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A SERE PCRIT A 278K v PRI AR IR INEE P& T AR EREFF R, LRI RIS
MLEE PR S EREEEINE 7R, A0IE108k, B MITE108k. PCREEWIZR, 271K
W Hintl. sull. qacEA1. int2Mint3%H ik H R KK N63.0%. 40.7%- 48.1%- 0%H0%. Zik
BRI O ESMHES TFHXAERE, Blint1-sull-qacEA1-int2-int3-. int1*sull-qacEA1-int2-int3-.
int1*sull*qacEA1-int2-int3-. int1+*sul1*qacEA1*int2-int3-Mint1*sull-qacEA1+*int2-int3-, FKHMRH
F A Aint1-sull-qacEA1-int2-int3-Flint1+sul1*qacEA1+*int2-int3-, & 1537.0% (10/27). FEHHEI
B AN B MK R 2 int1ZF470°528.6% (2/7) 90.0% (9/10)F160.0% (6/10);
sul1FZF 5 H1290% (0/7)+ 90.0% (9/10)F120.0% (2/10); qacEA1EF75814.3% (1/7) 90.0%
(9/10)F130.0% (3/10). int1. sullfqacEA1ZERLE=FINEE 2 [A] R H % 2 7 B3 (P<0.05), fE4I45
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Abstract

In this experiment, the carrying status of integron related genes in 27 isolates of Vibrio sp. from
Litopenaeus vannamei of Guangxi was detected by PCR method, so as to provide direction for
comprehensive prevention and control of Vibrio disease in L. vannamei. There were 7 isolates of V.
alginolyticus, 10 isolates of V. vulnificus and V. parahaemolyticus samples. PCR detection results
showed that among the 27 isolates of Vibriosp, the positive rates of int1, sull, qacEA1, int2 and int3
genes were 63.0%, 40.7%, 48.1%, 0% and 0%, respectively. There were 5 kinds of integron re-
lated genotypes containing int1-sull-qacEA1-int2-int3-, intl+sull-qacEA1-int2-int3-, int1+sull*
qacEA1-int2-int3-, int1*sull*qacEA1+*int2-int3- and int1*sull-qacEA1+*int2-int3-, in which int1-sull-
qacEA1-int2-int3- and int1*sull*qacEA1+*int2-int3-are the dominant genotypes, each accounting for
37.0% (10/27). The positive rates in V. alginolyticus, V. vulnificus and V. parahaemolyticus were
28.6% (2/7), 90.0% (9/10) and 60.0% (6/10) of int1 gene, 0% (0/7), 90.0% (9/10) and 20.0%
(2/10) of sul1 gene, 14.3% (1/7), 90.0% (9/10) and 30.0% (3/10) of qacEA1. The positive rates of
int1, sull and qacEA1 genes were significantly different among the three kinds of Vibrio sp. (P <
0.05). The highest positive rates were observed in V. vulnificus isolates and the lowest ones were
in V. alginolyticus isolates.
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1. 53|

