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EcoR 'V
1 5
(Szemes et al, 2005) RCA 13 HPV-RCA
( , 2008 , 2011 Wu et al, HPV (HPV-RCA)
2010 Maceraet al, 2011) RCA
10 ul 1xTag DNA
4 pmol/L 0.6 U/ul Tag DNA
RCA (New England Biolabs, ) I ul
HPV 94°C 4 min 58°C 60 min 95°C 15 min
RCA HPV 5 min RCA
25 ul 1xBst DNA
(New England BioLabs) P1 P2
0.4 umol/L 0.3 umol/L dNTPs 0.16 U/ul Bst DNA
1 4 ul 62°C 1 h
1.1 GeneFinder ( )
] 2%
, (Hepatopancreatic par-— ) 101 400 pmol/L) (53-66°C
vovirus, HPV) (Inf- . .
ectious hypodermal and hematopoietic necrosis virus, 22 mm? (33-65C) )
IHHNYV) (White spot syndrome virus, (10-60 .mm) (5-60 min
WSSV) (Mon- 30 min)
odon baculovirus, MBV) (Vibrio 1.4 HPV-RCA
harveyi) PCR ) HPV
DNA  HPV 1x10° copies/ul
20 HPV (Fen- ddH,0 10 (10°~10° copies/ul)
neropenaeus chinensis) 2012 7
TIANamp
Marine Animals DNA Kit( L5 HPV-RCA HPV-PCR
) ddH,0 HPV DNA
1.2 200 ng/ul 10
HPV (GenBank: JN082231.1) RCA PCR HPV
DNA(HPV-RCA)
1 PCR (
( P1/ P2) 2007) PCR HPV DNA

F 1 FFERBRANESRINT S5 RIRE F5
Tab.1 The padlock probe and primers used for HPV-RCA

Primers and probe

Sequence (5'-3")

Padlock probe

PAGAGAATGTAACAATGCCTATGAAGTA AGTCAGATGTCCGAAGCAGGTGCA
GATATC TCGACACATTCGCTTACTGGGAC GGAAGGGATTATGTGGAGG

P1 CACCTGCTTCGGACATCTGACT
P2 CGACACATTCGCTTACTGGGAC
EcoR'V

Note: The sequence underlined is unrelated sequence with HPV, and the italic sequence is the site of restriction

endonuclease EcoR V



(HPV-PCR) ( 1la)
1.6 HPV-RCA 0.4 pmol/L
0.04 pmol/L
HPV-RCA EcoR V
(TaKaRa ) (20 pl EcoR V 4 pmol/L
820U 1x HBuffer 1 pl ) 37C 4h 5366°C
1 0,
GeneFinder 2% 29 min 50_64°C
1.1 IHHNV WSSV MBV
62°C 62°C
HPV-RCA
( 1b)
HPV 53-
GeneFinder 2% 65C 53-65C
RCA 58°C
( 1o
1.7 HPV-RCA .
10-60 min 6
HPV-RCA 20 HPV 10 min
20 min 30 min
HPV-PCR
2 30 min ( 1d)
5-60min 6
2.1 HPV-RCA 62°C 30 min 5 min
HPV-RCA 15-45 min
0.004—400 pmol/L 40 min( le)

1 HPV-RCA
Fig.1 Condition optimization for HPV-RCA

2% GeneFinder M DL 2000 DNA marker (2000, 1000, 750, 500, 250, 100 bp,
) (a) 1-6 400 40 4 0.4 0.04 0.004 pmol/L (b) 1-6
53 56 59 62 64 66C 22 min (c) 1-6 53 56 58 60 62 65C
(d) 1-6 10 20 30 40 50 60min (e) 1-6 5 10 15

30 45 60min 62°C 30 min
All the products were electrophoresed on 2% agarose gels and stained with GeneFinder. Lane M: DL2000 DNA marker (2000, 1000,
750, 500, 250, and 100 bp, same in the following figures). (a) Lane 1-6: The concentration of padlock probe in the reaction mixture was
400, 40, 4, 0.4, 0.04 and 0.004 pmol/L, respectively; (b) Lane 1-6: The amplification temperature was 53, 56, 59, 62, 64, and 66°C,
respectively; (c) Lane 1-6: The ligation temperature was 53, 56, 58, 60, 62 and 65°C, respectively; (d) Lane 1-6: The amplification time
was 10, 20, 30, 40, 50 and 60 min, respectively; (¢) Lane 1-6: The ligation time was 5, 10, 15, 30, 45 and 60 min , respectively
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2.2 HPV-RCA

10° copies/ul HPV DNA
DNA 10

HPV-RCA 10° copies/ul( 2)

2 HPV-RCA
Fig.2 The sensitivity analysis of HPV-RCA

HPV (10° copies/ul)
10 2%
GeneFinder M DL2000 1-7
10° 10° 10* 10° 10* 10" 10°
copies/ul 8

The template was 10-fold diluted DNA (10° copies/ul)
extracted from shrimp infected HPV. Products were
electrophoresed on a 2% agarose gel and stained with
GeneFinder. Lane M: DL2000 DNA marker; Lane 1-7: the
template was 10°, 10°, 10%, 10%, 102, 10!, and 10° copies/pl
respectively; Lane 8: Negative control

2.3 HPV-RCA HPV-PCR

HPV DNA(200 ng/pul) 10
HPV-RCA  HPV-
PCR( 3) 2 ng/pl HPV-RCA
0.2 ng/ul
( 3a) HPV-PCR 20 pg/ul

