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B TG SE N A AT R BOWIE J1, $8 8 5
JIMME 25 MR 2R, 45 S K M0 TR B 3 1Y

¥R, T 20112016 4E43 2 AT 75 M FE U1
R A, HoH T AR U R

G

(EAEAK ., B BT

A B YIS B bk 22 bR, A R EBE
1 AR FF . Hom A, gfa, 95 B R
R R (LR A mﬁ\gﬂ\ﬁﬂ\ﬁﬁ%)
L1 SEREPRORIER SYESER 13 Bk, HUTE F EEURER. B, 4
35 BRENMACHFE N EF LR EMME  BEFE D,
F1. ERER
Table 1. The information of strains

No.  Strains Hosts Sites Provinces Years
1 P11WS30 Epinephelus awoara Wushi Guangdong 2011
2 P11QS25B Trachinotus ovatus Qishui Guangdong 2011
3 P11QS24 Trachinotus ovatus Qishui Guangdong 2011
4 P11WS Epinephelus awoara Wushi Guangdong 2011
5 P11WS31 Epinephelus awoara Wushi Guangdong 2011
6 P127J1202 Epinephelus lanceolatus Zhanjiang Guangdong 2012
7 P12RP0O6 Lutjanus erythropterus Raoping Guangdong 2012
8 P12RPO03 Lutjanus erythropterus Raoping Guangdong 2012
9 P13ZJ01 Epinephelus awoara Wushi Guangdong 2013
10 P13HDO04 White snapper Huidong Guangdong 2013
11 P13HDO02 Siganus spp. Huidong Guangdong 2013
12 P13RP02 Miichthys miiuy Raoping Guangdong 2013
13 P13XCO01 Trachinotus ovatus Shenzhen Guangdong 2013
14 P13HDO3 Siganus spp. Huidong Guangdong 2013
15 P13ZJ06 Siganus spp. Zhanjiang Guangdong 2013
16 P14RP2701 Miichthys miiuy Raoping Guangdong 2014
17 P14RP2102 Miichthys miiuy Raoping Guangdong 2014
18 P14RP2201 Miichthys miiuy Raoping Guangdong 2014
19 P14RP21 Miichthys miiuy Raoping Guangdong 2014
20 P14SZ708 Epinephelus fuscoguttatus (9)%E. lanceolatus (3) Shenzhen Guangdong 2014
21 P14RP34 Miichthys miiuy Raoping Guangdong 2014
22 P16RP0102 Miichthys miiuy Raoping Guangdong 2016
23 P12XC2501 Blotchy rock cod Li’an Hainan 2012
24 P12YDI18 Blotchy rock cod Tanmen Hainan 2012
25 P12YDI19 Blotchy rock cod Tanmen Hainan 2012
26 P12PC15 Epinephelus fuscoguttatus (?)xE. lanceolatus (3) Xincun Hainan 2012
27 P12XC21 Epinephelus fuscoguttatus (?)*E. lanceolatus (3) Xincun Hainan 2012
28 P13YDI8 Epinephelus fuscoguttatus (9)%E. lanceolatus (3) Yandui Hainan 2013
29 P13YDI2 Epinephelus fuscoguttatus (9)XE. lanceolatus (3) Yandui Hainan 2013
30 P13YDI10 Epinephelus fuscoguttatus (?)*E. lanceolatus (3) Yandui Hainan 2013
31 P13XC24 Blotchy rock cod Xincun Hainan 2013
32 P13SY07 Trachinotus ovatus Sanya Hainan 2013
33 P13YDI11 Epinephelus fuscoguttatus (9)XE. lanceolatus (3) Yandui Hainan 2013
34 P13YDI18 Epinephelus fuscoguttatus (?)xE. lanceolatus (3) Yandui Hainan 2013
35 P16PC04 Epinephelus fuscoguttatus (9)%E. lanceolatus (3) Xincun Hainan 2016
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ABIRZESE | A Y2FR, 2020, 60(11)

2609

1.2 PS4 DNA $2E

HAEAMHRIZE T 2216E FA, T 28 °C Ki¥F
FE PR B R SR PR BERY SR T 2 mL 2216E
WARREFRHH , F 28 °C #EIRH 200 r/min #REE KT
FRILRL 4% BN TR JL [ 41 DNA R EURH & (KRR,
o [E ) $E BCEE R 4 DNA . A Nanodrop-2000
(Thermo, USA) & K& [ 41 DNA ¥ i, I 0.75%
VR E 0 B R FC A
1.3 JEAEIE I EEK PCR 44T

T3l PCR A S& A & SGAT B8 Hh s 2 oI i
VS ZE LA vhh, EELINEE MR SR hlyd.
VI B M #RCH 45 % 1L & (Thermostable direct
haemolysin)FE[K tdh LK TDH A5 1fi 2 3L A
trh FVE A5 9T 1 1 2K L D] b A L o AS T
FERT I 9 L3R 2.