JLYNIEERT U (Litopenaeus vannamei) B A Sl TNARER . AP, PUmi Jiom. IREESE . 1& & s
FRHA B IR T RBARSEI N, SUE RN EI E R, HIRED BN K IR A S bz —
[1]o IRBEAE KIS B WL S AR B R, X RS TR 2558 1) fa S o P 8, 8 5 51 R
JEER . LLBRIR . Mg FFRRRRIASE SR [2] o I Sl st MR I G 7 7 th S Y 40 AR 32 [3], ol s ik e
Al TEXTERE T FRRG AN B e R A, MUK 25~32°CHY I K b i[4] . 4,
SIER 9 P EE R 1T G ML R R FE b ) e R R R o I 9 R IR T A (5 FE AR R S B ARI(5]
MHLA ZWE w5 AU B = AR 24 (6] 4HBAT 2422 51 /K= R & U4 ok, 22 BT 24 B AR 1) Hh B0 BE
Y7 G B RPRER, B AT OA AP KT TG ALY iV 22 5 245 1 (0B [7]. 40718 2 Ei 251
PSR T (B S T R, BRRE T AE) B DI [8]. B Tt AR AL SR R R A
RAAEA A AL R T R B R o, B, BE . RIAINEMZ LR G iRe, H 507 Fit
AR YU RE R AT B S T B R S A 7 Bl K9] [10] [11]. ARHEEE S BRI F AT 202 10 10 A 2
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VAT, | BB G TR G5 M8 A F S | BB A EESEDR intd. 3 v] RS ZR B SR 25 2 K] gacEAT AN
Tl 2R 2536 8 sull; 1 VRS 7R B TR T Tn7 REATAY B, N RBEAET int2 5 intl 4 46%f1)
FEPRIE[12]; 1N BUEEA A DGR E R D, 11 TS int3 5 intl A 60.9% 1 [FYRHE[12]. AN [E4H 5 1
BEFHRNE A ERE ERYCAHHUE A RSN, DR 20RO, B Ar) Pa R 5
B AHOCHE DR R I 3= AR b TR MRS, A O HAR M SN 4 & IR IE D o ARSKIRX 27 ¥R 7 L
YRR P R (B R I BE B DI B R R I IR ) E AT B 5 AR G L A intd sull. qacEAL, int2,
int3 Al AN o3, FLgs BRI E AL R R 2R A B S Pe 48 T . A 2 F 259N B A AL
& (1) 0 $2 L BE AR AR

2. KEMBSFZE
2.1, SEHAARL

BRI TR MR A S0 % T 2021 4 M U U REE FLANYE KT IR p 2 85 1 27 FROINER , JLrh T EESIER 7 Ak
IEIIE 10 A% BIVA MLIKE 10 B, TERRAE B 1R BT UG AT AP AE A 4L %5 F1 16S rRNA
DTS . AT L ZH DNA $REGAF &A1 PCR KB 2x Tag MasterMix 206 B b 5 S84
BHEHRAH] .

Table 1. Information of 27 isolates of Vibrio species
= 127 B E R E R

CINERRES BIAREL Wk

RN 7 RZ01. Rz02. RZ03. RZ04. RZ05. RZ06. RZ07

IR 10 CS01. CS02. CS03. CS04. CS05. CS06. CS07. CS08. CS09. CS10
AV IR 10 FRO1. FRO2. FRO3. FR04. FRO5. FR06. FRO7. FR08. FR09. FR10

2.2. 40E DNA IR B & FHE<ER PCR &

Z I 20 1 D5 2H DNA FR BT &0 i0e BH 15 R L HU A0 14 st DNA. & T A A intl. sull. gacEAl.
int2 Al int3 f¥] PCR 43 5| WARHE Bk /NS [6] 70 77 VA AT 0 TE I B DM 3 (1) B 50 A BR A /B (R 2)-
25 uL ] PCR Jx Mifk & °A: DNA MR 1 uL, b FiE519% 1 uL, 2x Tag Master Mix 12.5 uL, Kp 2%
BF/K 9.5 uL. PCR [N FEF ¥ E N 94°CTiAE M 5 min; 94°C 40's, Bk 30s (GBKIRE £ 2), 72°C4E
4190 s, 35 MEH; 72°CHEFEM 10 min. LL 1.5%F AE AL LIk % E PCR 724, #EIb At/ — b K
BRI HIK AR . B E T BB PCR P45 5N & 4 K IR R TR &1 3EAT I

RA 3G H AP BEO/NI B AR, B JR P DLEE 2 BRI N O B, £5°C FHRR B PCR I
by 38 254, R ARG AT JE T RIS B I8 400 A 12 DR ARG I 5 SR R B

Table 2. Primer sequence, annealing temperature and target product length of PCR reaction

