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Hyper-Branched Rolling Circle Amplification Assay for

Detecting Aeromonas hydrophila in Anguilla rostrata
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Abstract: A novel detection for Aeromonas hydrophila with hyper-branched rolling circle amplification
(HRCA) based on padlock probe was established. A conservative sequence of the unique gene of ARE in A.
hydrophila was used to designed the padlock probe and universal primer pair. The detection conditions were
optimized. The result showed that padlock probes were linked with the target sequence of ARE at 16 °C for 1 h
by the T4 DNA ligase, then amplified at 63 °C for 1 h. Finally, the strips of amplified products were effectively
detected in electrophoresis. The strain of A. hydrophila was positive in HRCA, while 7 other contrast strains
were negative in the assay, indicating that the assay had high specificity. The limit of detection was 1.0 x 10°
cfu/ml, and the sensitivity of this method was higher than that of immunoassay and conventional PCR. The
HRCA was used to detect the muscle tissues from Anguilla rostrata infected artificial with A. hydrophila. The
result indicated the strips were obvious. In the detection, the expensive PCR instrument was not needed be-
cause HRCA could be carried under a practically isothermal condition. Moreover, boiling-water-extraction of
DNA in real samples simplified the steps, and the method had great potentials for the detection of bacteria in
the fields of aquaculture.
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0 3%

WKL (Aeromonas hydrophila) J&—Fh N LB AYMGIEE , HAFTEHE )T, AE&E N 2
FAABE, R, ., FIRYY, [ RE SO, AT SR A K IR A B
WA RN PN, 1 U™ AR . LSRRI Jr i 3 B A B SR AR B AR ek
EIX 67 P I A S , SRR A2 PRI A 0K o AR I e PR A B RSk, AR R B
SEECLS SR EBE (A PCRIE™) RRER . REBUE R, HEEECNRSRARMNE, RiEA
AR ol 8

T EE (padlock probe) ' 4> A1 (hyper-branched rolling circle amplification, HR-
CA) J2—FMEIRAZIRY SR L . 2O i B, B PR R e SR 5 —xhi a5 14, SR
FH W 5 HAR DNA Sl BAMEZRCER, 38 5 R PRR R e, SEBR i CHR T 0 40 S TR 3
P, AN E SHORE H A o SR AR THET, A 76 P R F 515 B AR DNA 5841 4
X AR T A REAER, s S, SR T | fad™ | el 4458, HRCA i
FRARY Y, AHESS0NE, HEARHRE I TR RY W, JEMREL RS A&,
AT ULVE IR . AW E YO HRCA 0T 7K 70 JE T W K SR M B A, 7 S Pt it ) 42
Wb K, il T AREE R,

1 #Rl5HEE
1.1 KB S(EE
1.1.1  SCEGRERR

WEZK ML BLL 73 Tk 7L B84, I 28 Biolog A ZhA ML E REGE (Genelll) %5E Jy g /K A H
FOBE o R S 5 USSR R R P E T B SR 0 (CETC)
112 F2H

2R BE A 41 DNA S50 & (GK4003 - 100) Wy H b bEsm A=) TR AT PR R]; T4 DNA % 4%
fiti . Bst DNA B4 . Exonuclease [ . Exonuclease I . dNTPs J [ 3£ [E Biolabs A% ; #i=UH4T Mg
Yo BiAE TAEY) TR W) G .
1.1.3  FEAUL

HH - 21 -4 - S fHIE/KEHRIE A AR5 GelDoc — 12 310 BER MU FSERE UVP A F],
1.2 SEWFHE
L2.1 3R RGBT

VEHL— B /K S B B A 19 AER JER T 51 (NC_008570) *' | % F Primer Premier 5.0 } Oligo %k
PERHHRED, BRET PSR I 9 SR BRI AR A (R 1, Bl RS R 1)
PREF T B) 1Y 7 51 R 5 RS /K SR 7 S AR 25 AR I BT MSTN i i) — Bedki e M 54 Ry i 427 91
Mo RG] (R 1, SR /NG F 8 51) o SRl TheMFold (http://www. unafold.
org/hybrid2. php ) FHRET 95K, LIS OR — el e i/, B Ik &R G r A8, R RE Y 5 S
HEATRERR A, T IMUS PR 37 S Im i AR Sk & o X IREF B xE T 19 PL AT P2 F RS
Y4
1.2.2 DNA #2£H

