
  2013 1 , 20(1): 129136 

Journal of Fishery Sciences of China    研究论文 

                                  

收稿日期: 20120328; 修订日期: 20120710. 

基金项目: (CARS-46-11). 

作者简介: (1987−), , , . E-mail: zhang-jin-feng@126.com 

通信作者: , , . E-mail: zenglingbing@gmail.com 

 

DOI: 10.3724/SP.J.1118.2013.00129 

(RT-LAMP)  

张金凤 1
, 曾令兵 1, 2

, 张辉 2
, 周勇 2

, 肖艺 2
, 苏岚 1

, 高正勇 1 

1.  ,   430071;  

2.  ,   430223 

摘要:  (grass carp reovirus, GCRV) VP6 , 

RNA , , GCRV (RT-LAMP)

, 63℃ 1 h , , 

SYBR Green I , 

, 33 pg, RT-PCR , 10 , 鮰 (CCRV)

(SVCV) (KHV) (GSIV) , 

,  

: ; ; ;  

中图分类号: S941      文献标志码: A           文章编号: 10058737(2013)01012908 

(grass carp hemorrhage)

, 

[1]

, , 90%

, , 

, 
[2]

, , 

 

, GCRV

, 

(SPA-coA)
[3] [4]

Dot- 

ELISA
[5]

, , 

, 

GCRV RT-PCR
[6]

PCR
[7]

, 

, 

PCR PCR

,  

2000 Notomi
[8]

(Loop-mediated isothermal amplification, LAMP) 

, , 

6 2 LAMP , 

DNA (Bst DNA

) , 

[9]

(RT-LAMP) LAMP

, RNA , 

, 

[10]
 

2004 Kone
[11]

LAMP

(WSSV), 

60℃ 60 min, LAMP

PCR 10 ; Sappat
[12]

Loopamp



130  20  

 

RT-LAMP , 

, (TSV)

; Mekata
[13]

RT-LAMP ( PCR 10 ), 

, 

LAMP

, 
[14]

(Hirame Rhabdovirus, HRV)

RT-LAMP ,  

, RT-PCR 100 Xu
[15]

(Redspotted grouper 

nervous necrosis virus, RGNNV) RT-LAMP

, , WSSV KHV MCRV

GCRV Chen
[16]

RT-LAMP

(Scylla serrata 

reovirus, SsRV), 62℃, 

RT-PCR 1 000 , 

 

, 

, 

VP6 , , 

, 

, 

 

1   

1.1   

(Beckman); (eppen-

dorf); PCR (Biometra); (BIO- 

RAD); ( ); Bst DNA

(NEW ENGLAND); Betaine(Sigma); 

dNTPs AMV (BIO BASIC INC.); Trizol 

Reagent RNA SYBR Green I(Invitro-

gen); EcoO65 I(Takara); Viral DNA 

Kit(Omega)  

1.2   

(CIK)
[17] 鮰

(CCK)
[18]

(Koi-Fin)

GCRV- 

104 鮰 730 (CCRV)

(GSIV) (KHV)

(SVCV) 

LU Yuanan

 (EPC)

GCRV CIK

; CCRV CCK ; 

KHV Koi-Fin ; GSIV SVCV

EPC
[19]

GCRV RT-LAMP

, 
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表 1  引物序列 

Tab. 1  Nucleotide sequences of the primers used in the study 

 

primer name 

(5′3′) 

sequence(5′3′) 

FIP CGGTCGTCTGACGTACACCGTTTTTTGCCGGCATATGGGGTAA 

BIP AGTTGGGTCAATTGGCTACGGTTTTTAGCACCATGGTACTGTTCG 

F3 CAGTGTGATCTCGACTTCCG 

B3 AGACCAACGCGTCAATCG 
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1.5  RT-LAMP  

25 μL , : 40 pmolFIP

BIP, 5 pmolF3 B3, 1.4 mmol/L dNTP, 0.8 mol/L 
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1  GCRV RT-LAMP  

A. ; B. SYBR Green I . M: DL2000 DNA 

. 1: ; 2: ( CIK

); 3: ( ). 

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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2  GCRV RT-LAMP  

M: DL2000 DNA ; 1: GCRV RT-LAMP ; 

2: GCRV RT-LAMP EcoO65 I . 