%2 2. PCR R 514575, RBMBE R ZYKE

B ElEZIEg ]l SEPS R 7/N N

. intlF: GTTCGGTCAAGGTTCTGG .
intl intlR: CGTAGAGACGTCGGAATG 55°¢C 890 bp

il sullF: GTGACGGTGTTCGGCATTCT 66C -
sullR: TCCGAGAAGGTGATTGCGCT P
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Continued

qacEAIF: ATCGCAATAGTTGGCGAAGT

EAI
qac qacEAIR: CAAGCTTTTGCCCATGAAGC

57°C 226 bp

. int2F: 5-CAAGCATCTCTAGGCGTA-3' .
int2 int2R: 5-AGTAGCATCAGTCAATCC-3' 55 1056 bp

int3 int3F: 5-CAAGCATCTCTAGGCGTA-3' 55°C 878 b
int3R: 5-AGTAGCATCAGTCAATCC-3' P

2.3. P55t

LA DNAStar [¥] Megalign BT 53 & 7 AHOEE A 3 5 R [RIVEE o R Clustal X #3547 /351 56 4= L X 7>
Bk M Megab #if (4R HIE M 2 BEAL R, Bootstrap H5 1000 VXK 46 H T 52

2.4. Gt AT

5 SPSS18.0 B A 5% R85 43 75 Y 2 I 493 91 A1 VA M 9T 2 ) 845 A DG JE R A 2 1
ZESME, M P<005 R REREE.

3. SKBHER
3.1 BETHXEER PCREMER

Xf 27 BRINE BT B A T AL intl. sull. gacEAL. int2 A1 int3 ff] PCR AN, 455 %W #7323k
B R AT H K /N2 24 890 bp £ intl P F B . 779 bp 4 sull PR - BORT 226 bp 1 gacEAT FEB F B (14
1), ST B FE— S K B PCR =Mk 7, o Fp 45 SR 248 LA I 26 7= 47 Fr B35 2 intl sull,
qacEAL1 BN MFH A B 4 PCR KGN, 27 #RIRE B AY HH int2 F1int3 204 Fr B .

(a) M N 1 2 3 4 5

1000 bp
700 bp

500 bp
400 bp
300 bp

200 bp

100 bp

(b) M N 1 2 3 4 5

2000 bp

1000 bp
750 bp
500 bp

779 bp

250 bp
100 bp
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(©)

1000 bp

700 bp

500 bp
400 bp
300 bp

200 bp
100 bp

qackAl

vE: M A DL1000/2000 DNA Marker; N ABHXTIE; B A K 1~5 K
R4 PR intl 25K PCR ¥ 347245 & B 1 1~5 AE /- WK qacEAl
JEP PCR 48745 [ C (1 1~5 9B 7r Wbk sull 2 (X PCR &34 .

Figure 1. PCR amplification results of int1, sull and gacEA1 gene
1.intl. sull F0 gacEAI ¥ [F PCR #1845 R

FRAE PCR KLIN A5 R, 27 MRINEE BEAR 1B & A SCEE R intly sull. qacEAI. int2 Al int3 (kG H %
>4 63.0% (17/27). 40.7% (11/27). 48.1% (13/27). 0% (0/27)F1 0% (0/27). SLAL% 5 &4 TAHICIE A
intl7sull gacEAI int27int3” . int1™sull gacEAI int27int3” . intl*sull™gacEAl int27int3™ .
int1*sull*gacEA1"int27int3 Al intl*sull gacEAI"int2 int3™, 70 R ICH 37.0% (10/27). 11.1% (3/27).
3.7% (1/27). 37.0% (10/27)F1 11.1% (3/27) (¥ 3).

&,

Table 3. Detection results of the integron related genes of Vibrio strains

= 3. MEEKREAS THRXERMENER

BT AHREER BT AHREER
[Ef73 [Ef73
intl sull  gqacEAl int2 int3 intl sull  gacEAl int2 int3
RZz01 - - - - - Cso08 + + + - -
RZ02 - - - - - CS09 - - - - -
RZ03 + - + - - CS10 + + + - -
RZ04 —~ - - - - FRO1 + - - - -
RZ05 + - - - - FRO2 + - + - -
RZ06 - - - - - FRO3 + - + - -
RZ07 - - - - - FRO4 + + - - -
Cso1 + + + - - FRO5 + + + - -
CS02 + + + - - FRO6 + - - - -
CS03 + + + - - FRO7 - - - - -
CS04 + + + - - FRO8 - - - - -
CS05 + + + - - FRO9 - - - - -
CS06 + + + - - FR10 - - - - -
Cs07 + + + - -
DOI: 10.12677/0jfr.2023.101002 17 K= FT
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3.2. BATHXEENFISH

