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Development of a real-time PCR method for the detection
of Vibrio splendidus based on gyrB gene
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ABSTRACT Vibrio splendidus is a deleterious pathogenic bacterium for most marine animals, and
it causes great losses in aquaculture industry. To develop a quantitative detection method of V. splen-
didus 1s important because its pathogenicity is closely related to the population density. To develop a
rapid SYBR Green I real-time fluorescence quantitative PCR method, a pair of specific primers were
designed according to V. splendidus gyrB gene to determine the specificity and sensitivity. The real-
time PCR amplification conditions were optimized. Recombinant plasmid containing gyrB gene of V.
splendidus was constructed and used to establish the standard curve. The detection limit and reproduc-
ibility were calculated. A 251 bp fragment was amplified from chromosomal DNA, but no positive re-
action was detected in 9 other bacteria species using conventional PCR, which indicated that the prim-

er pair has good intra-species specificity and inter-species commonality. The standard curve was
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y = —3.338x + 37.67; the correlation coefficient was 0.999 and the amplification efficiency was
0.99, indicating a good linear relationship between initial templates and C, values. The melting curve
had only one specific peak when annealing temperature was 62°C. The detection limit of the assay was
20 copies per reaction. The results indicated that the established SYBR Green I real-time fluorescence
quantitative PCR method for V. splendidus had high specificity, sensitivity and repeatability, which
may help V. splendidus diagnosis and epidemiology.
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NZSIRE Vibrio splendidus | VZAFAE THEFEIAEL , J& 55 2 [RIIVER  AFAR, T 3l A AR S8 E, 0 A |
RIAA Y AL, —# A BURME, RGN EEEONR 2 — (B 2013) . ACMIREINE MR 2 A
YFZ 438 ( Gatesoupe et al. 1999 ;Farto et al. 1999 ; 5EHR 245 2003) . KRN VE HECRH , XK AL W)
FEA2E 5T D2 Fe SRR S 4 R0 i T BRI R, 8 AT B0 U E M 2 — , 59 85 55 R i 3k
e W2 RF A o PRI, DR 1 s JE K™ R AR AR 7 WP TR R 2 W 1 0K, B 1 19 70 7 484K, T & R U
e AR S P R )l A S RGN ik LA B B

g A= S B A 5 127 22 8 AR 5 9 B S FFE LSS o 22 [ (8 AR FRA AR B | M7 27 4508 55— R 5
R RERTHK HRBCR AN . Bl 0T AW BOR M R R, N S g% 7 i 8 57 i LR BE AR 1 L XU Ji e (> ELISA
12 \Dot-ELISA [ [MHEDOGHUA R A S (4245 2007 ) A T3538 PCR AR ARFC I G0 A2 58 B A A% 58 55
TECZARIE(EEBEAE 2009 ;5K RUHEAE 2008) , Rl I iy R e PRI W ik 1 HORR I . AROCHT
FEFRMW] 7K =B 1Y e A= AN 5 B0 I B Fh 264G ¢, 18 5 R 58 FIAILAA PN B0 TR 1) %5 2 25 DD AH OC (2R T R 45
2004 ) . [RIt, 7 Jalde I ERT A e A Wy 9 Rl SICTRT BT 5 | R Y B P LA S B R IS B L, O i
PCR 3 fii 758 PCR HABEPEABEE i i, B HGIE 72 . SYBR Green T ifF47 S i £ i) i 2
PEICAT T 0 BE 5 BUEE DNA AR AR DG, 1T LUARSEDEOGIF 5400 ) PCR MK & thAE7E 1 X% DNA $tae . st AT
45 (2006 ) F| 20 SAREHE E A I & LI , e IRAEAL I 2 10 CFU/ml; 54 2245 (2008 ) [ #E ] 225
SE TR ARG I 1) o I TR, A DN SR AEURE TT 3] 25 S48 DL 5 Zhou 55 (2007 ) A1 FHZE O AE B Yeobhi Pt a6 i v
B, POtER PCRIEAT LIS Z 8 PCR 255t 1, 15 5 5 5 4G ) 22 o 200 71 510 ] — TR A b A ] Tk 79 B
A (ATRERAE 20065 S2MELSE 2005 ; Nordstrom et al. 2007) , HARZOLE Bt PCR 7 Jit s PR G b i
R B 22 | (H 2 AT X SRR A 9O AN Y SCEEFRGE o ARSI e BRI Tl F, DL gyrB JEPH
BUJEDR, 57 T SYBR Green I SZH 7 fit PCR ARSI 9G93 125, iy 7 e S Mo L R BB o 1) s Al R
FEAEH AN