20 uL PCR W AR R AL 45 Tag TR K (TaKaRa
Tag Version 2.0 plus dye) (TaKaRa, Japan) 10.0 puL,
RS (10 pmol/L)4% 1.0 uL, itz DNA
(20 ng/L) 1.0 pL (VLK 7K A BAVEXT BE L DL4S B
LA B VR BHPEXT IR, KERIK 7.0 pLo 7€
PCR #AEI Y (Bio-Rad, USA)H 44 HAYREA
J AR 2 95 °C 5 ming 95°C30s, T, 30s,
72 °C 60 s/kb, 35 MME¥H; 72 °C 10 min, PCR

PR L 1.0%BE B e H Dk il

M4 £ 5 i 24 45 0 (Multi-antibiotic resistance
indexes, MARIs)®®, IR FA & X £ B LA
F8 %0 (Multi-virulence gene indexes, MVGIs) A K-
— AT 5 PR S AL B g B ARG B 5 AR
RVEE T BER 8 5 A LA,
1.4 T Z5tortr

KUY B (K-B) T TS5, R 2K
AR IR R B 2R 15 A LB AE R
(W B T KA A= a0 A R )« A d5 ki
MR (FUR, 300 pug/ ). L% K (ERY, 150 ug/H).
KRR A2 (GEN, 10 pg/F) . FIRFERIF, 5 pg/F).
W A (NOR, 10 pg/f) . BHNT A (CIP,
50 ng/H). A H(CHL, 30 pg/H). HAEKREH
(FLO, 30 pg/fr). MHIFZ(TET, 30 ug/h). Eh
BAA(T/S, 23.75/1.25 pg/F) . BTSEFE AR (AMO,
20 pg/ ). AR R (VAN, 30 ug/i) . ZAEHR
(TOB, 10 pg/F), ZMEZMID, 30 pg/ i )FL
PEH K (DOX, 300 pg/F). LKIF B ATCC
35218 M, HEAT A HE I B e, S B SE
I I PR PN 52 35 %5 A E B3 23 (Clinical and Laboratory
Standards Institute, CLSI#i4: 2 FEURR 36 Fr E X}
T 245 1% 64 7 40 BT 20

®2. AHRETABSIHFT

Table 2. The primer sequences used in this study
Primer names Sequences (5'—3") References Sizes/bp Typical hosts
vhh-F GATTGGGAATGGGCAGAAAA This study 319 V. harveyi
vhh-R GGAATCGCCATTGTGATGC
hlyA-F GGCAAACAGCGAAACAAATACC [23] 738 V. cholerae
hlyA-R CTCAGCGGGCTAATACGGTTTA
tdh-F CCACTACCACTCTCATATGC [24] 250 V. parahaemolyticus
tdh-R ATACGAGTGGTTGCTGTCATG
trh-F CAGTTTGCTATTGGCTTCG This study 302 V. parahaemolyticus
trh-R CAGAAAGAGCAGCCATTG
vvh-F GCTATTTCACCGCCGCTCAC [25] 222 V. vulnificus

http://journals.im.ac.cn/actamicrocn
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L5 THZGE KT

AR 3 T A BT P AR KN, A g el
PiAE Z T 25150 S (Sensitive) .1 (Intermediate) .
R (Resistant)icl 5% , FEAR RN 15 Fphid: 28 sk
— I 24535 . XFi 23 AT a2, a2
B ZHMATEBONM 2SR F 5, IR hA
[Fi] 3 3 IR 5 P T AR i 2433 2 ) 22 5

i 2% (Antibiotic resistance rate, ARR): X7
B —HU AR BRI 24 T R 550 ARG I 1 A T o
Fo s

