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MR 9 Fh (12 BF), Hir 4 bk ARS8 = 5 5
TRAEtR, AR B 55 EE RS SR W 4L 5 (Ameri-
can Type Culture Collection, ATCC) Sz H [ #iL 7 1%
F W) 458 .0 (China Center for Type Culture Coll-
ection, CCTCC), WG BIHEILE 1,

YA 3L R 2 DNA $EEGRR & | B it &
FALG/ AN/ LB 20 DNA BRI 6 M Tk
B & A RARAE AL RHE A BR /A 75 thunderbird
SYBR®qPCR mix il £ [ H A& TOYOBO A l;
PCR HI5GIKH] . DHSa B2 40Me . pMDIST #k{Ak
W HEAY TERRE)ARAR, SR &1 H
% % (Ampicillin, Amp)35 3 HLGUAE Y2700 B &
IR IR A ) TR IR TT AR, Ry &
1906 B R A5 4 MER AR R R A B R S8 A
1.2 FHik
1.2.1 51#¥i%it A4 GenBank | & [CHR/R AR
B FIE rupACE RS AY576529.1)/F 51,
% Primer Premier 5.0 #X{F¥iT—XHEFMES 1Y)
(YRI-F/R), 5|¥J¥%]: YRI-F 5'-GGCGGTTGGT
ATTTGAC-3’, YRI-R 5-ACTGACCCAGCAGGA
TG-3',

1.2.2 S|94RMRN  FH4RE R4 DNA
PEHGAR GHRECE 1 12 FRUIE DNA, FIH

1.2.1 B F R 514 YRI-F/R, DL 12 B 40T 5L K 41
DNA Mt #E1T PCR &34, [AIRT5 57 B4 X I

PCR SZW A& Z: 2xPCR premix 10 uL, 10 pmol/L
51945 1 pL, DNA it 1 pL, WaikFh e =
20 pL; PCR SR 2540 95°C HiAE M 3 min; 95°C7E
P£30s, 53°CiE k20, 72°CIEM 5 s, $L35MEH,
72°CHEM 5 min, PCR ZHJHL S pL £ 1%5ii5 b
EERC VKA I 5, 28 B AR 2R e UG IR AE -
123 #lERAIRER LIS CHER AR E L 4
DNA MR, FIH YRI-F/R 5193514 rupA K
H AR B, #5488 fr s PCR =9 Wi a2k )
5 pMDI18-T #f&F 16°Ci%EH: 3 h J5 ¥4k 3] DHSa
JBAZ MM, WAAES 100 png/mL R HEFHR
(Amp) LB ARG FEIE [, 37°CHiFF 24 h; BREUR
V&R T 10 mL % 100 pg/mL &% & % K (Amp)
LB IR IA SR 373, 37 CRE% 15 5% 10~12 h, i BTk:
PRI S BTk, W P & PCR 1G4 5
PH: SE %, SRAS F 4150k pMDI18T-rupA, &
S AT L4306 BE 1IN R v B A, JFAR
P BE IR B FETH R B AR B BRI 5 %) DNA 5
DUk, BoRiEE DB AR

JORiHE DUEL (copy/uL)=[ BRI BE (ng/mL)x T fr
PRB(UL)x(6.023x 107 )]/ AL JE (bp)x660(g/mol)]

JRURE A 2 (bp )= A4 B (bp)+ 1 BEK B (bp)

1 #HAEER
Tab.1 Bacterial strainsused in thisstudy

T ¥k 44 bacterial strain $i T 4 scientific name a5 code KU source
LR R #R Yersinia ruckeri BH1206 *
BRI Edwardsiella tarda ATCC"15947 ATCC
W 7K A BP L T Aeromonas hydrophila ATCC®7966 ATCC
AR BL R T A. caviae CCTCC AB98034 CCTCC
TR AT A. sobria CCTCC AB98043 CCTCC
A% i S P TR I 8 T e A. salmonicida subsp. achromogenes ATCC®33659 ATCC
A% B S BRI TR A H A i S A. salmonicida subsp. masoucida ATCC®27013 ATCC
e IGAR A TA Pseudomonas fluorescens RT-PF-01 *

4 RSP D A. veronii ATCC"35624 ATCC
4IRS A. veronii VER204 *
ERINC IR Flavobacterium columnare G3R19 *
WEYR BT TE F. pschrophilum G3R20 *

Note: “*”means the strain was produced by our laboratory.