1 57

1.1 FEHREHERIE

S AT A IR V. harveyi S83KE V. anguillarum JURESRE V. splendidus 3R 28T AEAE T Ed-
wardsiella tarda BN V. parahaemolyticus JFFHEINE V. alginolyticus KEZWFYNTE V. scophtalmi %% QYR
V. fischeri KA Escherichia coli %5 9 F, 3 12 ¥k, £ B AR M0 4 5 MR IR L3R 1, i VHBZ 0001 , VABZ
0002, VABZ0007 , VSBZ 0003 , VPBZ 0004 , VABZ 0005 >4l [ v FE Rl Be fl A i 58 BT b e s bR, FEA B Rk N
ARSI 2 B PRAE I K P8 SRR o

1.2 gyrB ERERER 5%t

Wi 1 A TERETE A, AL 5 TIANGEN 40 B 5 P 41 DNA $2 B 6 42 B 7R 1Y) 36 BT 4 DNA | 436
JFETHINE FE R 2H DNA (93 B 91 22 f £ 29 100 ng/pl, #i4E gyrB JERE 5 |99 ( Yamamoto er al.  1995) 4 HaHG
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4E[CHNEE (VHBZ 0001 ) (8851 ( VABZ 0002 ) Al ( VSBZ 0003 ) R 2% % fE AL 7 (Sm05091301A) | &l 5 Ifil.
IR (VPBZ 0004 ) %5 #E3I & ( VABZ 0005 ) gyrB HE K B FE 43 I 41 o X 47 38 B4 21 1) 4545 64T VIR TmT i L i 4%
e A AF ST Al g T 2 BRI 73R4S 6 FlGINTR Y gyrB JEIR P4, T A5 %) 5 IR e 91 2 i 4t 52 NCBI i J 6 5
B4 51 1698506 , JQ698507 . JQ698508 , JQ698509 . JQ698510 , JQ698511,, | il /4 ClustalW ( hitp://www.
ebi. ac. uk/Tools/msa/ clustalw2/ ) P47 [FIEE 73 AT , MR F b XF 45% SR i 70 e I PR PRk A DR ST 7 LAl e ik 22 1)
P9 X B, M A Primer Premier 5.0 #4358 MR 7519 Vs-F Al Vs-R,

®1 ZRAEKRREEER

Table I Name and resource of bacterial strains used in this study

Bk Strain $I T 4 Latin name 45 ID S5 Resource

W 2 G V. harveyi VHBZ 0001 o E B2 BE A AT 5 B
8 5 B V. anguillarum VABZ 0002 o E R 2= BE AR P 5 T
3 NS V. anguillarum VABZ0007 vh B B A A T
TSN V. splendidus VSBZ 0003 o E B2 BE A AT 5 B
HRE N V. splendidus Sm03051201 A SRR
TR V. splendidus Lj09121801B S A

IR GG AR E. tarda Sm05091301 A S

TR I B V. parahaemolyticus VPBZ 0004 i E B Bt A o
R I\ ] V. alginolyticus VABZ 0005 b E R BE AR TS B
KL EEAN V. scophtalmi Sm02112702A SRS

