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ERTELHEE

RERA N EHERRTT RN,
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sty FPORI AR A £l B R IR IS, R IR S
BB bl 5 R A A B A 1S AN IR 4
PR P 52 K B BB K 5 S B E SRR R A A 4
— 1 d WA, HAE T 53] 75%

X 5l ¥ %R ¥ 8 (cross  priming
amplification, CPA) 3 R & — Ff &% i & & 3k #)
BRI HOR , CPA IR R P B HA
HEE R I RERY Bst DNA G BAh , 8 354 5 5
Py R 25 38 51 AE S TG I ROVAR R T, X 2L 58
AL PR 5 RE AR 5 Bst DNA 5 Wiy 1 =5 1% £ /Y
I R M, fF DNA 16 35 P 3G BB AN W 58
T R B AR AU T XA 2 8 1% A K
1, SN I R OR 4 0 . AT A CPA R
WA R ST 1 —Fl OsHV-1-SB ) CPA
Ry i, Jff 5 PCR Jy k47 1 i, L
i OsHV-1-SB {12 K $2& {1k — Tl B 37 PRk g R 4
JE BRI T s o

LR Tk

1.1 Rk
SHEA R OSHV-1-SB f) BLITAE &
2012 4F % [ IR K 8 FEFIHE X, 4 PCR % 52 ]

P AR E R

E &K A
Buffer Bst DNA 241 (8 000 U/mL) Iy § New
England Biolabs;Premix Ex Taq ,dNTPs(10 mmol/
L) .pMDIS-T Ifg [ TaKaRa A %) T & 45 B2 7
(K% ) ; GeneFinder ™ Wy [ J& '] 4t {5 A4 W H A
£ PR/ 7] ;Betaine W [ Sigma-Aldrich 23 &) ; Jii i
NI B A AL A 3Ok 5RO RS H] s DNA
SRR T I el iR & B Zymo 2] .

KIAE PCR X (£ N fAEY R4
w] , Applied Biosystems ) ; Hi JK 4% (b 50N — &+
]~ DYY-16B #Fa E A2 i ik 4% ) ; Fuji Film(LAS
3000 ) #E 15 % 1% 2 45 ; NanoDrop 2000c¢ i fi £ 43
JEIE L TR KRB (R D) A RAH 55
Yroh bt A TR A BR A A5
1.2 CPA 5|¥i&it

MR A 52 55 % © W 7 5 W OsHV-1-SB 42
SR A, e £ JLAR Y P SR D LR 5 . F
PrimerExplorer 4. 0 # {4, % it i —%& CPA 5|¥)
(F 1) REFX CPA ¥ 1y Wy it 47 55 5 M £
B, 519 1 s gl ARREE N VI Hind TIT 937
¥ AAGCTT,

10 x ThermoPol Reaction

&1 OsHV-1-SB CPA 5|4
Tab.1 Primers used for OsHV-1-SB CPA assay

519 IFEEI(5-3")
primer primer sequence
1s TGCACAGATTCTCTGGTAAGTCG-AAGCTT-CGGTGTCACAGAATAAGGTT
2a TGCACAGATTCTCTGGTAAGTCG
3a TTTACCATCTCCAACAGGATGTG
4s AACTAATTCCCTATCATCTACCT
Sa ATCTCGTCATCCATGTGTCCTACT

51 s 751 AAGCTT” Sy 51 Ay BRI L Py VI B Hind 1L A9 350 )5 5]

Notes:that AAGCTT is the recognition site of restriction enzyme Hind III

1.3 OsHV-1-SB HHIE R &l &% = & DNA
AI3R EX

R ALY PCR ARSI Sy BH i Sk s A% o 76 7K
AR B AN R R T AR A 2R AR VK - i
DR TR K B2 v, I 9 A% A FRU B B3k AT 3ot DB Vg K
FEVKIE O = A1 J AL 20 000 r/min AJ% 4 ~ 5
WA 1 ming &) 3 W4 400 H 5 248 5 1 R 5 4R
JiJE,1 000 x g,4 TE.L> 30 min, B i ;2 500
xg,4 CEb 1 h, W7 500 x g,4 CE L
30 min, JBCF VW 0. 45 pum g8 583 38 B 1 BRI N
OsHV-1-SB #l #2& i, - 80 C i Ik i vK 4 {17
#RY