F£T- 890 bp 1) intl FRIM R A EAL R A Bl 2 R, W] WU IE CS02. VA MLy FRO4 F1A 5K
RZ03 [ intl [ 7515 A [ AJ5 12 K% AT # (Enterobacter hormaechei) CP098781.1. K #T i
(Escherichia coli) CP101198.1. Ul IR /A3l #F I (Acinetobacter baylyi) JF731030.1. iz 4701 [ 1 (Salmonella
enterica) CP100745.1 FAN—3, fEib R R BRI 5 HA NJES AT F (Pseudomonas aeruginosa)
LC685027.1. [y /K I % #7453 BR AT 14 (Citrobacter portucalensis) CP089439.1. 3%[E A Jiti 4 52 7 11
(Klebsiella pneumoniae) CP098357.1 7E 1 k. 0¢ & - fH B 0zE . 3T 890 bp [ intl JE[H /741, 5 CP098781.1.
CP101198.1. JF731030.1. CP100745.1. LC685027.1. CP089439.1. CP098357.1 f{I[Ait4: CS02 435K
99.8%. 99.8%. 99.4%. 99.6%. 42.8%. 39.2%. 38.9%; FRO4 /)%lN 97.5%. 97.7%. 97.8%. 97.7%.
43.4%. 40.1%-. 39.9%; RZ03 /3%~ 67.3%. 67.7%. 67.8%-. 67.1%. 39.1%. 34.0%. 34.0%.

71jCP098781.1 Enterobacter hormaechei
65ICP101198.1 Escherichia coli
9911F731030.14cinetobacter baylyi

P100745.1 Salmonella enterica

FRO4

RZ03

rLC685027.1 Pseudomonas aeruginosa

100L¢CP089439.1 Citrobacter portucalensis
9

4lCP098357.1 Klebsiella pneumoniae

———
0.05

Figure 2. Phylogenetic tree based on nucleotide acid sequence of intl gene

Bl 2. T intl ZEFIIHSZEIELH

F2T 779 bp (1) sull K54 AR ] 3 B, R LRI IR E FROS AE 25911 CS02 1)
sull 2K 720 587 s N R KA CP102062.1. H [F A\ Y& 7 48 JEAF B (Proteus mirabilis) CP098444.1
i [ K- Y5 il 4 5 76 1 B8 (K lebsiella pneumoniae) CP098127.1. 7% [ R fifi 4 72 F51H 4 CP101878.1. [
R TEINE OK067239.1 BoAN—37, #EBMER R B, 5 HANJRSEMATE LC685027.1. HA AJE
T AT B AP025852.1. T [E A J5 oK P 537 IX 14 (Shigella sonnei) CP102116.1 7EiE1k ¢ & _FHE B o . ik
T 779 bp 1) sull LK 741, 5 KA 1F CP102062.1. 77 A8 JEAT 1% CP098444.1. Jiii 4 b 75 {1 % CP098127.1.
Jiti ¢ 70 B {A T CP101878.1. A5 B OK067239.1. £EATH LC685027.1. % K HT i AP025852.1. #
PESTICH CP102116.1 f[HYEYE: FROS 4314 99.5%. 99.3%. 98.3%. 98.4%. 98.4%. 45.6%. 45.2%.
44.5%; CS02 4374 93.0%. 92.9%. 98.2%. 98.4%. 98.4%. 45.2%. 44.2%. 44.2%.

5T 226 bp 1) qacEAT FERRE AR 4 Fror, o7 WAGINE CS02. FIA MY FRO3 Flv
N RZ03 1) qacEAL B T 515 5 1 2R IR AL IR BE BT B (Trueperella pyogenes) CP097247.1. H [ &
B U85 % 4 1 (Cronobacter sakazakii) CP080592.1. % [ A 5 7E LI (Vibrio cholerag) OW443151.1, H1[E A
P #1017 I (Salmonella enterica) CP101341.1 2 —%, 7EHbE R FANEGT, 508 F i5 /KGR

