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Abstract : Cowper chlorotic mottle virus (CCMV) is the ‘controlled’ quarantine virus as plant pathogenic virus that are
classed as group VI (+) ssRNA virus that belongs to the genus Bromovirus and family Bromoviridae, When plants that
are Phaseolus vulgaris, Clitoria ternatea, Nicotiana tabaccum, Glycine max, Vigna unguiculata and Vigna siensis, and
Arachis hypogaea is imported in domestic. In this study, inspection system is implemented to analyze CCMV accurately
and rapidly by developing RT-PCR, nested PCR, and gene insertion positive control. It is expected that the method
developed in this study will contribute to the plant quarantine to be consistently utilized in the field.
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Cowpea chlorotic mottle virus (CCMV)+= Group IV
positive sense single strand RNA virus, Bromoviridae
I}, Bromovirus% 02 576l AlEH Uy Hlo|H AR,
Bancroft 5(1967)¢] 2J8)] &0 &2 W%}t CCMV=
°F 30 nm =7]9] 20%4| &juj A o] 37)9] RNAS
o= AT gk v FYBARAE] 25,
CCMVe] SARS RNAL (3,17 Kb), RNA2 (2,77, Kb) 4
RNA3 (2.17 Kb) 2 F-E=|1, RNAILS 1a protein, RNA2
= 2a protein U RNA3L movement proteini} coat
proteine 717} o}& 3t} SHH, COMV: 7148 Phaseolus
vulgaris), UB|&-5=(Clitoria ternatea), @8l|(Nicotiana

tabaccum), NW5(Glycine max), ‘55(Vigna unguiculata,
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(Animal, Plant and Fisheries Quarantine and Inspection
Agency, 2013; Lee et al., 2013c). 2006@7}A] CCMV+=
enzyme-linked immunosorbent assay (ELISA) H'HS
X318k UK(Stein et al,, 1979), %o AZ7Eo} AR
OFAHRS- SO F(Caruso et al,, 2003; Priou et al.,
2006) AURIT} HAH 7o ofzo] WA 7Hs/do]
Th(Lee, 2013). Hol| RT-PCRL 2| Ak tfyia
2 A i R B DAUOE B A7)
BYEY 9 om(Kim et al,, 2000, 2005; Park and Kim,
2004; Lee et al., 2011a; Lee et al,, 2011b), ASUEE
A} Al7]3L RT-PCR A2 58 U2 nested
PCRo| 7jdt=]o] Ba1E]al QItH(Lee et al., 2013a; Lee
et al,, 2013b; Lee et al,, 2013c), 3t AFA 2 HofA

7185k AR PSS BN 4= 9l POR AT
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7} 7§4t=] o] (Lee and Shin, 2014), AEHYA A2 ¢
3t RT-PCR Y nested PCR AYUAA A|AE]0] 0]F0]%]
a1 Qle}, e, obF] @l B 7hsgt comvol| tgt
AERIG A AES B R] oFgkt), mEbA] 2 ol A
£ dFollA COMVE A1, el AdE 4= 9=
RT-PCR, nested PCR & OFAJThRIL(SHA} AFe)E 7)
ghsto] ®uakalat gt

. Jis ¥ 9l
L Aa543
O[AIR, RNA Ei= cDNAA & 3% $J3le, 5%

AeEe] FAE SYSPE 4R T T FolekA L
5 =] l-:djr,].‘(ﬂ-
o 0 od b

(Adgen, England; Bione, Korea), &%
9 59| gR7IRold P2} saion, B2
53} ek AARARE oA BlolEl A Cowpen chlorotic
mottle virus (CCMV) W Zra1vlo|H| A Alfalfa mosaic
virus (AMV), Arabis mosaic virus (ArMV), Bean yellow
mosaic virus (BYMV), Beet mosaic virus (BtMV), Broad
bean wilt virus (BBWV), Cherry leaf roll virus (CLRV),
Cowpea mild mottle virus (CPMMV), Cowpea severe
mosaic virus (CPSMV), Cucumber mosaic virus (CMV),
Pepper veinal mottle virus (PVMV), Prunus necrotic
ringspot virus (PNRSV), Ribgrass mosaic virus (RMV),
Soybean mosaic virus (SMV), Tobacco necrosis virus
(TNV), Tobacco streak virus (TSV), Tomato black ring
virus (TBRV), Tomato bushy stunt virus (TBSV) 9
Tomato spotted wilt virus (TSWV)],