M R AR A A A 2 1y TIANamp Genomic
DNA Kit $E ] 5 | (9 77 % #& Bt OsHV-1-SB # &
WY 5 DNA
1.4 CPA RNFFRREILFMFMHMRAL

CPA S W W) ik 1 & SR FUR 25 L, Horh 4y
15 .4 mmol/L MgCl,, 1. 2 mol/L Betaine, 1. 0
mmol/L dNTPs 1.6 mmol/L 5|4 1a.0. 8 mmol/L
5| 4% 2a/3a.0. 2 mmol/L 3| ¥ 4s/5a, 10 x
ThermoPol Buffer 2.5 pL .Bst DNA 24§ 8 U L
T2 3% 50 1) DNA Kbz, F 65 T # 60 min,85 €
KiE 10 min; JF X577 M) 2EAT 2% 35t BE B BE I HL UK
i FH B IS AR AR A
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B i B 6 AR AL SEIG R YT R R i R
59 .61 .63 .65 .67 Fll 69 C K k3, &4 i &
PR3 B E 3 AT E RTS8, b ik Y CPA
) g 7 T

Mg’ " 3R 89 # 4 TE 1 E R BE R, B
MgCl, AW E DL 2.4.6.8.10 F1 12 mmol/L &
PG B BE AR N BCE 3 AN, i
I fE MgCl, ¥k

dNTPs JRZ a9t TEREE RTRLE L KA fk
JE 9 MgClL, ¥R 8 dNTPs i il 1.0.1.2
1.4.1.6.1.8 F1 2.0 mmol/L {K K1, &k & 45
PR ICE 3 ANEA ML E e fE ANTPs & .

RS B 18] 4 AL 1 58 7 1 I B2 DA R f ik
Ji 1) MgCl, Fil ANTPs YR JFE T, 4 3 B[] #%2 B8 20 |
30,40 .50 F1 60 min fK K, K E 3 IREE,
E B 1 ]
1.5 CPA FYIHEBIIERE

i FHOCAL S5 /Y9 S AR & % OsHV-1-SB i 47
CPA #ZIR Y™ 1Y , X 7= Wit 4T Hind 111 B Y1), B 1) 25
I I 2% B W B HL Uk O A IR LS
1.6 CPA REELW

Yol sl ikt ARPEAR SN % OO 58 A
1) OsHV-1-SB K: X 41 17 9], i B H: ) =7 17 9146 ]
Premier 5.0 # {43t E R ilE5 14, BiiF514) CPA-F.
5'-ACGAGCTAGAACAACTGACTAGACG-3', F Jjif
5|4 CPA-R.5'-ATGATGATGTGGTTTTTGTTT-
GTTG-3', Filit4" 14 i Bt K/ 700 bp.,

Lk 0 My DL B % OsHV-1-
SB 14 B & DNA S8k ,PCR [ 45 4 :94 C il
Z8PE 5 min;94 T 30 5,55 € 305,72 € 30 5,35 4>
&3 s de 5 72 CHEAR 10 min; =) 4 CLRAF. 1%
BRNEWEEERE i Uk %€ PCR 9 945 2R f 9 Bt 2y
700 bp 1Y H 1 Fr Bt A7 B IS, SR J5 432 H Y Ak
% % pMDI8-T #ifk b 5 TA TEREIFIF .

NI I B TA 3 B A v 4 BOORE ,
VRS I 20 B, 43 060 B2 I 8 vk B, 3105 JBORL P8
DUER, FEEAT 10 500 R AR BEL 3 x 107 ~3 x
10° 4% D1/ uL #£47 CPA FI% Bl PCR 52 % ik
CPA (R Z R “1. 47 tp ik 5 WY IC 1 , % AL PCR
VRN
1.7 CPA 434016

o3 LA DY 26 5 L g Tt 2 1 i i R IR A
(AVNV ,acute viral necrosis virus) . il £ 5 2 5 75
(‘abalone herpes viruses) .Jg 3L i ( Perkinsus sp. ) .

