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For quarantine purpose, we developed the RT- and nested PCR module of Tomato black ring virus (TBRYV),
Arabis mosaic virus (ArMV), Cherry leafroll virus (CLRV) and Grapevine fanleaf virus (GFLV). The PCR
modules, developed in this study make diagnosis more convenient and speedy because of same PCR
condition. And also, the methods are more accurate because it can check whether the result is contamination
or not using the mutation-positive control. We discard or return the 27 cases of Nepovirus infection seed by
employing the module past 3 years. This study provides a rapid and useful method for detection of four

quarantine plant viruses.
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°F 28 nmol AHL ML U3, F2 F, 4%, B4 & Ao® 9uA 9
9 AZo] o dLE A AEllA QR 7S Enzyme-linked immunosorbent assay(ELISA)= &
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dom, A3 715 H9= 367 F(family) /3] WS AEupo]H A HA A AMEE NS H(Clarky) Adams,
7195 7HAAL itk GFLVE °F 30nme] A5 7K 1977), AARS] A8 e A9 nlelg s
THvole A AAPHA FR J1FE Tus A% AAEeR 2UEL ALHU zawr Al &
3 #elo] govk, THE MRS 5 UYR /152 7B asE A7 e NHE 2 ARG 5ol #AY
Table 1. List of plant viruses used in this study
Virus Genus Family Type
Tomato black ring virus (TBRV) Nepovirus Secoviridae Tissue and RNA
Arabis mosaic virus (AtMV) Nepovirus Secoviridae Tissue and RNA
Cherry leaf roll virus (CLRV) Nepovirus Secoviridae Tissue and RNA
Grapevine fanleaf virus (GFLV) Nepovirus Secoviridae Tissue and RNA
Alfalfa mosaic virus (AMV) Alfamovirus Bromoviridae cDNA sample
Bean common mosaic virus (BCMV) Potyvirus Potyviridae cDNA sample
Bean yellow mosaic virus (BYMV) Potyvirus Potyviridae cDNA sample
Broad bean wilt virus 2 (BBWYV 2) Fabavirus Secoviridae cDNA sample
Broad bean wilt virus (BBWYV) Fabavirus Secoviridae cDNA sample
Carnation mottle virus (CarMV) Carmovirus Tombusviridae cDNA sample
Cowpea chlorotic mottle virus (CCMV) Bromovirus Bromoviridae cDNA sample
Cowpea mild mottle virus (CPMMV) Carmovirus Tombusviridae cDNA sample
Cowpea mosaic virus (CPMV) Comovirus Secoviridae cDNA sample
Cowpea severe mosaic virus (CPSMV) Comovirus Secoviridae cDNA sample
Cucumber green mottle mosaic virus (CGMMV) Tobamovirus Virgaviridae cDNA sample
Cucumber mosaic virus (CMV) Cucumovirus Bromoviridae cDNA sample
Cucumber necrosis virus (CNV) Tobamovirus Virgaviridae cDNA sample
Cymbidium ringspot virus (CymRSV) Tobamovirus Virgaviridae cDNA sample
Kyuri green mottle mosaic virus (KGMMYV) Tobamovirus Virgaviridae cDNA sample
Lettuce mosaic virus (LMV) Potyvirus Potyviridae cDNA sample
Prune dwarf virus (PDV) llarvirus Bromoviridae cDNA sample
Pepper mottle virus (PepMoV) Potyvirus Potyviridae cDNA sample
Pepper veinal mottle virus (PYMV) Potyvirus Potyviridae cDNA sample
Raspberry ringspot virus (RpRSV) Nepovirus Secoviridae cDNA sample
Ribgrass mosaic virus (RMV) Tobamovirus Virgaviridae cDNA sample
Soybean mosaic virus (SMV) Potyvirus Potyviridae cDNA sample
Squash mosaic virus (SqQMV) Comovirus Secoviridae cDNA sample
Tomato bushy stunt virus (TBSV) Tobamovirus Virgaviridae cDNA sample
Tobacco mild green mosaic virus (TMGMV) Tobamovirus Virgaviridae cDNA sample
Tobacco mosaic virus (TMV) Tobamovirus Virgaviridae cDNA sample
Tobacco necrosis virus (TNV) Necrovirus Tombusviridae cDNA sample
Tomato mosaic virus (ToMV) Tobamovirus Virgaviridae cDNA sample
Tomato ringspot virus (ToRSV) Nepovirus Secoviridae cDNA sample
Tobacco ringspot virus (TRSV) Nepovirus Secoviridae cDNA sample
Tobacco rattle virus (TRV) Tobamovirus Virgaviridae cDNA sample
Tobacco streak virus (TSV) llarvirus Bromoviridae cDNA sample
Tomato spotted wilt virus (TSWV) Tospovirus Bunyaviridae cDNA sample
Turnip mosaic virus (TuMV) Potyvirus Potyviridae cDNA sample
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Table 2. Sequence information of final selection and nested primer sets used in this study

