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Abstract

In this study, the distribution of quinolone resistance genes qnrcC, qnrs, and qnrVC in 34 strains
of Vibrio parahaemolyticus from shrimp in Guangxi was detected by PCR. The detection results
of antibiotic resistance genes showed that the detection rates of gnrC, qnrS and qnrVC genes in
34 strains of V. parahaemolyticus are 2.9%, 0.0% and 2.9% respectively. The detection rates of
qgnrC gene in Fangchenggang City, Qinzhou City and Beihai City were 16.7%, 0% and 0%, respec-
tively. The detection rates of gnrS gene in Fangchenggang City, Qinzhou City and Beihai City were
all 0%. The detection rates of gqnrVC gene in Fangchenggang City, Qinzhou City and Beihai City
were 0%, 0% and 6.3%, respectively. The detection rates of the three antibiotic resistance genes
were not significantly different among the strains of Vibrio parahaemolyticus of three cities (P >
0.05). Based on the homology comparison of the amino acid sequences of gnrC gene, the Fangcheng-
gang strain F17383 had the closest genetic relationship with V. parahaemolyticus TOE26912.1,
TOP53441.1 and 0QU02262.1, sharing homology of 100.0%, 98.8% and 98.8%, respectively. And
based on the homology comparison of the amino acid sequences of gnrVC gene, the Beihai strain
B13121 had the closest genetic relationship with V. parahaemolyticus AX169764.1, sharing ho-
mology of 99.4%.
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1. 531§

NLARIERTER (Litopenaeus vannamei) A & FRAME By PIBTEFSE o Az KR DL KT 6 52 AR FE Py 32 M 5
SRR N, AR EERIRIE S R e TR A R 2 —[1]. SRTMTIE AR, A YN E (Vibrio parahaemolyticus)
7| 98 T I R L S 5 ) PLAREE T A 3 i RS D P 2 TR 3% o TR, TR ONAF 7 R ML S R ) 2 A 2 R
TR A I B 9 1 ST EE (2] R A L IR S 10 P 2 e it A P A 2 O
WEVEER R 25 — R B T S R AR A R PUAE R3], HAMRaRRE R, A5 E. WHEYDE
B[4 o Z SR UAE Z2 1 0 T iR 2 Al i 40 40 T 1) DNA 2 E R A DNA $h $h 5441 1V SR BEL 141 7 DNA
(6 [5]. O FE R, 200 1 o 0 s T 285 i 245 4 7 A L 2 055 DNA 2 e A1 DNA $h 3 21l IV
BRI R RAR L I SR 4 i JE S 32 3 A HE 25 0 [6] LA K JBRE A3 W VI S i 24 5 K (PMQR) I 2 5[ 7145
gnrC. gnrS. gnrVC #4245 PMQR ZE[H, H4ufid i 1] 5 DNA R iels & 3 Ih Al 1V 454, i fRdng
RSO FSEAT, AN T o W T RS P bE, X EE PMQR SERUE & 58 4 7 oldli NP FIME . JF
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B %

5 HLA R 24 5 PR — R AR TR PR (R EAT KPR R3] FRT, A % R I IR X 1 4 R DX 245 21 L] R 7
CAADIGE8] [9]. (HAZAK T 78 FLREX MR RV MLITE T gnrC. gnrS. qnrVC Jk 5] 73 A 15 B AR <
WA W AKX 34 R PH MLENIET AR i 9 AT =P 2R 25 56 4] gnrC. gnrS,
qnrVC FE R R RIAR 57 51 43 i, 45 SR T D FLAAVE RS AR VA ML B9 IR 2B iR Ak de &, hENTE
A IR P A TR SR 245 7 WL BRI T4 (S i e df

2. SKEMBPETFE
2.1. SEHATR

TG R MR WA SIS 2= T 2013 4R 4 2018 M PRI T B T AL T R R LGN R A
f) 34 FREIVA M INE (% 1), BRI CHAT AP AL % E M 16S rRNA 70 T %2 AHIA . ZH i L R4
DNA $EBGR &6 H At 5t BEE O AR A PR A 7 . 2 x Tag MasterMix b 5% 3 488 384 My kLA TR
N,

Table 1. Source information of 34 strains of Vibrio parahaemolyticus
= 1. 34 HEIAMIEREER

KA R RS HtRgn S

Bt 6 F17383. F17386. F17387. F17388. F18281. F18282

. " Q13031. Q13017. Q13023. Q13030. Q13031. Q13079.

o Q13085. Q14017. Q14018. Q14020. Q17438. Q15056

- " B17131. B17134. B17135. B17136. B17137. B17139. B17143. B17144.

