B A AR P A

B TR A RGUE RPN AUE R T 40%, BEJ12EH
BEAh, AT IEXTATE AR T 5 BT RT 51%), SERAEEIFAR.
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KRS 3 MO R, G 1 ARE ARG
(SY1). 1 BRI RAPIEE(SY3). 1 PRl fai
FRE(SY7). Horb, I 14 KR Mk RS
TR R T U S v 4y B AR AR . AR R A R
PG TR A2 L 0 SR 0 v A Ol B DL e D, 1
SRR | 21 S IR K R 2 R e 1 T
PRS2 HEARSIR T, FRATILEE 3 AR 2 8 )
PRI SRR, A R R . A2 HE
GIZEFHL DL S BT T . X S BRARAIE 5
SCHR HR R TE 4 ER s R BRI T A R TR
SR M PR R AR A1, 5 RS 5 4
RAH—2. Mo, B F PR R 5 6 A
PR ARG 3R B TR Ak 1T R XoF 1% B8 1T 1)
P73 M

WIEEHORT, B HERIE. KHFEN
RIHUAE B A 25 P i A e, iX — IR T e
X YILE K= R P ) 12 A 200
PR AR SY 1 X JE e sk g 2 2 (i Sk J 41 L Sk AL
PL5E | Sk, RUTERITHE A L
PR TR 5 R R B ge if, AT3SR T DL R F ax 26 2
WEA T BT FNEYT o AR SY3 X SkAuftng . sk
ks . BOKRAE . RRER . R E . &
RV BOEJE %X 7 Fipid: UK, 5 A0
B TR 1 2 ) B A A — B 22 B
Rtk SY7 MEER. HiEE. KKE. FR%E
. WEER. ARy R, 5 HAD
e ol £ 35 TG T AR AR 9 4R B — 2

MR B SIS IR, R B it TR 2[R 21
s ZME N, KLl SY3 # S K
MR Z, RUZEABRERNBORRES . X
B 7 3 PR A9 D P 1) 8 35 ARG (U hutZ  hutX
amoA) . Zfi i (4N tufA. tapQ. groEl2). iz Zh: (i

cheY. cheV. flgB %), & 2 1453 (U exeC .
hcp. vorG)&5 )y THidE & CHE/EH . Hirp, hutZ,
hutX 255 4 7 121 2 ) FH 28 58 R0 ke UM G 1Y
BESTEEDR, B A 20 GG L A 3 B AN SO Y A
WEIRR, HAEPRCR M4 = BE 8 1 R 241 I 1Y
S MBORTEDL, AN, Hutz EAX TR A E
a4 [T 1 (Edwardsiella piscicida) i) A= 17 5 TE i
FOREEPY, FMHRMAEYIRIE R AL E W
e 51, Ttk LN (cheA. cheB. cheR. cheV
H1 cheY)RE % 1 52 1 21 TR 32 S St 1 e 4 1R
SRR EE R RE 155, flgB JE DM sk 2 S 3 7b ]
I (Salmonella) 2k <32 BB i i A9 VIR
I A5 33 22 455 30 o 4 AN [) B R0 B P A% 3 2 0
YL, B THLIE EUREITHS B AN B kR E 3
£ R G, A UE AN B TR TR B RN Y HIORR YL BT
HPI R KB, 25X —RGEMNE I EN
vorG B EBR 5, M 4k FCOI B X B 5 £ i Ot R
THET 40%.

MRYEPUE R I gs R, 3 Hm R
P AE P S ST . IR RS Sk
I HEERIMBTER . elfamycin 28 | M
M2 . BEAKE . KIRNBRZE . 224525 2Rk,
AWmERE. M. FImERIE. B, W
IR 15 P 25 FE 25 Forb = ] A B G TR
SY1. 5 RABAME SY3 #EM a2 1T 25 3L [,
fii i RIS SY7 A 25 L b . midk
SY1 K& [K 41 rb 485 45 1 ik 75 25 M 25 T 25 2 [
(OXA-48) 111 A1 BE A 5 [ [ ] Ay U IR P 4 2k A 40
LR o) A R 7 A 8 R B 3 KR
R it DR I It Rk e B A3 B R R AR
T L 2H b, A5 3) floR. sull, QnrS2 Fil tetA
SN0 B S R AR TR A SY3 iAo 4
SR LE R, Bk SY1 M SY3 #EI H xt
A[AERMM M, X T ge S A% Rt 2y A
floR AHXF i, A FEIAEX 2 N A L R 4
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