L K B ( Bonamia sp. ) . 5 /R 28 B ( Marteilia
sp. ) LA KOOI [ BRE £ G iRk B ( WSSV, white spot
syndrome virus ) F1 g & M 9K ( Vibrio
parahaemolyticus) 1% B /F: 2 ¢ 4 FF 5, LA 4T W5
9205 7 LI AR 2 B P 00 A% R VR Sk BA PR X R R
3WREE KK CPA J7 ik 5k,
1.8 F A CPA #t 17X R A&
i fb iy CPA J5 %t 2012 4R 435Ik A
5 [ PR v R O LI T R AL AR K B Y OsHV-1-
SB YL 1 100 A HI Y 22 3 ek it A b R A A I il
FIAZIR ¢ Y6 Yk GeneFinder™ ¢ (4, W 4% i (4,

A

2 4
2.1 CPA R &#HHHRE
B i B % OsHV-1-SB CPA JZ i & %

PEAT AN [R] I BE 6 B2 (59,61 ,63,65,67 H1 69 CT) 4
B BR R CPA R IR & SO BE S 63 °C
I, AT AT B B 3 I 5 0 R S v AR (18T 1) o
PRI, 6 4% 63 CTHEl CPA £l OsHV-1-SB () /2
IO it JEE

bp

2000

1 000
750
500
250

100

E 1 OsHV-1-SB CPA & Fi{k i &k
M. DL 2000™ DNA Marker; 1 ~6. 43 3% 1 59 .61 .63 .65 .67
169 C
Fig. 1

Optimization of the reaction temperature of
the OsHV-1-SB CPA assay

M. DL 2000™ DNA Marker; lanes 1 - 6 are different reaction

temperatures:59 ,61,63,65,67 and 69 C respectively

Mg " WS RIE RN E R 63 T,
%f OsHV-1-SB CPA Jz itk & Mg* " ¥k FE (2,4,
6,8,10,12 mmol/L) 47k, 45 3 75 24 Mg
We P g 6 mmol/L i A5 e 37 M 1) 4 S 1k 4% (
2), Wk, £ OsHV-1-SB CPA L W iR Z F DA 6
mmol/L 1 fir i Mg® " #eJ¥ o
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B2 OsHV-1-SB CPA K F{k & Mg’ " £ 1k
M. DL 2000™ DNA Marker; 1 ~ 6. 433 %} Ji; 2 .4 .6 .8 .10 F
12 mmol/L Mg?* ¥ fif
concentration of
the OsHV-1-SB CPA assay
M. DL 2000™ DNA Marker; lanes 1 - 6 are different Mg>*

Fig.2 Optimization of the Mg”"

concentrations:2,4,6,8,10 and 12 mmol/L respectively

dNTPs % & TE O 0 8 S5 3 i A A
Mg’ " #1945 1 F , # dNTPs £ WV%%IO
1.2.1.4.1.6 1.8 F1 2.0 mmol/L # Y& & 34 i3
P 2R WOR  IEL WA 1.4 mmol/L HT;J‘”FE’
WM (B 3), W, ¥ £ 1.4 mmol/L E Ny
OsHV-1-SB CPA fxifi ANTPs ¥ J&F

E 3 OsHV-1-SB CPA & i {k % ANTPs iR ER L
M. DL 2000™ DNA Marker; 1 ~ 6. 43 31| % i
1.6.1.8 F12.0 mmol/L

1.0.1.2.1. 4,

Fig.3 Optimization of the dNTPs concentration of
the OsHV-1-SB CPA assay

M. DL 2000™ DNA Marker; lanes 1 — 6 are different dNTPs

concentrations; 1. 0, 1. 2,1.4,1.6,1.8 and 2. 0 mmol/L

respectively
BRBF R e AL TEC UL E Mg
FEA ANTPs ¥ B a9 JE il I, XF 5 i B ] 247 17 4
1 (E 4) , &% F% 60 min /£ 4 OsHV-1-SB CPA

