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ABSTRACT : The cDNAs derived from the coat protein (CP) genes of six plant RNA
viruses, tobacco mosaic virus-pepper strain (TMV-P) and -ordinary strain (TMV-OM), po-
tato virus Y (PVY), turnip mosaic virus (TuMV), cucumber mosaic virus (CMV) and po-
tato leafroll virus (PLRV), were subcloned into the transcription vector, pSPT18, containing
SP6 and T7 promoters. The digoxigenin (DIG)-labeled RNA probes of all clones were syn-
thesized by in vitro transcription with SP6 or T7 RNA polymerase after linearization of the
cloned pSPTs with Xbal or Sacl, and were tested for their sensitivities for the detection of
the six viruses. In slot-blot hybridization, dilution end points for the detectlon of TMV-P
and TMV-OM were 10* y whlle those of PVY, TuMV and CMV were 10°. PLRV was de-
tected at the dilution of 10°. When each RNA probe was applied for the detection of the
viruses in the preparations from the leaf disks (8 mm in diameter, and 12 to 15 mg in
weight) of infected natural host plants, TMV-P, TMV-OM and TuMYV could be detected
from one disk, while PVY from 1 or 2 disks. CMV was detected in the preparation from
two disks, and PLRYV from three disks. With DIG-labeled RNA probe, PVY was detected at
5 days after inoculation, but with ELISA the virus was detected at 8 days after inoculation
to tobacco (Nicotiana tabacum cv. Xanthi nc) plants on which symptoms appeared at 9 days
after inoculation. No difference was observed in cross reaction between the RNA probes for
the detection of TMV-P and TMV-OM.

Key words : DIG-labeled RNA probe, hybridization detection, plant RNA virus.
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A7) w0 & digoxigenin(DIG) ¥X] RNA probeE-
AAste] TUMV-RNAS AE310E o) o$ A3ke
@2 uh k(7). o] A7& oI} Zo] in vitro
oA #AFAZ] RNA probe o] &3t= WS 2 &
°] A& RNA ulel2jzel] HgX]7 o] ulolz|L9
Atell = F4A0] IEAE AR} Hstd A3}
ek

M= 3y

ZAHlO|2{A 2 cDNA 2E. uloleia= ] =
A}o] = ulo]2] A (tobacco mosaic virus, TMV)®] 15
A(TMV-P)8)%} BEA(TMV-OM)(11), 77} Y ule]
Z A (potato virus Y, PVY)e] REFA(PVY-OK)(5),
TuMV2] cqsA|(6), L] BAto]= rlo]z] X (cucumber
mosaic virus, CMV)9] AsA|(9) ¥ A} 4] vlo]
2 (potato leafroll virus, PLRV)(16) 5 635 ZA|3}4
t}. o] = ulole] 2 2] Al RNAC thak cDNAE 25
9] ) kel 264 Z}(coat protein gene, CP §-A2})yE E
e SE-8 A8, 7, 10, 18, 21). '

In vitro FAL WIE{e| &M, ZAR} 7 nlole]xg]
CP cDNAZYE in vitro AA} RNA probeE 5HE7)
$)3te] SP6 @ T7 2 2E|(promoter)’} AYH A}
W E] (transcription vector) pSPT18¢l] A H.Z =213}
t}. z} ulo]2 ~ 9] CP cDNAE £33l1 e E25
23] Az Z2tav=F HAF oS, TMV-P,
TMV-OM, PVY, CMV % PLRVE Xbal3} Sacl® 2,
TuMVE Psde 2 Axlsted zb ulelz|Ae] CP
cDNAE ZZ&3l9t}. o]E Z+ cDNAE T4 DNA li-
gase(5 UYE o]--3led 16°CellA] 3417 &1t uk-3-A17l
t}%, cDNA2| Aute] o] 4 FA2 A3t pSPT
189 ArjAlZich o1¥ Al ¢cDNAZ} Abld 7t ule]z
2~ CP cDNA-pSPT182 Escherichia coli IM109%
CaCL=Z x}e)s}e] A|=}g}t competent cellel| heat-shock
2o 2 JAASA ) FAARH A oA
54 ¥ (ampicillin, 50 pg/ml)e] ¥3}%¥ Luria-Bertani
(LB)"HN oA 16212k F<t wjekstadch. of7]x A
5 221522 alkaline lysist H,;(:;yo_?; Zehan
=5 F&3le CP cDNA9| AIHF-5 #Falslsict.

Ly 7—| H} |elz~2 %€ CP cDNAS] "J°»J°] gal=l
= Xbal3} Sacl$ o)4-3le] Addt F A
%3]"4 cDNAE ZAslgdct F29% Eehar
5‘4‘ cDNAZ] #91-8 1% agarose gel-& o]-&-3}ict.