P G V. fischeri Sm02112702A i B B A o
PN LaRv E. coli Trans]-T1 bt 2R EEYEAGIRAF

1.3 S|t

PA Vs-F H1 Vs-R J55|9), 73 3 LA 4 FG5IER ( VHBZ 0001 ) | B85ER (VABZ 0002) | 85I ( VABZ0007 ) i
$2 5K (VSBZ 0003) IR 22 2 AR T (Sm05091301A) | &Il ¥ ML 9K ( VPBZ 0004 ) (¥ # 5 ( VABZ 0005 ) K22
BEHICA (Sm02112702A ) | 3% [CHR A (Sm02112702A) KT I ( Trans1-T1 ) fHE K 2 DNA WA #E47 % M PCR
P WA IR S B . PCR ROMIAR 2 B 417K 18.5 pl, 10 x PCR buffer 2.5 pl, ANTP Mixture
(2.5 mmol/L) 2 ul,10 wmol/L AY5 1445 0. 5 !, DNA itz (25 100 ng/ul) 1pl, TaKaRa rTaq(5 U/pl)0.2 pl;
PCR )3 554159 : 94 °C A5 5 min,94°C A5 30 s,59°C &2 30 s,72°C 4Ef1 40 s, 30 MFFR, i J5 72°C G
10 min LGRS I T | DA AN 5] i 22 1] B A S

1.4 5|4iE Attt

DIASTEIE TR (4 3 kRl e2 95 ( VSBZ0003 . Sm03051201 A 1j09121801B) JE K 41 DNA it , DL iri% it iy
Vs-F Fl Vs-R 5|t 1 7% $L PCR §34 , PCR & = FIFR 7 5 5 | 40 S5 P A 00 el A ], Fl KRS I BT 34 15 | 9 7
TSR AN R bk (3R ) 2Z TRl 38 1
1.5 HEE PCR FEEHMRK

WAL G|\ LA BERRE R 0.2 = 1. 0 wumol/ L, LA R S N A e £ 5 | W vk B2 5 180 7 L BE A B ol 59 — 62°C, iR U
PCR ¥ #¥25 e B AER KR .
1.6 MM E SYBR Green I 5¢3% RT-PCR #3075 3£ 38 57
1.6.1 Arfsmegix

YEE 1. 2 v BrS 2 A4l S EE BH A Fe e iE AT SR 42 B, FHAZ R 26 11 20 W A0 72 ok e B, A A R b A
BB AR wl BRI ) DNA $5 DL Bz TR A RR v S

Jk BE 14
oKL DU copies/ ) = (e al) X6 x10
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Horbr M SRR BA BN 50 i, X FoR EAL TR RN
1.6.2 AR MER L T M

DIAG LS %) pMD18-gyrB 8 20 ik A Al k2 9 B 2 fAn A i, FH EASY Dilution X 5 S bRl S 47 10 A58
JERRRE, JLFRRE O ABARE , BB A 3 AN, FIHARARLF () PCR BN 5540, HEAT 98 e 1 O, ST RS
U SRR A C, XFROC R IAREM L o Brbn i i Ze i AHOC R ECY 1 80% , FIWmr e & it 4 .

o v T 28 1 S P AN 3 Ay 2 PN i A P S AR L ) o A P S SR P A o R R A A 1Y pMD18-gyrB HE 2
ook B S AR NG SR 3 AN EEE, FEESRER—UGR R 3 ANEE A —E, S E R
T5 2R, T LA N AR S 2R 80 A ) B A M S G T A S R N TR LR 0 S 36 AN () A9 A A7 s ) XS A
s E PR, AR AT - 20°C 3 07E 1,20 40 d BFECH  VEFRUERTZE, ] Excel Xt C, (HIEFT )5 2247
M, I F RSt A 7 i 3 PR 5

1.7 *HXEE PCR 5@ PCR WA E LN

ORIV S BB IR A Rttt 1l £ %5038 PCR AOBERR , FIBF S HHA3 | 906 5 3530 PCR 578,
i

PCR 518 PCR

1
WP 1% BRI LUK, LS IS S IR 4 AL, i 5 i PCR (A R | L2

AR
2 #R

2.1 Szt ER

FEARTRRRR A gyrB S D] sg B I P A 45 SREEA T RIS A (8T 1), IR e oI B A S 1 P ) DX SR 3 5 1 )
Vs-F il Vs-R, BAKTI ¥ 550 J9: U514 Vs-F:5'-AGTGAAATCTGCCGTTGAACAA-3', F 514 Vs-R.5'-
CCGAGTCACCCTCCACTATGT-3", 34 Fr Btk /I J 251 bp.,

