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ek 5 15 = T 9¢ 6 PCR A I 7 ¥ 1) e o™

FLFQT EWx TE KTOFE BT mEmT B/ BTk T e
TRk BUTSREWTTOILEKRTT KRE®”

(IR SRR IO R AT I R F AR L Jhae 10113)
(" AE TR R ARHE 5 k5T 100021)
(A ER K R E TR b 100176)

M Z M GenBank His I Ik 5 B 8 WLRE A 7 2 ZEAC ST 1 (MCP) JE DR 3 51 e i
T —XHE M5 3 4% Tagman £, IS PCR RN AR R AR AL DL S B RS S 4 L 2R B
PEA TP RS, N7 7 Ml r] A I e B S K 7 B B3 I REBEAT 4] 20 20 2RI =98
PCR Jj %, 0I5 58 70 Mg ek g 25 e 18 04 0 O =28, Jerh 3 — R 75 3 U (FV3) |
MGG T I R 75 ( BIV) (LA T P 3 4% 5 YR P83 75 (EHNV )RR il #7955 75 (ECV) Bk
i 15 (ESV) | A B MR 5 73 (STIV) K WEHLRE s B (ADIV) V8 ¥ 4 A LR 25
(RGV) R LGSR T3 (TFV) |, 58 — 258 Santee-Cooper Y575 7 ( SCRV) |, /K 0 22 5t F2 905
T (LMBV) 5 i 5 ( DFV) ML A 1005 RE (GV6) 41, 1 87 0 35 A7 Bt i MR 95 75
(SGIV)) ) AR Sk 55 =288 o 253 7 R I 4599 4 £ S MGG T 8 7 51 107 5 0L, R
WITEER T BA R R RS I 2 Ak HAT v R e o S NI B — HL ¢
Ot PCR 7535 AJ g e o 783 (4 DR 12 W A0 70U AT 08 2 T A 4l — oA R SR T B
KB BEERE, MR RE, EEAKSEER A (MCP) ZER], =56 PCR, Tagman %

0 51 5

1955 2% ( ranaviruses ) J& U1 ¥ % 2 B (Iridoviri-
dae) , WL B JE ( Ranavirus ) %R & 50 BE R+
TR RERL T, JEDE2H 4 B8 05 1 L B R XUEE DNA
FH A 150 ~ 170 nm, DNA 4> K- 24 150 ~ 170
kbt o TAESR, H I B L A0 £ | R K R e
AT R B P 3t A A 3K, tHBLRE 5 I B e T
AL 1009% 21 BRR A i B A T 6 A
SRAE AP AN K FE B NYIE BT RS, 51k &
FEWFFN G, s DAHZL(OIE) &1
2009 AP 1E OB e g 7 Sk G A1 N 25T R K AR

@ [HF R 4RI (2013BAD12BO2) % BT A .

RN 4 5 o AENL YN VR R L b S5& P AT g
FEPH AT IS, I H AR A A7 TR B A B DA S BT
AR 4 B R T R Y B H AN R, T4
B2 J U AN [R] 75 bk, P OSIEAESE . ek 75 3
B (Frog virus 3, FV3 ) e 75 AR SRR, FoA RE R
A WATPEIE (L3 TY PR JE 9 5 (epizootic hematopoietie
necrosis virus, EHNV)  4fi 40 7T i i1 ¥ 95 5% ( boheliri-
dovirus, BIV ) | Bk Yl fiil 21 55 £ ( European catfish iri-
dovirus, ECV) | F& fi% 9% 2% ( European sheetfishiridovir-
us,ESV) | J8 808l 1 W5 9% 25 ( ambystomatigrinum vi-
rus, ATV) K E A5 M 295 5 (largemouth bass rana-
virus, LMBV) 24 J& 61 %55 % ( doctor fish virus , DFV)
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L4 4. 9% £ ( guppyfishiridovirus, GV6) o M-
BV DFV Fl GV6 4i#k & Santee-Cooper U5 ¥ ( San-
tee-Cooper ranavirus, SCRV ) 5 #° . %[5 5 M 1 4
e VRVPRLR A PR AU R DL KA B A rh oy iy
B3] T rh ARSI 290 B ( soft-shelled turtle iridovirus,
STIV) "0V ¥ 43¢ 21 W W% 9 35 ( Ranagrylio virus,
RGV) 7! & 45 % (tiger frog virus, TFV) ) K #i5
UT % 9% 7% ( Andriasdavidiamusiridovirus, ADIV ) ' fiI
BTN A B A8 WL RE 9 75 ( Singapore grouper iridovir-
us, SGIV) 1 J [l BEAF Fh /K 79 5 368 Al 110 28 35 40
RAEIS 100 {270, I e by e 75 55 MR 0 2 T B0
B E IR BT o T R, R B
BRBIRIT 7, WA RIS W RS T B, A Re
A R e 7 A G Rt g PR R e
Jo3 BERTIN 75305 , KT B I A R AT 6 4 L (3t
KPR A Br I AT RS R AT KR X, Bl
8 deE s 75 14 B PCR ORI %% PCR ORI 77 7% LAY
PR3 X e Ty AR L, AS B 9 ST A I
= YOG PCR JFEA P AN, F 8 B 1A s 7E T 6
0 A U0 e 75 8 P R0 4 4 11 [ B B 0 e
BE ST DX A3 Ay KRS, JLA I Fr) A S i L R R
o, A RS 2 8 JEAH BF RIS, e — b dE
AR | R PRI T o R AT IR AT
T3 W A I AR T B