B13062. B13121. B13138. B14135. B17129. B17130. B18228. B18229

2.2. A& DNA FIEBUR T Z5EE PCR £

KRN A FE K 20 DNA $EHGRFI S U I 5k 17408 = DNA HI32HL. gnrC. gnrS 1 gnrVC ) PCR
SSEB143 B H8 Wu [10125 . Kim [11)Z580 Liu [12]& 0B st E A TAY TR L) A RA TS
B(F 2). it PCR yEAl 3 PPN [A, H 25 uL RBiAA R 9: DNABR 2 uL, . FiEsI& 1L, 2
x Taq Master Mix 12.5 L, ‘KE % & 77K 8.5 uL. #E PCR RMNFEF A 95 CHAEM: 3 min; 95°C 30, 1Bk
30 s GBKIRE WL 2), 72°C 90's, 30 AMEH; 72°CIEAH 10 min. L 1.0%Zi iR HEEEIR HIk 4 € PCR 724,
TR A% RGN IR F o A RF A T A BEK B PCR PAAi ) I AE R I IR R A PR F1EA T

Table 2. Primer sequences of PCR reaction
# 2. PCR RRZ514IF5!

i 245 3 ] EE7IE 2] SED & Tk B K

F: 5-GGGTTGTACATTTATTGAATCG-3' .

arC R 5.CACCTACCCATTTATTTTCA-3 arc 308 bp
F: 5-CAATCATACATATCGGCACC-3' .

anrs R 5 TCAGGATAAACAACAATACCC-3' 55¢C 642 bp
F: 5-AATTTTAAGCGCTCAAACCTCCG-3 .

aVC R 5.TCCTGTTGCCACGAGCATATTTT-3 50C 521 bp

2.3. FF3IHR

7555 [ [ 28 A B ARAE S 0 (NCBI) I st A 7] 48 B AU O i 245 2 R 2 81« 1] DNAAStar 11
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Megalign #5024 58 DX 1) S 2R 1R 2 41 (R RV . R A ClustalX 1#E4T Fr 41 58 43 FE 43 47 5 K ) Megab
AT AT EEM E R G B L, Bootstrap H4 1000 G560 HAT{E i .

2.4, GVToHR

1 i} SPSS18.0 HAFI) 2 KB /3 AT AEBWE T« M i AL i 2 18] gnrC. qnrS T gnrVC 2E[AIAG H)
HEFME, M P<0.05MEREREE.

3. SEHEER
3.1. TZ5EER PCR MMER

X 34 B I L9 ER AT P 2R T 25 JE K] gnrC. gnrS. qnirVC R, 45 52 B 20 B2 B Ak T 4
R /INZ1A 308 bp B gnrC JE PR F BR ek 521 bp Y qnrVC JE R BL(E 1), 5T BOKR EEREA S B
PE PCR =41k, Fol 45 2 Lu et i A X L6 7= 1 Bed8) oy qnrC ZE (R 8 gnrvC BRI 791 B &
RE PCRUGIE, BT A BARIIARY 3G H 204 642 bp (1 gnrS JE [ Bt .

() M N 1 2 3 4 5 6 7 8 9
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(B)
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Ml 1188322F E

(©)

1000 bp

700 bp

500 bp
400 bp
300 bp
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gy VC

#: M 4 DL1000 DNA Marker; N ABAMEXTHE: qnrC ZER HKEA ) 1 £ 9 5
43BN RE B17137. B17139. B17143. B17144. F17383. F17386. F17387. F17388.
Q17438 (1] PCR 4 174; qnrS ZE K f 3k (B E) I 1 &2 9 573 7 B ik B17139.B17143.
B17144. F17383. F17386. F17387. F17388. Q17438. Q13030 [¥J PCR 14,
anrVC E:F HIK EI(C B 1 & 9 547 8 BPk Q13017 Q13023. Q13030. Q13031
B13062. Q13079. Q13085. B13121. B13138 (] PCR # /=4,

Figure 1. PCR amplification results of gene gnrC, gnrS and gnrVC
1.qnrC. qnrS 1 qnrVC £[X PCR 3 14
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3.2. WHAEEBFSI5Hh

anrC FE[R i 2 FE R 7 41 IR M L s (18] 2) 45 SRR B, B vk F17383 L5 EI A I I B ) v Ak
TOE26912.1. i#idbfk TOP53441.1. FEEFk 0QU02262.1 SEL K R, R FVEM: %4 100.0%.
98.8%711 98.8%; Wi E V. algivorus (WP_144389023.1). V. gangliei (WP_105901077.1)Fl1%F A
FF# Proteus mirabilis (ACK75961.1) 1)z K2 [ UR £ 98.8%. 97.6%. 97.6%; 5 Moritella viscosa
(CED58093.1)Z8 J& & [FI Y5 PEAH XA, 2 61.9%.

