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Green 152 B % 7 & & PCR (Real-time PCR)# M| 77 3% o R 4 GenBank ™ £ &£ 5, ¥ j & 7
M5 & g E (vap )R FFFIRITH AR —RFEIN, XHEERE. REE. TE
M A EHRATIFN. ERETF, AR RITWIWEARFHMESRE, XL
SEMERETHAMEEY R, SHEMEEFRKE K XR M. H##EHReal-time PCRAR
WAREENHSETREERTFNEEX R, TGt Lo 8 hy=—a9.8345x+
42.535, Mk ZHR 4 0.998, KA M IR 344 N/uL, K% MPCR R EEH Y
10001, M AZEITH FEAMA T ELWERE, ISMNEAESFRERBERN, S5HHF
FNEE T FER—B. ARKW, HEINETEZHK L EEPCREAWRER LM
WA 7 ke R R, TR TR R 2 A e

R b4, KBS B E; vapdR B, LKL E EPCR

hEDHES:S41.42

S TR & (Aeromonas) 4 T £ 45 W 7K <
MR (A. hydrophila). A8 BT (A. salmon-
icida) MK VR BA M TE (A. caviae)ZE 20 Fh1, 712
SrAR T HAR A, R KEEW KRS Y
g BB, PR LR 5] FR U R Il DR AR AR
I A W PR RES . Hrh, RS R
A fie: 8 €00 24 7 A o B 5t 97 e 1 B o B LT
45 fi: Bk (Salmonidae) 1 2 FRFE A K = B HLRD, I
RS RI, W E B EREY R, ATk
Pk T EER SN ALK = S, an 2 (Oplopa-
nax elatus). 5 X W(Ictalunes punctatus). 2
% (Ophicephalus argus)F K ZZ6F (Scophthalmus
maximus)ZE" 7, M Ah, FontesZE™ F20114F i
% B B S G A b o B B T AL EE R RS
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2, A B M E U AR ME AT 0 A
5], #5778 R 5 H (virulence array protein
A, vapA)TE I i S T S H W oo 5 3k A7 AE
FEIRE R M AZE A, PR R WAy
AJZE AN (4-layer), vapAFEH ¥ 51 1L I
(Y AR S K P e T H AT DL SR A% i A< EA i
WU, X SR B S IR vap ASE RS T AR R
i T Y TaqMand R &1 52 I 7 w460 07 6 o ARWFSE

BWEITE o e 35 RT3 A BT AL 4% 2 L B (HSY201503); 38 JE 4 B /R 1596 X X 38 B 7 1 35 % 151 (2016E02052)

BIEEE: 4%, E-mail: lishaowu@hrfri.ac.cn

http://www.scxuebao.cn


http://dx.doi.org/10.11964/jfc.20161110608

12 X Db, 5. SRS 2 i PCRY™ HE 45 5 M vap A% RIS I 23 fie: /< 2R B 1929

1 RS 3Rl [, DlvapAL B R0 L R, 7
T ARES B E Y SYBR Green I Real-time
PCREGI 54k, T AU A ER L. R
JEE R FRE SRR R KR, 0 HAT S Rl
E T B 45 S ME B A P A, O ST R S R
AR R 1 AR A B A N R IR R R
AR -

R E S RS RES

1.1 SEIEHRY

S5 FH PR FP AL FE R EE SRR KRR
MOwE . KB R L RS R R (4. sobria)
Y [ PR (4. veronii) . & RHB/R R 1 (Yersinia
ruckeri). iRZ% Z AL (Edwardsiella tarda) . %
AR BB B (Pseudomonas fluorescens) . 4 75 (07
HER T (Staphylococcus aureus) . Vi BERLER H
(Micrococcus lysodeikticus)% 10Fh 3 138k . £ B Bk
F SRR S g5 WL 1, fa R gl SURR R AR S L B
Te VLA RIS Pl £0 285 AT S g0 =5
1.2 EFEMNHES5RN

ABI7500%¢ )t E 1 PCRAX I H £ [ 5 40 7R Sk
PR 20 DN A& HCaE 770 65 A e el g i 50) & e B R AR
AL B A BR 2 F] 5 thunderbird SYBR"qPCR
mixik #] & 3 H A Toyobo/s Hl ; PCRIR | Al

pMDISTEARIE F 5 A4 TREA IR A
1.3 S5IMgit56K

MR 5 GenBank I 2% fif: S5 il B vap 4 3 R (O
S5 KP184560.1)% 41, FIH 519 i+ #AF
Primer explorer it LX4RE 519, 75 M 42 0
BB ARAR G, 519WF5): AsV-F
5'-CGTCCGAGACAGGTATCAGC-3", AsV-R
5'-TCCAAGGTGAAGGCCAATT-3',

