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HRCA F ARt ch 4L Ea] % iR &
YE TRE SRE BE EAR BEE JBE

(THRSE b Wil T 315211)

B OE (8] PREEHRFSTIVIZAT & T2 RatnRl—, EI47M04.
R B o F AL I K IR AR 4 IR Y 34K 2 (HRCA), *F STIV dtATHeik . F Al
A, (7] AR F 4 B3 Jm 2 (STIV)IRA 69 8 B 5 7] Fo 4 KARAT A 3L iE 3 5 51 4 A&
TR M A XIFAT AL F 38714, xF HRCA 9 % 5 B £ 8t AT4RAL, B0dEZ 7 ik Y
B Fde e AR, FRiEF R STIV B R REe) T ampmdtirdn. [4£]
10 nmol/L 4£4t % T4 DNA £ 4 8:4F A 20 min 2R4L, Bst DNA F4-B4 X} 43 20 min 2P
TIRAFARSF A MEOR . B R MK R Y, A SRR EH T, HRCA #6457 3uib )
STIV, Flit HRCA B A AR & 89 ZAE, #aA ) h 49 RAKAEAL & 4 10" # N, @ F AL PCR #9
B FrA 10°HN, R EAHADEGRLETHT G549 R Ak, [4
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Detection of soft-shelled turtle iridovirus with HRCA

PENG Jiao WANG Hong-Qiang LI Deng-Feng® CHEN Jiong
ZHOU Yong-Qiang GU Xiao-Ying LIU Lian-Guo

(School of Marine Sciences, Ningbo University, Ningbo, Zhejiang 315211, China)

Abstract: [Objective] To establish a detection system of soft-shelled turtle iridovirus (STIV, a
causative agent of severe diseases in cultured Trionyx sinensis) with hyper-branched rolling
cycle amplification (HRCA) assay, which provides a stable, reliable and novel technique for
early diagnosis of the disease and identification of the pathogen. [Methods] The padlock probe
consists of a universal linking sequence and the two target complementary regions at 5’ and 3’
ends, which was designed based on the unique fragment sequence of STIV, was synthesized.
Detection system of HRCA was established and optimized. The specificity and sensitivity of
HRCA was determined and compared with conventional PCR. Sick turtles with or without ob-
vious symptom were detected applying HRCA. [Results] HRCA is capable of amplifying
STIV DNA, while can not detect related virus and other aquatic animal virus. The detection
sensitivity of HRCA is as low as 10 copy which is 100-fold higher than that of conventional
PCR. All the detections of the infected soft-shell turtles with or yet without evident symptoms
at early stage of infection showed positive results. [Conclusion] The detection system of
HRCA for STIV was successfully established. It is sensitive, specific, rapid and simple. It can
be used for early diagnosis with good prospects for generalizing in the turtle culture.

Keywords: STIV, HRCA, Detection
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AR I 9% 75 (Soft-shelled turtle iridovirus,
STIV) & Wik B2 HE R T3 B I I b1, S fa i e
BRI —, R BN OB
T AR N o B TR IE JE 5 1R T T2 B OGHE,
IR TR ST TC AR, AR M2 T
PEATBT R FNAL B, 78 5 2 A ELE LA AR . DALk
WA 5 R AOR R e Y AR R S A
DUHEA, XF FRFE MY R Y DR 4G T AR B
MEAEREZ . HErE Sz iR Jr ik 3222
4 PCRA | iz PCRP| Xdisfe.ts ELISA At
DU B [ B i e YA 2 B 5% 48 A ) F St o
Ot PCR XS STIV TE P BT R o 15 258 s
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AT TR {E 3 2 5 5 AT A — R ) A,
i PCR %Hlﬂ?ﬁﬁéf PG RBUE AL, #2U PCR
RPEZBEAPRR, EAAEERTHE " IRPCRY”
GRS 5 3 ILKJQEI’JIEH ; ALIel> ELISA
R 5 2 R RS WAR , (H2 Pl s i 4
IR B M RN 24 SR e S, () At P A
S o 1 i — 2 BB B P 45 2R T 552 i 2
PCR AN A R e o LA I 5 YR AR 5 22
FEE A EE PCRAY . AR AE,

