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PCR , 1.4 MCP
PCR
, GenomeWalker™ (BD Clontech)
, (MCP)
4 ,
1
1.1 [3] MCPWF1  MCPWEF2
MCP 3~ , MCPWRI1
(LBUSV) , M- MCPWR2 MCP 5’
199 (EPC) () LBUSV DNA
, 28°C 48 h 4 , 2.5 pg,
, 12 000 g 10 min Dral EcoRV Pvull Stul ,
T4 DNA 16°C ,
1.2 4  GW(Genome Walker) PCR
LBUSV 2008 1 PCR 1uL 10
, , ,AP1( 1) MCPWF1 MCPWRI
LBUSV® (Infec- LA Tag(TaKaRa) : 1 94C
tious spleen and kidney necrosis virus, ISKNV) 255s,72°C 3 min, 7 ;94°C 25s,
2009 , 67°C 3 min, 32 ;67°C 7 min PCR
, DNA PCR , , 1:50 , 1 ulL ,
, ISKNV AP2( 1) MCPWF2 MCPWR2 ,
2 PCR , 1 94°C 255, 72°C
3 min, 5 ; 94°C 25 s, 67C 3
1.3 DNA min, 20 ;67°C 7 min PCR
(TTANGEN) DNA , ABI 3730
LBUSV EPC DNAStar ,
LBUSV ; CluxtalX
ISKNV DNA ; MEGA4
#1 S5IYIRSIMFT
Tab.1 Primer and sequence
(5"-3")
Primer Sequences of primer (5'-3") Purpose
MCPWF1 CGCACTCTCGTTCAACGAGATTCAG ,3
MCPWEF2 TCCTGGACGCCTGGAACGAGTACA , 3
MCPWRI1 CTGATGGTACCGTCATTGTTAAACTG ,5
MCPWR2 CTACGGAAAAGTGCTGCCCGAAAGC .5
AP1* GTAATACGACTCACTATAGGGC ,
AP2* ACTATAGGGCACGCGTGGT >
DMCPF TCTGTTACGGGTTCTGGCATC
DMCPR CCAGCCAAGAGTTGAGCACAT
18SF GGACACGGAAAGGATTGACAG
18SR CGGAGTCTCGTTCGTTATCGG
LRy GenomWalker

Note: “*” means primers were supplied with the GenomWalker kit.
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1.5 ,
MCP , 1
DMCPF  DMCPR( 1), 241bp 2
; 2.1 MCP
1.6 PCR .3 4
DMCPF  DMCPR , LBUSV GW .5
DNA PCR , PCR Pvull Dral GW
pMDI9-T (TaKaRa)16C , 1000 bp 2000 bp PCR, 3’
DH5a, , EcoRV 1 100 bp , S
(TIANGEN) Pwll  Dral 1 000 bp
ODys  ODago, 2 000 bp ( 1), 1100 bp(3'-EcoRV)
, 10Dago 50 pg/mL 2000 bp(5'-Dra I )DNA
DNA, /mL= (g/mL)x 2378 bp
( 6.02x10" /N (2, 5" 764 bp, 3’
x 7 222 bp, MCP 1 392 bp (GenBank
1.7 PCR GU256635), 1 463 ,
50 ng DNA , DMTCF 7.05, 50 kD
DMTCR ; 68C 65C 62C ATG  -13 bp 1 TATA box
59°C 56 C 54°C 30 TATAATA, -593bp -315bp
PCR , 11 GAGAA( G)CCAAGACAGATGA
, 30 28 26 24 22 "
PCR , PCR 25
pL, 8 uL 1% ,
PCR
1.8
McCP pMD-MCP
10° 10° 107 10° 10° 10* 10®° 10 10’
10° /uL , ims ,
30 35 PCR , 1%
LBUSV DNA 10 | P
, IuL , PCR
1,3"-Stu 1 PCR ;2,3'-Dra 1 PCR 33,5 -Pvull
1.9 PCR ;4,5'-EcoRV ~ PCR ; M1: DL2000 DNA
ISKNV Fig. 1 Genorn,eij.aTl-(I:;m;’HCl}I{)I\rI:sults of MéP gene from
LBUSV ulcerative syndrome virus of largemouth bass
DNA . PCR 1, PCR products of 3’-Stu I library; 2, PCR products of 3'-Dra 1
library; 3, PCR products of 5’-Pvu Il library; 4, PCR products of 5'-
18SF 18SR( 1) 188 RNA EcoR V library; M1: DL2000 DNA markers; M2: A-Hindlll markers.
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-764
—675