Primer Sequence Length (bp)  Expected size (bp)
TBR-C30 5'-TGC CAG CCT CAA CGA AAT C-3' 19
TBRV #1 510
TBR-N40 5'-ACT GTG TTA AAT CGC CCG CA-3' 20
TBR-C70 5'-AGA TGC ACG GGG AGA TAA CT-3' 20
TBRV #2 662
TBR-N20 5'-GCA GTC TGT TCA CCT GCG-3' 18
#1 nested TBRN-C30 5'-CAA CRG CAG TGA TTC CAA ACA T-3' 22 313
n
esie TBRN-N40  5-TGG AAR GAG GCA AAG TCT GT-3' 20
TBRN-C70 5'-TTC CAT CCC GCT TCA GCA AGT-3' 21
#2 nested 307
TBRN-N20 5'-AGT TTG TCG AGG GIT CTG A-3' 18
AIMV #1 ArM-C32 5'-ATT GGG GAA GGA CGG AAC AGA AAG A-3' 25 -
ArM-N24 5'-CCC TTT CGG TCC CTC ATT GGC T-3' 22
ArM-C29 5'-GAC CCC GTT CCA TTC ACT A-3' 19
AMV #2 780
ArM-N30 5'-AAC GCG GGG TCT TGC TGG TA-3' 20
ArM-C29 5'-GAC CCC GTT CCA TTC ACT A-3' 19
#1 nested 385
ArM-N25 5'-TGC CTC ACT GGA AAT AAC A-3' 19
ArM-C28 5'-ACT CTT AGG ACT ATG CCT AAG T-3' 22
#2 nested 487
ArM-N24 5'-CCC TTT CGG TCC CTC ATT GGC T-3' 22
CLRV #1 CLR-C10 5'-GGA AAG ATT ACG TAA AAG GAA AAC-3' 24 673
CLR-N60 5'-GGT TTT CAG CCC AGG KYA GTC TT-3' 23
CLR-C25 5'-CTT GCT AAC GCT ATC TAC CCA CAT-3' 24
CLRV #2 633
CLR-N50 5'-TCT GGC GGG AAT AGT GRA GGT C-3' 22
#1 nested CLR-C20 5'-AAA MMC GAT CGG GGC AAC AA-3' 20 313
neste
CLR-N80 5'-CAA TTC TGG CGA CCG TGT AAC-3' 21
CLR-C30 5'-TRR RAT TCA AAG TCA CAG GTR TG-3' 23
#2 nested 479
CLR-N62 5'-TCA GCC CAG GKY AGT CTT ATT TYA-3' 24
GFLV #1 GFL-C30 5'-CTG CAA AAT TCC CAA CCA ACA ACT-3' 24 699
GFL-N120 5'-GTT GTG TTT TGG GTA TGG GAG GTA-3' 24
GFL-C50 5'-TCA CCC GAA GGA GCG ATA GG-3' 20
GFLV #2 582
GFL-N100 5'-RTC TCC AAG GTIT GCA TTT CAC R-3' 22
#1 nested GFL-C40 5'-ATT CGG TGT TCA GAC TCC AYT-3' 21 30
n
et GFL-NI30  5-CCC GGG GTG TAT GTG GAA GAG GAY-3' 24
GFL-C60 5'-ACT TCC GTC CTC TTC CAC ATA CAC-3' 24
#2 nested 289
GFL-N110 5'-TAC TTG CCC TCC CAT ATT CTT TGA-3' 24
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Atk 2= 3 H714EE-S DNAMAN DNA analysis  (Plutos, Korea) 10 w2 AA] 20 w2 43}tk PCRS
software package(DNAMAN version 6.0; Lynnon Biosoft, YA F=3 7]5-2] genomic DNA 1 uE FHoZE A
Canada)E A}-83}9] sequence alignment ¥ annealing Wkl kel xelo]m (25 pmol)E Z+ZF 1ul, DW 7ul
temperature 51-59°CE 2702 F 5o|¥2l H7IMES 2 nested-PCR kit(Plutos, Korea) 10 plZ A 20 ul2 4
A 519 THPan 5, 2000) (Table 2). A3t RT-PCR 7S 42°C, 6079 & HAF w83}

