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Abstract: [Objective] This study aims to determine and characterize the pathogen of the diseased
Trionyx sinensis in a farm in Xiantao, Hubei Province. [Methods] The suspicious pathogenic bacteria
were isolated from the diseased 7. sinensis and identified based on the morphological, physiological,
and biochemical characteristics and the phylogenetic tree constructed with the 16S rRNA gene
sequence. The artificial infection tests, drug sensitivity tests, multilocus sequence typing (MLST),
eBURST analysis, and whole-genome sequencing were then carried out for the isolates. [Results] Three
predominant strains, HX8, FG10, and GC20, were isolated from the diseased 7. sinensis and all
identified as Pseudomonas aeruginosa. Artificial infection tests confirmed that the isolates were the
pathogen causing the disease of T. sinensis. Drug sensitivity tests demonstrated that the three isolates
were sensitive to eight antibiotics (such as enrofloxacin and norfloxacin) and resistant to six antibiotics
(such as florfenicol, doxycycline, and sulfagan). According to the results of MLST, the three isolates all
belonged to sequence type 252 (ST252). The further e BURST analysis showed that ST252 formed a
clonal complex CC252, of which ST252 was the founder ST. The whole genome of strain FG10 had a
size of 5.65 Mb, the average G+C content of 65.3%, and 5 956 coding sequences. The whole genome
has been deposited at GenBank under the accession number JAJGXC000000000. In comparison with
the virulence factor database (VFDB), 873 virulence-related genes were predicted, which were mainly
associated with adhesion, secretion systems, and toxin. In comparison with the comprehensive
antibiotic resistance database (CARD), some drug (such as fluoroquinolone, carbapenem, and peptide)
resistance related-genes were predicted. [Conclusion] We isolated and identified the pathogens of the

diseased T. sinensis and preliminarily analyzed the prevalence and predicted the genes related to the
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virulence and drug resistance of P. aeruginosa, which provided a basis for the prevention and control of

infections caused by P. aeruginosa in aquaculture.

Keywords: Trionyx sinensis, Pseudomonas aeruginosa; isolation and identification; multilocus sequence

typing; whole genome; virulence and drug resistance
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51 HERENRE
Figure 1

The clinical signs of moribund T. sinensis. A: rotten back shell; B: ulcerated pores on the back

shell, excreted blood clot; C: haemorrhage and ascites in the abdominal cavity; D: liver steatosis and

tumefaction.
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Figure 2 Histopathological section of soft-shelled turtle. A, B, C are slices of liver, while D, E, and F are
slices of intestinal. A, D are healthy samples, while B, C, E, F are infection samples.a: erythrocyte effusion; b:
hemosiderin deposition; c: shedding of intestinal chorionic membrane; d: chorionic hemorrhage.
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12.8 mm %9.00 k

3 ¥k FG10 B ENE
Figure 3 SEM observation results of strain FG10.
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Table 1 Physiological and biochemical characteristics
of strain HX8, FG10 and GC20

Blochemical /v FG10 GC20 SP-NPY H (22)
project - Q041011
Glucose - - - - +
Citrate + o+ + + 4
utilization

Arginine double +  + + * +
hydrolysis

Maltose - — - - _
Semi-solid agar +  + + * +
(motility)

DNA enzyme + + + * +
Acetamide + 4+ + + +
Carbamide + 4+ + + +
Mannitol + + - * _
Glucose (gas) - - - * _
Lysine - - _ * %
Ornithine + + + * *
Raffinose - - _ * _
Sorbitol - - _ * _
Peptone water — - — _ *
H,S (gas) - - - - _
Glucoside - - - * *

+: positive; —: negative; *: no determination.