% ® i} 2 48 %0 (Multi-antibiotic resistance
indexes, MARIs): H—ZNpEX} 15 FhillilHiE R
it Z WPt REE S 15 FhliiAd 2 B 45H 15
) LUAE 5

M 24 7% A R s . TR BT i 24 1% B
5 sREE B .
1.6 Siitatr

R SPSS 190 A X Z< 01 i 1 A )
2 H 8 ) B R 48 B0 2 E1 N 245 45 20 AT student’s
¢ KB, X 20112014 4[] RR A 2 85 ) FE A
& HOFN Z2 T 245 468 B0 A7 5. R J7 22 (One-way

(&) 30.00

X 25.001
[}

ra
)
=
=
S
T

15.00

T

10.00

5.00

Gene detection rat

111

hiyA vh trh vhh tdh
Genes

0.00

ANOVA) . P<0.05 #iA B & 2= 5.

2 HRApAT

2.1 EANARCHEIEREE ) BEE R
5l ML FE ) FE R 7E 35 kS8 RO
HRR R, s B IRCOR hlyA (20.00%) . vh
(20.00%) . trh (11.43%) . vhh (8.57%)HI tdh (5.71%)
(B 1-A) o Hirr, 4 BRE & A 2 DRI EE S 3R
15 bR &A1 ARIALEE BRI, AR 16 fk
BN AR iy 5 AR LAY R ) L (B 1-B).
22 EANARCTFHIERATEHERNNNESER
t KR, AR R A B TR 2
FERTEEE F AN B ¥ (F=0.226, P=0.638) (/& 2-A).
hiyA. wh. trh, vhh R tdh 16 HAP BB N
RGH R H B H 385051 18.18% . 18.18% .
13.64%. 9.09%F1 9.09%, Tfi{EHERE /> B A E A
1R AT TR A HE 2853 51 R 23.08% . 23.08% .
7.69. 7.69%7F1 0.00% (& 2-B). KL, hlyA F1 vvh
AR 2R = T AR, T rh. vhh RN tdh BYRS
HRMER LT A (# 2-B).

—_— —
[ele] \] (o)}
T T T

~
T

The number of strains

0 1 2
The number of atypical virulence genes that one strain possess

0

1. ERIFRBZSHERNSHIFR

Figure 1.

The distribution of atypical virulence genes in strains. A: The detection rate of each atypical virulence

gene; B: The strains with different number of atypical virulence genes.

actamicro@im.ac.cn



MEEE | WEPENR, 2020, 60(11)

2611

(A) 018
0.16
0.14
0.12

MVGlIs

0.10

0.08

Guangdong Hainan

©) Provinces
025

0.20 |-
0.15

MVGlIs

0.10 -

0.05

0.00

2011 2012 2013 2014
Years

(B)

S B — Il Guangdong

g 20 + [ Hainan

gt

5

3 10 +

Q

Qo

0 L L L L
hlyA wh trh vhh tdh
Genes
D
(D) o

NS Il 2011

840+ I 2012

g 12013

8§ 30r 2014

3

3 20+

o

S n B

hiyA wh trh vhh tdh

Genes

2. ZHFEHBFHEEAMNETDHES

Figure 2.

The spatial and temporal difference of atypical virulence genes. A: Multi-virulence gene index of

isolates from Guangdong and Hainan; B: The detection rate of each atypical virulence gene of isolates from
Guangdong and Hainan; C: Multi-virulence gene index of isolates from 2011 to 2014; D: The detection rate of
each atypical virulence gene of isolates from 2011 to 2014.

BRI R Dy 2250 MR W], & H 0 Z A i 2 5
J1 I H8 8 2% MR B 2 (F=0.193, P=0.901)
(K 2-C), {HEAK |, hiyA 1 voh 89K R BEAE Gy
SR —E WIS, M wh. vhh F tdh 1)
ot 2R B A 8 0 52 B0 — 2 1T [ (& 2-D).
2.3 E NG R HE R 25

35 BRSE A L ERT X 15 i R YT 2y
22 AR (K 3-A), XTI HER . PSP
7 1t B R FURI AR -2 B 53 1 25 M (5 25>50%)
THF 25 2853 51K 91.43% .68.57% .68.57%F1 62.86%;
XF 2175 R RIS AE T 25 (25%-50%) , T 2530
34.29%; MEZATHER. ZVEAER. R K
A 6] 1 52 5 3 v BT FR T 245 231K (10%-25% ), IR
H20.00% . 17.14%. 14.29%. 11.43%F1 11.43%;