FAAIFlA total RNAL] =3} 71522] genomic DNA 95°C, 10%-°] denaturation § 95°CollA 45%, 55°Col|A]
FZE2 SolGent RNA mini prep kit(Solgent, Korea), 13, 72°CAA 18 gL 3538 & F wpxjeto g 72°C

RNA-spin™TIp RNA extraction kit(iNtRON, Korea) % o A 5EZF WA T RNAE PO 2 ¢DNA F482
DNeasy” Plant mini kit(Qiagen, Netherlands)E A}-8-3} 1 42°Co A 60% F 60°COlA] 102 WH5-319 2™, PCR &=
U(Lee &, In press). RT-PCR2 &3t total RNA 1 pl& 712 RT-PCRE] A} 9b-g-8 A&k ywA] vkg-3} 7+

Fyo g AAE ek ek Zglo]lW (25 pmol)E Al 3T PCR AHES 1X TAE bufferg ©]-&3st 1.2%
¥z} 1 ul, DW(Sigma, USA) 7ul 2 RT-PCR preMixture  agarose gelollA] 80% 7195 T ethidium bromideZ ¢

Table 3. Final selection and nested primer sets used in this study to detect 4 Nepovirus species

Virus! Final selection primer sets Nested primer sets Positive
rus
Upstream  Downstream  Length (bp) Upstream Downstream  Length (bp) control (bp)
TBRV TBR-C30 TBR-N40 510 TBRN-C30  TBRN-N40 313 TBR-N20/C10
TBR-C70 TBR-N20 662 TBRN-C70  TBRN-N20 307 (2,999)
APMY ArM-C32 ArM-N24 773 ArM-C29 ArM-N25 385 ArM-N17/C32
ArM-C29 ArM-N30 780 ArM-C28 ArM-N24 487 (1,443)
CLRV CLR-C10 CLR-N60 673 CLR-C20 CLR-N80 313 CLR-N10/C10
CLR-C25 CLR-N50 633 CLR-C30 CLR-N62 479 (1,497)
GFLV GFL-C30 GFL-N120 699 GFL-C40 GFL-N130 430 GFL-N60/C10
GFL-C50 GFL-N100 582 GFL-C60 GFL-N110 289 (1,656)

'TBRV: Tomato black ring virus, AtMV: Arabis mosaic virus, CLRV: Cherry leafioll virus, and GFLV: Grapevine fanleaf virus.

TBRV CLRV
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Fig. 1. Results of RT-PCR products and nested-PCR products. Circle, final selected nested primer pairs. M, 100 bp step DNA Ladder
maker(Genepia, Korea); lane 1, TBRV final selected primer set #5 (510 bp); lane 2, TBRV nested-PCR product from primer #5 (TBR-
C30/N40, 313 bp); lane 3, TBRYV final selected primer #18 (662 bp); lane 4, TBRV nested-PCR product from primer #18 (TBR-C70/
N20, 317bp); lane 5, ArMV final selected primer #8 (773 bp); lane 6, ArMV nested-PCR product from primer #8 (ArM-C29/N25, 385
bp); lane 7, ArMV final selected primer #9 (780 bp); lane 8, ArMV nested-PCR product from primer #9 (ArM-C28/N24, 487 bp); lane 9,
CLRV final selected primer #8 (673 bp); lane 10, CLRV nested-PCR product from primer #8 (CLR-C20/N80, 313 bp); lane 11, CLRV
nested-PCR product from primer #8 (CLR-C24/N80, 280 bp); lane 12, CLRV final selected primer #44 (633 bp); lane 13, CLRV nested-
PCR product from primer #44 (CLR-C30/N62, 479 bp); lane 14, CLRV nested-PCR product from primer #44 (CLR-C30/N80, 230 bp);
lane 15, GFLV final selected primer #25 (699 bp); lane 16, GFLV nested-PCR product from primer #25 (GFLV-C40/N130, 430 bp); lane
17, GFLV nested-PCR product from primer #25 (GFLV-C40/N140, 280 bp); lane 18, GFLV final selected primer #42 (582 bp); lane 19,
GFLV nested-PCR product from primer #42 (GFLV-C60/N110, 289 bp); lane 20, GFLV nested-PCR product from primer #42 (GFLV-
C60/N120, 164 bp).
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Alste] UV atoll Al g8ttt PCR F3A=< th gk
nested Zeto|w XS A7 oH, 12} PCR &S
17100 A3t 1 uls FPS2 ARSSIAAL Y= =7
< 919 PCR 2713 Fd3tA §Eg-s13d E% w3 HE