Fig. 1
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Kl 1

ATCCTAAGTTCTCAAGCCAAACTAAAGATAAACTGG TTTCTTCTGAAGTGAAGTCAGCGG 775
ATCCTAAGTTCTCTAGCCAAACTAAAGACAAGCTGG TTTCTTCTGAAGTCAAATCTGCOG 775
ATCCAAAATTCTOGAGCCAAACTAAAGACAAACTGG TTTCTTCTGAAGTGAAATCAGCGG 775
ATCCTAAGTTCTCTAGCCAAACTAAAGATAAATTGG TTTCATCCGAGGTGAAATCTGCGG 775
ACCCCAAGTTCTCCTCTCAGACCAAGGATAAGCTGG TCTCTTOGGAGGTGAAATCOGCOG 772

¥ bk dok ko FEOEE Rk R RF dokkk bk R B dokkkd R ok %

TTGAGTCTGCAATGGGTGAAAAACTGTCTGAGTTCT TGATTGAGAACCOGACAGAAGCGA 835
TTGAATCAGCAATGGGTGAGAAACTG TCTGAGTTCCTAATTGAGAACCOGGCAGAAGCGA 835
MGCGATCGG'IGAAAAAC’I’GTCTGAGTTCC'I'I‘AT(X}AGAACCCAACAGAAGCGA 836
TTGAATCGGCGATGGGTGAGAAG CTATCTGAGTTCT TGG TOGAAAACCCAAGOGAAGCGA 835
TTGAGTCGGCAATGGGTGAGAAATTGGCGGAGTTTT TCGCTGAAAACCCAAG TGAAGCCA 835
TTGAGTCGCTGATGAACGAGOGTCTGGC TGAATACCTGCTGGAAAACCCCAG TGATGCCA 832

EEE 2] Kk *k * ok k% ok * EE IR S22 k% Kk K

GACTGTCAGGAAAAAGATCCGGCACTCTCTGAACTATACATAGTGGAGGG TGATTOGGCA 1014
GACTGTCAGGAAAAAGATCCAGCACTCTCTGAACTG TAE&GTGGAGGG TGATTOGGCA 1014
GACTGTCAGGAAAAAGACCCTGCACT GTC’ICAACTAT.‘-EF—.TAGTGGAGGG TGACTOGGCA 1014
GACTGTCAGGAAAAAGATCCGGCACTCTCTGAACTATACATTGTCGAGGG TGACTCTGOG 1014
GATTGCCAAGAAAAAGATCCTGCACTATCTGAACTG TACATAGTGGAAGGGGACTCTGCT 1014
GACTGCCAGGAGOGCGACCCOGCCCACTCAGAGCTT TACTTAGTGGAAGGGGACTCOGOG 1011

*%k Rk Bk Ok Rk kR kk kokk ok kkokkok kk kk Rk Xk

*E Rk kk kK

gyrB FEIN HEXTEE R KA gyrB L5 [ Yytit

The blasting results of gyrB gene sequences and the design of V. splendidusgyrB gene primers (upper line)
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2.2 5% RMERER RN R