P4 actamicro@im.ac.cn, & 010-64807516
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Pseudomonas aeruginosa GC20 (MW012615) &
Pseudomonas aeruginosa HX8 (MWO012613) 4

Pseudomonas aeruginosa FG10 (MW012614) A
Pseudomonas aeruginosa NBRC 12689 (NR 113599)
Pseudomonas aeruginosa ATCC 4207 (AF094714)

100 | Pseudomonas aeruginosa DSM 50071 (NR 117678)

99

100

93

Pseudomonas aeruginosa ATCC 10145 (NR 114471)

Pseudomonas aeruginosa ATCC 27853 (AY268175)

Pseudomonas resinovorans ATCC 14235 (NR 112062)

L Pseudomonas alcaligenes ATCC 14909 (NR 114472)
Pseudomonas mendocina ATCC 25411 (MK265746)
74—l—_}’wudomonas oleovorans ATCC 8062 (NR 114478)
Pseudomonas agarici ATCC 25941 (NR 115608)
;”[—Pseudomonas amygdali ATCC 33614 (NR 115609)
[—Pseudomonas savastanoi ATCC 13522 (NR 024707)
Pseudomonas viridiflava ATCC 13223 (NR 114482)
L Pseudomonas fragi ATCC 4973 (NR 024946)
Pseudomonas chlororaphis ATCC 9446 (NR 114474)
Pseudomonas tolaasii ATCC 33618 (NR 114481)
95 L— pseudomonas marginalis ATCC 10844 (NR 112072)

—
0.010

B4 ET 16S rRNA EEFFIH N-J REL HH
Neighbor-joining (N-J) tree based on the comparison of 16S rRNA gene sequences

Figure 4

Aeromonas hydrophila ATCC 7966 (X60404)

of Pseudomonas spp. GenBank accession numbers are given in parentheses. Genetic distances were
constructed using p-distance model. Horizontal bar, genetic distance of 0.01.

100 *—o—9o—0o—o
=
E
= -@- Control
T 0 mHxs
>
= FG10 ¥
5]
-¥-GC20
1 1 1 1 1 1 J

5 3R ERENFEENBRN
Figure 5 Pathogenicity of three P. aeruginosa
isolates to 7. sinensis.
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R R U, X 2R ER . BRI E LK
it e S WA Tl &2 (3R 2) o
2.6 S EKE MLST X E K eBURST 94f
MLST % E 45 R IR, 3 #0510 4 2R 15 2R
i T 4 BB 44 Ky ST252 B, 0 SRl A1 B4 i T F
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Table 2 Drug sensitivity test results of 3 isolates

Zone diameter/mm

Zone diameter (mm) interpretive

- . . . Disk .
Antimicrobial class Antimicrobial agent (phenotype) criteria
content/ug
HXS FG10  GC20 S I
Penicillins and Piperacillin-tazobactam 100/10 26 26 28 =21 15-20 <14
B-lactam/B-lactamase S S S
inhibitor combination
Cephems Cefepime 30 30 30 31 =18 15-17 <14
S S S
Cefotaxime 30 26 25 25 =18 15-17 <14
S S S
Monobactams Aztreonam 30 18 25 27 =22 16-21 <15
I S S
Carbapenems Meropenem 10 29 35 29 =19 16-18 <15
S S S
Aminoglycosides Gentamicin 10 12 14 12 =15 13-14 <12
R I R
Quinolones Ciprofloxacin 5 9 6 11 =21 16-20 <15
R R R
Levofioxacin 5 26 30 30 =17 14-16 <13
S S S
Antibiotics for aquatic Neomycin 30 12 12 13 =17 13-16 <12
products R R I
Doxycycline 30 9 9 11 =16 13-15 <12
R R R
Florfenicol 30 6 6 6 =18 13-17 <12
R R R
Sulfagan 300 6 6 6 =17 13-16 <12
R R R
Enrofloxacin 5 22 24 23 =21 16-20 <15
S S S
Norfloxacin 10 25 25 30 =17 13-16 <12
S S S

S: susceptible; I: intermediate; R: resistant.