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. 
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2+

2 mmol/L , 4~10 
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mmol/L , 
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3  Mg2+ RT-LAMP  

M: DL2000 DNA ; 1: ; 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
2+

 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. 

 
 

4  dNTPs RT-LAMP  

M: DL2000 DNA ; 1: 0.5 mmol/L; 2: 1 mmol/L; 

3: 1.5 mmol/L; 4: 2 mmol/L. 

Fig. 4  Effect of dNTPs 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. 
 

 
 

5  Betaine RT-LAMP  

M: DL2000 DNA ; 1: ; 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 μmol/L, F3 B3 0.2 μmol/L, dNTP 

1 mmol/L, AMV8 U, Tris-HCl 20 mmol/L, 

MgSO4 6 mmol/L, Triton X-100 0.1%,  (NH4)2SO4 
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, 60~65℃ , 63℃

63℃ 45 min , 

, 60 min , 60 min

( 6 7)  
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6 RT-LAMP  

M: DL2000 DNA ; 1: 60℃; 2: 61℃; 3: 62℃;  

4: 63 ℃; 5: 64 ℃; 6: 65 ℃. 

Fig. 6  Effect of different temperature on RT-LAMP  

amplification 

M: DL2000 DNA marker; 1: 60℃; 2: 61℃; 3: 62℃; 4: 63℃; 

 5: 64℃; 6: 65℃. 

 

 
 

7  RT-LAMP  

M: DL2000 DNA ; 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  

RT-LAMP GCRV , 

GCRV , CCRV

SVCV KHV GSIV ( 8), 

RT-LAMP GCRV

 

2.3  RT-LAMP RT-PCR  

10 GCRV RNA

RT-LAMP RT-PCR , , RT- 

LAMP 33 pg, RT-PCR

332 pg, RT-LAMP 10 ( 9)  

 
 

8  GCRV RT- LAMP  

M: DL2000 DNA ; 1: GCRV; 2: CCRV;  

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. 
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9  RT-LAMP RT-PCR GCRV  

A. RT-LAMP 2% . B. RT-PCR 2% . C. RT-LAMP SYBR Green I . 

M: DL2000 DNA ; 1: 10
4

; 2: 10
5

; 3: 10
6

; 4: 10
7

; 5: 10
8

. 

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: 10
4

; 2: 10
5

; 3: 10
6

; 4: 10
7

; 5: 0
8

. 

 

 
 

10  GCRV RT-LAMP  

M: DL2000 DNA ; 1: ; 

2: ; 3: ; 

4: . 

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. 

 

DNA 10
9 [25]

RNA , 

, RNA

RT-LAMP
[26]

, RT-PCR

PCR , LAMP

, 

[20]
,   

SYBR Green I , 

[25]
LAMP

, 

, , 

, , 

[27]
, 

dNTP dUTP

[20]
 

, dNTPs Mg
2+

dNTPs

, RT-LAMP , 

, 

, , dNTPs 1.4 

mmol/L Mg
2+

DNA , 

, Mg
2+

, 
[28]

, 

Mg
2+

6 mmol/L Betaine

LAMP , Betaine

DNA , RT-LAMP

DNA
[29−30]

, 

Betaine RT-LAMP , 

Betaine 0.6 mol/L  

(GCRV)

RT-LAMP , , 

63℃ 1 h , 



1  : (RT-LAMP)  135 

 

SYBR Green I , 

RT-PCR 10

CCRV SVCV KHV GSIV

, , 

, 

, 

 

参考文献： 

[1] , , , . [J]. 

, 2010, 2: 21−24. 

[2] , , , . [J]. 

, 1999, 30(4): 445−453. 

[3] , , . A

[J]. , 1991, 

15(1): 27−33. 

[4] , . 

[J]. , 1991, 7(1): 30−35. 

[5] , , , . Dot-ELISA

[J]. , 1996, 20(1): 6−12. 

[6] , , , . 

[J]. , 1997, 28(1): 1−6. 

[7] , , , . TaqMan 

real-time PCR [J]. , 2011, 35(5): 

774−779. 