14 SR

A5t 56 80 h st s,
DL Y b 3R 1070 4 74 2% DX 2H DN A A A5 i i £ 7
WHPCRY 1S, LITCWA 25 B F /K B ME XS B, K
DR 15 |0 04 R S 1k

£ 38 PCRR ALK 2 2xPCR premix 10 pL,
10 umol/LEYFI 4451 ul, JoHH 228 17K 7 uL,
DNABEMR 1 pL; PCRELW 451 : 95 °CHiAE S min;
95 °CAEPE30 s, 52°CiRk30s, 72 °CHEH30 s,
30 MEA; 572 °CLEMH 10 min, PCR“ZH2
1% 35t JIiR W e FhL Dk A W00 5 958 I AR 3R 8 o0 B
g5

RKAZFPCREMAKZ  #IT TR X R
O 44 2R PR KRR L R IS DR | 4 R R A adE
TTHLER, AW E R MK R Hthunderbird

®1 ERREKIE

Tab.1 Bacterial strains used in this study

bacterial strains no. source
ST R EEAY A salmonicida subsp. salmonicida ATCC®33658 5 [ERL R B IR AT
RES P IC O A salmonicida subsp. achromogenes ATCC®33659 e WA R IR AT
RSP R H ARG M 4. salmonicida subsp. masoucida ATCC®27013 5 ERL B TR AT PR
RS PRI SRR A. salmonicida subsp. smithia ATCC®49393 % EB B TR AT PR
WK BT A, hydrophila ATCC®7966 e EEIE TR ARAT R
YERAPRMIE A veronii ATCC®35624 e EEIE TR ARAT R
JRERABME A caviae CCTCC AB98034 o ] e Y B TR O A
BAMSRME A sobria CCTCC AB98043 o ] e Y B TR O
B RIELE  E. tarda ATCC®15947 e EE L TR ARAT R

SWEWEIKE S aureus
TEEERIEREE M. lysodeikticus
& IR R #R Y. ruckeri

RIARRAIE  P. fluorescens

CGMCC 1.2386 ] 38 A A7 T e (R T R

CGMCC 1.634 P ] St A 0 T o R R B
ATCC®29473 5 ERL B TR AT PR
ATCC®13525 % E R SR EAR R
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SYBR"qPCR mix 10.5 L, b F#F514450.6 uL,
DNABIHR 1 pL, JCWE X B FI7K7.4 pL, SRR

20 pLo B 244095 o CHiAE M1 min; 95 °CAR P
10s; 60 °CiR k34s; 72 °CHEMH1305s, FL40MEIR

15 FRufrERABE. EEMRIEELN

JREATF AR ME LIAsV-F/AsV-R5| ¥
P ¥ vapASE R 53 75, #5388 45 20 1) ik
PCR™ W) % #: #pMD18T#H A I, ARJFH L=
DHS5 /B 32 S 4 rh, 38 5 PCRFNIN 5 % 2 BH M
vebE. Y IER G, R EUE 4 Uk pMD18-vapA
IF D 56 A0 T WL 43 56 0 BE T e vk R
ai iy, MRAEE/REH, FMHNAALIHE S
wL 5K () DNAFS DU, 3% 50k B AT AR b
HE
ki PE DAL ($501/uL) =
FCRIR FE (ng/uL) x BORIAARFR (UL) x (6.023 x 103)
[#UAKE (bp) + H B EE (bp) ] x 660(g/mol)

AT R I S A E G A FIH
WA T pMD18T-fstA 5 41 Ji kit DNA Y $
DUEC, I LA T4 R A A A S 08 B b o
B H 1045 296 B 10°42 D1 /uL 210" #% U1 /ul
B L3 1045 2 50 # B 19 pMD 18 T-vap A 5 21 Ji
10°~10"$% D1 /pL k6 B8 B2 A b o et A AR R A 728
JEE EPCRY Y, LUK HE DUEOR B8 Sy x B
PICHE Myhh, M SYBR Green I52 0} 2¢ 6 i &
PCRAERMEMIZE . PR UGB 1065 R 51 6 B A 10°~10
¥ U1 /uLAY pMD 18 T-vap AT 21 kL, &6 15
INEE, RN —RER 3 EE A —
PR, 38 I 2 P9 Coff AR S R B (br o I 22 /82 R A
SEEIBOVEAN 2T kR

