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B IR S RN S &8 1 (RT-LAMP) & 5 3£ B & 5T
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LAl R K= be, W1E s 430071;
2. FEKFEREIIE B KITKFEHRSERE, W46 &L 430223

WE: R aIT IR (grass carp reovirus, GCRV)AK5EHE H VP6 ik [N 1751 B it R L5 19, LI a4
JEIN 4 RNA BN, 01 % 0 40 BEA T4, #5577 GCRV B % 3R A T4 IR 18 (RT-LAMP) R 7 i . 46
ISR, AT AE 63°CF 1 h NSZBUIL B R RLY 3, § 4P~ A BERC HL Tk R BB R 460, RO IR R PR
T SYBR Green | YR, 250 B 25 5 B 5 X0 48 € B A5 L 320Gl 4% 28 B Xof 2 £ 0 gy 10094 5 140 A Y 2R

s, AR IR ER 2 33 pg,

50 M RT-PCRIUFEAN AL, R 1045, H 5 BEA SR M7 9105 2 (CCRV) |

W85 T ILIE AR T (SVCV) . BB R T3 (KHV) . KI5 (GSIV) 25 T3 XU o %77 8 R AU K R Stk &,
BT &Y SR B, A DR R 0 5 6 0T i D05 7 -5 12 W e o s SR AL T T D i H R T B

KR B, PERRIORETE, R R IR AR A

hE S ES: S941 XHEkR &R A

w4 H IR (grass carp hemorrhage) & H FE ##
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TR s AR ARG PETR . R, B,
W T s P R P . REFER kS
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HAr, EWEECEY T 20N GCRV
B, GG HERE L . AR FRL . i REE
4 38 5 (SPA-coA)®! | # e Bt ik AR M Dot-
ELISAPIZE | 3306 5 1 A7 (1 AR H0KS 5 A A%, A7 Y
FERF KA, A M R BUEAGE AR S 1A
GCRV ffJ RT-PCR #: VRIS i 44558 i PCR 2:1),
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Ze, ToIL R B2 W S A A T

2000 4F: Notomi 25V v 38 17 34 S48 1R 9
14 (Loop-mediated isothermal amplification, LAMP)
HR, VER—F Ry R, 2 5
BEUIEP 6 MR AT T 2 X LAMP 5147,
TE AT B B #5 P DNA AT (Bst DNA B4
)AL S, AT SR AR AP . R
FAF LY G R IR SR R Y
(RT-LAMP)Z1EH L LAMP 52 W A4 2 o5 i 5
filg, ST RNA BRI —2B4 15, 4K, EN
SO RBRT Z N T oS . ANKES K
B DA SRR, I i B R K sl e i
FGI Jyk 2 —00,

2004 4F Kone %M LAMP Jy ik phsgas i 7
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SIRERIZE SRR RT-LAMP J AT 40 8, X
BT 2 HE], 3 ] DL Bk L5 A AR BE (TSV)
HEAT SIS H B W, Mekata 25 81 Sy 1485 3
2 RT-LAMP #6351 R A% = (5 PCR & 10 £i%),
e, SRR R . PSR B
LI XN o HFE X LAMP ik BRI A
Fem, (AT JUAE IS T 8 S, PhaiAs gl
TE 2 8 5% 3k 9 5 (Hirame Rhabdovirus, HRV)
RT-LAMP s hin A T 35149, 6% 7 /B
i), H R RT-PCR &5 100 %, Xu 25M8lg 5y
T 4L B i w28 VR U E 9 5 (Redspotted  grouper
nervous necrosis virus, RGNNV){J RT-LAMP il
ik, ZO kR, 5 WSSV, KHV., MCRV
1 GCRV 25632 L2 ¥ » Chen 25 RT-LAMP
Jr LRI T BE 2 T UT g 910K 22 (Seylla serrata
reovirus, SsRV), 1Z ik EOE Y IR N 62°C,
0 R o A% 45 19— 2298 RT-PCR 5 1 000 /%, 53
b 5 oA SR