1 MRIRUT VA

1.1 JREMAE R

K P LR AT ek 3 25 0E AT = 5 986 PCR J
LS JEr e S 3 B (FV3) M SCYT e R 0
B (BIV) (AT V% M 48 7 R 4090 # (EHNV) (Hp g
BT R0 B (STIV) | K 5UHT %295 #5 (ADIV ) Rl B £
YA 2 ( Channel catfish virus, CCV) [ A< SE 30 %5
TRAT, R BT RE5 2 (LMBV) (v [ K™ R
It BRYL 7K 7™ AF 5 BT ZECS OB In 35 A B A8 R R
(SGIV) th R Bt i W VRIS BT 2 A A 04 S
filff £ | f7 98 4 MY ( Epitheliomapapulosumeyprini,
EPC) FIBE 51 SR MUY -S40 g ( Channel catfish ovary,
CCO) FA S = R AT o

1.2 fuds 5l

FEE R A A Roche Light Cycler 480 11 % )%
PCRAS I . 22 (F) K57 1R - M199 il DMEM £
FehE G A ML BRAE A B Gibeo A W] ; Tag DNA
B AW 10 x recreation buffer ,25mM MgCl, )T
Promega /v 75 10 mMdNTP iy 5 24E T A4 TR (L
W) A AT IR |, 51 R MR S5 P TR 8 2R 9T
P A TR (L) A A7 BRA W) B
L3 eSSt

T 58 H (major capsid protein, MCP) S [
g w3 (iridovirus ) ¥ 5 ZEAL G 43, o7 2 A0 5 KL
T 2K 40% ~50% , FLAT v 2 B AR 7 1, 2 MR
995 T HEAL N 43 S 0 T SRR, BT LAAWE 9T 4
GenBank FH IS 5 [ 8 RZ 0 253 ek 990 753 Je8 93 5 (FV3
BIV EHNV | B ¥ il 18 955 2 ( ECV ) | B i i 75
(ESV) \STIV ADIV 3 ¥ 25 /F i RT3 7% (RGV ) |
JREUEE 5 7 (TFV ) | SGIV, LMBV | 2§ ff1 Jij 7
(DFV) ML (GV6) ) T EA 7 H (MCP)
SRR 41, 1 SR M MEGA 3.1 F dt 7 de 25 1 R
GERE W (L), 20 HT T A R IR 75 2 7] 7D 23 %

BT kg R GUE A

K F.o BLAST J¢ 4l L %F & 3L FV3 | BIV, EHNV
ECV ESV STIV ADIV [RGV TFV ixX JL %l i 95 5 (1)
MCP % fish 3 [R] (#) AH LM 34 K T 96% |, 35 %% % R
T, T A I 2k — KRR BEAT 55 , X T 55 40 2 Fil
I 95 5 ——SCRV I SGIV, 4R J5FIH] oligo 6. 0 %%
PEERR MCP JE PR ¥ o 129801 PCR 5149 J H: Tagman
EF ¥t 7Pl 519, 1B W 51400k 57-ATGGT-
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GCARAACGTCA 3", ) [ 54 % 5'-GCTCCAKSAC-
SGTGTT -3", ¥t 3 4¢ Tagqman REF W14 1 iR,
PR 1 245 GenBank P itk 1) FV3 (BIV |
EHNV _ECV .ESV STIV ADIV .RGV I TFV [{J MCP

FEDIBE 1R, deeg 15 = 5581 PCR AN, 24 FAM
O3 3 B S 1S R 48 i £ e, 3 I A
W RE A & ¥ FV3 BIV, EHNV , ECV, ESV, STIV ,
ADIV RGV FI TFV ¥ ek 5 1 (1) 5 —Fh