ML PR 2 DNA SO & B i T840
1.2.3 &N

10 pL Ay WRWIKRZ. 10 x T4 DNA ligase buffer (50 mmol/L Tris — HCl, 0.1 mmol/L. EDTA |
1 mmol/L DTT, 50% Hi#) 1 pL, 400 U/pl T4 DNA ZEHEE 1 wl, 250 nmol/L #£4t 1 L, DNA Fifi
2.5 wL. FIEEAGEKINE 10 wl (KRLE 16 CFRR L h, S5 65 CIHE 20 min 565 1.
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F 1 BIRE RS9
Tab.1 Padlock probe and primer sequence

Ry JFH(5' -3") KE
Name Sequence (5’ -3") Length/bp
IR E TTTCAACGACTGGAACTACCGGtggctcacaaagtcctgettatacctigaccatggtactaCTTCGTGGC 102
Padlock probe TAGTCTGTGACAGTCCCAGGTCCAACATACG
5|4 Primer P1 TGGCTCACAAAGTCCTGC 18
5% Primer P2 AAGCAGGACTTTGTGAGC 18

1.2.4  SMIfgab 3
HERE VAR DI A VL EEMBREE DNA, S7Ey 0l e b A 55T, W RE BRI RS

SR, R Exonuclease If1 Exonuclease TI% =4 f AT AR, Bk 25 1% 4327 ) h A BUA U4 AT DNA 458
e, 20 pL BEUIARZR . %8779 10 L, 20 U/pL Exonuclease [ 1 L, 100 U/pl Exonuclease I 1 ulL,
10 x buffer (67 mmol/L Glycine — KOH, 1 mmol/L DTT, 6.7 mmol/L MgCl,) 2 pL, FJCHE MNZEKENE
20 wL, EEYIARZR 37 CRii2 h, #RJ5 85 CilRE 20 min 515 1EEH]
1.2.5 HRCA ¥"'34 ) b

HRCA JZ W i) 25 pL §" 84K 2. ZAh U1 EEAL BRS A9 779 4 ul, 10 pmol/L P1 1.25 L,
10 wmol/L P2 1.25 pL, 10 wmol/L dNTPs 0. 75 wL, 4 U/pL Bst DNA &7 1 wL, 10 x Bst DNA polymer-
ase buffer (20 mmol/L Tris — HCI, 10 mmol/L. KCI, 10 mmol/L (NH,),SO,, 2 mmol/L. MgSO, . 0.1%
Triton X =100) 2.5 uL, JHICHERGEK#PZE 25 wl, 7E63 C TP M 1 h
1.2.6 1 WyBem s ik

IS pL HRCA W] 2%  (Biiesr %) SilabEr ki, Wb sedut, SONERUR RE AR T,
1.2.7 HRCA KU 5 51

SR ECT BIVE AN (Vibrio parahemolyticus) . IRZEZEAETH ( Edwardsiella tarda) . 4%
SEMITE (Aeromonas vickers) . VEFEINE (Vibrio alginolyticus) . WS4ERINE (Vibrio harvey) | F=R
TEIAKE (Klebsiella oxytoca) . ZEFLINE ( Vibrio cholerae) 7 FhEkE, XILPHE G IR EETE, &F
*fiif%ﬁﬁzﬁfﬁﬁimﬁf: RN 1 x10° cfu/mL (YR S5, $EECDNA, $HR kB IR AT 8 . W
VI ¥4, #6417 HRCA K, [ ARG /K SCH MR B bR BLL AR BHPEXT IR JC TR X2 KA 25 R
i Fﬁ%ﬁﬁ 2% (BT 7050 SN EE e r DR ASEI
1.2.8  HRCA il iy R

PR K AT BIL VR BATERS, WEALBbR, HIMER 1 x10° ofw/mL (BB FH0.9% (1KFL
HO I TETE A RO K B P RO T 10 B EERRRE, TR 1 x 10 cfu/mL, WORFEFRREEE Y
FRITRAE DNA f 5, 78 1 %107 ~1 x10° cfu/mL JEFEI P #EFT HRCA A5, DI HRCA KA 2 (R
{505
1.2.9 HRCA SZFREE SR