DAL 9B /) (Vs-F/Vs-R) g 51 9, X 4 2 GO B ( VHBZ 0001 ) | 8 5B ( VABZ 0002 ) | fi8 3 B
(VABZ0007) Jhlif= 5K ( VSBZ 0003) |38 2% % 845 7 (Sm05091301A ) | &Il I 9K B ( VPBZ 0004 ) | 75 88 9 &
(VABZ 0005) . K ZEHEINES (Sm02112702A) . 2% [CIR B (Sm02112702A ) . K 44T 1 ( Trans1-T1) #44% DNA 47
HAL PCR 444, By AL Uk I 25 51 (181 2) mT A AR IR 4 35 R /INgy Sk 250 bp i H A SER 7 B, i LAt 9 bk
BN IR A 1=, R BAMESS R U SC I8 i 1 5 | 9 E A AR 5 A R B e S o

bp
2000
1000

750
500

250
100

K2 51RO RS A D 25 2R
Fig.2  Specific detection of primers
M. DL2000; 1. PE4EFQINT; 2. SOINE; 3. MEINEN; 4. MZINE s S, B SR ; 6. B M ;
7. WEBEINE; 8. REEGFIIE; 9. PRICINE; 10. KIGHTH
M. DL2000; 1. V. harveyi; 2. V. anguillarum; 3. V. anguillarum; 4. V. splendidus; 5. E. tarda;
6. V. parahaemolyticus; 7. V. alginolyticus; 8. V. o scophtalmi; 9. V. fischeri; 10. E. coli

PAALEE S B4 (Vs-F/ Vs-R) Sy 5190, %8 73 8 B 132 AR SE B Byl oI gbk LA S B A R 2 Be o 22
BIF 5 JIT BRI S B o 74 B AR AR AR DNA AT 5 MLPCRAT 3, o Al G R I 45 2R (113 ) W R, 3 Al 2 I i 24 i
B R/ 250 bp (9 H B9FEN B, %

S P BT A 51 B AT AR R P P bp
2000

2.3 RAEEFEREGMRNL
1000
263 SR AL B2 HEAT SCA 5 Bk PCR 3 150
BAPRZ P U g 0. 25 pmol/L, H) 20 pl w0

m7e G B PCR W A % : SYBR Premix Ex
Tagl (2 x )10 ul, Vs-F(10 wmol/L)0.5 ul,
Vs-R(10 pmol/L)0.5 wl, DNA 41 wl, #ME
4ali7k = 20 wlo

Xof IR KR EE AT LA BRI 4, iR 4

250

100

AR, 62°C il iR IR EE , I 34 38R A | B3B8 R
YrE S v fe . 2Ot & PCR RV 5128 Fig.3 Examination of the primers universal detection
95°C 30 5;95°C 10 5,62°C 20 5,72°C 20 s,40 > M. DI2000; 1. A3 3 (Sm03051201A) 5 2. AR (1j09121801B) ;
T4 4% fi it 28 53 #r ( Eppendorf BRINFR ) - 3. AN RE B bR (VSBZ 0003)

N 0 M. DI2 A i 1201A); 2. V. L 1j09121801B) ;
95%C 15 s ,6OOC 15 s ,950C 15 s , lﬂjﬂﬁxﬂﬂﬂlﬁ( 000 V. splendidus( Sm03051201A) V. splendidus(1j09121801B)
3. standard V. splendidus( VSBZ 0003 )
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LDOUET T BUER N
2.4 mRERMHBE

EA NI gyrB JE N A 4L iR pMD18-gyrB 22435
JCRETHIE , HVR S 64. 2 ng/wl, BARTHIEECH 2692 bp, H
19 BE B 55 20 R 251 bp, SR 5 R 2 8 B 48 DL 3
2 x10" copies/ wl, W12 5 40 JooRi F BE AR 2 x 10° copies/pl J5
ARy TR A i T R A o

2.5 IEHBEHMEREESN

FIFHARAR L ol 82 K B 5 ) 2 B PCR 2 R AR &% 9 A B4 e B (58 R Ak
10 {3546 BERR BRI AR S BT A I ST UKL FE DL B Y Fig.4 Optimization of annealing
XEES Cr (A BESC R B bR ifEh 2. 8 S 2 pMDI18- temperature for the real-time PCR
gyrB L TR AE2 x 10° =2 x 10" copies/ w3 [l P4 1 52 5 PCR M. DI2000; 1. 62%C; 2. 61°C;