SR KRFER . R 2R A 25 H KT
10%, 43500 8.57%. 5.71%H1 5.71%; 1%} & 55
R MFEA 58 UK

35 BRTE Y 2 H Mt 2 45 0 (MARIs) 3 Fl Ry
0.00-0.67, FIH 27 FIHZIIE(A-AA), THZiE
RIFE R 0.77, Wk P132J06 Xt Friliay 15 Fh
BUAE RIBUR; 5 PRI BTN E (1Y 2 o i 2
(M 253%R % E, L, O, P); 8 KREEXFATE K
3FhPLAE R A2 (M 25158 B, C, K, N, S);
Hofth 21 BRI E A 3 Fh AL bR R A7,
Z H i 245 26 (B R B AR R AN 2E>3) 15 5] 60.00%,
ZHEMEA 17 F, SR EEFER 0.81; IFH
P13YDI0 X} Aril g i 10 Fhdiisk i 2, i 2544
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Figure 3.

The antibiotic resistance of isolates. A: The resistance rate of strains to each antibiotic; B: The strains

resistant to different number of antibiotics. VAN: Vancomycin; AMO: Amoxicillin; MID: Midecamycin; RIF:
Rifampicin; ERY: Erythromycin; TOB: Tobramycin; DOX: Doxycycline; FUR: Furazolidone; TET: Tetracycline;
T/S: Trimethoprim-sulfamethoxazole; GEN: Gentamicin, NOR: Norfloxacin; CIP: Ciprofloxacin, CHL:

Chloramphenicol; FLO: Florfenicol.

2.4 EANARCHEW RN = ZER

JUARGT SRR 22 Bk, 2535 18 A, AL
W 0.82; RGBSR 13 Bk, W23 13 #h,
TR E R 1.00; )7 R Z EIH 253N 54.55%
(12/22), mZM25 9 v, WM M2 Elf 2550
69.23% (9/13), I Z itz 10 Fi (& 4). Hitk, #
TR . 2 EIN 2R U K i T 2
BRFT ZRe ¢ BBeRW, | R0 53 B B bk
) Z H T 245 45 5 2s R v 4 R B 3 (F=3.589,
P=0.182), HifE R4 25 TR Y135 2 H i 25 45 45
(0.32) 8 T T A8 43 &5 T bR 19 °F- 13 22 T i 245 46 4K
(0.25) (Bl 5-A), B A&y BUSEpisk, FlE-F- . 40
TR ZVUHRER . KIREEER . TURER . BRI A
MIRVD B BT 25 380 /e 5 T A, HAtPiAE R
AR 24 2R R AR T ) AR s (HR ) AR I 1 ) 20
PR RIS I G R . BIESEPuAk, ZilER
FOFNHE - A SRIE 25 08 5 T 2R TR O 34 9D B2 AR
PP RANT 32, (FI R AR XS R 1 T 25 322
15.38% (&l 5-B).
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2011-2014 40 73 B3 W AR BT 5 5.0 8.
16, 6 Fk; 25350514 5. 8. 15, 6 f, &
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I Z M 2Bk R 4. 7., 10, 6 Fh(E 4). I,
B AR 43 B TR PR I 24 PR 35 A AR Ak BRI R Ty 2543
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o
Strains E <§: g E % § >8< § E % é § % ?) g MARIs Types Years Sites Provinces
P14RP34 0.27 A 2014 Raoping Guangdong . R
P12PC15 0.27 A 2012 Xincun Hainan I
P12RP03 0.20 B 2012 Raoping Guangdong S
P13HDO4 0.20 C 2013 Huidong Guangdong
P16PCO4 020 C 2016 Xincun Hainan
P12YD18 027 D 2012 Tanmen Hainan
P13YD18 0.13 E 2013 Yandui Hainan
P13HDO2 0.27 F 2013 Huidong Guangdong
P12YDI19 040 G 2012 Tanmen Hainan
P12XC21 0.40 H 2012 Xincun  Hainan
P13XCO01 0.33 I 2013 Shenzhen Guangdong
P12XC2501 0.27 J 2012 Li’an Hainan
P1IWS 0.20 K 2011 Wushi  Guangdong
P13HDO02 0.13 L 2013 Huidong Guangdong
P11QS24 0.27 M 2011 Qishui Guangdong
P11WS31 0.20 N 2011 Waushi Guangdong
P13YDIS8 0.13 O 2013 Yandui Hainan
P16RP0102 0.13 P 2016 Raoping Guangdong
P13XC24 0.13 P 2013 Xincun Hainan
P137J06 0.00 Q 2013 Zhanjiang Guangdong
P14RP21 0.27 R 2014 Raoping Guangdong
P14S708 0.20 S 2014 Shenzhen Guangdong
P14RP2102 0.20 S 2014 Raoping Guangdong
P127J1202 0.27 T 2012 Zhanjiang Guangdong
P13RP02 0.27 T 2013 Raoping Guangdong
P14RP2701 0.27 U 2014 Raoping Guangdong
P13SY07 0.27 U 2013 Sanya Hainan
P11WS30 0.20 S 2011 Waushi Guangdong
P11QS25B 0.27 U 2011 Qishui Guangdong
P13YDI10 ‘ 0.67 V2013 Yandui  Hainan
PI13YDI11 0.47 W 2013 Yandui Hainan
P12RP06 0.47 X 2012 Raoping Guangdong
P14RP2201 0.40 Y 2014 Raoping Guangdong
P13ZJ01 0.60 Z 2013 Wushi Guangdong
P13YDI2 0.60 AA 2013 Yandui Hainan