B SE Y SEM B2 (Anguilla rostrata) ZYVRACEE 3 d J5, KWK MR 0.9% (AFLH50)
JCT A AR KRG BN 2 % 107 cfu/mL, 7 55 5] 68 B 5 I P4 Hﬂu‘u‘z 1 2H HE 5 0. 9% G i A i Eh
KT OIS AL 7 IR R 0 0B, BOE 0.5 g WUAZLST, S1HR Mk MAA1O min,
B LS 25wl TR

2 #R
2.1 FE/KSERME HRCA 1k REYE LRI
211 BRI E
HeR 1. 2.3 AR BERIREHERT R, B 6 A BGUAREEIE 451 25 pmol/L, 250 pmol/L,
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2.5 nmol/L. 25 nmol/L ., 250 nmol/L F12.5 mmol/L, EZER N JGHKIE 1. 2.4 Fi 1. 2.5 2 BHFTHEF S
HRCA P84/, FPig i k& R DU 1 Y EREHR 2 R T 85 T 25 nmol/L i, &4l 5o FEAHIUE I H.
MW AR TR, BIK SR EARE AR, IR 25 nmol/L VR SO A& R B HREH R FE . LA,
BEIR UK A R BRI, ZRAF RIS 102 bp AR, X UEBT F Ik O 45 51 5 B (H 2 —
.
2.1.2 HRCA § 3355 i 2

HRCA [ ARl 38R B2 A 45 R DL 2, TREER 51 CR1 54 CE, B 44405 57 CHE, JFIRA
St A, BANE TG 60 CHI63 T, ZAFHRCNIEMW ; 66 CIF, F IR, BABERRZN
PR R EE 63 CAE Y G HIREE

M 1 2 3 4 5 6

bp

500

250

100 102 bp
M—DIL2000 43 T FRic;1~6 A+ 2 43 51 M—DIL2000 4+ 7 ki ick 5 1~6 [ K7 i J& 43 1

25 pmol/L 250 pmol/L.2.5 nmol/L .25 nmol/L, 51,54,57,60,63,66 °C

250 nmol/L. 2.5 mmol/L. M—DL2000 Molecular marker;temperature set for
M—DL2000 Molecular marker;probe concentrations for 1 reaction 1 to 6 were 51,54,57,60,63,66 °C , respectively
to 6 were 25 pmol/L, 250 pmol/L, 2.5 nmol/L, 25 nmol/L,

250 nmol/L. and 5 mmol/L, respectively 2 YHMENEEMLER

1 RSREAULER Fig.2 Optimization of temperature for
Fig.1 Optimization of the probe concentration amplification reaction

2.2 HRCA #iNMFRIELER

HRCA PRI Zs SR WL 3, 8 BRECIR AR, HA MK M B1L AT DG iy, Hax 7 #k
X} IR R AN GEAS o X BT, HRCA KA 22 ] LURE S A M g /K SR vy, 4 e R, 3E
FH W8 7K S M T RS

M 1 2 3 4 5 6 6 8 9 M 1 2 3 4 5
bp
2 000
1 000
750 —
500
250
100
M—DL2000 43 T #5 i Molecular marker; 1—"& 7K /< 2 il B A eromonas M—DL2000 43 F #% it. Molecular marker; 1—1x
hydrophila; 22— %5 1L I8 B Vibrio Parahemolyticus ;3—iR 2% % i 48 [ B 10? cfu/mL;2—1x10° c¢fu/mL;3—1x10* cfu/mL;
Edwardsiella t(1rda;4*?ﬁ§ [C S A M0 T Aeromonas vickers ,5*(1”7‘ B ] 4—1x10°cfu/mL; 5—1x10° cfu/mL

Vibrio alginolyticus ;6—"W5 4% [C K B Vibrio harvey; 7—7™ TR 3¢ T A [
Klebsiella oxyLoca;S—é HLIKE Vibrio cholerae ;99— 7&K ddH,0

B 3 HRCA &4 R I IE B 4 HRCA ZMREERIE
Fig.3 The specificity of HRCA Fig.4 The sensitivity of HRCA
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2.3 HRCA #ifllf) R B4 8 M | 2
HRCA #0953 6508 S 23 S LI 4, L
(TR E W 1 x 10° cfu/mL, 7EI%HE B I AT 1)