—585
—495
—-405

=315
-225

-135
—45

46
136
226
316
406
496
586
676
766
856
946

1036

1126

1216

1306

1396

1486
1576

GACGCCACAAAATGTGAGGCAGATGAAGGATGGACT TTTGTAGGAAAGAAACAACAGCCGCAAAAACGAGGGTTTAGTAGAGCAGATAG
ACACCGTCACGGTTTCAAGGGAATGGAGAATGGTGACATGAGATACGGTCAGAGAACTGGGCAAGGTAGCTCTGAACAGCAGCGAGAGCG

AAGACAGATGAGAGAGCCAAGACAGATGAGAGAACCAAGACAGATGAGAGAGCCCAGAGAACCAAGACAGATGAGAGAACCAAGACAGAT

EﬁgAGAGCCCAGAGAACCAAGACAGATGAGAGAACCAAGACAGATGAGAGAGCCCAGAGAACCAAGACAGATGAGAGAGTCCAGAGAACC

AAGACAGATGAGAGAACCAAGACAGATGAGAGAGCCCAGAGAACCAAGACAGATGAGAGAGCCCAGACAGCAGAGAGAACCTCAAGTGAC

ACAAATTAATGCCGAAACACACGGCGCACGAGGCGACATGCGCAGGACGCACAAATGCCTGGACAATCTACAGAGGAGGACAAGATATCA
CGGCAGCGTCTTTAGATCGGCAGCCATGAGACCTGCTGGATCCAGCAACACACTTCCTCCTGCTCCTCCTGCTCCTCCTCAGCCAGAAAA

GGATTGGTTTGATGGAAACTAGGCCTAAAAAACCCCATTGTCAGTATAATTTAATTAGACTTATTTGCATATTCTGCACATGCAGAATAT
GCAATAATTTTCCCACCAACATTTCTATCGGTATAATAAAAGGAATGTCTTCTGTTACGGGTTCTGGCATCACTAGCGGGTTCATTGAT

CTCGCCACTTATGACAGCCTTGACAAAGCGCTGTACGGTGGAAAAGATGCAACTACT TATTTCGTCAAAGAGCATTATCCCGTGGGTTGG
LATYDSLDIKALYSGGIKDATTYTFVKEHYPVEGW
TTTACCAAACTGCCTACGGCTGCCACAAAAACTTCTGGTACGCCTGCTTTCGGGCAGCACTTTTCOGTAGGAGTGCCCAGGTCGGGCGAC
FTKLPTAATKTSGTPAFGQQHTFSVGVPRSGD
TATGTGCTCAACTCTTGGCTGGTCCTCAAGACCCCCCAGATTAAACTGCTGGCGGCCAACCAGTTTAACAATGACGGTACCATCAGATGG
YVLNSWLVLKTPQI KLLAANG GFNNDGTTI RW
ACCAAAAATCTCATGCACAACGTTGTGGAGCACGCCGCACTCTCGTTCAACGAGATTCAGGCCCAGCAGTTTAACACTGCTTTCCTGGAG
TKNLMHNVYVEHAALSTFNETIGQAQQFNTAFTLTD
GCCTGGAACGAGTACACCATGCCCGAGGCCAAGCGCATCGGCTACTACAACATGATTGGCAACACTAGCGATCTCGTCAATCCCGCCCCC
AWNEYTMPEAKRIGYYNMIGNTSDLVNPATP
GCCACCGGTCAAGCAGGAGCTAGGGTCCTGGCCGCCAAAAACGTTGTCCTTCCTGTCCCCTTCTTTTTCGGCAGAGACAGCGGGCTGGCC
ATGOAGARVLPAKNLVLPLPFTFTFGRDSSGTLA
CTGCCTACAGTCACCCTGCCTTACAACGAAATTAGAATCACCATCAGCCTGAGATCCATTCAGGATCTCCTGATTCTTCAGCACAAGACG
LpPTVTLPYNEIRITISLRSIQ@DLLILO GQHKT
ACCGGAGAAGTCAAGCCCATCGTGGCCACAGATCTGGAAGGAGGTCTCCCAGACACGGTAGAGGCTCACGTCTACATGACTGTGGGTCTG
TGEVKPI VATDLEGGLPDTVEAHVYMTVSGL
GTGACTGCCGCCGAGCGTCAGGCTATGAGCAGCTCAGTCAGGGACATGGTGGTGGAGCAGATGCAGATGGCTCCGGTCCACATGGTCAAC
VTAAERQQAMSSSVRDMVYVEQMQOMAPVHMVN
GGGAAGAAGCGCCAGCGTCTTTCACGCAGACCTGCGCTTTTCCCACGCCGTCAAAGCGCTCATGTTTATGGTGCAAAAGGTCACTCACAAG
PKNATVFHADLRFSHAVKALMFMYVQ@NVTHK
TCTGTGGGTTCCAACTACACTTGCGTCACTCCTGTTGTTGGAGCGGGTAACACCGTCCTGGAGCCCGCCCTGGCCGTCGATCCGGTCAAG
SVGESNYTCVTPVVGAGNTVLEPALAVDPVK
AGCGCCAGTCTGGTGTACGAAAACACTACCAGGCTTCCAGACATGAGCGTAGAGTACTATTCCCTGGTGCAGCCCTGGTACTACGCACCC
S ASLVYENTTRLPDMSVEYYSLVQ@PWYYATP
GCCATTCCCATCAGCACTGGCCACCACCTCTACTCTTACGCCCTGAGCCTCAACGATCCTCACCCTTCAGGGTCTACCAATTTCGGTCGC
Al P 1 STGHHLYSYALSLNDPHPSU GSTNTFTGHR
GCTGACCAACGCAAGCATCAACGTGTCTCTGTCTGCCGAGGCCGGAACTGCCGCCGGAGGAGGAGGGGCAGACAACTCTGGCTACAAAAAC
L TNASINVSLSAEAGTAAGGS GSGADNSGYKN
CCTCAGAAATACGCCCTGGTGGTCATGGCCATCAACCACAACATTATCCGCATCATGAACGGTTCCATGGGTTTCCCCATCCTGTAAATT