Al xetolm 3o RIZAEE I13H7] 91814, total
RNAE ¥H-10"7}A] 843t 1 wE FJ L2 one-step
RT-PCRE ¥H&-3}3ith(Lee &, 2013).

Hlolg] 2 MR 2 sets A 9] RT-PCRS A3}9oH, o]
o th3t nested 23S A3t tE. RT-PCRZ} nested PCR
A3, TBRV(set 1, 510—313; set 2, 662—307 bp),
ArMV((set 1, 773—385; set 2, 780—487 bp), CLRV((set 1,
673—313; set 2, 633—479 bp) ¥ GFLV(set 1, 699—
430; set 2, 582—289 bp)ell z}z} o4 W=g FAst
1S (Table 3, Fig. 1), @714 E fFA}F vlelg 2, 35 7]
Foll 2 2 F &= volz = E 7]5-9] genomic DNA
of|A H]Eo] 22l vhgo] YERFA] 2T} (data not shown).
T3 RT-PCR Z2FE-2 TBRV(set 1, 107 set 2, 107,
ArMV (set 1, 107 set 2, 10™), CLRV(set 1, 107%; set 2,
10% 2 GFLV(set 1, 107 set 2, 107%)9] MIAEE B4
THFig. 2).
7}zke] npolg 2ol thate] 7 A EA Adube Zejolw
FES 5 X335 PCR AHES SE319om, T&

ES TBRV(2,999 bp), ArMV(1,443 bp), CLRV(1,497
bp) ¥ GFLV(1,656 bp)t}. SZ 42 insert DNAZ
pGEM"-T Easy Vectorg AM-3l] E=24 3lATHPromega,
USA). FANZT2 AdE S22 O 2, nested =
gho|n] FEHF9] QIO F AR Xho [o] W
A= Y71 ED(CTCGAG 6 bp)= Site-Directed Mutagenesis
KitE AH&-ste] A sFth(Nelson¥}t McClelland, 1992).

r> PN

10° 10t 102 102 10* 107 10° 107

#1
TBRV [
#2

#1
Armv [
#2
#1
CLRV [
#2

#1
GFLV I:
#2

Fig. 2. PCR sensitivity test for the detection of four quarantine
viruses.

(C) (D)

Fig. 3. Xho I restriction enzyme to cut mutation-positive plasmid.
The digestion products were analyzed on a 1.2% agarose gel
prestained with ethidium bromide. (A) Lane M, Maker; lane 1,
TBRYV nested PCR product for mutation-positive plasmid; Lane
2, Result of restriction enzyme Xho 1 treatment. (B) Lane M,
Maker; lane 1, ArMV nested PCR product for mutation-positive
plasmid; Lane 2, Result of restriction enzyme X#o I treatment.
(C) Lane M, Maker; lane 1, CLRV nested PCR product for
mutation-positive plasmid; Lane 2, Result of restriction enzyme
Xho 1 treatment. (D) Lane M, Maker; lane 1, GFLV nested PCR
product for mutation-positive plasmid; Lane 2, Result of
restriction enzyme I treatment.

AE Feaves Q719 E4 43 Zetolw Fit
2171 1% %) 2™ (data not shown), FAHHNZTZ ALE
g Aol =T, AF &4 Xho 12 A5}
671 H71 el gk A AR-S FRlsAThFig. 3).

B Ao AARSE oz, z] 3:d(2010-20123),
she, 98 2 FhE S F9E =0l tist] AALE
218 3 Az} TBRV(74), AtMV(1971) 2 CLRV(17) 7
Z5o] #7] = vEENeH, HZ GFLVE AEHA
okot 20074 £ F TRk 2700 A E A7t
AN TBRVE 5 SA4A 370 AF =HIoH, E
e FAE, WAz FA, FEA B AFFAA ZHzt
1744 AE39 k. AiMVeE A2 84, T8 &9
37, Tk, g, Wl ol 2, HEF F
2t FhupAlolt 2, EH S, sty 2 dlokal
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