. 1 e FE AR T
2.2 CPA FHHEBYILE

Xf CPA =¥y A Hind I $E47 45 3 EG VI,

7] LA = 40 R o ik b A R 7 46 7 W A
X 1,2 % BB 8 I v DR WL A (I 5 ) L &
75, 0sHV-1-SB £ CPA =¥y b] Jo 12 B/
HE&O

NS Z&

E 4 OsHV-1-SB CPA % |k Z B B L4k
M. DL 2000™ DNA Marker; 1 ~5. 43 5 %} )i 20 .30 .40 .50 Fl

60 min
Fig.4 Optimization of reaction time of
the OsHV-1-SB CPA assay
M. DL 2000™ DNA Marker; lanes 1 — 5 are diferent reaction
time :20,30,40,50 and 60 min respectively

M 1 2 3

5 CPA FYEYILE
M. DL 2000™ DNA Marker; 1. A 0 5 2. B4 ; 3. fi
JFRE S T A T A 8 7 4 % B
Fig.5 CPA products digested by restriction

enzyme Hind III
M. DL 2000™ DNA Marker; lane 1. undigested CPA products;
lane 2. CPA products after Hind III digestion; lane 3. negative

control
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2.3 CPA RFELW
AN it iy 1) #2415 RE pMD18-CPA g H A,
PEAT 10 F5 B FERR B & 3 x 10° 4% D1/ uL, [ i) LA
PCR J I 4 BR, 45 28 7, CPA Sz i al A6 il 2R
A F) 30 5 D1/l R % & PCR [ 100 %

1 000
750

500

250
100

E6 CPARHE
M. DL 2000™ DNA Marker; 1 ~8. 10 5 2 51| &5 B i OB AR 1E &, 4>
3 x10°# 1 /ul

(L) PCR R &

(E6).
2.4 CPABRMEILIE

i E LA i 52 AR Z A CPA i 53 4k 2
/N, A OsHV-1-SB 7 18 45 21| W] 53 3 M 4 2% i
(K 7), on CPA B HA B 14 5k o

7 8

(T) It %

M3 %x107,3 x10°,3 x10°,3 x10*,3 x10° ,3 x 10,3 x 10" FI

Fig.6 Comparison of sensitivities of CPA and conventional PCR assay

M. DL 2000™ DNA Marker; lanes 1 - 8. Assays conducted with 10 — fold serial dilutions of the Plasmid (pMD18-CPA ) DNA .3 x 107,

3 x10%,3 x10°,3 x10*,3 x10%,3 x10%,3 x 10" and 3 x 100copies per uL respectively

M 1 2 3 4 5 6 7 8 9

bp
2 000

1 000
750
500

250

100

E7 CPA RMNYFRMESLE
M. DL 2000™ DNA Marker; 1. 4115 9 5 2 BHai bk s 2. 2tk

SRR B 5 3. ML AR TR 4. IRFT R 5. AR AL
6. Ty/RFEM s 7. FBELRGAERTTE; 8. RIVA MLIKEE ; 9. 25 AT B
Fig.7 CPA specificity detection with
OsHV-1-SB specific primers
M. DL 2000™ DNA Marker; 1. OsHV-1-SB; 2. AVNV; 3.
abalone herpes virus; 4. Perkinsus sp.; 5. Bonamia sp.; 6.