KWLk, wifa s se= faE . Pk, R
iz W SR ik, 2T R g B A B
ARB) KSR o AT ST B B Y I I i AT
VP6 K7 gk RF 1, Bt 4ES k54,
X SN TR B SR, A S A
1 IR B 1) 396 7 S A T AR R AR vk,
B i I A BRHEI2 T B T B R LA

1 Me57E

1.1 FENFESHF

i 34 B3 0 AL (Beckman); 4306 0t B2 11 (eppen-
dorf); PCR ###{¥ (Biometra); ¥t 144 (BIO-
RAD); THIRAAHFIHL YKL (F77); Bst DNA %
4 T K BE(NEW ENGLAND); Betaine(Sigma);

dNTPs, AMV % 5§ (BIO BASIC INC.); Trizol
Reagent. RNA Ji#ifil7]. SYBR Green I(Invitro-
gen); FRHITENYIEE EcoO65 I(Takara); Viral DNA
Kit(Omega),

12 #4fa, mEREREEFER

A A A4 2 (CIK) R B R M 4
YU ZR (CCR)M | B HLAE 45 2H 4141 ifd 2R (Koi-Fin)
AR S 06 % ST R AF . FE AT I 2 GCRV-
104 ¥ . BE 5 R 5 B 730 #:(CCRV),
KRR 75 (GSIV) B 0 297 75 (KHV) A
S A A B IR ARAT o R B ILAE SR 2% (SVCV)
H 36 [ B g g K2 A S5 &R LU Yuanan
Pz, W AR R (EPCRIRE Tl K
2 R R G R PR AR L o GCRV 7E CIK
il fifg b HEFE RS FE; CCRV 1E CCK 4l fifd_E 8 78 55 5%
KHV 7E Koi-Fin 4iifify F34%555%, GSIV, SVCV
7F EPC 4iififs #7559, GCRV RT-LAMP £
MFEASY IR A LA ALk =3 . Hided
TR B SORE 3 T g 48 Bk L s e i b,
JE B S R TR VT K PR 5T TR 37 .

1.3 RT-LAMP 3|¥189i%it B &

R 4% GenBank /A #i i) GCRV-104 ¥k i 4 i
KA H VP6 [ S8 KL [H A Bt ¥ 51 (HM234682.2),
i F Primer Explorer 4.0 #{hi%it 2 Xf 5|9
FIP/BIP #1 F3/B3, i _bifgE TAEY) TREE AR5
AWRAREG K. 51975 3% 1,

14 755 RNA R PRMEARRAIFRIA

% GCRV-104 &L i CIK 2 Hi B 90%35 28
Je W AN R S KR, F-80C EEIR AR A
PRmh 3 YK, 4 000 r/min #.0> 30 min, B FIEFEE
35 mL A E.LE H, 20 000 r/min B0 2 h, & TF
JRREULIE, £ Trizol XK 2@ )5, RAEN . SN

&1 5149F5
Tab. 1 Nucleotide sequences of the primers used in the study
GIEYEA £ (5'-3)
primer name sequence(5'-3')
FIP CGGTCGTCTGACGTACACCGTTTTTTGCCGGCATATGGGGTAA
BIP AGTTGGGTCAATTGGCTACGGTTTTTAGCACCATGGTACTGTTCG
F3 CAGTGTGATCTCGACTTCCG

B3 AGACCAACGCGTCAATCG
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5B RS BT A T i IO T30 5 SR PR T AR 0 (RT-LAMP) R J7 125 ) £ 37 131

BERAETRE RNA, 20606 RNA #e gl
RT-PCR 2B RNA, il 45 Aok A 2
GCRV )G, #17 RT-LAMP A6 ki 7.
1.5 RT-LAMP FFiEREI RAERBMH

K25 pL e wifR &, HA 3% 40 pmolFIP,
BIP, 5 pmolF3., B3, 1.4 mmol/L dNTP, 0.8 mol/L

Betaine, 0.1%Tween20, 10 mmol/L(NH,4),SO,4, 8
mmol/L MgSO,, 10 mmol/L KCI, 20 mmol/L Tris-
HCI(pH8.8), 8 U Bst DNA 41, 1RA15 T 65°C

IR E 60 min, 80°C K% 2 min,

R As Mg®* . dNTPs. Betaine ¥t B &% 52 v
IFE]FIIRLEE, 439084 T RT-LAMP JU, ik %€
PIRIR, W E i E SER BR R  ER
1.6 RT-LAMP § & 7= 49 A4 i

P8 s N FEA T R R, ANTP B i A R AR AR
BRI S IO R A A R B IR A e A Tl R B
TUTENO DR A I A BB Y e g B, R
VMU B, PR AR RO AT H T

FIE 25 A J ) R i A 1000>SYBR
Green | 2 pL, #'& 1~5 min J5 MELE R, WK
ARG R B, PRASARS €00 R B .