MLST %4 & (https://pubmlst.org/organisms/
pseudomonas), 5% T 33 #k ST252 B4R 4R
TR, ke AIRORHNE 6 Bk, 1
50k, BG4 Bk, R 1 BR, AR, XK
B RO AR A SN () TR IR o ABIESE T IR
A 53 B L A B BN T ST252 BRI Ak, I
FHNZ AL o3 B0k AT L) S 3 R o vh AR e A ™

<l actamicro@im.ac.cn, & 010-64807516

eBURST 43 H7 & — BRI J37 51 B 38 50k 43
BT & 3R MR S 28 06 R 1) — Rl AE W45 B 24 40 B 7
e, B B MR 77 91 A TR R o AN [R) 1) e e
R, JEMR R PR . A MLST
B | B K 3 4 PR A B Sk AL 3R A R SR
BB B R BR 7 116 4, 40 J@ 3 515 4~ ST &L,

Mo et ik E, A ALENREZ, A
725 4>, WRFNWHK, A 712 4 BEEG
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TR A AL ST308 AU, A 94 ANy &bk
KA f5e AT B P 51 B J& ST274 #Y, JF
29 Nar B KR . 4B A v ] A AR S M TR R
A 3528k, /BT 324 4 ST &I, x4 ST A%
5T 38 Mk 4 (clonal complexes,
CC), H, €cC277. CC235. CC1239. CCT740.
CC2370, CC3284, CC252 =TI vafkid Ak,
MBS VR i A B PR e T
BRI B RR, HUE IR AR AR 43 21
FEAY B IR FE R R 2L | R I PR I
PO, SCRAEREVE . KAE, REISHER
PR AT DX B e AR B KA
eBURST 7 HT 8/, AW/ 3 R
PRATJE 1) ST252 AU, H 5 4385 [ fif =) ST489.,
WA A ST924 5 ST1107, :H ., &k
LKA ) ST HL[E () ST118 SRZ Kk R,

1, .
o .
1541 A = P p* [
we I ] 7
839 : I 2
834 - - = 34( 1
3285 e REl =
7(,,'\ 412 386 /‘2}2
803 o e
./ 3284 ﬁn}l 24|\ 47\ 934
866 ] 7 883 3298
775
, CC3284
s 808 914

T CC252; Hivb ST252 & CC252 HWR A
J¥ %1 % (founder ST) (& 6).
2.7 $AFREBEEE FG10 £EFENF K&
pasy 3

Shy 1t — 25 B 1 U ) 2 A1 R 1 4 L A
HAFIE, FRATTHE VR FG10 BEFT T 43 R 4 i
FF o X IUAR 0 e B B (reads) #E AT 91 2 %€
AR5 125 4~ E S (contigs), FE K 4B 55 F N
98.5%, FG10 &3 PH KA 5.65 Mb,
GC &N 65.30%, HHTME] 5 956 A
Pk FG10 JEHE 4 1% %] NCBI 3515 GenBank
B35 JAIGXC000000000,

COG Bs e Ba R s, Witk FG10 g
4 292 PNEEPIARISIERS, TFRARDRT 24 K
(E 7). Hrr, 2 5% e 04 394 4.
SR 384 A, 5 THLE F i s fn

2372} ]Mly
2 :\
2405 e
/ 209
2383
2
o .

2 \CC1239

1972 3507

6 FIFA eBURST X P. aeruginosa E¥x#HITIABIER DT

Figure 6 The lineage classification of P. aeruginosa strains analyzed by eBURST. Each black dot
represents a different sequence type, and the lines between the black dots form different clonal complexes
(CC252, CC235, CC277, CC1239, CC2370, CC3284). The original sequence type is marked in red, and the
original sequence type of the subgroup is marked in yellow. The red box indicates CC252 which ST252

belongs to in this study.
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Amino acid transport and metabolism