R A M) B R 1065 & 91 # B 1Y T
HEARVE G 10°~10'F% D1 /pL e 6 B B g BEAR 47
P E EPCRY 1S, T BEAS 11 e AR A B A A ik
J& Bl A SYBR Green 152 i ¢ )6 5 & PCRIK) R fif
JE o B APCRY 4 BT F JBORL bR HE o ik B 53 51 R
10°~10"4% Dl /uL,
1.6 SERTSREEPCRIEN 7 3ER N A

R T P I S TR S I O A B PCRAG:
W7 2 W A Akt L 43 0l 3 o R T G IR i
12 R Y i i 0T 8% (Oncorhynchus mykiss), T 85
1. 3RI7 dRAEEL . M. ORI A 2L AT B
PEHOGE A DNA, $% b3k kb A7 S 2¢ 6 2
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HEPCREGIN , 38 2L FE S CHE . 51 il £ B s i
Mk PEAT 85 AW, RN, B R R TR
PR AH P o B . SRR, M B IR A PR Y AL R
PEFN16S rRNAFEF P51, L b B0 72 1205 15 19
TR

2 4

2.1 SIYF R

HOHLPCRAG M 25 R 7R, AsV-F/AsV-R5| ¥
B HE S R B R, LA SR i B S e
i N o A 7 LN N2 N 0 S AW A L O
ZH DNA M HEHR 4T PCRIGY 1 1 H 9 46785, K
/N225 bp, AR A At TR AN o K B
WLORBUARE . B . R
M . B IRHB/RARE . REEMEAER ., &8 M0
A BR 25 RN BAME (B ). Real-time PCRAS
SRR T 5l ke e, FO R RS
JIf TR Ko HE I A B — 1 7 g W i 0, G A iR
PRI A X7 A G 0 ) e S ) 7 R 0 (81 2) 0 FRA
fig e nl 7, T8 483.5~85.6 °C, /Wi
Rk AR R SR S RS [ — R A

7 8 9 10 11

M1 2 3 456

bp
2000

1000

750
500

250
100

E1 S5RMRNER
M. 4 F R AR HEDL2000;  1~11. o ik A 50 18 % Bk S A . TE 2 0
By R HABE A SRR, TR, KRR
B, RAMATERME, gRAERE, S RBRER, BoEEE
R, G A IR
Fig. 1 Specific detection of primers

M. molecular weight marker DL2000; 1-11. A. salmonicida sp.
salmonicida, A. salmonicida sp. achromogenes, A. salmonicida sp.
masoucida, A. salmonicida sp. smith, A. hydrophila, A. caviae, A. sobria,

A. veronii, Y. ruckeri, E. tarda, S. aureus

2.2 SYBR Green I Real-time PCR#R /fE Bl 2 B
BN

R A8 A A - 0 235 AP R 552 1) 3 PCR
RNRZ , BU10°~10'45 D1 /uL 3t 6/ i B8 B2 A Ak o i
B 519 AsV-F/AsV-R 51 47 % 6 & &
PCRAGIN , #3717 AH LY. 9 JSTREF5 D1 BE (4 % 450
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LW sp. salmonicida 5.
SIS 4 BS AR isolated strain—>7
T NEFN sp. achromogenes ——
A HUABE WY sp, masoucida —sh|ie | s [ A
i Sp. smith

39.0E+5 i

/v

49.0E+5

29.0E+5

19.0E+5 !

WH{E fluorescence value

9.0E+5 1,—,_/_——\\/

60 65 70 75 80 8 90 95
%/ °C
temperature
B 2 #5:HEFRpMDI8-vapASEit E 8 PCRIG R BH 2
Fig.2 Melting curve of Real-time PCR for
strand plasmid of pMD18-vapA

HCHAEM R KR M E mbrfE M 2. Arukth &7
K y=—4.8345x+42.535, X ZRER>H0.998,
JEORLH D1 % 5 PCRAY CH{E 2 [a] 52 B8 R 4 il 26 1
KFEo
23 REE®RM

DL TOF% He B2 A0 B2 5 8 11 JU0 R A o Ay A5
M, FIH AsV-F/AsV-RB| 95 53817 % HLPCRAI
Real-time PCRY™ 14, DIRIN 77 ik i REE . 458
W, SEI 9% E R PCRJT VL N 5 41 Sk HEA T4
M, R IR I BR Sy 3488 DL /WL (1 3); T H R
PCRYEME AR M B N 3.4x10°% UL /uL it RE WL £< 3 H
(4515 (1 4), 1EMRIE M 3.4x 1095 DL /Ui (1) 4515
SERERONAR , Rl LAE POk E B PCRAY R
HURE W FLPCRYE; 100047
24 ZRIRAXEEPCREESMHNH