U5 uL § 38 7=8y, 2 %y B miEeie, 150
V HLE R HJK 25 min &, B TEER UL R 5
%, HIKE R BoRERR LAMP BRAEME 4605, 4550
RPAME; AT SR, SRR PIE

NI EcoO65 | XF RT-LAMP 7= it 17 i
I, Z RNV B ECH RN ARR, T 37 CK
Wb, 6 b s kA
1.7 RT-LAMP M52 MR REE

Trizol 148 ORI 17 10 B (GCRV-104) K&
BE 3 SO A 7 9107 22 (CCRV) Y RNA, - Viral
DNA Kit £ Hf 75 225 2 Il JE 5 2 (SVCV) . i
HEYETZ BE (KHV) KB 790 55 (GSIV) Y DNA,
FEUAH AN, LA GCRV RT-LAMP Jrik
BEATHRE S PEAGI

Ay ESE BT 2 $2 LAY GCRV 9 RNA i
B2, RIG AT 10 fE R R . X EIRSHREE RNA
I GCRV HYJ RT-LAMP 7LgEfT#M, FFFH—%
RT-PCR Jy ik [mlmsf kA4 34l (LA F3. B3 1R

RT-PCR 5|#).
1.8 RT-LAMP 7EJRE N E £ FE B7 P15 5 B0
R FH

FIFHE 7 9 GCRV RT-LAMP #6:3 Jy 2: %F 19
At TR ANy 3 IO ) BE L AR A
1975 ( FH B L fa AR 2 0 IR A i R B2 i 17 ) 2B
IR ) B SR AR A B 2R S A T A 0T i T
BT AT, D R A AN A Sy BRI X R

2 HRE5HMH

21 BE&EMFIFS RT-LAMP #&il75 &R
REHMRIL

PIFESMES Y FIP. BIP, F3. B3 % GCRV
PE1T RT-LAMP ¥ 3%, NARNEZE, GCRV FHIEE W]
DR, T LARGZE K . REEF GCRV 1Y CIK 4if i
RNA 1 A AR 0 X BE 2 o BRI it Jim Ao
FYe kG GCRV PHPESE RN IR AR &%, 11 X HEAEAT)
SRR B (0, BRI L VKR I 45 SR 7R, GCRV BHME:
BB Y A5, B JC A& (B 1), FH
P RT-LAMP § 34 7=41 22 Eco065 | iV, HL 5
ul 2 %Bi et T HL Ik, 7E 170 bp. 190 bp Kff
T EE 2 AcHLUkAE, SRS U A DI 45 R A
F(E 2),

2000

750

200

K1 GCRV ) RT-LAMP #4553

A. BUISHIEERHLIK; B. SYBR Green | 4t (7. M: DL2000 DNA
S BEARE. 1 AR 2: B BOER CIK
Y fitL); 3: A% IR R (OBUZEK).

Fig. 1 Detection of GCRV by RT-LAMP
A. RT-LAMP products in 2 % agarose gel; B. RT-LAMP prod-
ucts added with SYBR Green |I. M: DL2000 DNA marker;

1: GCRV RNA; 2: negative control (normal CIK cells);

3: blank control (double distilled water).
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[/l 2 GCRV RT-LAMP =¥ 14 il b1 /3 b
M: DL2000 DNA 4T REHR4E; 1: GCRV i RT-LAMP 7= #;
2: GCRV ) RT-LAMP 7" #)% Eco065 | fitF].

Fig. 2 Restriction enzyme digestion analysis of RT-LAMP
products of GCRV
M: DL 2000 DNA marker; 1: RT-LAMP products of GCRV;
2: RT-LAMP products of GCRV after digestion with EcoO65 I.