(  3b) HPV-RCA HPV-PCR

2.4 HPV-RCA

[HHNV WSSV MBV
4 HPV-RCA
DNA
( 4a)
HPV

750bp

500bp

3 HPV-RCA  HPV-PCR
Fig.3 Comparison of the sensitivity of HPV-RCA and HPV-PCR

HPV (200 ng/pl)
10 M DL2000 DNA marker (a) HPV-RCA
2%
GeneFinder 1-6
10° 10" 10 10* 10* 10° 7
(b) HPV-PCR 1.2%
GeneFinder 1-6
10° 10" 10 10° 10° 10° 7

The template was 10-fold diluted DNA (200 ng/ul) extracted
from shrimp infected HPV. Lane M: DL2000 DNA marker;
(a) Sensitivity of HPV- RCA. Products were electrophoresed
on a 2% agarose gel and stained with GeneFinder. Lane 1-6:
the template was 10°, 10", 102, 10%, 10* and 10°-fold dilution,
respectively; Lane 7: Negative control; (b) Sensitivity of
HPV-PCR. Products were electrophoresed on a 1.2% agarose
gel and stained with GeneFinder. Lane 1-6: the template was
10° 10, 10%, 10°, 10*, and 10°-fold dilution, respectively;
Lane 7: Negative control

HPV-RCA HPV
HPV-RCA EcoR V
HPV-RCA EcoR V
99 bp ( 4b)
99 bp
2.5 HPV-RCA
20 HPV-RCA
HPV-PCR HPV-RCA 20
6 14 HPV-PCR
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4 HPV-RCA
Fig.4 The specificity analysis of the HPV-RCA

2%
DL2000 DNA marker (a)

GeneFinder
HPV-RCA

M

1-7 HPV [IHHNV WSSV V. harveyi
1 HPV-RCA

MBV (b)
2 HPV-RCA

EcoR'V

Products were electrophoresed on 2% agarose gels and
stained with GeneFinder. Lane M: DL2000 DNA marker. (a)

Lane 1-7: The template used in the HPV-RCA was HPV, IHHNYV,
WSSV, V. harveyi, MBV, penaeid shrimp, and H,O, respectively.
(b) Lane 1: Undigested products of the HPV-RCA; Lane 2: The
EcoR 'V digested products of the HPV-RCA

%2 HPV-RCA #1 HPV-PCR *7 20 {4 HPV B 150
KA RN ER
Tab.2 The comparison of detection results of HPV-RCA

and HPV-PCR
c . f1 PCR PCR
omparison of two . .
methods PCR positive PCR negative Total
HPV-RCA : 6 0 6
HPV-RCA positive
HPV-RCA . 13 1 14
HPV-RCA negative
Total 19 1 20
19 1 ( 2
3
HPV
PCR
RCA

HPV-RCA
( ,
2008) (2008) RCA
10? copies/ul
10° copies/ul
DNA PCR
HPV
HPV-RCA
HPV-RCA
93 bp
(99 bp)
Bst DNA

(Large et al, 2003)

Hafner (2001)

HPV

4 pmol/L 58°C 40 min
62°C 30 min

1 PCR ( 1k, ,
)s , 2007, SC/T 7203.1-2007
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Development and Evaluation of Rolling Circle Amplification Assay for the
Detection of the Hepatopancreatic Parvovirus

WANG Qintao'?, ZHANG Qingli', YANG Haolin'?, LIU Tiangi'?,
LIU Sun', YANG Bing', HUANG Jie'

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. College of Fisheries and Life Science,
Shanghai Ocean University, Shanghai  201306)

Abstract Hepatopancreatic parvovirus (HPV), first isolated from Fenneropenaeus merguiensis, is a
single-stranded DNA virus that belongs to the Parvoviridae family. It has a spherical shape with an
average diameter of 18-22 nm. HPV infects major aquacultured shrimp species, causes slow growth in
penaeid shrimp, and consequently seriously threatens the penaeid shrimp farming. Therefore, rapid and
cost-effective detection of HPV should help prevent or control disease outbreaks in penaeid shrimp. In
this study we established the rolling circle amplification (RCA) assay for the detection of HPV in penaeid
shrimp. We used a conservative sequence of a unique gene of HPV to design a padlock probe based on the
genomes of all HPVs, and used an unrelated sequence as the primers of HPV-RCA. Using one-step
ligation method, we obtained the best results at 4 pmol/L probe with 40 min ligation followed by 30 min
amplification at 62°C. The detection limit of HPV-RCA assay was 10> copies/ul. HPV-RCA could detect
HPV at the lowest concentration of 2 ng/ul in the hepatopancreas DNA in the shrimp samples, whereas
the detection limit of HPV-RCA for PHV was 20 pg/ul. Compared to the conventional PCR, the
sensitivity of HPV-RCA was 10 lower. However the HPV-RCA probe exhibited very high specificity to
the HPV sequence, and showed no cross-reaction with either shrimp genomic DNA or the most common
pathogens of shrimp (including infectious hypodermal and hematopoietic necrosis virus, white spot
syndrome virus, Monodon baculovirus disease, and Vibrio harveyi). Thus HPV-RCA could be established
for the diagnosis of HPV infection under a practically isothermal condition. This is a simplified diagnosis
method under farm-based experiment conditions, and thus has great potentials for the detection of HPV in
both laboratories and the fields.
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