R¥RE%

i1 312 i3 i 4:i5i6 ;7 i8:9:i10 ;11 ;12
1 77.4 1619 :73.8:98.8 1100.0: 98.8 ; 94.0 :97.6 198.8 | 1 F17383
2 66.5196.8 :97.3 196.8:946:995:968 2 ACK75961.1
3 100.0i64.7 i 64.7 i 64.2 1 65.6 166.1 ;642 | 3 CAQ79275.1
4 i27.0i338 70.2:70.6:70.2i71.6:72.0:702; 4 CDQ48382.1
X| 5 5281657 5551550 :54.6:56.0 1550 i546 @ 5 CED58093.1
A | 6 132214201 0.0 642 6 EGU43399.1
Of| 7 (12§32 :46.1 982! 7 0QU02262.1
Ml 8 0028461 1.4 I 986 96.8 1986 8 TOE26912.1
9 {1228 i467 14 96.4 1100.0i 9 TOP53441.1
10 ; 6.2 ! 56 ;445 86 | 81 : 8, 10 WP_017025661.1
1 2405 1437 37 132 32 WP_105901077.1
12 112 1 2.8 1467 14 109 : 0.0 WP_140358865.1
12 i3 4i5858}6:7:8:9i10 i1 12

Figure 2. Homology comparison of the amino acid sequences of qnrC gene among different
species

2. NEHIFH gnrC BRI REBRFSIHRIRMEELAR

AR 25 R 3 fros, W] DL F17383 SEIE MR itk TOE26912.1. #idb#k TOP53441.1.
EE Pk 0QU02262.1 T N—3, TEHHLIK R FAHXIRIE: 5 Moritella viscosa (CED58093. 1)7E#ifk X & |
AR

TOE26912.1 Vibrio parahaemolyticus

60

TOP53441.1 Vibrio parahaemolyticus

F17383
69 0QU02262.1 Vibrio parahaemolyticus
WP 144389023.1 Vibrio algivorus

100 WP 1059010771 Vibrio gangliei
80

55 ACK75961.1 Proteus mirabilis

WP 017025661.1 Vibrio rumoiensis

CDQ48382.1 Vibrio anguillarum
CAQ79275.1 Aliivibrio salmonicida
52 EGU43399.1 Vibrio ichthyoenteri

CEDS58093.1 Moritella viscosa

0.05

Figure 3. Phylogenetic tree based on the amino acid sequences of qnrC gene
E 3. & gnrC EESEBRFFIHE AR
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anrVC JEPR LR 7 A1 R I LU (1] 4) 45 33 B, bk B13121 55 R IR A HEpk AX169764.1 5%
Y B, HLRIVETE A 99.4%; S5 EIVA N IRYIME AXAL19787.1. FEITHRE (V. fujianensis) WP_099610042.1.
3 T 5 R A 14 (Citrobacter freundii) AQT26619.1. &35 (V. anguillarum) TYC88856.1 [ LR AR M:1E
97.5%~98.7% [f]; SEIVAMINEIRYIFE ANS55787.1. fifi 7 7 B 1A i (Klebsiella pneumoniae) BCD58983.1.
I 7K /< ¥ 1 (Aeromonas hydrophila) AXV36521.1. 3K (V. vulnificus) WP_072606284.1. #ZSHRIE(V.
mimicus) TXZ06185.1. 2 &LINE (V. cholerae) KAA1213539.1 I [FIJEPEAE 84.9%~85.5% 2 [

R¥FEE~%
3 4 5 6 7 8 9 10 11 12
""" 99.4:855:855:849:849:981:855:97.5: 1 B13121
2 80.7 i100.0:100.0:995:986 :79.8 :1982:80.7: 2 ANS55787.1
3 80.7 i80.7 i{80.3 i80.7 : 98.6 :{81.2 :99.1 3 AQT26619.1
4 26 :248 9 789:789:784:789:968:794:972: 4 AXA19787.1
X 5 06 i223: 09 i .7 80.3:i807:977:812:982: 5 AX169764.1
ﬁ 6 :16.1i 0.0 :223:248 6 AXV36521.1
ﬂjt 7 i161: 00 :223:248 X 7 BCD58983.1
Htl 8 i169:i 05 i229:i255 05 8 KAA1213539.1
9 i169: 14 :i223:248:i223: 14 i 14 9 TXZ06185.1
10 {19 i236: 14 i 3.3 i 23 i236:236:i242 10 TYC88856.1
11 116119 1217242121719 | 19 | 23 11 | WP_072606284.1
12 126 i223:09 i 28 : 1.9 i223:223:i229:223 2 WP_099610042.1
1 2 3 4 5 6 7 8 9 10 : 11 ¢