A3 LA 10°~10"F% DT /W45 61> 9 56 I 14 Jo
PR al AR, BB EER OGN E R, #T
ZH ISYBR Green 12¢ Y. PCRE & 43 #r, 1155 H:
CtMJfE . bR 25 AR S RA(F22) 0 A i IR
F10°~10'$% DL /ULIf 34 E 2 (I CHE AR — B, #5
HEZEH0.175~0.477, B 5 RZEH0.57%~1.80%.
Guita R, ARSI SYBR Green 15

16E+5
15E+5
14E+5
13E+5
12E+5
11E+5
10E+5
9E+5
8E+5
TE+5
6E+5
5E+5
4E+5
3E+5
2E+5
1E+5
0

2 6{H fluorescence value

12 16 20 24 28 32 36 40
TEIRE/IK cycle

0 4 8

3 ELMRAEEPCRRHERMER
1~6. FURLFERE A 10° 10°, 10%, 10°, 10°. 10'#% Dl/uL
Fig. 3 Sensitivity of Real-time PCR for detection of
A. salmonicida
1-6. plasmid diluted to 10°, 10°, 10, 10°, 10, 10" copies/uL
bp M 1 2 3 4 5 6 78 9
2000

1000
750

500

250
100

4 EBEPCRREERNLER
1~8. JFURLA B 910°, 107, 10°. 10°. 10%. 10°. 10>, 10'¥% Ul/uL;
9. [ 14 X He

Fig. 4 Sensitivity of conventional PCR for detection of

A. salmonicida
1-8. plasmid diluted to 10°, 107, 10°, 10°, 10%, 10°, 10%, 10" copies/uL;

9. negative control

B¢t & B PCREGIN 5 i & My, W ikfrfa
FE . AT FEAS I
25 LR EEPCRIEN S ENHALER

I 7 52 56 g ST 1) A ek A< T S B O e
PCRT#, X AT Y1, 317 dJF () oL 65 A |
M. & B REE s TR, RN, TEAE
R R AL SURE S b, 3 B 4 RN IR 0 2 3 AT B P AR
H(FR3). MR T ST i A o il 42 BT AR S
i FE R 48 DL (FR4) o H LN T 43 28 4 45 R
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=2 LIpMD18-vapAE 4B B R AR EE IR AY
ERR K EEPCREE L
Tab.2 Reproducibility of pMD18-vapA standard template
in Real-time PCR assay

¥ DUE/(3 DL/uL)  copies

Bz P R RM%

concentration gradient 1 5 3 b2 (&%
SD

3.4x10° 13.82 13.55 14.04 0.248 1.80

3.4x10° 18.20 18.71 18.89 0.356 0.94

3.4x10* 22.25 22.59 2251 0.175 0.78

3.4x10° 27.08 2636 27.07 0.412 1.47

3.4x10° 32.95 32.69 32.58 0.188 0.57

3.4x10' 38.02 37.06 36.98 0.579 1.55

#3 FOHRENTOEEEPCRENE CHE
Tab.3 The Ct value of Real-time PCR of infected samples

FEECHE  Ct values of samples

RERTAE e

samples 1d 3d 74
i gill 4.60 471 7.93
i liver 1475 33.42 34.29
i spleen 5.43 5.81 7.43
k"% head kidey 6.17 6.08 6.89
JfiE  intestine 4.89 5.97 8.32

4 FHEMERCHERT X R EE M N
Tab.4 The gene copies corresponding to Ct value by
Real-time PCR detection

CH{ES S22 PR )75 DL/(#% IL/uL)

RAASRE the gene copies corresponding to Ct value
samples 1d 3d 7d

i gill 1.7x10° 1.7x10° 3.8x10’

T liver 1.6x10° 2.6x10° 1.7x10°

it spleen 1.2x10° 1.1x10° 4.9x10
RH ead kide: X 5% 2%

L% head kidey 8.5x107 8.5x107 6.2x107
i  intestine 6% 6% 2x

Jii 1.6x10° 9.6x10’ 3.2x10’