£ 1 HEE=E05O6 PCR %4

BRE

JITRS DI ek 5 75 o 2K

B4l 1.5'-FAM-CTTCCGTCGGCTCCAATTACACC-BHQ1-3’

FV3 BIV EHNV [ECV |
ESV STIV (ADIV [RGV \TFV

K%l 2:5'-HEX-CCAACAACAGGAGTGACGCAAGTG-BHQ1 -3’ SCRV
K%l 3:5'-CY5-CTGTGGGTTCAAATTATACGTGTGT-BHQ3-3 SGIV

1.4 =356 PCR ik AT
L4 1 S a5 (1Y GE R £ DNA [r142

BRI it ] 4% I 9% 2% (FV3, BIV  EHNV  STIV
ADIV LMBV (SGIV ) ) 5% JJ il £ | J 988 4 Jfid ( EPC )
BAGE NN F 10% 525 I iE M199 15 97 3, 25C 8%
F5 3 B R MG 5 (CCV) JHBE A5 X il 5 52 40 g
(CCO) 45 , In N5 10% i 2F 1 DMEM #5737 3¢&
25 CHiFR. FralMuims LA 2 85% LL Bk, 3 &2
PRR 3 IR, U R 200 WL, SR FH A B 2 R 2H £ X
RGO FLERLIR , 7] o 32 HOAS B2 b 25 1) 4
JL DNA, 1 2y [ 1 0 HESEAR .
1.4.2 =P PCR § # 4 A4F 01k

Fa 3 H 51 A L O TuM 0. 9pM LLEE0. 1M
IBBE s PREF K BE 0. 1uM 520. 4uM L EE0. 05 wM i
15K Mg™ B JE M 1mM 25, OmM LLAF0. SmM i
38 K Wi F 4y 0 DAL 25U 2. SURA3. 75U H & 4T
ARG, k0 51 R I RE Mg B g
F I HEAT AU AL, 97 3 d5 A S BV IR B &F X Roche
Light Cycler 480 II %5 PCR A4S, X477 15 18 K it
FEREAT T WAk o
1.4.3 =5 PCR Ak ih 2k i 3r

3 9 FSAE R IS PRV R e 1 R B fE i (AR L)
i H L #E DLEC) 10 6% 28 40 0 86 1 2l A JBok: ( F
ANBERE 3 ANATRE) #2142 (A i i 7 vt
AT =S PCR 419, DL JFURLARHE it IR &2 4R 7% U
ok X B, LA CT {2 Y Sl rnifl ih 26, 1140
ARSI FT T ) = FE 5 PCR (1) S ARAS DU B B
1.4.4 =50 PCR R IR G
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DAL ¥ = FE 5 )t PCR 4% 14 3 412 B (¥ 45 ek 955
# (FV3 BIV,EHNV STIV ADIV LMBV SGIV) i
CCV 5% DNA 43 5 3E4T PCR 9738, UK i% 5 v
{UESEZS e
1.4.5 =HE50 PCR UKL

¥ % ik 5 # (FV3 ., BIV, EHNV | STIV | ADIV |
LMBV SGIV) f] DNA BEH 7351 10 i 5 41 M ke Jim 1
P TR 56 A A 3R A5 ¥ dae £F = 5 5% % PCR 4 ik
AT 3G, 1 € 1% )5 VE PRI % e 55 7 DNA 1 B2 IS
B, 0 & B I SR EE SO PCR e RT3 1 B
A B LUER, APPA 56 1) Rt . PR 9% PCR
iR R (25 wL) iR 5 L (6 DNA B2, 10 x rec-
reation buffer 2. 5L, 25mM MgCl, 3L, 10 mMdNTP
0.5uL, M IER 514 (20pM) 0. 5L, 8 B i 514
(20pM)0. 5L, 4 (20 wM) 0. 25 L, Tag DNA 2§
A E(5 U/L)0. SpL, FIZK A E 2 BAFRL 25l
1.4.6  —TE5H PCR TS

EHL ADIV (LMBV FI SGIV #AR 34T A [F] 9k &
YA (e e VR B < S AIGVR JEE = 1000) , B9 B2 1) 3
Fios 75 2 2, BIKE 6L VR A BEAR NN = T 9% ),
PCR 2 JVAA 28 gEAT R W, 0 5 vt 94 FEE BSOS A1 ik
JEERSIR AR 389 02 15 A J0 ek A P, A A D0 I 2 75 A7 A
METHIE .