PQKYALVVMAINHNIIRIMNGSMGTFTPIL
GCAACACATATTACTACGTTTCCATATCGCAAACTGCGATATGGAAAAACTTGAACGCCCCTCTTGTTAGTTTCTGTCACCTAAATTCGTT
TTTACACAAAACAACCGCAATGGCAAACTTTGTGACAGACAAGAGAGAGAGACTCACCATCGAGTGCGCTCCCGCCGAACTGACTAATCA
GTTTCCTTCCATCAGGGGACTGGTCAGGTACGACGGGCG

2 McpP (GU256635)
, TATA

Fig.2 Nucleotide and deduced amino acid sequences of MCP gene (GU256635) from the largemouth bass ulcerative syndrome virus

, —160 bp —140 bp 3  TCCTCCT necrosis virus)(NP_612228)
(Iridovirus)  CzIV(Costelytra zealan-
2.2 MCP dica iridescent virus)(AAB82569)
LBUSV  MCP 6 (Chloriridovirus)  1IV3(Invertebrate iri-descent
MCP ( 3), 6 virus 3)(YP_654586) ,
(Ranavirus)  FV3(Frog 83.4% 83.4% 51.1% 45.0% 43.9% 41.6%
virus 3)(ACP19256) EHNV(Epizootic haemato- 1 PbCV1 (Para-mecium
poietic necrosis virus)(AA032315) bursaria Chlorella virus 1) MCP ,
(Lymphocystivirus) LCDV1(Lymphocystis dis- 19.5% 4),
ease virus 1)(ABN58782) (Mega- LBUSV
locytivirus)  ISKNV(Infectious spleen and kidney (Iridoviridae) (Ranavi-

Arrows underlined repeat sequences, and box showed TATA box in the promoter.
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LBUSV ussvrcEcril assr Ciy[ys LDKALgeK - —————— DT 89