2. maloji AA

COMV 715 Sefolo] AL vlolal2o) o)t 9]
chalo] okEEIE) RNASS T Sealellnt, u] =
HAYEX B AIE (National Center for Biotechnology In—
formation)o|A] RNA3S 433}st= CCMV G7|AES
TRI(AF325741, AF325738, AF428092 % M28818)3}%.
om HESEK o0 F GALSE Bromoviridae 452 Hfo]E A
97]44[Broad bean mottle virus (M60291), Brome

mosaic virus (AB183261), Cacao yellow mosaic virus
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(AB194808) ¥ Spring beauty latent virus (AB080600)]
3} v|ws}ke], DNAMAN software package version 6,02
T & 5ol AES FM5HITHPan et al,, 2000; Lee,
2013; Lee et al,, 2014),

3. Wit X%, RT-PCR @ ZEUE

oA Z o)A total RNA 3%, cDNA 4 % RT-PCR
Of kit, 24 B 27 B oo eyt ZekA|AF] A
R} FUsHA 3sithLee et al., 2013a). ERF CCMV
3% RNAS 10 '-10 714 8|4J5}o] RT-PCRO] H&HE
£ BA3I9t} 0]% PCR AFE-L 1,2% agarose (Sigma
aldrich, USA) gel 150 mlo}| TopRed nucleic acid gel
stain (Biopure, United Kingdom) 4 nl& o] 8087t
WS SfgLom, UV SolA AT WS SEH,

4, RT-PCR Zz}o|t] Myt

RT-PCR 2SS tafo2, Famjolel Az 185319] v]
Eol49l M-S BASlolon], HF MR AR 278
a#slo] 27)e] RT-POR Zetolw] xgE st

5. Nested PCR W QA= 7wt

Nested PCR Ze}o|n|i= RT-PCR $-F4HE9] %2
A5 & 4= Q&= specific primersE A5t ARSI
th. RT-PCR AHZ9] W=7} 7517 348 Aol 107

o2, ol GHE AL 1070 MY, WS
[e]

2o g 5%t Nested PCRE Fast PCR PreMixture
(Plutos, Korea) 2X type AR5}, H7AL Hhe= A9
3} RT-PCRY} 728 A0 & 423519121, RT-PCRO|
tet 2-2H9] nested PCR Zefolw 23k ATEsiqith

SHH, FAHERT As flste], ARt 27 299
RT-PCR %92 ¥3H5H= CCMV_NO1/C10 (1,726 bp)S
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ZEZ3l9l oM, AIBHEA Xho [0] HRESE 5= Q)= 7|4 Y
‘CTCGAG (6 bp)E Site—Directed Mutagenesis KitZ ]
|3}o] A9+ tHNelson and McClelland, 1992).

nr. Zy 9 &

COMVE Aets}7] 9J3F RT-PCR £ E0]4] Zefo|n=
2 9370 (ke 11, 98)F 12)7) A4 H93(Fig. 1), PCR
ZEZ5 9%t ZfolH: F 61717 2gE o, AHE

3

188-1,012 bpE ZZ3} 4~ 9lth(data not shown),

CCMV 2] % Eo]& RT-PCR Zejo|n| AHhS 93t &
HolAl, 6170e] £t %, MEQ] WSAES Fojukr, A
Gol gelr} Bl B Sola ukgo] Holx| gk 1074
ZTHZTM, 9, 19, 95, 34, 44, 48, 52, 56 T 61)S Ata}
Ak At 1079 23S djito g, Zhadlo|yAF
CcCMVe} B8k GAluto|@A¢Ql Bromoviridaed} 9
U715 3 B0 AU 4 iz volzl) 185349 v
Eo|A A Avl 2719 RT-PCR Zztol 230l 52
967 bp)2} 56 (824 bp)S 2 RT-PCR Zafo|m 23Ho.

Z Agslgdon AZE BAAN nE 1074 £
WE7L W4Eel tel, coMvE 2SSt A
RT-PCR primer set2 ottt & A% %¥ RT-PCR
aafolw 23529} 562 7|2 = nested PCR ZEfo|HE
qAste] BAsl ATl 23525 COMV NO7/C53 (436
bp), Z§H6> CCMV_N05/C60 (395 bp)S nested PCR
zofolH R AASIFHFig. 2 and Table 1),

FdtRT AR flsto] AUSE RT-PCR Z2to]w 9]
ZE ool W& LW COMV NO1/CL0 (1,726 bp)S

—~~

d

J
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- -
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Fig. 1. Map of specific primers design for detection of Cowpea
chlorotic mottle virus.