DOI: 10.12677/0jfr.2023.101002 18 VIR T
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195 R L 1 /K T (Raoultella ornithinolytica) CP104455.1. 3% [® A 5 fifl & /N Zh 4T # (Acinetobacter baumannii)
CP104351.1. [ AT % 5 7 11 B CP104198.1 fE# L3 R FAN AT . JE T 226 bp 1) gacEAT 3R 7
%, 5 CP097247.1. CP080592.1. OW443151.1. CP101341.1. CP104455.1. CP104351.1. CP104198.1
(IFEJEM:: FRO3 4354 100.0%. 98.5%. 100.0%. 99.5%. 46.4%. 46.4%. 46.4%; CS02 437>~ 100.0%.
100.0%. 100.0%. 99.5%. 46.4%. 46.4%. 46.4%; RZ03 7> %5 98.9%. 98.9%. 98.9%. 97.3%. 46.3%.
46.3%. 46.3%.

92|'CP102062.1 Escherichia coli
P098444.1 Proteus mirabilis
36lcp098127.1 Kiebsiella pneumoniae
81 ICP101878.1 Klebsiella pneumoniae
0OK067239.1 Vibrio alginolyticus

I—CSOZ

1.C685027.1 Pseudomonas aeruginosa

100

l‘AP025852.1 Enterobacter hormaechei
66!CP102116.1 Shigella sonnei

I ——
0.05

Figure 3. Phylogenetic tree based on nucleotide acid sequence of sull gene

B 3. &T sull EEFFIHSRELH

CP097247.1 Trueperella pyogenes

38CP080592.1 Cronobacter sakazakii

w

OW443151.1 Vibrio cholerae

FRO3

65[ cs02

CP101341.1 Salmonella enterica

|~RZO3

CP104455.1 Raoultella ornithinolytica

|f‘P 104351.1 Acinetobacter baumannii

10
CP104198.1 Klebsiella pneumoniae

0.05

Figure 4. Phylogenetic tree based on nucleotide acid sequence of gacEA1 gene

4, BF gacEA] BEEFHIE R LR

33. B THXERE=MIIEK R

FEVRTRINTE « G405 9K AR A IR (OAS HER intd £ [R5 51N 28.6% (2/7). 90.0% (9/10) 41 60.0%
(6/10); sull F K43 5124 0% (0/7)+90.0% (9/10)F1 20.0% (2/10); gacEAI =K 435y 14.3% (1/7)-90.0% (9/10)
F11.30.09% (3/10) 05 K 562041 45 B intl sull A1 gacEAT FEPRIAE =R 22 18] A4S 2% 2 7 .35 (P < 0.05),

DOI: 10.12677/0jfr.2023.101002 19 K= FT
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FEGT T H BRAGE H 2R vy, ARV SR SICTR RS Y SR B AR (L% 4).

Table 4. Comparison of the detection rates of integron related genes in three Vibrio species
4. ZHEE S FHEXEEGHERLE

K H 2K 9%
£ — — P14
T B B Vs i 3
intl 28.6% (2/7) 90.0% (9/10) 60.0% (6/10) 0.032
sull 0% (0/7) 90.0% (9/10) 20.0% (2/10) 0.000
qacEAl 14.3% (1/7) 90.0% (9/10) 30.0% (3/10) 0.001
e S N N A T AR M RS S SRR B B

4. ¥1ig

SINER A& W K IR E IS P B WL — R R BUW B, T2 A T AR DL SO AR A SR AN i
[13]. BEA&WEKIRTE R AL IR e, K= IR BN R s A A A [14] . TR 2 B0 2
NG IRBUW B, /K= 77 508 IR A 7] i G b 5] 7S £ 22 42 0 [ 15] . BiAE 3R H BT N2 R 7 /K 7= 975
BNV R A T By, AR T3R5 P AE F SR RO EAR 2 BUK M S PSR R, VR 2 H X A9 A7 1E
M 2582 2 Bt 2585, W1 2014 4£~2018 ) PG NLANVE XTI 73 25 () @ s es, i 90.0% LA b [ B ik
NTE LB 25k, 2018 45 )\ E AU E M 25 AR ECR &1t A AR S 0T 55.6% [7]. 4B 24 1t AN
BETHEDBARE AN A E AR S A TR I, B 6 AN [ B 1 3 1 FH DG 22 BRI %t T
(R 2] 5 45 B A B B L [16].

