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Abstract: To analyze the diversity characteristics of V. parahaemolyticus and safety risks in sea water and aquatic products in
Beibu gulf, we collected samples from seawater and aquatic economic animals in the mariculture area of Maowei sea in Beibu gulf in
this study. Marine vibrio was isolated from the samples by thiosulfate citrate bile salts sucrose agar culture medium (TCBS). Totally, 109
suspected vibrio strains were obtained. A total of 20 strains of V. parahaemolyticus were identified by DNA sequencing of 16S rDNA
genes and specific function gene toxR after PCR amplification. Virulence gene tdh analysis showed that 4 of the 20 strains of V.
parahaemolyticus carried the virulence gene tdh, with a detection rate of 20%. In addition, phylogenetic analysis also revealed that
horizontal gene transfer happened in both the toxR and tdh gene sequences of V. parahaemolyticus. The results of this study indicated
that V. parahaemolyticus in Beibu gulf had high genetic diversity, and some of them carry pathogenic factors, which is a risk of outbreak
of aquaculture diseases and food-borne diseases in this area. Therefore, it is suggested to use PCR technology to detect specific species
genes and virulence genes of V. parahaemolyticus, accurately evaluate the health safety in seawater and aquatic products in the
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Beibu gulf region, and reduce the risk of outbreak of aquaculture disease and food-borne diseases.

Key words: Beibu gulf; Vibrio parahaemolyticus; 16S rDNA; toxR; tdh; phylogenetic tree
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Fig.1 Map of sampling sites of sea water in Maowei sea
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AR & AR 714 % 5\ (&) Fo R 19)) K JZ/bp kKR
5’- AGAGTTTGATCCTGGCTCAG -3’
16S rDNA 1500 [21]
5’- AAGGAGGTGATCCAGCCGCA -3’
5’-GTCTTCTGACGCAATCGTTG-3’
toxR 368 [12]
5’-ATACGAGTGGTTGCTGTCATG-3’
5’- ATATCCATGTTGGCTGCATTC -3’
tdh 531 [22]

5’- TTATTGTTGATGTTTACATTCAAAA -3’
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FEEUS BB Pk DNA {E8 PCR ¥ H9RERR, 43 ik
1T 16S tDNA. toxR. tdh FERF M F: FHELH
4K (ddH,0) #5192 % 10 pmol/L, -20 C

fRAF &M . RMNARZR 20 pL, 2xEasyTaq PCR
Super-Mix 10 pL, EREII%(10 pmol/L, % 1)%&
1.0 uL, DNA it 2.0 uL, L #E4ik (ddH,0) 6
uL. PCR ¥4 MifE/F: 95 ‘CHlAE 4 min, 95 C
3P 1 min, 54 ‘CEME 1 min, 72 CIE#H 1 min 1
MG, ¥4 30 MEH G, 72 CLEMH 10 min. PCR
P sE G, BG4 PCR PET 1.5%%s HE B e e
YK 15~18 min, BT AN SRR IER H
HIsF IFILREE R, HEatk ik 2 I &I A
Y TREABRAFN T 2 H 75, fRA7F/E GeneBank:

(1)16S rDNA F¥51]'5: MN636738-MN636757; (2)
toxR JF51)'5: MN726884-MN726903; (3) tdh %1
51 MN726904-MN726907 .
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Table 2 Blasten results of 16S rDNA of Suspected strains

B #k% % (GenBank /7| %) A4l 5 49 B AR(GenBank &7 %) FRBEEE % RKABIE Y%
YSVPO1 (MN636738) V. parahaemolyticus strain (MG589511.1) 98 99
YSVP02 (MN636739) V. parahaemolyticus strain (KR347290.1) 98 98
YSVP03 (MN636740) V. parahaemolyticus strain (KR347290.1) 98 98
YSVP04 (MN636741) V. parahaemolyticus strain (KR347290.1) 98 98
YSVPO05 (MN636742) V. parahaemolyticus strain (MG589511.1) 99 97
YSVP06 (MN636743) V. parahaemolyticus strain (MG589511.1) 99 98
YSVP07 (MN636744) V. parahaemolyticus strain (KT986147.1) 99 99
YSVP08 (MN636745) V. parahaemolyticus strain (KR137715.1) 99 98
YSVP09 (MN636746) V. parahaemolyticus strain (MH375367.1) 99 98
YSVP10 (MN636747) V. parahaemolyticus strain (MG386398.1) 99 99
YSVP11 (MN636748) V. parahaemolyticus strain (KR347290.1) 98 99
YSVP12 (MN636749) V. parahaemolyticus strain (MG386398.1) 99 98
YSVP13 (MN636750) V. parahaemolyticus strain (MG386398.1) 99 98
YSVP14 (MN636751) V. parahaemolyticus strain (KR347297.1) 98 98
YSVP15 (MN636752) V. parahaemolyticus strain (KR347292.1) 98 98
YSVP16 (MN636753) V. parahaemolyticus strain (KT986171.1) 99 98
YSVP17 (MN636754) V. parahaemolyticus strain (MF595600.1) 99 98
YSVP18 (MN636755) V. parahaemolyticus strain (MH375367.1) 99 98
YSVP19 (MN636756) V. parahaemolyticus strain (MK308579.1) 99 98
YSVP20 (MN636757) V. parahaemolyticus strain (KR347292.1) 98 98
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Vibrio parahaemolyticus (KT986171.1
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Fig.2 Neighbor-joining phylogenetic distance tree based on 16S rDNA gene sequence
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Table 3 The genetic distances base on 16S rDNA gene