3. 60°C; 4. 59C

ik, P B /B T PCR (948 B8 K B BeFIoF- 5 B
Beo s b2 (F6) nl R, 9 AN BB RE A M AR it 2 20 A 1 A 0, v JELIEE Tm 9 86. 6 —87°C 3%

fEIR Cycle

KI5 SR AREAR ) SYBR Green T 522 f PCR 474 i £k
Fig.5 Amplification curve of standard plasmid of V. splendidus by SYBR Green I Real-time PCR
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—10 &

60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94
1R & Temperature(°C)

K6 ANZIRGEARIES: 4 SYBR Green 1 52 5 Bt PCR 44 iR ith £&
Fig.6 Melting curve of standard plasmid of V. splendidus by SYBR Green I Real-time PCR
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W SN AR rh o Y AR R S D B RS 1 — R AR AR R T LU (B 7)), BV bRt 2R 7E 2 x 107
-2 x10° $#E DA Al €, AH2E OB A] A4 E R PCR 1Y C, (-5 H S B AL PE G R . AWFSE T S 31
bRHEIZE Ry = —3.338x +37. 67 HHOCHREL R =0. 999, §BI%EH 0. 99,

= = N N 0 )
— oUW

C(fEFF Cycle)

.0 100 1.0E+04 1.0E+06 1.0E+08 1.0E+10
% Ul & Amount(copies)

BT o b vt £
Fig.7 The standard curve of V. splendidus

2.6 KHEEPCRHMEEMSH

YN R PRI 2 x 10° -2 x 10* copies/wl 1 5 AN BERSIE , B85 BE 1R HL 3 A H R AT UEAT 40 9 2K
RT-PCR G MM, 5 Cp 39(H T 25 AR R RA (K 2) o S5IREIT, BR THE N 2 x 10° 2 x 10° copies/pul
FRUE S A3 Cp (ERS A R 2EAE , FARbniE i i 3 AN AR — 30, AnifE224E 0. 001 - 0. 453 Z i), A8 5 R 5K
1£0.01% —2.20% Z [f], (E2H M B PRI SL g6 b (36 3) , 3BHUAY 5 bR, BRIERE R 2 x 10° copies/ ul (b5
f FAER T IGFHE Ferit, o4y 4 AR IPRHESD FAE/NT Ferit, FDUI 2 9 5 F 4 KF P >0.05, FHZSE
it sE it PCR A4 RAFAY BB M

R2 NMEMEXKEE PCRAEN—ANES HLE
Table 2  Intra-assay variability of Real-time PCR detection of V. splendidus

FrifE i Standard ( copies/pl) 20 N TS Y (H Average HiEZ SD 75 5 Z2 80 Variation coefficient( % )
2 x10% 10. 69 0.018 0.17
10.08 0.012 0.12
9.97 0.080 0.08
2 x107 13.32 0.026 0.19
13.33 0.052 0.39
13.38 0.010 0.01
2 x10° 16.97 0.079 0.47
16.59 0.003 0.02
16.43 0.129 0.79
2 x10° 20.58 0.456 2.20
19.98 0.004 0.02
19.86 0.002 0.01
2 x10* 23.56 0.049 0.21
23.66 0.044 0.19

23.44 0.010 0.04
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£33 JZMEZEEE PCR @N—AHBEEHIE
Table 3  Inter-assay variability of Real-time PCR detection of V. splendidus

FrifE i Standard (copies/ ul) F P-value Ferit
2 x108 34.814 0.001 5.143
2 x107 0.100 0.906 5.143
2 x10° 3.125 0.118 5.143
2x10° 2.951 0.128 5.143
2 x10* 0.995 0.427 5.143