1256 o K R 2

%24 %

124 WHEE PCR yiEZKHMUALMSIMER
T BT AR EREE N 0.2~1.0 umol/L,
DLW A2 S B e A 5 I vk B T ST U B R B
59~65C, A4 0SB 25 L,k U (AR R EE,
PASRAR B /N C BRI {149 S B 1S T

FIRARE AT 1R 2 RN S X3 1 v 12 BRI
i DNA f# ] SYBR Green I real-time PCR J5 £
ARG
1.25 (REMEZMERESERN IHWEEH
pMDI18T-rupA 4 Bk A S A S2 50 AR i, ik
1710 e BERR BE A R, LFRRE O BRI, R
A3 195 R B PCR RN A5 (A iE 4T 9 ' R 1 ) v
ST DA TORL S DUEOWBUE R x ST CE Sk y il
) qPCR FrifEphk

BRI 28 T 2 PEASI . e BOH #E 4 ) pMD 18 T-
rupA 4 RIFR R 6 DERE, BEER 3N E
82, WEAF—KER T 3 NEEM Y,
T LUAH [R) bR o 1) R A A AR, T8 A [R) ) 8] Btk A 7
3 S A Sl it C(E AR S R B bR v IR 22
/A EO T IR T R EE M
1.26 REMEHRN 4B 10'~10° copy/ul &K
B JR AR B AR E i 1 uL AR PCRAEAR, [R]A 147
qPCR FI'H #il PCR 473, # &L PCR ¥ 34 =4 ffi H
1% 1) B B AR 05 M FEL YRS DU - 8 e i A%, 31355 2 b
J5 V5 BT Re A It Y B AR R B, LR AT 2
Foft 7 3 1) R
127 9PCR #MlAEMEA FIHEWKE R
2x10" cfu/mL AYE [CHB/RZR S 100 nL/BA T
JE TS AT 68, 435 TI#EE S 12 h, 24 h fl 36 h
SR MR . B R 2, REORE S
K41 DNA, #17 qPCR Kl [FIET, HUSYs a4
HAWATHERME & K maife, JFe
FRAE A A E 16S rRNA FEP F5]

2 HERE5HH

21 SRR IE R
W38 PCR Keillzs 3B, YRI-F/R 519A 1R
HAYEESE, AT USRS 1 [CHR R ZR T 192 bp

(1 rupA & A H A9 B, i b 11 R
I ICPH Y3 (K 1),

bp M1 2 3 4 56 78 910111213

2000
1000

500
250
100

BL1 5 S A 2

M: 73 FiibRifE DL2000; 1: & [RHRRARH; 2: RS fife
[CTA; 30 PEZKASBMTR; 4 KRS, 50 TR S
6: AHBE MG T EEF; 7 R EES AR DR H AR T D
8: JOLMAANIE; 9: 4ERPAMED; 10: 4ER AN
H@; 11: HORTEFFE; 12: WBREFTH; 13: PAMEXTIE.
Fig. 1 Detection of primers specificity
Note: M: molecular weight marker DL2000; 1: Y. ruckeri; 2: E.
tarda; 3: A. hydrophila; 4: A. caviae; 5: A. sobria; 6: A. sal-
monicida subsp. Achromogenes; 7: A. salmonicida subsp.

Masoucida; 8: P. fluorescens; 9: A. veronii®; 10: A. veronii®;
11: F. columnare; 12: F. pschrophilum; 13: negative control.