Marteilia sp. ; 7. WSSV 8. V. parahaemolyticus; 9. negative

control

2.5 CPA REFHMHIFWRHLEE

H4 CPA =i ] 2% Byt Big W 5 J0¢ P Uk 43 7
PR SRR IR B BRI AR, X T I U 1 Y B AL Ay
fiE o 75 CPA S i 3G s F v, 2 B K &2 1Y B )
Y - B R BE DT TE , N ) R R
ST LA AR T 8 A PR FR P 4 5% s g I 4 P R A TR
8, 0 U B H B9 ok S M R 7 R AR T S
NECE 8) o I —Fh 7 2 3l I A A% BR %'t Y Bt
GeneFinder™ 3 J| Wi CPA Jz i 1 45 5%, 1 5 2
RE VAL e e o, WA Y 14 7 W) 7 A 5 R RS
O Ty 147977 4= (- 9) o
2.6 CPA # i St BR i 4 45 S B9 B2 A

X 2012 4% 3 b 43515k B 4 FE DR g 3l L Ll 2R K
By LT RERL 22 fi OsHV-1-SB JEGL 5 3L A A
SRR o BB TR B O R, i © 57 1Y CPA
SR FR I LA AL SRR by BH A X BR A4 TE T
K g B % BE , CPA 34 J5 /il A GeneFinder™ i {4,
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(1110) , RAEAE B BHTE R RNTT (£ 2) o

B FAE
positive negative
- B .

8 MIRMZE CPA =4
Fig.8 Inspection of CPA results

FH A A4
positive negative
P e g WFEX & SR

E 9 GeneFinder™ £ EME CPA =)
Fig.9 Inspection of CPA results by

™M

adding GeneFinder"

E 10 HResR
1~ 10 Jy i [ JC i BB AE s 11 ~ 16 D9 IR B AR Al 5 17 ~ 22 D30 T R IR
Fig.10 Results of CPA assays

1 - 10. samples collected from Korea Gyeongsangnam-do; 11 — 16. samples collected from Changdao; 17 — 22. samples collected from

Dalian

x2 HmEBMMAMEILR

Tab.2 Sample information and positive rate

R KA I 1] R Bt/ H PR A B 2 PR L%/ %
sampling site sampling time no. of samples no. of positive samples prevalence
& [E] X ¥ B9 i Korea Gyeongsangnam-do 2012-06 10 129 30
1 4 K &% Changdao 2012-07 6 12 .15 .16 50
il 7 K% Dalian 2012-06 6 17,18 .20 .21 22 83.33

oL PR A T 5 1 — 2 0 LA R A iR U
;i7" (polymerase chain reaction, PCR) H ft 32
AL SRR AL IR I HOR , HABRS 2 ~3 h, T 24
) PCRALSEEL H A9 B3 18, JF 2 L Yk i
PEAT SR NEWEBE B A UK 2 e o oy — Rt il 10 4F
KRR WAL IR A I 4G B, 1 0 B A 3 S5 il

P38 F K (loop-mediated isothermal amplification,
LAMP) ') 22 X B| ¥ P 8 i R ( cross priming
amplification, CPA )"’ J& 3f §" ## # R ( rolling
circle amplification, RCA ) """ % = CPA {E }y — F
VTR LAY SR S HOR BT A 2 A
TN L £ b A% G 9 5L g CPA A Il
W KR S YR S W 5 T, Yang 451
HESE TR B LR MR B Y A SR ) SRR 1
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o 39 %

Tk

WG ST CPA K Jy ke vk R4, 2
X} OsHV-1-SB 7 A 4 S 47 14 [ vy, %F OsHV-1-
SB. BH 1 5 1 S5 AR A 0 £ o 30 5 DU, oA i 52
B R {5 458 PCR A1 100 £5 . i F CPA )i
R, RN L 2 M I R 8 ) R A7 B
i DNA 54k 15 e 1 3 250 M BH 2 45 3 9 s BE
T3 A CPA JZ I 4 SR M s, 4T 1 g 48 B,
L7219 5 TV B AR T T ¥ e S T R 9 LA
SN AR R B B R AR, B 1k DNA B AR 15 Y 3K
F T LR K T 1) B2 Rz AR R B DX 38 0 5 B g 4
0 DRI AT A% 43 DX, B kAR P PR A SR B