2.7 WHEE PCR 5EE PCR M REFE LR

F 9 AN 10 A5 BEAR TR 10 5 R b v ot EE 2L OB B 1 35 2R T LAAE HH,2 x 107 =2 x 10" copies/ wl Y45 #5058 1)
PEICAFS, HIHAY 18 fl 284 $5 508 K B BERISF- 5 B B, R AT DARA 52 R 325 mT A 28 /0G0 %) 20 4~ DNA #%
DB, AR R R . O T PO B PCR 5% PCR Ay 2 5% 22 5, BUBR i (2 x 10”7 -2 x 10"
copies/wl) {ER8-38 PCR (IR , B UK 25 5% (& 8) WI AN, Vs-F/Vs-R VE Al 9 94 R 514, 38 PCR
AER M E] 2 x 10* copies/pl, FLAEHE TR 2 x 10* copies/ pl B SRS , MR, th T LU H 95 9% 8 i PCR
1) R B L H B PCR 55 1000 A%,

I8 il PCR RGN I ) 2 2
Fig.8 Sensitivity of V. splendidus detection using the conventional PCR

M. DI2000; 1.2 x10%; 2.2 x10%;3.2 x107; 4.2 x10°;5.2 x10° ;6.2 x 10*; 7.2 x 10%; 8.2 x 10%; 9.2 x 10'. Unit; copies/pl
3 itig

gyrB HE PR A AE T AN AR 1AL S 5P DL, L 16S vDNA- Rk Ak 32 B, i B A 3 ] 28 X AR 51
DX, FF G I T AR AR G0 K 7 S DR Y 25K, A7 R T 40 1 4 e DR A I (SRR AF 20055 X A% 2007)
gyrB FEPIRETR AN T 168 rDNA (YR A7 1L, s ik 1 16S - 23S rDNA J581 i AL SV RS 2 P, O 20 R
TR IEEENHT 1 BT, gyrB BN 7040 8 52 5 55 07 A 22 0 o BEERR 45 (2006 ) DL gyrB J:[H
FUIEIN N7 R G0 R A T4 B AL RV LS, OB 1 R R i K A2 6 &R o Calhau 45(2010) LU
gyrB FENONABEEIA, FIH] PCR 55 DGGE S5 GHAR T 1M B A v 21k o (2 40 B A DR A8 E v, ml LA
FIH gyrB ZPBE AT 1), IR B SC5 H Y 5 Luo 45 (2008 ) LA gyrB i 4y $38 D S0 H 6 9ICR 1 fr 545 |
Yy, 9734 i 568 bp 71, K Sk b, B AR .

AHIFA T A AN gyrB FED BOFRIEN, 153 BIRPRHEM T2 0 y = - 3. 338x +37. 67, HIC R
R* =0.999, §#A0CRN 0. 99 Zbrif M ZR AR M 06 R A S ACRER T 1, byofe i M SRR , A it 28 3 5 PR
4 JE B RORRE N2 o BEXPAIE IR B DU AL AT 5, R 2R AR 575 15 8 % 1 PCR £0R . TEIBRE
552009 ) FI FHBE 0 2% SSEEAG AL 9B, X H: DNA SR AR 4G 51 6. 25 pg. 5KRHESF (2008) FIH 16S - 23S
F 1] B X BE TR BICER ) e 55 1 ), e IR T AR 0.5 pg 19 DNA . TESR T35 (2010) A ALK DR 19 gyrB H
PSR 5 149 B ARREAS I 1 10° CFU/ml A2 9IRERT o A5 1 FH 45 v 82 Aol 82 (0 s o Wt S AR , 1B 738538
PCR {418, 2P e A T A 4 10° 45 LA A2 gyrB BED o s I R2 9T A9 1G5 B PCR AR B A1



142 wok B i B 355

ARG 20 AN95 DL gyrB HEIN o i EIREE R, HIFPOLRE BEEORR AL B R AR B, H RRZ RO EL
/R B SRS I , It AAS BIF 5 3 7 A 9T I R A I B AR A IR A3

FERBRE, R RAE 2B, BRER 45 0. 2009. 32 B2 455 100 Il o2 SR G AS: I AT ) o) 98 Bz . 7™ 240, 3 (1) 1 119-125

FERBRE, SN SR RGAE , T, BN AR 42 . 2013, FRALHIZ: " I Be S5 A AR BOW T —— Al IR B4 S5 2% SSAG 77 vk A el <7 55 i . il B2
HERE,34(1) :114-118