M™% 2 mmol/L W TekEE 478, 4~10
mmol/L WA BRIE 4 B, T Mg* W 6
mmol/L B BEIE 2570 e ig b B 52, s R iy
(&l 3); dNTPs ¥ 7E 0.5~1.5 mmol/L 28k #4545
BRI A5 B, H 1 mmol/L B 571 S i i, 4744
BOR (K 4); Betaine ¥ JE7E 0~1.2 mol/L 284k
A BRIE 255 B, HLE R 0.6 mol/L B 2571
IE W, P RCR EhF (K 5) 0 B 2 e feddE RN
RRWMT: VEREAENTIY FIP 1 BIP %

bp M 1 2 3 4 5 6

2000

750

200

B3 M@ XT RT-LAMP 7 342k 5 ) i
M: DL2000 DNA 4> T it brife; 1. FEXEIE; 2: 2 mmol/L;
3: 4 mmol/L; 4: 6 mmol/L; 5: 8 mmol/L; 6: 10 mmol/L.
Fig.3 Effect of Mg** on RT-LAMP amplification
M: DL2000 DNA marker; 1: negative control; 2: 2 mmol/L;
3: 4 mmol/L; 4: 6 mmol/L; 5: 8 mmol/L; 6: 10 mmol/L.

&l 4  dNTPs ¥ BE X RT-LAMP 458 550 5 (0 5 1
M: DL2000 DNA 4F i 47 #E; 1: 0.5 mmol/L; 2: 1 mmol/L;
3: 1.5 mmol/L; 4: 2 mmol/L.
Fig. 4 Effect of ANTPs on RT-LAMP amplification

M: DL2000 DNA marker; 1: 0.5 mmol/L; 2: 1 mmol/L;
3: 1.5 mmol/L; 4: 2 mmol/L.

bp M 1 2 3 4 5 6 7 8

2000

750

200

K 5 Betaine ¥ JZ X RT-LAMP 314 2% 5 1) 5% 1
M: DL2000 DNA 71 B nife; 1. PIHEXS B 2: 0 mol/L;
3: 0.2 mol/L; 4: 0.4 mol/L; 5: 0.6 mol/L; 6: 0.8 mol/L;

7: 1.0 mol/L; 8: 1.2 mol/L.

Fig. 5 Effect of betaine concentration on RT-LAMP amplification
M: DL2000 DNA marker; 1:Negative control; 2:0 mol/L;
3:0.2 mol/L; 4: 0.4 mol/L; 5: 0.6 mol/L; 6: 0.8 mol/L;

7: 1.0 mol/L; 8:1.2 mol/L.

1.6 umol/L, #5149 F3 il B3 45 0.2 umol/L, dNTP

1 mmol/L, W% F0E AMVS U, Tris-HCI 20 mmol/L,

MgSO, 6 mmol/L, Triton X-100 0.1%, (NH4),SO4
10 mmol/L, KCI 10 mmol/L, Betaine 0.6 mol/L,

W A RT-LAMP {4 5 1 i 3 FTist a], &
B, 60~65CHI A B By 14, 63°CHf4 5 R i
U, 63°C RN 45 min BTG4 B 4501, IL)A 2%
My e 7 60 min BERCR R E, 60 min DA
J5 ToH ARk (B 6. 7).
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bb M 1 2 3 4 5 6

2000

750

200

& 6 IR XS RT-LAMP 354 35 5 1) 501
M: DL2000 DNA 43FH&AndE; 1: 60°C; 2: 61°C; 3: 62°C;
4:63 C;5:64°C;6:65 C.
Fig. 6 Effect of different temperature on RT-LAMP
amplification
M: DL2000 DNA marker; 1: 60°C; 2: 61°C; 3: 62°C; 4: 63°C;
5:64°C; 6: 65C.

bp M 1 2 3 4

B 7 R RT-LAMP 358 3% 5 ) 5% 01
M: DL2000 DNA 437 FrimAnfE; 1: 30 min; 2: 45 min;
3: 60 min; 4: 90 min.
Fig. 7 Effect of reaction time on RT-LAMP amplification
M: DL2000 DNA marker; 1: 30 min; 2: 45 min; 3: 60 min;
4: 90 min.