RNA probe XX} In vitrool| 4] AAIA 7] wb o
= DIG $A] RNA probeE A}2}3}7] $]35}o] 7} ule]

2129 CP cDNAS] 4bgle] #qld 22 UiY¥S A
ubslo] Zejan| o g 223 5, 7+ CP cDNAS] 414]
w}3kol| whe} Xbal & SaclE 1%2] AR EAE 2=
3}e] ZelAv|=E linear form o2 7HE4ith DIG &
X RNA probe?] 3J}A2 DIG-RNA labeling kit
(Boehringer Mannheim)®} SP6 *t= T7 RNA po-
lymerase S AHS-3lsdch & Adase A 7wt
olg]~¢] CP cDNAE ¥§sls Zeprvzi 35
mM DIG-UTP, 10 mM dNTP, SP6 =+ T7 RNA po-
lymerase(20 U) ¥ RNase inhibitor(20 U9} E3}s}e]
37°CollA] 2417k Bt ubg-Al7) vhg, 02 M EDTAE
Aeste] uhg-& AAAF). o] W& F3k] HA}
% 7} ulo]z]A9] DIG EA] RNA probe= o5Hg 3
A % 0.1% dimethyldicarbonate & |23} Wrol] 4
S AA —20°Cell EA3PHA] HBRA| probe® AHE-3}
et
AZ2| HxiT} blotiing. 7+ ulolzise] A%E 9
g ulolel s RNAS] ASE 2 wpie dshelct.
$4 4% RNA probes] S AAsH) Slat
o], F-A13F TMV-P2} TMV-OM-2 Nicotiana tabacum
cv. Samsun, PVY-OK+= N. tabacum cv. Xanthi nc,
TuMV-cqs= &5-, CMVE N. glutinosadl] 242t 5
A2 ZAAZ T wholelxe] 3t AR AHE
s}aiﬂu%, PLRV: EA o)A 2ted bR Zhzle] o]
+ A F st ELISA A& 5-3te] PLRVE| 7+
°l aein A S8l 5T oIS 7 ol
A1 &2 8Ee| nlolaglAE 05M sodium citrate buffer
(pH 7.0)/ chloroform(1 : 1 : 1)ef|A] =} — A &-44] %
2](8,000 rpm, 10¥-)— polyethylene glycol(4%, PEG
6000)3 2] — #4141 #-2] (8,000 rpm, 203%)— £3 4
A13-2](37,000 rpm, 90%-~8,000 rpm, 108)¢] w4&
A FEEssloc) s 7t nlelg A2 4
SDS/proteinase K/phenol HHH(14)2 2 RNAE- A A
&l3, "HH4=/20 X SSC/formaldehyde(5:3:2)81-2
H7ksto] 65°ColA 1087k Azlsto] ARz BAsH]
t}. % DIG-RNA probee] Z-84¢ 4 st7] 313
of, TR 7} vloleie] Ao 7 TR &
W8 oy Alze Avgezyd A% Smmo
puncher5 AH&-3to] lv) A = (leaf disk, 1 disk=12~15
mg)ys YHEA, °] S tj~z32 %€ phenol/chloro-
form(l : 1)@} RNA FZ4SH(7)E 1:12 £t
upaj gl Sl 35l RNAE A 82 o]-83tsdct. o]
o] blotting A% of] RNAES HAA 7= A ol|A]
o2 o] %3 9= formamide(15)2} formaldehyde
(23)9] A5 v A ste] FA AL gl 2
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Z& A=l

7z} ulolalA RNA A 5.9] blotting 10 X SSC&-9
© 2 FA|A1Z] 1} 2= (nylon membrane, Hybond N,
Amersham)&- dot-blot(96 wells, Bio-Rad) T+ slot-
blot(48 wells, Hoefer Scientificy3]oll A A171 ¥ A
2% A8 20-50 WA blottingsle] FEA7) TR,
UV 2 (302 nm)ol| 337}t xEdted mA A A

EXnE AY. 7 wle]z]29] RNA ARE 3
A7 Yl 27 Choi 59 W (7)ell o2} prehybr-
idization % DIG-RNA probe¢} HRE-A]7]&=  hy-
bridization A& 68°Cell4] 12~16A17r F9F A%
& NA-¢ 3}7, chemiluminescent detection kit(Boeh-
ringer Mannheim)&- o]-&-8te] Exlx5tsl RNAE A
2ot