2.2 FRAEMBIEHIME

4 TR pMD 18 T-rupA 28 48 43566 B -
E, WIEN 78.92 ng/uL, 4 FkLHE NEGHE AR
el 5.7x10" copy/uL, LIMAE Ty BEbRIE S o
2.3 QgPCR &4k

LS, B 9t it PCR KR K
thunderbird SYBR qPCR mix 10 pL, 50xROX 0.5 uL,
YRI-F/R(10 pmol/L)4% 0.5 pL, #&AR 1 uL, #h5eif
afiK % 20 pLo RN AR 95°CHEE 30 s; 95°C
5P 10 s, 60°CIR K 20's, 72°CIEMf 10 s, 40 4
PEIA
24 IREMZNMERESH

FIFEAL RS SRR 2R, X9 A~ 10 £ 465 B i e
FR 2 B AR UE D (5.7%10°~5.7x10° copy/uL)#EA T,
N RS VBN BUE S C AR ¢ R 192 SR
L . mE 2 druEdZ R, B AR v i 2 e
5.7x10'~5.7x10® % D1 Koot % 1] C(HLM: B 1.
ARSI AR bR AE N & R y=—-3.3766x+40.012,
R’=0.9958.
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Fig. 2 Standard curve of qPCR developed by using the R 'g %zg I
plasmid of pMD18T-rupA ® 2125t
S1.00
2075+
0.50 |
025

0
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VEHL 5.7x10°~5.7x107 copy/uL 1) 7 ANk BEHS
FEHATHNE LR, BRERE R 3 D
B, R COPBIME . FESERFBGEE 2)., 4R
LKUPRES 3 DNEEM CHA 3, Frifi2E(SD)
£ 0.058~0.883, ZF5F RE(CV)LE 0.410%~3.364%.
SCGE IR R, WAL qPCR Kl Jy vk B2 M
b, FIHEATRRAE . AT REAYASIN

# 2 Dl pMDI8T-rupA BEH ik iR ERAR 1

qPCR EE LK
Tab. 2 Reproducibility of pMD18T-rupA standard
templatein gPCR assay

— v —

/(c?;)ﬁ?jlud h C fofflf fsllc(:)‘wing ﬁ:g{iﬁ Qﬁiﬁ/%
standard number of standard
5.7x10° 11.03 11.12 10.99  0.068 0.620
5.7x107 14.22 14.12  14.13  0.058 0.410
5.7x10° 16.30 16.30 1595 0.174 1.079
5.7x10° 20.94  20.14 19.84  0.457 2.260
5.7x10* 2495 2454 2325 0.883 3.364
5.7x10° 26.99 2774 26.67  0.550 2.026
5.7x10? 31.79  31.00 30.60  0.605 1.942

26 TWHEE PCR REEHKN

H1 5.7x10° copy/uL ¥ JERIA 9 4> 10 f54H
JERE R E bR iEE A BB pMDI18T-rupA 73
MZemT LAE (& 3), A7 30t 5 40 Bk i) B Ak
MFR A 57 copy/uL,

FHH L PCR KGIMES SR mT (&l 4), ARbR R
M 5.7x10° copy/ul LA I AT WO H i 4, 1
M 5.7%10% copy/uL I A I,
27 gPCR®MFEMNAER

Ye#E 14 h Je Ao 85 5 46 HF 90 68 2% 70 1 S AT
[TZLRE AR, 24 h RO HBRAE TS X JER gLy il T |

0 24 6 81012141618202224262830323436384042
YEIRE number of cycle

Fl 3 SYBR Green I qPCR 7 {8 460 45 5
1~8: BRI B9 10° copy/uL. 107 copy/uL. 10° copy/uL .
10° copy/uL. 10* copy/uL. 10’ copy/uL. 10* copy/uL .
10" copy/uL.
Fig. 3 Sensitivity of SYBR Green I qPCR for detection of
Yersinia ruckeri
1-8: Plasmid diluted to 10* copy/uL,10” copy/uL,
10° copy/uL,10° copy/uL,10* copy/uL,10° copy/uL,
10% copy/pL,10" copy/uL.

bp M 1 2 3 4 5 6 7 8

2000

1000
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500
250
100

K4 B PCR M K 45
M: 4> FEARiE DL2000; 1~8: FrhifiEe A 10° copy/uL .
107 copy/uL. 10° copy/uL. 10° copy/uL. 10* copy/uL .
10° copy/uL. 10% copy/uL. 10" copy/uL.
Fig. 4 Sensitivity of conventional PCR
M: molecular weight marker DL2000; 1-8: plasmid diluted to
10® copy/pL, 107 copy/pL, 10° copy/uL, 10° copy/uL,
10* copy/uL, 10° copy/uL, 10* copy/uL, 10" copy/pL.