2.2 RT-LAMP #&ill /7 iE0045 74

RT-LAMP il GCRV (4 M58, H
GCRV i BRI g B JE P 3 25417, 1 CCRV |
SVCV. KHV. GSIV S TeHIE 09 1 (K 8),
VLAY RT-LAMP 5|#1%F GCRV HA RAFHY
FesPE
2.3 RT-LAMP #1 RT-PCR B R &6

10 15F5 B9 GCRV JE[H 4 RNA R4 4351
HE1T RT-LAMP . RT-PCR #:ll], 45 B /R, RT-
LAMP J5 3 5946 BR & 33 pg, 1fii RT-PCR )46
FE K 332 pg, Fb RT-LAMP #6510 £5(/& 9).

bp M 1 2 3 4 5

2000

750

200

8 GCRV RT- LAMP # il iy i 5
M: DL2000 DNA 4F & bRifE; 1: GCRV; 2: CCRYV;
3: SVCV; 4: KHV; 5: GSIV.
Fig. 8 Specificity of GCRV detection by RT-LAMP

M: DL2000 DNA marker; 1: GCRV; 2: CCRV; 3:SVCV;
4: KHV; 5: GSIV.

2.4 RT-LAMP ‘iz 6 il 25 £ i B A5 25 49 52 A

XT3 /b7 BE L L ) R AR AR DL
fa B B A FEAS 1 B 2T RT-LAMP i, 45
RER, HREEMAFEAR GCRV BAME, WidL& T
e4eds = a3t A . AR VLR ELSOR 3 KT
T 24 B bk L T N T 7 1 L) AR R S I Y
FArEAT ) GCRV FHYE(E 10), S B9 5857 25
Wik . KL SDS-PAGE 3 Hr 2515 (55 CHRIK)
WESE Tiz25 5, I LLER] RT-LAMP £iiill GCRV
) T iff

3 iTig

GCRV VP6 & [ 2 & fa Wi 100 B 1 A% K 5
FEEP Xt GCRV ki TH) =425 E . K
FoIE [ 451 BRI GT B, H VP6 R 5L
Y IENT A I 3 62 B AR, I\ E T
TR R AN TR A e, AT LIS E
AR A MIA TS B i e ol 3 T B PP,
WA BFFE ST % GCRV VP6 & [ 3k A F 91113151 4
FHF GCRV Ji#EAa ,

H AT, PS5 0 fiz I B 00
VIR ARSI )y v B RT-PCR Jy ikl (R fpyigt:
DR S TR R, RT-PCR X SEI6 B R 5,
AT ZEE B0 PCR AR, BRI T H RSN FH .

AR S (LAMP)EE AR S —Fh b | R
BRI s, ROV AR IR A R BT, AT
o i B RT { DNA BUBE fiftdi, wIAE 1 h XS4
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bp bp M 1
2000 2000
750 750
200 200

P19 RT-LAMP 5 RT-PCR % GCRV #ill] i R #FF H 4%
A. RT-LAMP 774 2%5iEHHEER T 1T B. RT-PCR 74 2%Bi e ik /3 #i. C. RT-LAMP 774 SYBR Green | Y5347
M: DL2000 DNA 437 AR 1: 107 2: 107% 3: 10°% 4: 107; 5: 10°7°
Fig. 9 Sensitivity of GCRV detection by RT-LAMP and RT-PCR
A. RT-LAMP products in 2% agarose gel; B. RT-PCR products in 2% agarose gel. C. RT-LAMP products added with SYBR Green |I.
M: DL2000 DNA marker; 1: 107™; 2: 107°; 3: 107% 4: 10™"; 5: 1078,

F110 GCRV RT-LAMP i B a5 10 16 1 25 21
M: DL2000 DNA 4} F B fprife; 10 #1de & TLAeAeds =433,
20 WAL VIR £ ORI 30 IR A IE IR B B ik 3,
4: {EFREEMEEAN.