[8] Notomi T, Okayama H, Masubuchi H, et al. Loop-mediated 

isothermal amplification of DNA[J] . Nucl Acid Res, 2000, 

28 (12): E63. 

[9] Nagamine K, Hase T, Notomi T. Accelerated reaction by 

loop-mediated isothermal amplification using loop pri-

mers[J] . Mol Cell Probes, 2002, 16: 223−229. 

[10] , , , . RT-LAMP

Norwalk GII [J]. , 2009, 25(4): 291−295. 

[11] Kone T, Savan R, Sakai M, et al. Detection of white spot 

syndrome virus in shrimp by loop-mediated isothermal 

amplification[J]. J Virol Methods, 2004, 115(1): 59−65. 

[12] Sappat A, Jaroenram W, Puthawibool T, et al. Detection of 

shrimp Taura syndrome virus by loop-mediated isothermal 

amplification using a designed portable multichannel turbi-

dimeter[J]. J Virol Methods, 2011, 175: 141−148.  

[13] Mekata T, Kono T, Svan R, et al. Detection of yellow head 

virus in shrimp by loop-mediated isothermal amplification 

(LAMP) [J]. J Virol Methods, 2006, 135(2): 151−156. 

[14] , , , . 

[J]. , 2010, 

29(2): 203−207. 

[15] Xu H D, Feng J, Guo Z X, et al. Detection of red-spotted 

grouper nervous necrosis virus by loop-mediated isothermal 

amplification[J]. J Virol Methods, 2010, 163: 123−128. 

[16] Chen J G, Xiong J, Cui B J, et al. Rapid and sensitive detec-

tion of mud crab Scylla serrata reovirus by a reverse tran-

scription loop-mediated isothermal amplification assay[J]. J 

Virol Methods, 2011, 178: 153−160. 

[17] , , , . CIK

[J]. , 1986, 10(1): 11−17. 

[18] , , , . 鮰

[J]. , 2009, 16(1): 

75−81. 

[19] Chen Z Y, Liu H, Li Z Q, et al. Development and characteri-

zation of monoclonal antibodies to spring viraemia of carp 

virus [J]. Vet Immunol Immunopathol, 2008, 123(3−4): 266− 

276. 

[20] , , , . 

[J]. , 2010, 34(4): 

598−603. 

[21] Fang Q, Shan S, Liang Y Y, et al. 3D reconstruction and 

capsid protein characterization of grass carp reovirus[J]. Sci 

China Ser C:Life Sci, 2005, 48(6): 593−600. 

[22] Arun K D, Michelle M, Kurt R K, et al. Detection and quan-

tification of infectious hypodermal and hematopoietic necro-

sis virus and whit spot virus in shrimp using real-tine quan-

titative PCR and SYBR green chemistry [J]. J Clin Microbiol, 

2001, 8(1): 2836−2845. 

[23] , , , .  [J]. 

, 1994, 9(4): 356−361. 

[24] Qiu T, Zhang J. Genome segment S8 of grass carp hemorr-

hage virus encodes a voropm proten[J]. Intervirology, 2001, 

44(5): 317−320. 

[25] , , , . 

[J]. 

, 2011, 19(1): 186−190. 

[26] , . LAMP

[J]. , 2007, 3(2): 71−75. 

[27] , , , . LAMP

[J]. , 2011, 41(07): 707− 

711. 

[28] Baud O, Emilie D, Pelletieer E, et al. Amniotic fluid concen-

trations ofinterleukin-1 bate, interleukin-6 and TNF-alpha in 



136  20  

 

chorioamnionitis before 32 weeks of gestation: histological 

associations and neonatal outcome[J]. Br J Obster Gynaecol, 

1999; 106(1): 72−77. 

[29] , , , . [J]. 

, 2001, 29(4): 69−72. 

[30] Zhang C X, Mei Q. Protein microarray-a new tool for detec-

tion of TORCH infection[J]. Adv Nanomat Nanodev, 2002; 7: 

397−407. 

Development of a reverse transcription-loop mediated isothermal am-

plification (RT-LAMP) assay for detection of grass carp reovirus  

ZHANG Jinfeng
1
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2
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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 63C 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 w as 

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 GCRV and was not suscept i-

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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