R, PR I AR O R BT,
AAEH] T %S P E fEPCRAYHER T

3 iR

SC R 2¢Ot E B PCR4Z AR 5 %38 PCREE R AH
He, ALY DNAR M 2 &, [RS8 B R
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Wy AR R L R R R R RS ek N S
I TagManfE 417 . SYBR Green [ 4epbikFl
SRR E R LA I R A kAR
HTaqMan-MGBFI /> TG bR A, #7 T2FP %
XD B Y 52 I 9O S PCRAG N 7 2%, 280 Jr
AR PR AR A S 132 CFUMLE R E . =5
45U VR] F TagMan®é ' 2 1 PCRIE A I A P84T
# (Erysipelothrix rhusiopathiae), F A% BEF I £)
7642 D1 /uL; Z/NFEZUIRIFSYBR Green 1966
AR 22 2 AR T, e fIRREAS N 360 CFU/mL;
F [ R AZ"H] I SYBR Green 1% ' 1 925 46 )
i G B (Nocardia seriolae), ¥ il 53 4% v] ik
10° ug/uLADNA . 26 mPCRIATT DL 5 £
EPCRE A A, W [EHE & &M ZA 3 H
B, —WKPCRIN AT SE L ZA Rl H iy, #oRHE
TR R AlperifE PR HE 165 rRNAKE A
ST T ZHPCRAF ML, ][] B A I A 456 4% ok <
PR TR AR N 3R A SSEUR A . Kulkarni®s ™
WG gyrBIE RN VLT 1R 5 1 5 1 9 1 g R A 3 55
TR B B AR I K DY 65 (Gadus morhua)dF $175Y
7905 10 3 D R B OB M T, 4 R s HE R B
J& %3 PCRAY 104 .

A B S P0 BRR — R D Y SR R BOUR
AR YRR R R C R 2 WAE . E
P55 PR FHTELISAH A 7 1 PR A I 7K A %
fie A BB TR Y g, HAG I R R AT 3k 3 5 A
W/mL, HARGNE A RS S
S AR X o e AR LV N TR i AR TR Y
TaqManfR B 520 A I 77 6, A0 46 5 H
PRI R B R PEAN S Z A AR Z Ak, 5 4n
ARSI % FISYBR Green I Yokl , 5HEH K
TaqMantR £ 5 A T BA A7 L OO0 ER . Kl
TR BT L AR AR A A,
AN 5 A ¥ f EE 20 R JT AR ORIk R L A
O SF TR RL PR 48 DU&, T H R H i B3R Eiopk
TR XIS e A I T 1) T ik B = 5 L PCRZS
R Hr . RT-PCRE & M4 . K 5 v
N FHRBCR VP BT, T AR S50 % ik S48 T 3
ElUERT 8 o TR N M g S I R W B O]
vapAFE R [ TR AR &, M EERRHEIN S, ST
T A S B T S I e PCRAS I 7 o L2 ol
A5 FR 0 A 5 R 0L 300,998, 2 B b S I 1k &
Ko . RE ML, EEANIRERL, H
REPEERI A LRI, 2= /DA R3] 34048 DY
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Real-time PCR detection of Aeromonas salmonicida by
amplification of specific vapA gene

LIU Shuai ¥, WANGDi', LU Tongyan', CAO Yongsheng ',
YANG Chen’, ZHU Guojian’, LI Shaowu "

(1. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China,
2. College of Fishery and Life Science, Shanghai Ocean University, Shanghai 201306, China;
3. Xinjiang Erqis River Basin Development Construction Management Bureau, Urumqi 830000, China)

Abstract: In order to implement the early and quick quantitative determination of Aeromonas salmonicida, a
SYBR Green I Real-time PCR method of 4. salmonicida was established based on the pathogen sequence
information. Based on the vap4 of virulence array protein gene sequence of A. salmonicida, a pair of primers was
designed and used in a real time quantitative polymerase chain reaction (qQPCR) assay. The specificity, sensitivity,
repeatability and application of the system were also evaluated. The results showed that A. salmonicida and its
subspecies can be clearly discriminated from the other 10 bacteria species by SYBR Green I Real-time qPCR,
which indicated that the primer pair has good inter-species specificity. The standard curve established by
recombinant plasmid showed a fine linear relationship between initial templates and threshold cycle, which can be
described as y=—4.8345x+42.535 (R’=0.998). The sensitivity analysis showed that the detection limit was
34 copies/uL, which suggested that the sensitivity of Real-time qPCR was about 1000 times higher than that of the
conventional PCR assay. The established method was applied to detect the samples in rainbow trout after artificial
infection. Results showed that 15 of those samples were positive, which had complete agreement (100%) with
bacteriological analysis by isolation and culture. In conclusion, the developed Real-time PCR assay for 4.
salmonicida is fast, highly specific, and sensitive. This method had a broad application for clinical diagnosis and
disease surveillance in aquaculture.
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