Carbohydrate transport and metabolism

Cell cycle control, cell division, chromosome partitioning
Cell motility

Cell wall/membrane/envelope biogenesis

Coenzyme transport and metabolism

Cytoskeleton

Defense mechanisms

Energy production and conversion

Extracellular structures

Function unknown

General function prediction only

Inorganic ion transport and metabolism

Intracellular trafficking, secretion, and vesicular transpo lipid
Transport and metabolism

Mobilome: prophages, transposons

Nucleotide transport and metabolism

Posttranslational modification, protein turnover, chaperones
Replication, recombination and repair

Processing and modification

Secondary metabolites biosynthesis, transport and catabolism
Signal transduction mechanisms

Transcription

Translation, ribosomal structure and biogenesis

7 E#k FG10 B COG ThRE 2
Figure 7 Gene distribution based on COG classification of strain FG10.
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HE. TWARS . BERAGEANH Y REF
FHIG(F 3), Hirr, 155 B 5%t (adherence)
A, Wtk LA cipH (locus_tag: FG10620252
01334) . HEJg & 1 3 tpn32 (locus_tag :
FG10620252 02040) . £ % B i A M 5 K
(locus_tag: FGI10620252 04042)% ., £ 113 M3k
[K 2 553 2 i (secretion system)JE A%, FG10 H
AT, TITARFVI B sm RS, Hf 19 4
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iR FRH — MY A 52 A 588
U A %i (iron uptake system)FH K, A WFIE £,
T RE 5 20T R A R B B BE A oG A
AR R O R, R, BUR TR
B 21 AR 5 A B (stress protein)
MK, HbasHE 5 MK cpC R
(locus_tag: FG10620252 02588 01840, 04744
01198, 0146 1)F1 2 D45 DI clpP H:F (locus_tag:
FG10620252 04783, 05944), X 2 MK S5
PR KR, DUHCRI AR A L i i 4
T R TR R B 1 5T 43 s A AR
UL AN
29 FBREME FG10 BT AR E 9
WIRAWFIEE R FG10 BT 25 $5 15, %
FG10 (1 =21t 25 B EAT T W0 (& 4). 254
WoR: FGIO A SH GRS, @Ak v
WS RIS R EASS . BRI
WA EE R I EPUAE R 2536, IF BT
PR — U 5 (95.8%—100.0%) . 33 & Jit [K] = 3
18 1 AR B A A 4 (antibiotic target alteration)
DL KB & A HE(antibiotic efflux) it Jy 23k 4t
A R 2k, o 2R FG10620252_01262
i 3 Hr A R ANHEAG 7 2O s R S B A R e A
Tiif 24544

=4 EHKFGI0 PR FEMAHER

*3 FG10 WENERETUMN D KGR
Table 3 Virulence genes of P. aeruginosa strain
FG10 predicted by VFDB

Classification of virulence factors Gene No.
Adherence 155
Secretion system 113
Toxin 49
Antiphagocytosis 21
Iron uptake system 52
Regulation 38
Two-component system 19
Genotoxin 14
Enzyme 71
Endotoxin 19
Stress protein 21
Invasion 15
Other 286

3 Wi

LA, A A 2 Al B T 17 el 32 4R
HRE 5 e RS RN & R & R R | X K™
FRFEH OISR He g/ L o AR SR HGIE TR 2R MR
B B AT JRR I A 5 DL IR B IR
Wi Lo B 257 ER G 2 T S PG RS54 21
H B s E T RSB IR T P T SEPESE N
J& T a8 H % B g UK AR A o — R R
SRARCAB TR , (HE LUK f Hofh 2 A A R

Table 4 The main antibiotic resistance genes from strain FG10

Genes AMR gene family Drug class Resistance mechanism Identity/%

FG10620252_00638, Phosphoethanolamine transferase;  Peptide Antibiotic target alteration; 100.0

FG10620252 04474  Pmr antibiotic efflux

FG10620252 01055  RND antibiotic efflux pump Triclosan Antibiotic efflux 95.8

FG10620252 01262  RND antibiotic efflux pump Fluoroquinolone Antibiotic efflux 100.0