R5 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19
01
02 0.011
03 0.017 0.015
04 0.008 0.008 0.015
05 0.008 0.011 0.017 0.008
06 0.004 0.007 0.013 0.004 0.004
07 0.003 0.008 0.014 0.006 0.006 0.001
08 0.003 0.008 0.014 0.006 0.006 0.001 0.000
09 0.020 0.020 0.031 0.017 0.023 0.018 0.017 0.017
10 0.014 0.017 0.023 0.014 0.014 0.010 0.011 0.011 0.011
11 0.004 0.007 0.013 0.004 0.004 0.000 0.001 0.001 0.018 0.010
12 0.010 0.006 0.017 0.007 0.010 0.006 0.007 0.007 0.024 0.015 0.006
13 0.011 0.014 0.017 0.011 0.006 0.007 0.008 0.008 0.025 0.017 0.007 0.013
14 0.015 0.015 0.024 0.015 0.015 0.011 0.013 0.013 0.013 0.007 0.011 0.017 0.015
15 0.008 0.014 0.020 0.008 0.011 0.007 0.008 0.008 0.023 0.017 0.007 0.013 0.014 0.018
16 0.017 0.017 0.024 0.017 0.017 0.013 0.014 0.014 0.014 0.008 0.013 0.018 0.017 0.001 0.020
17 0.010 0.013 0.018 0.007 0.010 0.006 0.007 0.007 0.021 0.015 0.006 0.011 0.013 0.017 0.010 0.018
18 0.008 0.011 0.017 0.008 0.008 0.004 0.006 0.006 0.023 0.014 0.004 0.010 0.011 0.015 0.011 0.017 0.010
19 0.014 0.017 0.023 0.014 0.014 0.010 0.011 0.011 0.014 0.006 0.010 0.015 0.014 0.004 0.017 0.006 0.015 0.014
20 0.017 0.023 0.027 0.018 0.020 0.015 0.017 0.017 0.028 0.020 0.015 0.021 0.023 0.023 0.021 0.024 0.020 0.020 0.021

E: 55 01~20 A E#k YSVPOI~YSVP20,
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Fig.3 The electrophoresis map of the amplified product of
suspected strains’ toxR gene sequence
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Table 4 Blasten results of toxR genesequence of suspected strains

B4 5 (GenBank 5515 ) At 2 6 B4R (GenBank 535 ) 3B AR R KA
YSVPO1 (MN726884) V. parahaemolyticus strain - (MG873152.1) 100% 100%
YSVP02 (MN726885) V. parahaemolyticus strain (MG873153.1) 100% 100%
YSVP03 (MN726886) V. parahaemolyticus strain (MG873152.1) 100% 100%
YSVP04 (MN726887) V. parahaemolyticus strain (KT194120.1) 100% 100%
YSVPO5 (MN726888) V. parahaemolyticus isolate (CP028342.1) 100% 100%
YSVP06 (MN726889) V. parahaemolyticus strain (MG873152.1) 100% 100%
YSVP07 (MN726890) V. parahaemolyticus strain (MG873152.1) 100% 100%
YSVP0O8 (MN726891) V. parahaemolyticus strain (MG873152.1) 100% 100%
YSVP09 (MN726892) V. parahaemolyticus strain (MG873152.1) 100% 100%
YSVP10 (MN726893) V. parahaemolyticus strain (KT194144.1) 100% 100%
YSVP11 (MN726894) V. parahaemolyticus strain (MG873152.1) 100% 100%
YSVP12 (MN726895) V. parahaemolyticus strain (CP034565.1) 100% 100%
YSVP13 (MN726896) V. parahaemolyticus strain (MG873153.1) 100% 100%
YSVP14 (MN726897) V. parahaemolyticus strain (MF983557.1) 100% 100%
YSVPI15 (MN726898) V. parahaemolyticus strain (CP034565.1) 100% 100%
YSVP16 (MN726899) V. parahaemolyticus strain (MF983557.1) 100% 100%
YSVP17 (MN726900) V. parahaemolyticus strain (MG873152.1) 100% 99%
YSVP18 (MN726901) V. parahaemolyticus strain (MG873152.1) 100% 99%
YSVP19 (MN726902) V. parahaemolyticus strain (MG873152.1) 100% 100%
YSVP20 (MN726903) V. parahaemolyticus isolate (CP028342.1) 100% 100%
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Fig.4 Maximum likehood phylogenetic distance tree based on toxR gene sequenc
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Table 5 The genetic distances base on toxR gene