2 4R

2.1 WAL SR
S MR G SRR, KA 0. 8 M 1 51 M) 5
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0. 4pM (FIHREAK BRI 3. 0mM (1) Mg* #e JiE | 3545 (1
CT {E 5/ H5 614 il ( ARn) K, A i) =
96 PCR N AR 2 (25pL) 401 s Sl ) DNA A
#2,10 x recreation buffer 2. 5pL,25mM MgCl, 3uL,
10 mMdNTP 0. SpL, i H 1E 7] 314 (20uM) 1 pL, i
RS (20pM) 1L, 3 EF 1(20uM) 0. 5L,
£ 2(20uM)0. 5L, #%F 3(20uM ) 0. 5ul., Taqg DNA
REME(SU/pL)0. SpL, FZK A 2 2 SRR 25,
X R G0 R IR Kl B BEAT TR i IR B AR T 1 4%
PR B B 95 C/3 min; 25 B .95 C/15
5,54 C/15 5,60 °C/30 5,40 MEIR,60 C LEAI L
2.2 brdEfh ST

5] 10 3% 28 5URRRE HO Ry 2 14 JBORLAE 4 B, 2
AT = H 5 PCR XSS (RFANMREFEAE = A FAT
FEal) , LA ARie S A 4h 45 DIECh X 4, LA CT {H
h Y Bl SR AERh 2, il 25T . 132K ADIV

Standard curve

53
i

Crossing point
NN
(=N

16 \ \
2 3 4 5 6
Log concentration
(a) ADIV
Standard curve
2
2 25 \
o0
g
Z 20- \
<
O 15- \\
2 3 4 5
Log concentration
(b) LMBV
Standard curve

w 28
B T~
220
% \

12

2 3 4 5

Log concentration
(e¢) SGIV
2 =TEUL PCR bRk th £

LMBV [SGIV Ze Pt [m] )4 75 #2530 50 4 ¥ = = 3. 6741gX
+34.50 (M X2 %K 0.9983),Y = —4. 091gX +
36.04 (A 2 2k 0.9984) Y = — 4. 0021gX +
35.07 (M5 2%k 0.9986) ,
2.3 RS RN Zh R

{E=H 96 PCR N ARZ o, I JL op — Ak
J% ¥ (FV3 . BIV EHNV  STIV  ADIV . LMBV  SGIV)
RRBRAE I REACBEAT 4 385, 45 SEAE AR B 1) S I3 1 5
BRI S” ALY Y il £, v HL DB pd S M 2 A%
M AR 25 PCR 4 38 o L 00 ) 7 48 i 2, W
3(FV3 . BIV EHNV FI STIV KW ) , & B 7 % i
(5 D RIER AT HAT R S, 5 e 85 A8 SRV o
2.4 RIGUERIZS

¥ FV3 . BIV,EHNV STIV ADIV  LMBV  SGIV
R0 £ R A W R, R BOE RS W 25 2R a0 14 57 7
(FV3 BIV .EHNV I STIV W% ) , fR45% 3. 2 b5 7
=Y PCR AL R bRfE 2 25 AT 4 55, FV3 |
BIV EHNV STIV ADIV .LMBV 1 SGIV {¥J &Kyl
PR 41k £ 107 5 D1, = HE 5% PCR Lo 5%
PCR [y R B EFEAIS 10 £%
2.5 FTHLTER LR

¢ ADIV \LMBV F1 SGIV B4R BEAT A 7] ¥ £ 41
A (R AR =1000) , BUA ML fH) 3 Fib
W EE S 2L, BPRE 6 WL VRS BN N2 PCR V.
PR ZR TP EAT ARSI, 45 SR A A I )G W T 3 S LR )
“S” ALY £, Uk WA R I AS M IX 3 el B I AS
FAEAH I, ey R B BRSO IR P AR 1 9™
WARRIHAHIER . TPk alse g R W& 2,