B Y 5 H K (Rolling circle amplification,
RCA) T & e A i) — P e il A R 4 U7 1%,
FEAE = AR S | s R AN S 4R R M (A A
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PP SE R IR A8 ) 7RI I LAR h i i 5 [ AATTHY
TR, JFBOR B2 L F T FEREHIT 58 F1 S BroAer
Tl RCA s A4t (Padlock probe) )
HEREANERE S WISy o BRI 5/ 3
Ui 45 S 1 P 5100 il o [ A e 1) 1) B AR X
gha, IIMTEZERmE I T BN, . S
PRI TE— DT A AIE 1 DNA REH T
FERHER PTI98 BECERET AP
Uiy SRR RE S EA, A R R AR, RE
)3 RN TC I e A, PRI R 1 AG I e 1 7
1008 4F, Lizardi Z5UOWEL MR IR 1
BERR LA, ZW T SR HOR
(Hyperbranched rolling circle amplification,
HRCA), WA SCHR T FRZ Ry I 3 AT TR Y 1
(Cascade rolling circle amplification, CRCA)a [%
A>3 1 (Ramification amplification, RAM),
HRCA JE7E RCA LA F38m 17—~ 541 [ 8t
ARG TP P R A 5180, AMHBEA RCA
) 3 P S S AR B Ve, i HAE A5
WAFAE T LG 73 SOB sy 1, REUEN)
5, ATLATE L h PIXHIRF 3 E T 10 A5 938, B
TR ) B4 T HRCA BT Z,
AT A IR SRS | iR i
TS DNA IS R Rzt R Oy
1f, M, HRCA b oz HI T I A= ki, n
LA EB R PR R KA 0
T 469575 cccDNARYLL Kl 4o 2905 I i 2
Py AR 24

ARWFFE B TEMAE Th AR MR T 4 S (0 2R A
FPo, Bt R i R e R Y 1514, fidk
HRCA &, didese . HEmf 0y rh AR a5
I SOR A IERMFARAR R, TS HARR e
RPUE A E AT THEE, S rh A R
1% 2 285 W 00 5 42 ol i P4t S — 3 B B 1 A6 T
E5 NS

1 MRS

1.1 ##

1.1.1 4%%3 DNA: STIV DNA HiEHITH AL
B R Jmy shAR RO R 28 TR

1.1.2  EFZiRF: Bst DNA B4R A B (F 10x
ZZ i) 1 New England Biolabs 23 ]; dNTPs.,
rTaq DNA %47 . T4 DNA Ligase (7% 10xZ%nh
). GeneRuler 100 bp DNA Ladder Plus 14 H
TaKaRa 2\ Fl; SiIREFE 54 CFL/ICF2 H
R HARABR A F G R

1.2 #iNIRE 551989% 1+

M GenBank H e — Bt A S T R 1A
1) MCP PP 31 (5554 EU627010), #KAE4
KIREF AT IR A Primer Premier 5 %114
RAREF . TRETR 55N 33 20 AR IELEHD
DNA [ B485 58 4 B Ab BlCIREr P 9 14 B2 BT
O3 AN R WA XA SR DU A S, IR S
STIV 79 [RIEMEARAR A BUR A pNAKL Fh e HR
3 779-3 692 nt BtJ¥A, i SR VR A B IR
BB o BRI 5 1908 CFL
l CF2,,

STIV 1) MCP 4 5 PCR 591k STIV-
FISTIV-R (145751 K 926 bp)., /5513 E W 1.
1.3 trEEmbl&

X ARSI MCP LK - BEilEAT PCR
P, RNIAZE N 25 b, & Tris-HCl (pH 8.3)

10 mmol/L, KCI 50 mmol/L, 1.5 mmol/L MgCl,,
dNTPs 0.8 mmol/L, 5[4 STIV-F 0.2 umol/L, 7|

# STIV-R 0.2 umol/L, STIV DNA 1.0 uL, rTaq
DNA R4 5 UluL; KRB &A1 R: 94 °C 5 min;
94°C30s,55°C30s, 72 °C 1 min, 3t 34 4MEHF;
72 °C 10 min, PCR ¥ Hir=¥1£: 1% BifehHEEig
HLUK A3 B8, T/ N3 25 1 QIAquick Gel
Extraction glifb.[nliic, [ ™4 H NanoDrop € &
J&, FRRERL 10785 DL/l B brif
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Table 1 Primer and probe sequence

5191551 KA EIRZEA

Primer sequence (5'—3’) Size (bp) Primer name
TTTGTCAAGGAGCACTACCC 20 STIV-F
ACGGGATCTACCGCAAGG 18 STIV-R
CTGCGTCACTCCCGTCGTGGtggactgctgaatccgttagccagcagecgcectccttattatcacttattcagge 105 padlock probe
gtagcaccagTCCGTCGGCTCCAATTACAC P
CTGGTGCTACGCCTGAATAAGTGA 24 CF1
GCTGAATCCGTTAGCCAGCAG 21 CF2