ARk IR BRI 22 DT8R0k, Ak — 2, FERRHE, XI/INST, BRIBURE. 2006. 25 T 52 PCR s [ IS v 171 B8 A S B . AR AT A 24
27(12) :1053-1056

ZE SR LK I, B R, R 2004 TE K = SR o 0 A IR . KRR 23 (2) 338

ST AR, Qe 20, Wil , #8072 B 2010, 45012 K SR PR rh i S B Al A2 SR BT 1) PCR RSB AG I, ol [V BB 54, 12((3)
125-130

TR, EENPE, 2Rk, SR/NEE B, JKIE. 2008. 137 H PCR Jy A AGHI R 23 088 1 £ -5 s I — M2 N ¥ /K= 5T, 29(5) :100-106

AT, W AN B, AR WA, TR R, AN T 2007, SEAT S E B PCR DRSS TE R FUAT B P [ TR AR 30 2, 17(2) 2209210

e , B R, WE AN L, R 2006. A2 FLAKTE RV L IRNE 73 BIRR I gyrB FEIN RS H 00T, BUEW =L, 46(6) :884-889

B PR, BRIM S, SRARAC AR ST, B S 2. 2003, FRAE -0 B ISKCIE R SR TR (9 4 E e RS B AT, RS E ,34(2) (131141

BHEEE, PTORE, RS, T IR BT BT . 2006. TagMan 5258 5 PCR AR P e I 2 SLOK TR Jy 25 (9 ddt 7. i e THAE A 30 2% 35
16(8) :923-924

WM. PR ARIL, 2R, BOR G, M M, TR R ARBE R 2005, B SEN S¢S0 PCRSE $5k J5 I 4G I IO i 18 A0 T A9 05 o R Bl R 22, 5(5)
943947

AL, R, M IR AR IR, SR AR LANI, ZEHUT. 2008. toxR FE AR AP0 i PCR HEAE K B 1 TaqMan SR P I BA M. £ T
244,24 (10) 11837-1842

WS, EENPE, KIE, Z/NZE. 2007 FRFERI S K L7 G AR IFNEUR B Dot-ELISA PR iER#,31(8) : 59-64

SRR WG, B TR 2005, FIEET TagMan #4519 Real-time PCR HASE BRI A7 LI R £ 1 PCR. U 407741k ,45 (4) :638-642

Calhau V, Tacdao M, Morgado F and 2 others. 2010. PCR-DGGE-based methodologies to assess diversity and dynamics of Aeromonas communities. J Appl
Microbiol 108(2) : 611-623

Farto R, Montes M, Pérez MJ and 3 others. 1999. Characterization by numerical taxonomy and ribotyping of Vibrio splendidus biovar I and Vibrio scophthalmi
strains associated with turbot cultures. J Appl Microbiol 86(5) : 796-804

Gatesoupe FJ, Lambert C, Nicolas JL. 1999. Pathogenicity of Vibrio splendidus strains associated with turbot larvae, Scophthalmus maximus. ] Appl Microbi-
ol 87(5) : 757-763

Luo P, Hu C. 2008. Vibrio alginolyticus gyrB sequence analysis and gyrB-targeted PCR identification in environmental isolates. Dis Aquat Organ 82(3) :
209-216

Nordstrom JL, Vickery MC, Blackstone GM and 2 others. 2007. Development of a multiplex real-time PCR assay with an internal amplification control for the
detection of total and pathogenic Vibrio parahaemolyticus bacteria in oysters. Appl Environ Microbiol 73 (18) : 5840-5847

Yamamoto S, Harayama S. 1995. PCR amplification and direct sequencing of gyrB genes with universal primers and their application to the detection and
taxonomic analysis of Pseudomonas putida strains. Appl Environ Microbiol 61(3) : 1104-1109

Zhou S, Hou Z, Li N and 1 other. 2007. Development of a SYBR Green I real-time PCR for quantitative detection of Vibrio alginolyticus in seawater and sea-
food. J Appl Microbiol 103(5) : 1897-1906