KB O R R T4 S L IR SR . dlife, TBER
SEWLEE B SPES [ PCR 45 S 1 26 WA {3 b fid Jeke
Y (1 B0 PN B FRHR R AR o O T B0 IFAS S50
SET RIS, 00 AN T ) B BT T A5 2
LU AR R, XN TIRYLS 12 hy 24 h Al
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36 h FUATEERF . 9. B Rk T qPCR K,
ER R, 3 PRI B AR AE RS R S R 4
R EBHMEAE 5),

bp M 1 2 3 4

2000
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100

K5 ITESNCEE R 3 NSV BT
HBZR ZR B PR 9 PCR A&
M: Jr FipRfE DL2000; 1: JFALZUN B AN 2: IALS4y
BSANE; 30 WU BN 40 FIVEXS R,
Fig. 5 Detection of Yersinia ruckeri challenge strains

M: DNA Marker DL2000; 1: strain isolated of liver; 2: strain
isolated of spleen; 3: strain isolated of kidney; 4: negative control.

BEL M B A MR TP E & PCR RS
MR FRER 5 DL ER 3,

3 e

APk, i 5% S5 fif il 5 5 R 6] AN I 7 S5 A
£ FCHR R AR B ARSI J7 . 2008 4F, Saleh %07
HTFERIRRARER yrul/yruR FEFH ] LAMP
D7 VARG I 0T B8 17 4 2T W B AT . 2012 4, Bas-
tardo 25" 5% ] TapMan J7 v Xof T i (i % . i . 4L
B SR 40 S IR HR /R AR AT T DR A []

4, Keeling 25Uk 45 € [CHB /K 25 1 glnA JE H #E 7
T2 TE TS B A U () TaqMan #8241 7% qPCR
i Ty 3 o AR HP G FC IR R AR A (98 25
B, AR =g s DI Bk 4
USIYE 3 1 0 5 K A ) 2 R 1k 40 T 45 D T f — 28
A IEHIE . qPCR HA BRI | P sk
EUEGE . BN REEE . SRR R
AN W) F B TaqMan 41
5 H1 SYBR Green 1 &G kL . 5 TagMan i4H
Ik, SYBR Green I EEE/ETRIH, AN ERITE K
S BIOAR A, AT T AR TR 59 A R 32 DR (g A 1)
DA AR S 80 3 T b 7 T & IRHRR R B SYBR
Green I 15 SERS 22 SRl 7 ik o

ARSLEG S % GenBank W B & R 106 [CHB/R 7%
B EY), HHUESFIX rupA U — B )
FEXF I A e W _E EFT BLAST K H L 5 1% %5
VERC iy b B, FBZ LR RAE e T8 R HR /R £R
F, B ERRE . DA R R — X 5 [
YRI-F/R, Ff X% 2R K 57 Az W ik T w1 104 7 o A LA
R AR R AR 4T H FL PCR Fl qPCR 5
W, g5 R R AU & [CHR R AR A 2 BH M, HAX
£ [CHRJR AR TE qPCR AT B — A 7= 9 W i 0
PR, X FQHIS /R AR BRI 45 SR 5 B PCR A E
e BB ) — Bk, RIS | 9iE T A ICER
IR AR RGN, SZHG i Sy rupA i R 26 R 4% DL
oS C ERTE ST AR HEIN 2R, AR
—3.3766, HHXEZRE R=0.9958, F/n TR Il %
XTECS Co A Z [RIAH MR R X b v i B & 5K
gk gL, ARiE2E(SD) N 0.058~0.883, 785 R %L
(CVYINT 3.364%, #F— 20500 iy 57 A I 7

*3 FHATHEERBNERE N

Tab. 3 Target gene copies detected in rainbow trout samples

copy/uL
R RE AT YL S5 BE]/h - time after artificial infection
sample 12 24 36
B liver 5.0x10° 5.7x10? 8.4x10° 3.6x10° 5.1x10° 2.3x108 9.4x107 4.4x107 1.3x10*
% spleen 4.1x10° 6.8x10° 4.4x10* 7.9x10° 1.1x107 1.5x10® 9.2x107 1.2x108 2.5x10°
¥ kidney 1.4x10° 3.6x10° 1.2x10° 6.7x10° 2.3x10° 1.6x10° 5.3x107 1.6x10° 2.3x10*
.3 blood 3.5x10° 8.7x10° 6.3x10° 9.1x10° 2.5%x107 N 5.2x107 9.8x10° N