FG10620252 02049, OXA beta-lactamase Carbapenem Antibiotic inactivation 100.0

FG10620252_04656

FG10620252 02353  Chloramphenicol acetyltransferase Phenicol Antibiotic inactivation 100.0
CAT

FG10620252_03362  Fosfomycin thiol transferase Fosfomycin Antibiotic inactivation 100.0

FG10620252_04683  MFS antibiotic efflux pump Bicyclomycin Antibiotic efflux 100.0
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HROR 0 B B I A TR, 0 A 2 RN T R 2
TR, I HUSRYL ) E B R AN, e
ARWEFE R, AR A B T AN [
FEEE L LU A5 () 1 R 2), e AR E 1
e A RAPEB R, R 2B I KR
W, HBUROSIR B LU . ZURE T T R
i 2 S RE RS, EARDRR R B T
ALLJE K o R 3 I PR RE AR, 150 Y B AR VR i
JE RN, (HIRE S [ A A ) IR [ 4 g i o
P DR AE ST SE BT, 1 20 18 B0 Al 2 Al B
H Ak DM [E&5e 2 [RIHEF, DM &S]
RAEFRIR BT E]AE 7-10 h, 24 h N5E
SFETZPO ARG 4 T I 43 B R TR R
O fa B AR M AR IR L R (1-3 dpETing, (H
FE 7 d NAETRIET- (1 5), R g R AR s A
BEIRYY T B FEAR XS 4008 o X R W] AR SR 1R
BRI B RS K 7 B B ) R i e R DRI A i 22
5, [EYIRE S BECRMBSET:, FAEFRFE
DIEAL
TELIAEBRFE R, 1 firk i 2 I B T 1) 20
T BRI 2805, 4 PFGE (pulse
field gel electrophoresis). EPIC-PCR (emulsion
paired isolation and concatenation PCR), RAPD
(random amplified polymorphic DNA)% , iX 4477
P —E B, T MLST iR AHERZAL
A ERAAT . EEMRE . aPRES, HE
B AE A BRI R N AL 52 B DU SS i 4 2R b 37
EPRGE, BB 12 0 R W 3 BRI S Y
“HAAREPY S ZEABES T, MLST A iras R
FH 3 MR BRI JE T ST252 B AEBR R,
LRI ST252 RUITE RIS 4385 T A (B2 A ]
PLAM X, A B 58 B 4 AHE N IR () )
ST252 7 B #k . i 45 eBURST Y43 45 AR (K 6),
ST252 HlJE: CC252 Wy JsUh P4 B, 57 Heml LA
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FAEHZ SR, AR ERETEER T
ST252 RUTRMR, A LAJG B9 i T i oy £
A, BAARTARN,

] 2 A1 T ) i R 2 R A R P 2 0 A A
XA R I R R 4 A o {1 P L TR A X TR A% PAOIL
(GenBank: NC_002516)[3& 44 6.26 Mb.,
T H PR 2H ORI s bk, A R ) A 52 BE
JyHESR, HRESE Y 2R IAEECY . AR g 4
JE DA R SRR ) B R R, 45 R N TR AR
FG10 AR AR R IEN L, HS 541G
552 i3 F 5 (] 7), WE7REERE FG10 Al fE
HA B IR ISV RE T, PEMERATAE SR i
T v A A R B A