intl JE R AR 3BT 2R BE, BUG9IE CS02 FEIA MK E FRO4 (1) intl JE K 41 5 o [ A JRE (K ig
FFE§ CP098781.1. KJ7%#A IGE CP101198.1. DLIRABNATH JF731030.1. 4 Vb1 TIKE CP100745.1 (1)
intl 2 DRARBA I 5 vy, (R AE 97.5%~99.8%, HHEMI W] Be A 3% [F] AR s 139N RZ03 5 DL B RRIFRIY intl
SR EVEPELN 67.1%~67.8%, nlfe 5 HAML I RA TE KL RA K. BIEMINE FRO5 A4 5K
CS02 (1) sull FE K 5 #8575 IR CP102062.1. 1 [ AJR 25 728 AT 1 CP098444.1. i [E
RAFIE 5 o2 75 A 1R CP098127.1. Z [l RFfith 48 7 di fH B CP101878.1. i MR IEA #E 9N H OK067239.1 ]
sull JE A a] GG L E SR, RIVEPETE 92.9%~99.5%. 59 CS02. mI¥ M9l FRO3 AlA#E 5K H RZ03
() qacEAL FEpR| 5 Ff A4 YEAL IR AR AT B CP097247.1. v Ay B I i 4T 1 CP080592.1. 2t Rl A 5 28 L.
JE OWA443151.1. 1 [E AJ5HZ A Y0 11K E CP101341.1 f#) qacEAL L[t rl At B FL R A2, R
1f 97.3%~100.0%. ASiGsE LIPS FHIISER intl. sull f1 gacE4L FER e BFEAFHX . A
()7 5 BN [P B bk 2 (R EAT T IZ AR R B RE 7T o FLYNIEERT IR IR B /K IR B AR 25 5 9 & 7 PH M O A0 8 BT
T4, T HKIRSE OB 3R A T — A R U B 25 56 R A2 I A B o iSO o FLAR s R iR I B (1 8 1
FHOGKEDRRST I, T T 245 8% 22 B it 245 900 1) 7 A2 [17]

T 76 PN AHR IS NG 1 2 A 1A e 3L K] intd < sull Al gacEAT RS H R 73 51 63.0%.40.7%-
48.1%, — P3[R A tH 3R AE VA IR T A0 I T R ) I oy B I vk T 1) 22 S 45 (B 3 (P < 0.05) . 5T
KPR IR A LG, ARS8 2 i B R Y intl A H 38 5 5 D8 R 1 LA a0 iR VR RV KR [ 7] (64.4%)
=] 3k B IIR K T 21 [ 18] (63.64%) A R B30T, suld 46 28 b FIER 28 (B VE K AT 11 [19] (24.08). BRI
FREFRT LA T R R R Vs L SB[ 7] (25%) M) K TR A IR E [20] (12.2%) R e 45 B &1, gacEATL Kt 6
EEB IR J= (1) FLAREERT R I8 B LB [ 7] (27.9%) PRI 5 45 SR i o 1 DL, AN [RI SRR R B ik 2 18] sull AT gacEA1
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K 22 S DO OR, 38 4 R 0 I B P RE S AR T AR KK A & gacEAT A1 sull 2 BRI EEAS
A 9% . ARSI b 0 9ICER (KB S AR S SR DRG0 AR 25 22 S v T 3 PRI, 0 T BE 5 AN R FRAELIX
SRrb IR A ) 22 7 DL S T A SR R ZE R % HAT, MR ARAF R & A B e T I
A BT BA E FR IR K TS G R e, DRI RESE ) PG ML RIS OB 2 JER 25 IR0 4 T Jail»
TN QRS0 B A AR SR AT I g%, R A R B TS  BRIT EE SRR, D RS A OGS
PRI AT A 4k

5. &g

27 FRJ P FLANTEXTUR R INEE 1, intl. sull. gacEAL. int2 F1 int3 3 K 4G H R AK VA 63.0%- 40.7%-
48.1%. 0%l 0%; JLfud 5 PG FAHOCHE Y, RFHEEEA N intl sull gacEAI int27int3”
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