ELISA Z4%. PVYS AZ3 & nlolgjast A2
2 AZHe A71E AE F AR v ADHe
driaz SoiE & o] gsle] EAlaAb o2 A
=4, o]u] ELISA 73&¢] &z}e} v]wsleict. ELISA
AR L EAaztel AT A S Ax9] 9
o]&-3}¢] direct double-sandwich B} (12)o]] whe} Al A]
3}9l e, PVY-O2] IgGe} alkaline phosphatase-con-
jugate PVY IgG(Agdia)= 400v] 3Ajo), 7488
= 100} A QL o] &3}t

d o

Z} dglojg{A CP SAKlof| CHst pSPT S22 g

In vitro FA} WE]Ql pSPTI8e) FAI3}F vle|eiAE
2] CP cDNAE AMglsle F24A7] o, 7t E2F
2HE Eepav|=g FEI A9 A, &
vlolei A~ 2 pSPT ®r} & Hxl=r]|9] Eefavs=
o] 7ZE= o] cDNA9 AFgjo] A= 9ich(Fig. 1a).
o) E Zalau|=E 7} nlolg]AaE 124 Atslo]
AZE S Xbald} Sacle g x2l3F & A7d%3 2
7} 7} wjo]2]~9] CP cDNAZ} &l ¢} (Fig. 1b).

9 AapdE] pSPT18¢] AMsl=l 7+ wle]zx CP
cDNAS] W3pdS A s}7] 915)e] 7 DNAS] 7]
Ade Axsle] AAT AFgasre A9 A,
TMV-P, PVY, TuMV % CMV<e] cDNA+ SP6 pro-
moter®] 3}Fo) sense WEFo g AMlEglE, TMV-
OM3} PLRVi: antisense HFFO. 5 AF]El 7o) sl
Sgith. oleia AztzE] 7} upoleize] DNAZH
AFQl€l pSPT HlE]ellA] Xbal &= Saclg o] 438}
linear form .2 24 3¥F ¥, RNA probeE ZALAA of
AFEE 4= ¢l = 2 »E]e} RNA polymerase] £F

S

PLRV

clectrophoresis  of
vector, pSPT18, inserted with coat protein gene cDNAs
of six plant viruses (a), and patterns digested with Xbal
and Sacl (b). Arrows indicate the inserted pSPTs and
digested cDNAs of coat protein gene.

CMV-As

Fig. 1. Agarose gel transcription

Z AA 3}t & TMV-P, PVY, TuMV & CMVel 4]
E Xbalo & A3l ¥ SP6 2 wE]E, TMV-OM3}
PLRVA £ Sacl o2 A F T7 T2 e & 2143
T lths 7o) Fal= it

In vitro A} RNA probeg| plztad, =z} njolzix
o] A4tEl CP cDNA-pSPT wWlel 2 3E] xlgl RNA
probed] WIS AA 7] Hete] 3 vz
A 22 AE RNAS AMME 48] Y
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Fig. 2. Comparison of the dilution end points for the
detection of six viral RNAs by slot-blot hybridization
using their DIG-labeled RNA probes. A:TMV-P, B:
TMV-OM, C:PVY-OK, D:TuMV-cgs, E:CMV-As,
and F : PLRV.

500 50 5 0.5ng

Fig. 3. Effects of formaldehyde (a) and formamide (b)
treatments as denaturants in CMV-RNA extraction pro-
cess. Leaf disk extracts were detected by dot-blot hy-
bridization using DIG-labeled RNA probe of CMV-As.

ol] slot-blotA]Z) Al 8¢} FAtwAHe AA)stech 1 2
7} TMV-P, TMV-OMeilA1& 107, TuMV, CMV ¥
PVY: 107, 28] 2 PLRVE 10779 3|4 d71A] &
o] 7Vs-shsich(Fig. 2).

Table 1. Number of leaf disks required for the detection
of six RNA viruses by hybridization using DIG-labeled
RNA probes in infected host plants

No.of
Virus leaf Host plant

disks®
TMV-P 1 Capsicum annuum cv. Kumtap
TMV-OM 1 Capsicum annuum cv. Kumtap
PVY-OK 1~2 Solanum tuberosum cv. Superior
TuMV-cqs 1 Brassica pekinensis cv. Konaengjiyorum
CMV-As 2 Nicotiana tabacum cv. Burley 21
PLRV 3 Solanum tuberosum cv. Superior

* Weight of a leaf disk (8 mm in diameter) of a host
plant infected with each virus was ranged from 12 to 15
mg.

ol A2 X 25E HIO|B{A RNAS| HE. Al
z} 4hgol] 0] 43 A8 2HE RNAS F33)
2uto]| blotting3d}y] Ao dubg o o] &= e
formamide2} formaldehyde] WA & wlwslyd S
], formaldehyde] ¥lA] xglellA] Ea}z3t vk-8-2] 1l
=7} #A Jebdoh(Fig. 3).