R 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19
01
02 0.006
03 0.000 0.006
04 0.006 0.012 0.006
05 0.012 0.006 0.012 0.006
06 0.000 0.006 0.000 0.006 0.012
07 0.000 0.006 0.000 0.006 0.012 0.000
08 0.000 0.006 0.000 0.006 0.012 0.000 0.000
09 0.000 0.006 0.000 0.006 0.012 0.000 0.000 0.000
10 0.025 0.019 0.025 0.019 0.012 0.025 0.025 0.025 0.025
11 0.000 0.006 0.000 0.006 0.012 0.000 0.000 0.000 0.000 0.025
12 0.000 0.006 0.000 0.006 0.012 0.000 0.000 0.000 0.000 0.025 0.000
13 0.006 0.000 0.006 0.012 0.006 0.006 0.006 0.006 0.006 0.019 0.006 0.006
14 0.000 0.006 0.000 0.006 0.012 0.000 0.000 0.000 0.000 0.025 0.000 0.000 0.006
15 0.000 0.006 0.000 0.006 0.012 0.000 0.000 0.000 0.000 0.025 0.000 0.000 0.006 0.000
16 0.000 0.006 0.000 0.006 0.012 0.000 0.000 0.000 0.000 0.025 0.000 0.000 0.006 0.000 0.000
17 0.006 0.006 0.006 0.012 0.012 0.006 0.006 0.006 0.006 0.025 0.006 0.006 0.006 0.006 0.006 0.006
18 0.006 0.006 0.006 0.012 0.012 0.006 0.006 0.006 0.006 0.025 0.006 0.006 0.006 0.006 0.006 0.006 0.000
19 0.000 0.006 0.000 0.006 0.012 0.000 0.000 0.000 0.000 0.025 0.000 0.000 0.006 0.000 0.000 0.000 0.006 0.006
20 0.012 0.006 0.012 0.006 0.000 0.012 0.012 0.012 0.012 0.012 0.012 0.012 0.006 0.012 0.012 0.012 0.012 0.012 0.012

E: A5 0120 A HE Ak YSVPO1~YSVP20,



5T 168 rDNA JEAI RGUR R 20 BRI
P38 7 /> Cluster (B 2); 1T toxR JE A 741
RYR B RN 6 A Cluster (B 4). X%
WAL AL R Vip SR R A, B
Vip BEIACRAE, toxR FEBR 1 5 KPS A
RIS, RS 5 R,

Transmembrane e PetiplASIIiC ~ -
YSVP04  VASAVNPWIP RVILFLALLL PICVLLFTNP AESQFRQIGE YQNVPVMTPV NHPQINNWLP
YSVP10  VASAVNPWIP RVILFLALLL PICVLLFTNP AESQFRQIGE YQNVPVMTPY NHPQINNWLP
YSVP13  VASAVNPWIP RVILFLALLL PICVLLFTNP AESQFRQIGE YQNVPVMTPV NHPQINNWLP
YSVPI8  VASAVNPWIP RVILFLALLL PICVLLETNP AESQFRQIGE YQNVPVMTPV NHPQINNWLP
YSVP19  LASAVNPWIP RVILFLALLL PICVLLFTNP AESHFRQIGE YHNVPVMTPV NHPQINNWLP
YSVP20  VASAVNPWIP RVILFLALLL PICVLLFTNP AESQFRQIGE YQNVPVMTPV NHPQINNWLP
V,p RIMD gASAVNPWIP RVILFLALLL PICVLLFTNP AESgFRQlGr«. YCQ)NVPVMTPV NHPQINNWLP

YSVP04 élEQCIEI{YV‘KH‘HAEDS];]"{?[‘EP\I:;;XLT"G‘GQN}\‘I‘(‘)LILI\‘IYIHDS NHé
YSVP10  SIEQCIERYV KHHAEDSLPV EVIATGGQNN QLILNYIHDS NHS
YSVP13 SIEQCIERYV KHHAEDSLPV EVIATGGQNN QLILNYIHDS NHS
YSVPI18 SIEQCIERYV KHHAEDSLPV EVIATGGQNN QLILNYIHDS NHS
YSVP19 SIEQCIERYA NHHAEHSLPL EVIALGGQNN QLILNYTHDS NHS
YSVP20 SIEQCIERYV KHHAEDSLPV EVIATGGQNN QLILNYIHDS NHS
Vp RIMD  SIEQCIERYY KHHAEDSLPV EVIATGGQNN QLILNYIHDS NHS
[ele) o O [e]

E 5 &M toxR ZFFILLIER

Fig.5 Sequence alignment of representative toxR

E: oARAET FE .