B

N R e BT E 20T,
Note: N indicates that the fish was dead before sampling.
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DG MO HA5 ST SRR AR S0 X 4
HREAS I R GUE K 57 copy/ul, # Saleh Z:l'2di ff
LAMP Jrikkni s 45 8 s h 2y 1 M, 5
Bastardo 21N TapMan FR%T 12460 € FC HR
IRFR TR R AR Y, YT BARHR BT Rl
FCHB/R AR 5% ML PCR R A X L, gPCR K61l
REUE L PCR 1Y 100 4% o % A TR i iy s
HZVRE ST RGN, S BR iy FH 45 R R i 0 vk AT
DAAEA 7 o A B i 38 M . A G ST R
[CHP IR #R R AEFEBE RN R 48, HEURMAEY
BRRER A Se4h, b SRR A e 2P
Uk, T FCHB IR AR PR PR3 A AR T
DU 1A 32 W76 ECHIS 7R 2R B 5 | 7B 1) T iy 4% 21
s AR IC R, AW T POhE i CE AT
P R R P2 DLK, i LA I i SR e o R P )
[CHB/R AR A RNAE R B, DI SEERXT ERM B 4%

AT ST [CHE /R AR T SYBR Green I 52}
JE & PCR KGN J7ik, ol B FAF. B M. I
WRESD DNA DE, 1M Jo /s 46 70 T A3 I Z i
XTANEE R T B R TR . SEPR I HAUR R, %07
2\ DNA H9#EHF] qPCR K 5220 4 h, I H.
AT DAEA T 6 f O AS I, PR A S B A e v B
B RIS M . 2R b, AR Ty % K 7 SR Aot
Tt T 5 iy AR T S 1 R A R S LA EE Y A
Y.
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Development and application of a rapid qPCR assay for detecting
Yersinia ruckeri
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Abstract: Enteric redmouth disease (ERM) is an emerging problem in aquaculture all over the world. ERM is
caused by the gram-negative bacterial pathogen Yersinia ruckeri, which can infect salmonids and several other fish
taxa and cause clinical signs of hemorrhaging on the body surface and in the intestine. Fish suffering from ERM
exhibit exophthalmos, darkening skin, subcutaneous hemorrhage of the mouth and throat, perianal swelling with
yellow fluid, and other deleterious outcomes up to and including death. When ERM appears in an aquaculture fa-
cility, a large number of fish may be affected over a short period of time. Various antibiotics are available for the
treatment of ERM and vaccines can also be used in the treatment and prevention of this disease. Several methods
such as ultrastructural examination and LAMP have been developed for ERM detection. However, these assays are
generally laborious and time-consuming, and are not sufficiently sensitive. To establish a rapid and quantitative
method for the detection of Y. ruckeri, a pair of specific primers was designed and synthesized based on the viru-
lent gene rupA. A recombinant plasmid containing part of the rupA gene was used as a standard to construct a
standard curve. SYBR Green I real-time quantitative PCR assay was established for the detection of Y. ruckeri by
optimizing experimental conditions. The established gPCR method was also applied to the detection of Y. ruckeri
in tissues of artificially-infected rainbow trout. Our results showed that the designed primers had good interspeci-
fic specificity. The quantitative linear equation was Yy =—3.3766x+40.012 (R*=0.9958). The detection limit of qPCR
method was 57 copies/puL, which is approximately 100-fold greater than conventional PCR. This qPCR method
can accurately detect Y. ruckeri in rainbow trout. These results suggest that our qPCR method has the advantages
of specificity, sensitivity, rapidity, and quantification, and can be used for rapid diagnosis of early-stage disease
and quantitative detection of Y. ruckeri.

Key words: Yersinia ruckeri; rupA gene; real-time quantitative PCR; enteric redmouth diseases; Salmonidae; On-
corhynchus mykiss
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