RS, (RS, ATk e
GRA L, WBEEAE 1 x10* ~ 1 x 10° cfu/mL i},

ACHPTIG AT 0. LAY PCR RS T BE RS
MF] 3 x 10* cfu/mL"™ 250 —1

2.4 HRCA SEERHE N4 R

I 7 A P T e S A 0 1 ) 52 6 2 00 =
(ULIELS) FeM], B i 2 i 68 Bl RE: 5 45445 1
AT, ST I A B K B SRR A 050 —
HYBR . SSCHE B HRCA 2 Bl f15 M I Y fr 68 fig 1 5
e RGN L R K SRR, I T T K A
B R G

100 —

M—DL2000 43 FHric 5 1—J8% 5L (1) 5€ ] 68 figg 6 s
N, 2 {3 D 8 B 7
3 .Ld-.L/E e B A 92 M AR i

e N N . e . M—DL2000 Molecular marker; 1—sample of infected Anguilla ros-
{&iﬁ:?}l‘ i KTL\ J\"J & 7" 'ﬁz *ﬁ T I'EJ[JI J?t ;j:fk %1_ Xd‘ H )F/]( trata;2—practical sample of healthy A nguilla rostrata

DNA PSS &1, P PRET S r Sl 427 B 5 SIS HCRA K% R
YIS HEEG 0 H AR T8 55 4 B AN A, T4 DNA Fig.5 The HRCA assay result of practical sample

TEBEMEA R B RAT ML, 25 — D IEEAE D, AR TR AT, TR T A I
OSSP, AN, HRCA A6 4 52 B R 7 e R R B R 7944, 3R AR XS HAR DNA R8I/ 79"
1 R T A5 Y, R R B MBI T SRR ] R T I B Y AT OR T
EEE, A B TR R EUE

T HRCA B9 14 A2 BRRIRER , DRI A R 2k M 251 A0 bR DNA 297 894 72 2R 35 505
F, WM REE, MIEARHSTINA T Exonuclease 1 Fll Exonuclease I, 45 M Hu R i35 T R SR 1Y
BEEIRAT P RIR R B DNA B, AR B B R ST B0 XE HRCA Rl 2 C |3, ik
AR, REREIERER D, SECHRCA BRI SR, S A A0 S 5 e g 7K A B0 B F B0 S ik vk
W, AR SE A, RS RS B, AK I B AR S 25 nmol/L, HRCA fY 1 i
i, B BN R R B R R R R . R ih T4 DNA SRR E . T4 DNA 324
RIS S TR, AR G A, RS S N LB 16 °C . TG S LR 2 1 Bst DNA B4
T ) B0 S 07 R P 2 1 o SCRAIE I, 7E 60 °C 1 63 SCINF, 44 Jo M, T AR T UM L R Y
WA 6 B 4 AT IE, B 60 ~ 63 °C g Bst DNA SR A MR BIEIRE . Ik, AWFFE k63 C
i HRCA SR 4 R %

PSS T 2T B M g K A M T, AR ARG R AN SR F e s, oA R i—R
RS RS, E S T 5 I —— T A B S A IR AR . T PCR ik,
PHOAR ) B B el F A, T B AR IR 5 AT 2 8 PCR, 3R T 3Bk G ™ £ 22 8 PCR {5 FH A
RIS AR SR R B IR, TSR HRCA YRR /K B, HRBUE R 1 x 107 cfu/mL,
5 TR 4.0 x 10* cfu/mL" Fl PCR 3£ 3 x 10* cfu/mL" 5 If HRTEE PCR X, RAMERKH
FRENAT BTG, ORFIL T AT BeAh, AREST PCR 5k, BURHRE B HE SR IE i) % 12
JFIIAEEHR T, XA R B FRF 903 R AT 5, BIa)— %t 51 4 1 2 At >, T
Y RGN, IR T 28 PCR HEAT 2R 1 R I A A RS
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it
ARSCHYBIH HRCA ST 7oK BRI . 00k R T L RF Sk, R AL 8

AN B SR, A T BEAEA IR A I A T A B R o BT IR RO AT, SR ER BT AT
IAR S b (] 45 P 5 Bt — Xl 5 14, SRR B AR 21 B0 R e 51, SeBl 2 plok™
o S 1) Rt RGN R T A M E R S AT T SRR BE R RTIY  PUE L R s vk
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