EHNV  MSSVTGEGIERcIRaaL Ui YINNT, piTT 89

FV3 MS SVTGHEIG Tyl BN Ui YIIN T, : 89

ISKNV  MSATSGANVERICIRRNT SAFINAM 89

LCDV1 wmssvaGEsvigIalmes:. 89

CzlV EVSIYERISINI T S G F T DIATIa DIk 88

Iv3 ---MSS A 5

EYTMZE B1G Y)Y TH : 185

IVENVNLSINYPISOSENTAYMBAWNSE Y TMIZE. R1G Y)Y TEDIAIN . 185

IVESVTLS|MNAT SOSENTA YIREAISE Y TME ANRT/ERGY TEDM TN 1 185

[LVEEVSVS@NPLVAQTLTSEFIMNFRINACMMIEG SN0 SN KI REIDIAV - — - - - : 175

LVKQTSVOIMNLVAQKFES Y FINFIS A F GMCG S|iHV[edD TIDMTQ : 180

LIREATITI@NPLVAAREDNY HISNFISAF TVI=AS|aK I [ehqD IEAETN --VAPGGSLGSVGGINMNIBLE : 180

LIREITISIEMYMNLVGSRLDNYFIREMNSAF T Ti=A SIRNEND. IETIETDIE--VGPGGSLGHTGGTVIENIBETS : 185

R e R v TR IR I T I SLIS TODIRRMLOHK - TTGEVKE IV - - - - ATDEGGLEDTVEARYYMTVGLYT 276

SIBR4NTRT TVKLIRA T QDIBMILOHN - TTGATS|S IV -~ --AADWEGGLIZDTVEAN] 276

SIRRNATR T TVKLINA T ODIMMILOHN - TTGAT SIS IV-—--ASDIMAGGLIFDTVEANYYMTVAL I TGD) 1 276

IB6N3V R I HFKLIARWE DS O SNQADMAISTVT - — -~ LAN IGNVAJZA 1 267

IB4NATRLTFHLIADGT EMMFONK-NDST I 271

iRNeNMO TN EN FIR\DW PEIRMEL TN TALVPPAS)ZYVP I VVGTHINS - AAIFVLGAVQ) 275

LIBATIN TV SIAET A AIBRNENATOLNE SM 280

FINVIONY TEAYE : 371

1IMYONVNH P SV G| : 371

1IMYONVIYH P SV G| 371

KINVINHRNVOQ 361

HOAVQ 367

SSAE 370

3 @ TINGRONY TIHS TNPMP S FIb T iR8afshab: SAAE 375
LBUSV NveaifrstEsfcNs : 463
EHNV YHTS STEHSLMS 1 463
FV3 YHTSVST S| : 463
ISKNV FEPS |2 MD) C : 453
LCDV1 MFGGSklgvDT| C| . 459
CzIV ~ HEeTiEssT S| VVPQ A : 462
Iv3 HEPTSFI S| IVPH. A A 1 466

3 MCP 6 MCP
, 80% ; 60%

Fig. 3 Multiple alignment of LBUSV MCP amino acid sequence with other 7 MCP proteins
Identical amino acid residues in all sequences are highlighted with black shading and white letter, dark gray shading and white letter was used
for regions with more than 80% identity, as well as weak gray and black letter showed regions with more than 60% identity.

— W DMCFPR, LBUSV  PCR
FV3

| LBUSV ’
CzIv 54~68°C PCR ,
JINK] o o
LCDVI 59~65TC , 65C
ISKNV () , PCR
Foevi ( 6), 25 uL PCR : 8 uL,
4 8 MCP 26
Fig.4 Phylogenic tree baseq on MCI.’ amino acid sequences PCR . 94°C 3 min; 94°C
from 8 virus strains
30s,65C 30s,72°C 20 s, 30
rus), LBUSV M 1 ’ 3 4 5 6
(31
2.3 PCR
, LBUSV MCP
, 5 PCR
3 (7~247bp) FV3(FI459783.1) EHNV ST 65T e 9C ser sic
(FJ433873.1)MCP , PCR ; M: DL2000 DNA
75%  73%, LBUSV Fig. 5 Optimization of PCR annealing temperature

1-6, PCR products with annealing temperature 68°C, 65°C, 62°C,
DMCPF 59°C, 56°C and 54°C; M: DL2000 DNA marker.
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DNA ( 8,

6 PCR
1-5, 30 28 26 24 22 PCR 3 M:
DL2000 DNA

Fig. 6 Optimization of the number for PCR cycles
1-5, PCR products with 30, 28, 26, 24 and 22 cycles. M: DL2000
DNA marker. 8 PCR

o . A: PCR 188 RNA ; B: PCR
;72 °C 7 min

2.4 DNA ;7 8, DNA

DMCPF DMCPR 910,
DNA ; 11, 18S RNA ddH,0

pMDI19-T , pMD-MCP, , MCP pMD-MCP

10° 10° 10" 10° 10° 10* 10° 10* 10 - M: DL2000 DNA :
0 Fig. 8 Specificity tests of PCR
10 /“L > PCR > A: PCR products of /85 RNA gene for genome quality detection; B:
30 PCR PCR products of MCP gene for for virus detection; 1-6, PCR products
’ of spleen DNA from LBUS V-infected largemouth bass; 7 and 8, PCR
10* /uL, 35 products of spleen DNA from healthy largemouth bass; 9 and 10, PCR
3 products of spleen DNA from ISKNV-like- virus infected largemouth
10 bass. 11, Negative control of /85 RNA gene is ddH,O as template, and
/}J.L( 7)’ PCR 30 35 positive control of MCP gene is plas- mid pMD-MCP as template.
M: DL2000 DNA marker.