14 HRCA AFRBIEI RN

1.4.1 SRS ERE R AL B E 1AL
P RONAE 10 pL R R Pse e BERE 1L,
10xT4 DNA Ligase Buffer 1 pL, 350 U/uL T4
DNA Ligase 0.2 pL, DNA #ifz 2 uL, JCERGEK

6.8 PL. ST 551K 94 °C A8 5 min f5 U
FvK I, 2 min 5/ T4 DNA Ligase, 16 °C 60 min
GE I AL IS PR %), /5 65 °C 10 min
LR, RN . RN AR
b 3 AL FE B R A 1 o3 VA B A0 B N e J) 1
PEFE,

142 HRCA K [Z: HRCA RJVIAF 25 pL:

10 umol/L CF1 1 pL, 10 pmol/lL CF2 1 puL,
2.5 mmol/L dNTPs 4 uL, 10xBst DNA 54 28

Wi 2.5 L, 8 U/uL Bst DNA B4 0.5 L, %45
SN FE) 2 k., AFEK 14 pL, 61 °C 1 h (St
[ Ak I PR EL), 80 °C 20 min 2 1k SR o 2 1
ZERUREL 5 ul T 2.0%BSBEEEE 1 ik, R
b BEGLt, ZRAMEEIR SR R GE A S0 . TR IR
P B DA A A R BB TR] A A

1.5 HRCA R ZR By RERR T

151 HiNIREFRF RN LI STIV BERHA
DNAER FHMXTRE, 53 3 B [RIAH DG BE (7K ™
REEIE T AR R IR, ROXT IR A BELE G
G T (White spot syndrome virus, WSSV) . @il
¢ A B8 T 9% B (Singapore  grouperiridovirus,

http://journals.im.ac.cn/wswxtbcn

SGIV) R T RN i D 8, Horh SRk =3
FIXT R 384 7= 5350038 3 SR e e P RS
1.5.2  REUEAM: WU A G 045 o 5 AR R 2
10°-10° 5 D1/l 43 5IFE R . i B EL B 1o OR
AR 2 B 55164 T HRCA ONE A HE PCR A&,
DA SE I ELRCTR AP ARG (AR 2 ARG R A58
1.6 fHLAH M HRCA )

VR R P £ SRR B E IR R i
41215 LI DNA VENREAR, WEEAKAE K2 H

R, F B E AL BIIR R S S5 T HRCA KGN
2 #if

2.1 HRCA FRHIEILRMML

211 REMRIRSOKEMME: LIARMERT(10%
PEUL L) AR, FiME 1.4.1 BTk B eI e T g
RNARZR G, HhikE 6 BRI HR e
e B (10 pmol/L . 1 pmol/L . 100 nmol/L .
10 nmol/L. 1 nmol/L. 100 pmol/L)#E47 %4 K i,
RAEHRE UL 1.4.2 TR A R 4T HRCA U .
R EoR, PECREHHEE Y 10 nmol/L i, HRCA
SNy R UK 45 F A5 T T B (1A 1)

212 HiVIREOLEZEMBEINME: &R 141
IR AR RN RN R, AT
I DA A2 B e st 8], e R R
10 nmol/L, Ffi8 5 %4 s i E] (10, 20, 30,
40, 60 min), JOWZEH S, DL 1.4.2 TR R R
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17T HRCA fh . S5 EoR, R 20 min
fF, HRCA KU =4 B Tk 45 SR 25 1 i vl (1 2)

1 REHNRERERFAE

Fig. 1 The optimal concentration of the padlock probe
E: M: GeneRuler 100 bp DNA ladder plus; 1: 10 umol/L; 2:
1 pmol/L; 3: 100 nmol/L; 4: 10 nmol/L; 5: 1 nmol/L; 6:
100 pmol/L; HRCA 5 i 1 h.

Note: M: GeneRuler 100 bp DNA ladder plus; 1: 10 pmol/L; 2:
1 pmol/L; 3: 100 nmol/L; 4: 10 nmol/L; 5: 1 nmol/L; 6:
100 pmol/L; HRCAfor 1 h.

2 PR ROE IR (8] BT E
Fig. 2 The optimal ligation time of the padkock probe

7#: M: GeneRuler 100 bp DNA ladder plus; 1: 10 min; 2:

20 min; 3: 30 min; 4: 40 min; 5: 60 min; HRCA JZ i/ 1 h.