33w

RSO ST P R 9 7 T 9O PCR vk AA
M R A R A s, H TR AT
T84 Ik 75 10 H 0 PCR 7 i F1 9% 9% PCR Jy
PEN (R B4 BF ST LMBY A1 SGIV 1) 9¢
PCR J5 3, AP0 1 YR S T A8 R — J % 487 v [ i
GR A+ LA B 10 05 2%, A D7 26 Ak 2 T L g
5 5 B 55 15 25 X 0 g = KR AW T B R
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Amplification curves Amplification curves
36.807 36.811 e
33.307 33.311 o
S 29.807 29811
— (=}
wv .
T 22807 § 28n1 54
[}
2 19307 g 1ol
2 8 15.811 -~
g 15.807 §
2 g 12.311
m 12.307 z % 97
8.807 5'31 | L1073
5.307 1811
1.807 —
. . " 5 10 15 20 25 30 35 40
10 15 20 23 30 35 40 Cycles
Cycles
(a) ADIV
(a) ADIV
Amplification curves Amplification curves
39.754 35.794 r107!
36.254
36.254 5754
3275 L 102
10
32.754 —~
- Q 29.254
2 29.254 " P
@ .
> 25754 a
oy 22,254 3 22.254 i
8 18'754 § 18754 (19
g™ £ 15254
- 2 11754 10~
2 11754
[PEESS 8.254
8.254 4754
4.754 1.254
1.254
S 10 15 20 25 30 35 40
10 15 20 25 30 35 40 Cycles
Cycles
(b) LMBV
(b) LMBV
Amplification curves
Amplification curves
23248 L 10
320 21.248
21.248 19.248
19.248 —~
N g 17.248 —102
g 17.248 S 15248
o 15248 © 13.248
o l 103
S 13248 S 11.248 10
Q
2 11.248 2 9248 —110*
Q
§ 9.248 8 7248
3 =
£ 7248 5.248 e
5.248 3.248
3.248 1.248
1.248
5 10 15 20 25 30 35 40
10 15 20 25 30 35 40 Cyeles
Cycles (¢) SGIV
(e) SGIV Pl 4 g = E 2 PCR RHEAS

B3 ek — HL 98 PCR Fp S MR
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R2 R = IOE PCR TR SR

I 11 il
ADIV LMBV SGIV ADIV LMBV SGIV ADIV LMBV SGIV
18
e pE 64.86 61.63x107° 88.41 x10™° 64.86x107° 61.63x107° 88.41 64.86x10° 61.63 88.41x107°
(ng/ul)
oT g 15.24 27.16 21.39 22.13 26.11 12.86 21.68 16.78 20. 84
+0.23 +0.05 +0.34 +0.17 +0.47 +0.17 +0.12 +0.69 +0.04

TR G, e T 20 51 R A T,
1 H 1 3 26T BT bsac (1 5¢ e ik [ 8] Jo A 1.1
Yo, HRF R R i, FC R AR B0 0 FE 5O PCR 1R
BRE o AR R TR] IR etk E BRI I BEASEAR
I A PEE RSO LG VA JRE AR AR (14 47 18 R 2 DLt 471 61
PRI A I AR BT IR SR

25 EPIE AW ST 32 (e 5 BE = FE ¢t PCR
R i F AT S P | RO v R R A A5 A
sk, AT P T e R P SR 07 A A2 T, DAy e 7 X U
T AR gt P AR T-Bo

2%k
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Development of multiplex real-time PCR assay

for detection of ranaviruses

Li Jiangyu " , Wang Shuyun” , Wang Shu™ , Ren Tong”* , Gao Zhiqiang” , Gu Qiang” , Zhang Wei " ,

sk

Liu Yanhua™, Wang Na™" , Zhang min”

, Jing Hongli ™" , Jiang Yulin"

sk

, Zhang Lifeng”

(" Inspection and Quarantine Technical Center of Beijing Enter-exit Inspection and Quarantine Bureau, Beijing 101113)

( ™ Beijing Aquatic Product Technology Promotion Department, Beijing 100021 )

( ™" Chinese Academy of Inspection and Quarantine, Beijing 100176 )
Abstract

Based on the sequences of major capsid protein (MCP) gene from the Ranaviruses downloaded from GenBank ,

a pair of universal primers and three Tagman probes were designed, and a multiplex real-time PCR assay for detec-

tion and differentiation of ranaviruses was developed by optimization of PCR reaction systems as well as the experi-

ments on reaction’ s sensitivity, specificity and interference. Most of the ranavirus members were detected and they

were divided into there subgroups by using the PCR method. The first subgroup included frog virus 3 (FV3) , bohel

iridovirus (BIV) , epizootic hematopoietie necrosis virus ( EHNV) , European catfish iridovirus (ECV) , European

sheetfish iridovirus ( ESV) , soft-shelled turtle iridovirus ( STIV), Andrias davidiamus iridovirus ( ADIV), rana

grylio virus (RGV) and tiger frog virus (TFV) , and thesecond subgroup was Santee-Cooper ranavirus (SCRV) ,

consisting of largemouth bass ranavirus (LMBV) | doctor fish virus (DFV) and guppyfish iridovirus (GV6) , Sin-

gapore grouper iridovirus (SGIV) was the only member of the third subgroup. Moreover, a detection limit of 10°

copies represented a high sensitivity of the new method, apart from its good specificity and stability. It would be an

useful tool for rapid ranavirus detection and epidemiology investigation.

Key words: ranaviruses, iridovirus, MCP gene, multiplex real-time PCR, Tagman probe
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