3
(MCP)
, MCP
MCP
b
B8] Mao [9]
MCP R
7 PCR s
A: 30 PCR ; B: 35 PCR ; 1-10, LBUSV
pMD-MCP  10° 10® 107 10° 10° 10* 10° 107 [3]
10" 10° /uL PCR ; M: DL2000
DNA MCP . s

Fig. 7 Sensitivity assay of PCR , LBUSV
A: PCR results with 30 cycles; B: PCR results with 35 cycles; 1-10, MCP
PCR products with serial diluted templates of 10%, 10%, 107, 10°, 10°, 10%,
10%, 10%, 10", 10° copies/uL plasmid pMD-MCP. M: DL2000 DNA 8],

marker.
. DNA
2.5 (Phycodnaviridae)MCP ,
, LBUSV  MCP
DNA (o] Mmcp

ISKNV
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LBUSV MCP 5' (=764 ~ —600bp) 65°C
FV3  OFR&9 (37%) , 26 PCR ,
, 3 (=764 ~—600 bp) , , 30
immediate early protein (ICP-46) , FV3 PCR
ICP-46 59%, 3 LBUSV , 30 PCR
FV3 (AY548484) 104 /uL, 35
, (Singapore 10° /uL, 35
grouper iridovirus) (YP_164257.1) 3 ,
DNA , PCR ,
(DNA MTase) , , PCR
(Ranavirus) , DNA MTase 30 , LBUSV
DNA 10 ,
PCR PCR ,
(2 PCR, PCR
(Long terminal repeats, LTRs) 10 /pL , PCR
(Short interspersed elements, SINEs) ,
(Long interspersed elements, LINEs) DNA ISKNV
[13]
14 LBUSV MCP DMCPF ~ DMCPR EHNV FV3
-593bp -315bp 11 GAGAA( G) LCDV1 ISKNV  MCP
CCAAGACAGATGA , —160 bp 76% 76% T1% 48%( 2),
—140 bp 3 TCCTCCT ISKNV ,
EHNV FV3 LCDV1
, DMCPF
LBUSV  PCR DMCPR FV3 MCP
, PCR , , PCR LBUSV ,
54~68°C PCR , ( ), PCR

b b

£2 5™HESH MCP EEF DMCPF #1 DMCPR 3|48 5 551 b4
Tab.2 Comparison for homologous sequences of DMCPF and DMCPR primers in five MCP genes

Virus LBUSV 1%
Forward primer Reverse primer Identity to LBUSV
LBUSV T-TG-TA-G———T-TGGCA-C C——G——-AGAG——G-GC-CA—
EHNV T-TG-AA-C———T-AGGTA-C C—A-—-GGCG——G-GG-TG— 76
FV3 T-TG-AA-T-——T-AGGTA-C C—A-—-GGCG——G-GG-TG— 76
LCDV1 T-TG-AG-A——-T-AAGCG-C T--T-—AGCG—A-TC-CG— 71
ISKNV G—=AA-CT-A-——-G-AAACG-A G—=G——CACA—A-TG-GG— 48

Consensus C T CGGT C T

CA

CCA TTA A T
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Sequence analysis of MCP gene from largemouth bass ulcerative
syndrome virus and rapid detection by PCR assay

MA Dongmei, BAI Junjie, DEND Guocheng, LI Shengjie, YE Xing, JIANG Xiaoyan

(Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Tropical & Subtropical Fish
Breeding& Cultivation, Chinese Academy of Fishery Sciences of China, Guangzhou 510380, China)

Abstract: For rapid detecting the virus disease, largemouth bass ulcerative syndrome, which broke out in cultured
largemouth bass (Micropterus salmoides) in Guangdong Province, the full-length major capsid protein (MCP) gene of
LBUSYV was identified by genome walking. The open reading frame (ORF) of MCP gene is 1 392 bp encoding 463
amino acids. Multiple alignment analysis indicated that the virus belonged to the genus Ranavirus of family Iridoviridae.
A pair of specific primers was designed and synthesized to amplify a 241bp MCP gene fragment for virus detection.
Optimizing PCR reaction condition showed that the suitable annealing temperature ranged from 59°C to 65°C, and the
suitable cycle number was 30. PCR sensitivity assay indicated that the PCR method could detect 10* copies/uL diluted
plasmid templates amounting to 10* virions within 30 PCR cycles. The method could detect naturally LBUSV-infected
largemouth bass, while the healthy fish and the naturally ISKNV-infected fish had no amplified products. In addition,
the method shares many advantages, such as rapidness, lower-cost, exactness, therefore the PCR detection method will
be applied extensively. [Journal of Fishery Sciences of China, 2010,17(6): 1149-1156]

Key words: largemouth bass ulcerative syndrome virus (LBUSV); Micropterus salmoides; Iridoviridae; major capsid
protein (MCP); sequence analysis; PCR detection
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