AHFFIEIL T toxR [ Cluster A-F A&7 41,
A Vp 6 R IR Kk RIMD2210633 1) txoR FE[A]
AT T 2R Z o (B 5). 5 5R K
txoR & H 7 B A B AR, {H YSVP19
FRTE L170. H203. H211. A239. N240. H245.
249 . 1254 S mi =T R . 45 Vp
RIMD2210633 toxR & H 75153 #r (UniProtKB) 45

Ry AT toxR X B, HEA YT EAT
o5 1R N A S o (B 5). Bkl R
toxR FE R FEA A B # P I BEALAF AE 22 57

2.3 Vip TARH BUR & R

VIR EE N BRI R R R, A
tdh. trh A1 th ORIFHGELED, ElRR EAEE @
R tdh 3 PR SR 5 R 15 R RAT R T, ACHIE At
20 M BRI Vop WAREEAT tdh 255 PCR 973 .
FHL VKRS % B0 4 4640 530 bp (tdh) [ H 94615, 41
INIX 4 AN RER A SUENE, RIVEIEEURTE Vp
Tor H E6 0N 20% o 1X 28 H B H AR 2% 717 1 PCR =420l 7
Je, #E—2M ] BLAST Ebxt, KBCEA15EE L
PEIRE 1 tdn LR A B A M, R AL
B = 90%, HRTE 72%~89% (K 6). &
GUIEM T R, 1X 4 ANERES Vip REE—
ANKEI B, 5B RINE (V. diabolicus)Fi% i ik 4
(V. alginalyticus) ] B X 7> (& 6). ST APHRIEH
Bl $RIRIX Ee Ay EOR S R I B AR, A T RES
Y, A PAGREhE K. BiEE
BT 5% 22 B A 715 tdh AT trh 35 DR] f @1 v i A i e ]
PAGI RSP PR, I, ARG B e A
BN S 75 7RI AT A2 % e BUR M 32 B E AR
o

7 6 BEUEMRRY toh ZEF5) Blasten 4553
Table 6 Blasten results of tdh genesequence of suspected strains

A% 5 (GenBank /475 )

AN & ¥ B4k (GenBank 475 )

R EEE  RRARAME

YSVP07 (MN726904) V. parahaemolyticus(CP023485.1) 96% 90%
YSVP07 (MN726904) V. parahaemolyticus (CP022243.1) 96% 89%
YSVP09 (MN726905) V. parahaemolyticus (CP022473.1) 97% 72%
YSVPI11 (MN726906) V. parahaemolyticus (CP014046.2) 100% 79%
YSVP20 (MN726907) V. parahaemolyticus (CP022473.1) 99% 82%

100 Vibrio parahaemolyticus (CP022473.1)
51 Vibrio parahaemolyticus (CP014046.2)
YSVP20 (MN726907)
90 YSVP11 (MN726906)
YSVP09 (MN726905)

|thrio parahaemolyticus (CP0023485.1)
100 YSVP07 (MN726904)
Vibrio parahaemolyticus (CP022243.1)

81 Vibrio diabolicus (JX453041.1)
Vibrio diabolicus strain (JX453027.1)
100 Vibrio alginolyticus (DQ440529.1)
86! Vibrio alginolyticus (IN038185.1)

0.05
6 ET ton BNEEFIINRAELERGLEN

Fig.6 Maximum likehood phylogenetic distance treebased

on tdh genesequence

AN, BT 16S rDNA LK FE 41 i A8 2

RGEKRKEM (B 2) 8T 4 #k tdh BHEE kS 8
Il R 1% & /K V.p RIMD2210633 (BA000031.2) ]
SR RAM, KPR & Bk Vp RIMD2210633
5 YSVP11 % A—A Cluster, Hi#{LFEE % 0.000,
Ut Bl YSVPIL W fE 5 Im K B K # #k Vp
RIMD2210633 EARIEHEG R R, HE 3 1 tdh
FIVER PR (YSVPO7. YSVP09 1 YSVP20) Jk 5
Il R A5 A& K Vip RIMD2210633 58— Cluster,
AT HLE 3 MAFEM Clusters, EAI1 5 IRKEEK
Wk V.p RIMD2210633 2 [a] {3t 4% BE 55 4 ) A4
0.001. 0.018 F10.015. IX{EHIIX 3 #k tdh BHH: B Ik

(YSVPO7. YSVP09 £l YSVP20) Hilfa R HR & Hikk
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