Figure 4. Homology comparison of the amino acid sequences of gnrVC gene among different
species
4. AEHF gnrvC EE R REEL FHI 8 REIR M LR

BRI R S AN 5 s, Al LAbiERR B13121 SEE Ml E &k AXI69764.1. &I Ml B
Pk AXAL19787.1. BEVLINE WP_099610042.1. 7 AT BRAT B AQT26619.1. i3I 1% TYC88856.1 & A
—3, (EHORR EAXT UL, SENE TR R ANS55787.1, fiti ¢ 7o 8 fH B BCD58983.1. FE/KS,
LB AXV36521.1. Q5K E WP_072606284.1. A5 TXZ06185.1. E ALINH KAA1213539.1 F57E
BEA DR R E AR o

BCD358983.1 Klebsiella pneumoniae
45 |ANSS55787.1 Vibrio parahaemolyticus
AXV36521.1 Aeromonas hydrophila

KAA1213539.1 Vibrio cholerae
100

WP 072606284.1 Vibrio vulnificus

TXZ06185.1 Vibrio mimicus

55 | AX169764.1Vibrio parahaemolyticus

B13121
WP 099610042.1 Vibrio fujianensis
L{ —— AXA19787.1 Vibrio parahaemolyticus
* - AQT26619.1 Citrobacter freundii

—— TYC88856.1 Vibrio anguillarum

0.01

Figure 5. Phylogenetic tree based on the amino acid sequences of gnrVC gene
5. &T qnrvVC ERE SEEL 592 ALK
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3.3. MBHEEAE B=MHEKKTHR

34 HRENAIMYRE S, gnrC, gnrS. gqnrVC JEEPELE H 2 73701 2.9% (1/34). 0% (0/34). 2.9% (1/34).
= PR 2 RAE = AT AR5 5L U022 3 B, qnrC JEREB T . T . JbiE i A R0 o
16.7% (1/6)~ 0% (0/12)~ 0% (0/16). qnrS F:PA7EF A« M T AL T A H 263578 0%. gnrvC %
RITER T« RN T LTI (A HE 2R 43 7 0% (0/6) 0% (0/12). 6.3% (1/16). Lhim#rat REmH,
RS 24 35 TR AR HE SR E = AN T I I IS R 2 IR 2 R AN B (P > 0.05) .

Table 3. Comparison of the detection rates of three resistance genes of Vibrio parahaemolyticus in three cities
= 3. =AWz EELA MoNE =it A8 E 6 F R

6 H 2%
fif} 24 2 A M HE% P {E
155 s BRM T ALt
gnrC 16.7% (1/6) 0% (0/12) 0% (0/16) 2.9% (1/34) 0.090
gnrs 0% (0/6) 0(0/12) 0 (0/16) 0% (0/34)
gnrve 0% (0/6) 0% (0/12) 6.3% (1/16) 2.9% (1/34) 0.560

T 165 W BBUE IR I 25 5 R B AR R S Bk B e . -7 R PEIE TS

4. Wi
RV LA A FLANTE R 20 v (3 LBOW T, 7 — 5 2 T 2 IR 4T A 4, FHASE T 25

FESEHRAE13]o [RIET, EIA MR 2 N B SR, nTS8URTE. ek 55 8 mghi. PrERGIT il
BN R G IT B MRNER A T Bl CAREFIRM, FRIE — ety X K 7 TR 5 5 B X 350 43 e v i 2K bt
AR O A 2P, ) TG FLghE X AR IR B A I N X S ER VDRIV B L I B TR 252 45 5 94.03%.
4.48% [14]; ARAE. WGRE VLI5S b P 1 O SR %o RV b B PRI 24 2R 4 4.5%~18.5% 2 [A][15]; |-
W AR, TSR FR IR E W R v 2 . B BRI R I 251K 16.7%~32.5% [16]%%,
XA SR F IR I T 110 1 T W A 2 P PRt 2 A AT 1 e o ko s L I A 7 e T 1S i 24 55
DRI, ST AU IV AL I G B R PR 20— T 908 2RI L B B 0 JH e I RS i 245 4 R A B