ZE319tt 5Z35 AFE-E insert DNAR iiua}o)i
Atk PCR AgdolA *E;.*‘ 205,-2—. Az 03}7] Ho}oq RT-
3 Z3to] Bl AME o] ofF

off Algta Xho I siteS A UTE AiH(Lee, 2013), 671
A71ME ‘CTCGAG 9] A1l& ERRlsHATHFig. 3).

AAFEA O A= CCMV RT-PCR Z2to|v] 23t529} 56

S ARgato] ke AXEh | RT-PCR AMRS 330z

nested PCR 35Tt ZAF Al ARk f471 dR-E

= g zj_ 2 A3t} Nested PCR

A @ AojlE AR o}

rSL'
(AN

A1, nested PCR A= xﬂﬁPEL Xho Ioﬂ HPA] 7]\:4 ok
geizoll AF3t site (CTCGAG)7} 3-8t ARzl 27}
o] HER UNA Htt E3 nested PCR AFES H714
o BAslo] oFA o 2519} multiple sequence alignment
| EH, AMISH CTCGAG Fio] BARH #AlFdo=z
e 4 rh(Lee, 2013),

CCMV= FHSAR 250l A A oa} we ol
H}o] 2] A (Animal, Plant and Fisheries Quarantine and
Inspection Agency, 2013)0|t} 2 Lo A 7fdst HAL
WO AAGA oA 7dE(Phaseolus vulgaris), WH|L

M 1 2 3 4

1.0Kb —>

0.5Kb —

Fig. 2. Results of RT-PCR and nested PCR for detection of
Cowpea chlorotic mottle virus Lane M, 100 bp step DNA
Ladder maker (Genepia, Korea); lane 1, RT-PCR set 52
(CCMV_NO1/CCMV_C50, 967 bp); lane 2, nested PCR of
RT-PCR set 52 (CCMV_NO7/CCMV_C53, 436 bp); lane 3,
RT-PCR set 56 (CCMV_NO01/CCMV_C53, 824 bp); lane 4, nested
PCR of RT-PCR set 56 (CCMV_N05/CCMV_C60, 395 bp).
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Table 1. Information of finally selected RT-PCR and nested PCR primer sets for detection of CCMV

Primer Length Band size
St PCR s S (mer) (bp)
CCMV_NO1 TCCCGTGAGCAGCGTTTACATTACT 25
RT CCMV_C50 ATCTCTGGATCTTGCTCGTCAGTC 24 967
2 CCMV_C53 CTTATACATAGGTGCGTACTGCT 23
Nested CCMV_NO07 CAAGAACACTGGTAGTAGAGCT 22 436
CCMV_(C53 CTTATACATAGGTGCGTACTGCT 23
KT CCMV_NO1 TCCCGTGAGCAGCGTTTACATTACT 25 824
56 CCMV_C60 ACAAACGATAGCCGGAAGACTA 22
Nested CCMV_NO05 AAGCCGGCGCCCAGGATGATATGT 24 395

Fig. 3. Result of restriction enzyme (Xio I) cutting for
development of modified-positive control Lane M, 100 bp DNA
Ladder maker; lane 1, nested PCR product of RT-PCR set 52
(CCMV_NO07/CCMV_C53, 436 bp); lane 2, after treatment of
restriction enzyme Xho 1.

=(Clitoria ternatea), B¥\(Nicotiana tabaccum), S5
(Glycine max), 5 (Vigna unguiculata, Vigna siensis)
9 W (Arachis hypogaea)S-2 ZHEo| A CCMVE A<,
dsHA Akste] A|&A 0 g A oo 7]ofd Aolet
AL 7|

v. 3

Cowpea chlorotic mottle virus (CCMV)+= Group IV
positive sense single strand RNA virus, Bromoviridae
3}, Bromovirus% 0.2 E7ol= AW YA vlo|HAR,
7Y $F(Phaseolus vulgaris), YB|&5(Clitoria tematea)
Sl (Nicotiana tabaccum), W(Glycine max),

(Vigna unguiculata, Vigna siensis) U %]'%(Aracbjs
hypogaca)o] FUZ 28 A, AL SHHE B
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