Note: M: GeneRuler 100 bp DNA ladder plus; 1: 10 min; 2:

20 min; 3: 30 min; 4: 40 min; 5: 60 min; HRCA for 1 h.

2.1.3 HRCA RZATERYFRRE: #4018 1.4.1 ficdil
R NARR, HASEREE R 10 nmol/L,
HERERFE] 20 min, Fi2 R 1.4.2 R RITR Y BN R 2R AL
il HRCA SV, TE 61 °C &4 F, % E 6 N
M EFE](10, 20, 30, 40, 50, 60 min)itfT HRCA
K, 4R, OB 20 min J5 ] RANEEE 2 i
ZF (& 3). Mitk, HRCA Ay et 5z i st ] Sy
20 min,

2.2 HRCA R ZRBITERERN

221 4FRMUWIE: XTI M 4 FhREE,
HRCA il i 2 RE S 55 S M A ) STIV, T HAR
3 P RERIN A R R BAYE . A5 R WIA S
SRR ISR R RE R, 1S T AR IR
S 2R ARSI (1] 4)

bp M 1 2 3 4 5 6

B3 HRCA R &I

Fig. 3 The optimization of reaction conditions of
HRCA

#: M: GeneRuler 100 bp DNA ladder plus; 1, 2, 3, 4, 5, 6
VKB HRCA J Wi E] 43514 10, 20, 30, 40, 50, 60 min;
% HRCA [ J37 JIT ) 2 B2 =) R A5 (10 5 D1 /uL) 4
PRET (10 nmol/L)i#:3 20 min ZRA5.

Note: M: GeneRuler 100 bp DNA ladder plus; 1, 2, 3, 4, 5,
6: The time of the HRCA 10, 20, 30, 40, 50, 60 min; The
template for the HRCA is obtained from the ligation of

template (10 copies/uL) and padlock probe (10 nmol/L)
for 20 min.

http://journals.im.ac.cn/wswxtbcn
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4 HRCAEM STIV B4 S $58E

Fig. 4 The specificity of HRCA

H: M: GeneRuler 100 bp DNA ladder plus; 1: H /&8I %0
B 20 MUFHBZEEANEE, 30 BN BTN 4:
BT BNV BE; 5: ToRAR.

Note: M: GeneRuler 100 bp DNA ladder plus; 1: Soft-shelled

turtle iridovirus; 2: Whit spot syndrome virus; 3: Singapore
grouper iridovirus; 4: Portunustrituberculatus reovirus; 5: Blank.

222 REEIWIE: Bl 20 iObRME S IR 10
R FE AT R RE, 43 SIEATIR I 8 AG I A B
PCR #illl, #4520, HRCA 1 FT REAG I 5|

AR B BT 100 5 01, X 5 EMRE AL R
FAAFE, TH ML PCR AN TR 10342 01
I, i RUE SRS 1, HRCA B R B PCR %
LA 2 ) R AU (8] 5).
2.2.3 ALEFESQM: Xy BINIER H M, e
FIA BAE Y A 2 U P BRI DNA Rk r T
T HRCA K, 8 AE A A (A e H s 21 2
gE LY R BEE, 1EH 2 SR I 6 SR R
(] 6), 455-EH], HRCA fefg PR YL i g
UG STIV, A& i iE F A0 2 20 A PR AS: T
SEIRRM, 2T AR T STIV HUR
(RGN
3 i

AR, HRCA AR —Fh B R 1
REEIINHTEZFA . 5. &A1
W, ARFEAK = S A v, TR E BT
FEWFE AT A% et B LR A8 9% 2731 740 HRCA
ORI TR N A

B 5 STIVHREERIE

Fig. 5 The sensitivity of HRCA
I At HRCA ¥R SITV B9 R BBF S IE. M: GeneRuler 100 bp DNA ladder plus; 1. 2. 3. 4. 5. 6 BRIAR I BE (G ULpL) 433
4 10°, 10%, 10°, 107, 10%. 10% 7: XGE/KAEZS FAXHHE. B: %0 PCR ¥EAGM STIV (9 3 S 55iE. M: GeneRuler 100 bp DNA
ladder plus; 1. 2. 3. 4. 5. 6 MBEHHRE (5 IU/ML)4330 10°, 10%, 10°, 107, 10%, 10% 7: XUZE/KAEZS AR R
Note: A: The sensitivity of HRCA. M: GeneRuler 100 bp DNA ladder plus; 1, 2, 3, 4, 5, 6: The template concentrations (copies/uL):