H 1998 -5 {RARIE [ —FhTTRL A1 5 M VA SN 25 B R R e dr 20 anrA BERLS, BEFE N AR R LE
VFLZ AR - RIS F gnr 2K[17]. gnrC. qnrS. qnrVC 28 5k 5 v v B 1S i 24 58 K] ) 2 L 2 14
AT CAGRA W VA R 2 (A F RS, A B S sZ M TR R R AN [3] . ARIE gnrC BRI & 5L e 5 471 [R5 14 2y
Mrah B, stk F17383 SEIVA MY ) Fitk TOE26912.1. b #k TOP53441.1. 35 [ £ 0QU02262.1
() IR PEAE 98.8%~100.0% 2 1], >R B AN [R]Hi X  JLRFI VA LG B A 1A) 3 gnrC 2 BRIAE D LA fR
SF o qnrVC i [ (1 [EE 4 3 A AL R ) 2 5 SR SR B, Abig PR B13121 55 RV g B 2 sk AX169764.1.
YR AXAL19787.1 BA—32, RIVEMES N 99.4%F1 97.5%, {H B13121 5% — @I MoK A DIkE
ANS55787.1 fi T AR 4352 L, FLEE A 85.5% . HH T qnrVC & R AT LId i JioRE LA R 3di N 731
FEPEF R T A5 T RS BNIE A AL E AN R AH R PR E < (RTEEAT /KT A 15 18], HEI B13121. A itstk AX169764.1.
YR AXAL9787.1 1% 3 BRI AR qnrvC E: X AT g 5 R Y1k ANS55787.1 1 qnrVC = RLE A AN [B] 1 SR U
B BARKIT A AT AT 75 Bt — P 4R

FRAE AGRIR S5 IR, ) 7 FLARE T R Y5 ) 1 o/ B v v B S i 245 25 1] gnrC, gnrS, gnirVC R e Aar H 2
53518 2.9%- 0%- 2.9%, —Ffi S D] (RIS HY 2R AE B 3 T « M T - J0ig 17 B ik 2 R) 1 22 S 3 A |2 % (P > 0.05) .
K IR A L, A6 23 BAR 1) gnrC A6 H 26 52 BH(0%) [19]+ J8#5(5.6%) [20] A% Hi %
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I, gnrS K H R 5 2BH(0%) [19]. 25{d(0%) [16]. &% (0.9%) [201FHF 7845 42T, gnrvC & ok
TZ={8(25%) [16]FIXINIE(50%) [18]1 s 2. L5 R (2.8%) [20]HUAs 2420w mI 0L, AN [ERIE KBS
ZJH] gqnrVC it Ze 22 BRI IROR, I BOZ S SR 00 SR R T RES B R BT AR FRI/K IR B 2 qnrVC 2R PR AN ]
AR, KFEFRGE KA RERE & A anrVC BRI A VG IR /K BB & SR IR KI5 4 [21] . 4B4RkIE, ShitEER
BT, TR S anr ZERKCPAE R RE 7150, HLS G ORI 5 0 5 B S T 245 258 R PR R 70 25 4
BAEAEIE SR AT 1 - P Ik B [N 5 He e P AE R 2R 2538 K [3]. #H T gnrC. gnrVC & ki i
YR A AESE N T T 7 LT o 9050 7 o I o v S W R A R P AR I 25 1 v e, SR T e g |l
Yo ML TR R W P 2SR B- A I I 28 S AT AR B T 2RO A Rl S0 R4k 2R s gnrC, gnrS. gnrVC
6 T IS i 24 R TR ) M A, [ R s e /K P SR A 7K 32 AR R IR K BB B TR AR K B e o

5. &

34 BRIV ALghIE SRR A IR S, gnrC. gnrS. gnrVC FZERIRIIER N 2.9%. 0%, 2.9%, 7F
AN TB) =R 2 B R A R R . B IR F17383 1 gnrC BE R & AR IR 7 41 5 RV L
jNE TOE26912.1, TOP53441.1, OQU02262.1 54k #ixilr, dbigik B13121 [ gnrVC FE R E FLIR T
H 5 R ITE AXI69764.1 354k RRT .

E&UH

[ R BAR AR 7= b B AR AR &R T 176 138 1 DA 28 ¥ & 101 (nycytxgxextd-14-02) , [ 76 K 2= 18+ 5 sh 1 H
(XBZ160128), | FaAR MY AR R T /K= FR R0 SR 300 (M 726 [2019] 105 ).
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