CPA J I A 22 4 be 45 & %, Hrp Mg™ ™ 3k
J UL Xt B B R e K s Mgt FEAR KRR B
SR B YR JOR B LK Bst DNA B4 filf 1) 75
PE S T 25209 Bst DNA R A F A IE M.
T CPA J i = ¥ K & & B, 1 # T K &
dNTPs, "4 T K iR L, iR 58 %
TG E MR O UivE, Wik, CPA )i
70 B A BT S AR LA S B A W R R VK, A T
AR UTUE L A 22 /0, RV 3o 35 O S W 7 ) ke 1) 2
A ST RE T B BH R R AT B L TR E A m]
GeneFinder ™ 1% 2 e o} Yo 2, A HR WL 28 52 B 7 )
6,75 £k 340 5 B B A

N 14 57 1) OsHV-1-SB CPA 4 il J5 % , Xt
2012 4FE R Bk E R M R I AR K 8 LT
K% R I 22 iy OsHV-1-SB Jg& YL 4 10 A J1 A1 ek it
FE b HEAT RGN, 7E SN 45 IS 1 77 W) oh i AR R
D¢t Ykl GeneFinder™ , I i 47 P IR WL 2%, YL £
i 5 PEE X6 B XA A I S ) B B PR X R T
RO B 22 5, R WA B 5E BT OsHV-1-
SB ) CPA Kl Jy 32 o] LA3E 5[] S Rz 7= 90 48 Hp
A GeneFinder ™ #% g Ye B, WL IR A W (0
A Ak ok ) Ui B0 P A O B AT TG . W, AT
2 A7 BP0 WL S 4 T R R B T TE
ol HH BV R P W R S R R RO, LA
AR I SR R IE T I s

25 LTk , ARS8 A 57 ) OsHV-1-SB 1) CPA
R 7 3 B e e v R S BB R O (PR S A
S5 S A B AN T — I IR K U B B AT 5E R
P FLRG I 45 SR T LA A A R R L 5E T
BE )2 I FE 0 T AR A P R, B R A
FHT 5.
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Establishment and application of a cross priming isothermal amplification
technique for detection of SB strain of Ostreid herpesvirus-1

ZHAO Xiaojin'>, ZHANG Shengjing' , BAI Changming”, YUE Zhigin’,
WANG Chongming”*, YIN Weili’, CAI Shengli', HUANG Jie’
(1. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306 , China;
2. Key Laboratory of Sustainable Development of Marine Fisheries,Ministry of Agriculture
Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071, China;
3. Technical Center of Shandong Entry-exit Inspection and Quarantine Bureau ,Qingdao 266002, China)

Abstract.; In order to establish a simple,rapid, sensitive and specific method for detection of the SB strain of
Ostreid herpesvirus-1( OsHV-1) ,a cross priming amplification ( CPA ) assay was developed based on primers
developed according to the conserved regions selected across the whole genome sequences of the SB strain of
OsHV-1. Then the reaction temperature, time and concentrations of dNTPs and Mg’* were optimized. Our
results showed the optimum temperature and time of the assay were 63 C and 60 min, and the optimum
concentration of dNTP and Mg” " were 1.4 mmol/L and 6 mmol/L respectively. The CPA assay was highly
sensitive with detection limit approximately 30 copies recombinant plasmid DNA per pL. The assay was also
highly specific for OsHV-1-SB detection, with no cross-reactions was found when acute viral necrosis virus,
abalone herpes viruses, Perkinsus sp. , Bonamia sp. , Martelia sp. , white spot syndrome virus and Vibrio
parahaemolyticus were used as controls. The prevalence of OsHV-1-SB in 22 blood clams, Scapharca
broughtonii ,collected from Gyeongsangnam-do in Korea, Shandong and Liaoning Province in China were
detected with the CPA assay established in this study. The results showed that the CPA assay is a simple,
rapid, sensitive , specific and reliable technique. Additionally, since the results of CPA assay could be read
directly through centrifugation of the reaction mix or adding GeneFinder™ to the mix , this assay can be used
in shellfish farms and local laboratories with poor conditions.
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