10°, 10% 10, 107, 10%, 10% 7: Double distilled water as template. B: The sensitivity of PCR. M: GeneRuler 100 bp DNA ladder plus;
1, 2, 3, 4, 5, 6: The template concentrations (copies/pL): 10°%, 10%, 10 102 10, 10°% 7: Double distilled water as template.

http://journals.im.ac.cn/wswxtbcn
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bp M 1 2 3

5000
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2000
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1 000
900
800
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6 (HLAMEMEY HRCA 42l

Fig. 6 The HRCA of samples

7£: M: GeneRuler 100 bp DNA ladder plus; 1: fiE FH g2
DNA; 2: o i iE F A 2141 DNA; 3: IEH H 14141 DNA.
Note: M: GeneRuler 100 bp DNA ladder plus; 1: DNA sample
of the soft-shelled turtle with obvious symptom; 2: DNA sam-

ple of the soft-shelled turtle without obvious symptom; 3: DNA
sample of healthy soft-shelled turtle.

PR AR AR I 7 3 2 3 A 5 4 i P
ARPRUE . FEAMFE T, FATIRYE HRCA iR
FRRE S BT T BCET 5/ 3 ki 351,
fifi 2 5 P AR TR T R S I SR R T 8 8 A
A, WEASECXT . 1T HRCA S 31 Bst
DNA B4 iFE 61 °C—65 °C Sz i Ik 55 [X. 8] 52w if
ST R I, R 61 °C #47 HRCA X
N o R T A BN B ScF, XTI HRCA L
N LA ELESEGHAT Tk, LS Ea a8t
IREF IR | FE 0 0] B TR A 14 1 S 0 5[]
85 o JEXT HRCA Al e S R B R AT T 3
UE. FATTEXT HRCA 1Y S AR R AT S5 B A
EREF B 10 nmol/L, 7EIiXANHe N
20 min, FFEFT 20 min BYEEEY B BN AT A E ]
T2 R o A% Ytk B IR SE s 2 Fl rh AR B TR
BT B TR RCAT S W TR 1, XL g
PE B ISR IERG R A T HRCA FORIFFR 45 SRR, 18
FE YLk B IR FERG R HRCA I Hh s B =,

PREF VR >4 100 nmol/L 42 20 min 15347 HRCA
SR 30 min A A] AR B i AP0, X S AR
FAR RN AR, T RE R A FE ARG
ARIEY AT . FEAMR T, St tiib)E
HRCA 777 1T ARl 21423 10 #% DL/l A s
M, BT &3 PCR 9 10% 4% Dl/uL AR REAG:
MEA TRKMIRES Liu &z 3N %5
HA(LAMP)th LR IE] 20 #5010 # STIVIF,
1M A B 50 1A B SR AT 1) A% G M B 8L SR 36 9 55 1
HRCA BRI 1 #4 D1/ul AY9REE, X3
Bl HRCA iz T STIV kil %) 2R f5FE n] GEid AT —
FEFETEAS ], BeAh, FRATXT HRCA Il AR AL
AT TR PEAT, 380 3 R 1 ) A
FIA S AE H A S 4 S #EF T HRCA R, 25543k
W], HRCA MY At AR LT 1w FH T H 20 2L ks
D, T EAT AT STIV SEA TR, Xt iy
IR R A EEE L,

EREE R L HRCA Jr Al T HAl rp A s
BRSBTS U LA e ) R, e
PEARLE, 1M H HRCA AN EEHIG R34 B 5
abt, o AR T AR A R .
HRCA [RIFEfETES —SEA R 2Z2Ab, Hf R KA
JEZANTE TR ET O BAR R, H RT3RAS =X
PREF Y 207 R A i, R F % 100 bp,
AR R o B T I R B A3 X AN
R T LASE AR, AN M X R A A A
DR RS, 388 X AN R Y 5 T A AT
DA AR R s LA R R 42750, T DAY e 24
Z B ERER B, T LR R LA FH % 32751 A
M FESE HANXF SIS 1) PCR KV R A iR
Bt o BT HE R X R 2 52 50 % A BUR
Bt FH Pfu RA ST 60%—70%RET = #I Y 1E
B BURIAR R A R R P, o e AR KRR
FREARBAS . B XHRAE B AR (Al — 22 ff e, G
58 e BAR T ImEAT .
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BRI L S, 1 T AR R S 2

Rl HRCA PR ZR, Ry rp AR % i %0 75 1) 54
WAL T —FEr R AR | TEE | R ARSI
AR,

Bust: o RGHE Y| T B ASEAS IS IR B S A
. X 24 H RAT3RAE T STIV DNA.
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