TE FG10 B I REBH A SR, REBAHOC
P14 5 B o 0 455 R v oy 32 A (o B 4 T
M REHR 17.8%, £ 3). WL R ER,
FG10 HHFAPHAETFZ 5 /E LT
ACF FGH A, w55 F b [ 0 3 B A DGk
DRI (0 22k KB 1R BT B3 il AR A=
YR HETE B . TN DA R BRI R T, DA T3
B BB HPY I R SR Tk derERE R
T, FG10 HAF7E [T AL, MIRAIVIFAL 00 R 5t
11 Y53 W R GE(T2SS) 2 SR 25 1 A+ 19 73 b
AR, eI ER, MRER. B
Mt 55, 38 X Se R 8 ) R TE 24
IS A LIRFE; Bbok, T2SS 541 iYiz 5
M K A 4 I B 55 T A AR 2 1k R DO
FG10 HfF7E T2SS, #HEllH EZ e H R
FEG > I O ARET S VI 430 22 45 (T6SS)FE 4
SRR R —FPEE AW RS, AT LM
EA PR T B, 38 AT LUK A P9 Y 2 i 2R
3 o b B A M A s B B, s
] A1 P 6D T 800 e R TS 2 4 ) R R K PR
A5 R SR AT T6SS AMUAT LU iz
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HHEEN, WA E gk T, KT ie
FEH, el 2t Al B TR O YOG BRE L R 2 T6SS
ALK 8 R R S T AR, gk
O R I BE ) A W R RO 1S 2 e % DDA
*o BT E (Salmonella enterica)™,
BRI S AE I AL 4 3 2R 48 (T3SS)
M35, T3SS 2 W IE VDT EG TR X 20 i 1) &
Yel RS X T 40 A G A A A R O E R
Jir DA G R $% B2 32 3 B B B 35 8] 1 (ferric
uptake regulator) /™45 AT, A0 A A1 i B 2k
eI =2 S BIR A2 i R P Ak ) A 8 T B
TEA SR A O b, AT L3 o™ A w7 T
R ERIE T, Fe' e A 5L 25 5 Vi R 1Y
Fe? B2, Fe? M ICK & i 2108 RGP
PER S FG10 ik fA7E 2B WA 43 T 4
RGL(F 3)o WULH G PR45 22 50 I AN T JR% oy 3 i i
SPGB I N S G S R R G, AL
PRSI R e A R T IR B . B BEIR
th BEEME ERRERE, LU
HNREEREE (38 W PO o IR R AR T R Y
AN TR BORE B 58 18 I P 3 oy A AN 2 — S Ay
MBS A F R RS, WO R T
FERSEEAE AU o P Y R G AR X i A R
R F| T HE AR,

WPESEOT I s, DR M o i 4% 1) 7K 5
F o0 B ) g AP BRI D X RIS L T
. MR A ARV R AR A FRINTD
B U, RRE R A —E MR,
F KR SERAT T BN, DB S K P 53 5 1) el 4
B TR kA2 . NBEIGZE . KRB R
WP E . KPR . 2l r e U, X R
% AEEMPY, DL 2y e R S AR 5T
FEE—ERXHGER 2), TEARUTEH 3 bR stk
[ AR XS Sk A2 | 56 2 g A v FE URR, {HLX BA

VDL N BROR B R 24 o AN [m] i X R0 75 3 A 4
PR 25 A X0, AR S FRaE thpiAE R il
HAEA X, IR Ea MR
ZH3R97RY,

WS A T 2 T AR R R K SR T R L 2
Yy, BRTTEAREFRE TN AR HA TR
WIAG FRAE AT, 38 K ™ B0 B AN BT R
AT 25, SEUEIR T K™ 5 W 240 B e s
TCHEXPIE N 25, SFRaE R A TR J—
JrTH, FEFRFE A R R s AR AR R
25WHE AT S WA N % R XU B, ik
AR SR, A AN EREL S
R B RN AR, 3 RS B R X e
PP R AN BB RN 25 (F 2), 76
PR FG10 Hf, i S0t T 1) PR T 1 nds 145 i 215
i 25 52 K (locus_tag: FG10620252 01262, 3 4).
DATARR FG10 S, XFmsid iS5k R 25 1
] 2 A PR TR A K 7 FRFE IR B A AE, TNz
AT BEAFAE 58 A9 PR BT A 0L B8 7, A0 T nds 4
BT A R Tt 24 1) el Sl BRI TR AR T RE AR OR 23 7
K7 FREE B L AR, KT POl
A I
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