Fig. 10 Results of GCRV RT-LAMP with diseased samples
M: DL2000 DNA maker; 1: diseased grass carp sample from the
third Jiangbei farm of Hubei Province; 2: sample from the
Wencun fish farm Jiangling county of Hubei Province; 3: the
Yellow River Beach fish farm of Yucheng county of Henan
Province; 4: healthy grass carp sample.

ULf¥) DNA #E17 10°f5 R4 1420 %5 F RNA J 3,
ST AE ROV AR R o A G355 S, B e S22 RNA
ff) RT-LAMP #1412 5341 [6] RT-PCR #Hi ¢ #s
BB PCR XU, LAMP Jz i & 7EfE IR 3R EE T
PEAT, U R A i sl H A AT A e IR Y 28
B ENAT AT R i PO R AR L A YR
SYBR Green | J&7, BJ i i W A0 B (o A8 1k H 32N
MR WLZ I B 4 1 2 5129 R4S LAMP #6005 VA
WL EYE, RIRBAAAE—S AN Z kRS

PSR A, FL SO L R A, A 3 i v
B2 R BAE, AR5 e, wT LU i B 4
I AN BRARET 45 ) 1R o HUps ST el
HHL ANTP ES P A dUTP Al A 24T
15 Y i R0

I R R B & B, ANTPs . Mg e
JE o 2 B B R R . ANTPs A A% R4 14 Y i
B, W KARIH 2R T RT-LAMP B s 1, %
J3E K AN s a0 R 2, TR 23R RS
B, FRAEASEZE R, fiE dNTPs WJEN 1.4
mmol/L., Mg® B 254 5| W38 k. Bk K o
[F1) 7= 40 ) 0 5 UL B F DNA BB A T 8 1, & 5
HE1 Y BB, I MgP R k2 T
W T, W AR R P,
ARSI R E Mg? ik S 6 mmol/L. Betaine
SRANIE LAMP S0 19187, {H Betaine HAGF#
ICIRE DNA FaE MmfE A, BRI RT-LAMP 2
J5 1 DNA R4 W BRI AT — R (9 S B R S,
1Mt 2 1Y Betaine X4 RT-LAMP ()43,
S5 Betaine 44538 We 4 0.6 mol/L .

AN 5% ST 6 0T fig 90 # (GCRV) (Y
RT-LAMP PRt il Jy B fa o, SO, Jz
WK R T 63°CHHIEMREF 1 h BIAT 5 iy 18, [
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Development of a reverse transcription-loop mediated isothermal am-
plification (RT-LAMP) assay for detection of grass carp reovirus

ZHANG Jinfeng®, ZENG Lingbing™?, ZHANG Hui?, ZHOU Yong? XIAO Yi? SU Lan', GAO Zhengyong*

1. Huazhong Agricultural University, Wuhan 430070, China;
2. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China

Abstract: Two pairs of specific primers were designed based on the grass carp reovirus (GCRV) VP6 coding gene
sequence. Using GCRV genomic total RNA as a template, we developed a reverse transcription-loop mediated
isothermal amplification (RT-LAMP) assay. After optimizing the reaction conditions, we were able to successfully
amplify the targeted GCRV VP6 coding gene at 63°C in 1 h. Analysis of the amplified products by agarose elec-
trophoresis revealed that the band pattern resembled that of the ladder diagram in a gel. After adding SYBR Green
I fluorescent dye to the reaction system, the green positive amplification could be viewed by eye. Our assay was
highly sensitive to grass carp reovirus with a lower detection limit of 33 pg, which was 10-fold higher than that of
traditional RT-PCR for GCRV. Moreover, the assay was specific for the detection of GCRYV and was not suscepti-
ble to cross reaction with other viruses, including Channel catfish reovirus (CCRV), Spring viremia of carp virus
(SVCV), Koi herpesvirus (KHV), and giant salamander iridovirus (GSIV). In conclusion, the RT-LAMP assay is
convenient, rapid, sensitive, and specific for GCRV detection. Our assay provides a novel approach for the detec-
tion of GCRV and the diagnosis of grass carp hemorrhage.

Key words: Grass carp hemorrhage; reovirus; reverse transcription; loop-mediated isothermal amplification
(LAMP); detection;
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