4. BEIKRMZE
Figure 4. The isolates resistance types. R: Resistance; I: Intermediate; S: Susceptible. VAN: Vancomycin; AMO:
Amoxicillin; MID: Midecamycin; RIF: Rifampicin; ERY: Erythromycin; TOB: Tobramycin; DOX: Doxycycline;
FUR: Furazolidone; TET: Tetracycline; T/S: Trimethoprim-sulfamethoxazole; GEN: Gentamicin; NOR:
Norfloxacin; CIP: Ciprofloxacin; CHL: Chloramphenicol; FLO: Florfenicol.
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Figure 5. The spatial and temporal difference of antibiotic resistance. A: Multi-antibiotic resistance index of

isolates from Guangdong and Hainan; B: The resistance rate of each antibiotic of isolates from Guangdong and
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Abstract: [Objective] The aim of this research is to study the temporal and spatial changes of atypical virulence
genes and drug resistance of the marine fish pathogen Photobacterium damselae in South China, and analyze the
potential environmental factors driving the change of virulence and drug resistance in P. damselae, and
consequently provide suggestions for disease prevention and control caused by P. damselae. [Methods] Based on
PCR and Kirby-Bauer diffusion method, we analyzed the presence of 5 atypical virulence genes and the resistance
to 15 tested antibiotics of 35 P. damselae strains isolated from diseased marine fishes in South China coastal area.
[Results] The results show that: (1) 19 strains contained 1-2 atypical virulence genes, particularly, the detection
rate of hly4 and vvh were higher than 20%; (2) 27 resistance types were observed in these 35 strains, the
multi-antibiotic resistance index of was 0.00-0.67 with the multi-antibiotic resistance rate (one strain shows
resistance to more than 3 antibiotics) up to 60.00%. Therein, more than 50% strains showed resistance to
vancomycin, amoxicillin, midecamycin and rifampin, but less than 10% strains resisted to gentamicin, norfloxacin,
ciprofloxacin, chloramphenicol and florfenicol; (3) The atypical virulence gene contents and drug resistance were
marginally increased with the year grows, and more/stronger in Hainan than in Guangdong. Further, the richness of
resistance types, multi-antibiotic resistance rate, the most resistant number in one strain, and multi-antibiotic
resistance index were observed higher/more in Hainan (1.00, 69.23%, 10, 0.32, respectively) than in Guangdong
(0.82, 54.55%, 9, 0.25, respectively). [Conclusion] These results indicated that atypical virulence genes probably
be transferred into P. damselae by horizontal gene transfer and the variation of virulence and drug resistance of
P. damselae isolated form Hainan and Guangdong are mainly affected by temperature and antibiotic pollution.

Keywords: Photobacterium damselae, atypical virulence gene, antibiotic resistance, temporal and spatial
differences
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