7} njolz) 2ol ZHEE AlEY oA AFHE &
z23E] RNAES 233)o] blottingA]7) F HA}
RNA probes} #3HA| 72 o, ulo)2] 2o wje} 1hg-2)
Ao Aolrt glHot, ZE ulolaiaE A&}
o) 53 9k vehic). o) 7} ulole e &
Ald] A1g7 AR AEAY durzzye 22
RNALE EE njo]a]~e] RNA probeol| ] zAtut-g-o]
elba] egtet. g8 7h wlelzixe] DIG ®A| CP
RNA probeZ- o}-4-3}o] ztedAel] g€ 7} vlola| &
o] oA el AT = A= A 8o Ha ks A
Aslgch & 7t ulole g oy AER2RE Jr|x
25 AAste tj2=9] sj4EE RNAS 58 o
& EEAE AAE Az, TMV-P, TMV-OM %
TuMV-cgsollA] & 19, PVY-OKellA = 1~2v], CMV-
AsE 29, PLRVE 39]¢] fjA=a g Re ZHEe) 75
}edti(Table 1).

PVYZ shillo] HE3 F A4 Aol mbE no]
ao AE ARE A dtazg o83}y
AR A, B 92 AHF 59 F9] A8
AxE vehds] Aabsted 9-12ae] Al=elA 7
yle-g wgri(Table 2). =&k & Al 529 Ao
2RE] £Hg o]4-3le] ELISA A o2 nlolg|Ag
AZH9E dolls HE T 8dA 2] A 8HE Hlo|g
28] ZAZo] et old o] F A EellA] L
= wAe gqro 3 FAY A AFE F YA Y E
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Table 2. Comparisons of PVY detection by
inoculation
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hybridization using DIG-labeled RNA probe and ELISA after PVY-OK

Days after inoculation

1 2 3 4 5 6 7 8 9 10 11 12

Intensity of hybridization® - - - - + + ++ ++ 4+ A
ELISA® - - - - - - - + + ++ ++ ++
- - - - VvC vC mM mM

Expression of symptoms’ - - - -

* Five leaf disks (8 mm in diameter) of terminal leaves of Xanthi nc infected with PVY-OK were used for hybridization.
Symbols indicate : (- ) not detected, () indefinite reaction, and (+ to +++) increasing amounts of reaction.

® Assay was conducted by direct ELISA using anti-PVY-O-conjugate (X 400). Value indicates the Ay, : (=) 0.01~
0.15, (+) 0.16~0.50, and (++) 0.51~1.22. Absorption value of healthy plant sap was ranged from 0.01 to 0.09.

° Symptoms indicate : vein clearing (VC), and mild mosaic (mM).

AHebd ol g 53} dAo] ehdr] Alatste] 1147
o gL malo| =z E FAIEHT).

8 TMV-P9} TMV-OM®] probeE T3 o)L}
o] vlole|a AlEZ HE0] o] & HAFYE o, o]
£ F vl Baaatel xfo]E xo)A] ¢ighr).
wehA] CP cDNAS] RNA probel ©]-23F A1 4] 4]
TMV2] P2} OMA 52 &2 = A] ¢slich

L

Aatke) HEAlwal W 2 gizbA e BolAje] =
7] wf ol FAAHEA 2ol o] 2= glch
weti] AlE vlela|awml o] HEo] oL AS
o QlojA= wlolzia o] gk 9% vy oz A
2 7heAd o] ok 53] 4l Exbashd-e dA) ot
o2 AME T gl ELISA A4 Rk 25-2508) o)
A+e] w17+Ae] plum pox virus(PPV), TuMV, PLRYV,
potato virus X(PVX) (7, 19, 23, 25)0ll A K.15|o] 9]
Lm nlo||ane] 7] AHzlcky o 2] FgAo)
ZIH= 5 dek. zet 2 F71R] ulelalane) Aiwk
o £AXZE #45A Rl 9l o= ulol
298] 71%4 probeE EX|SH=d QloiA PPl e
WA F9 A5 AMEsh= o Ala) Aok o] FA)
7F 9IS, =3 RNA wle]g]xe} 22 9= Aol
83z cDNAS] | zto] Fasly] wffoll da] &4
A F3lgct. ubH o] 22 84k probe?] A EA 2
biotin, horseradish peroxidase, DIG 5 B|H}A}A1 B2 o]
NkEle] o]e] &g-Ado] Fol Hris 3 girk(17, 19,
20). =3F A& vlolxel QoM of3] £H9 ul
ofglszell W3l fAte] FEAJo] o]Foix gl
cDNAS] Ao} S 2o anbaial AlF S
o]FolA 4 glou g wlojzjAe] FARIAI YL

=% 4] 849 4 9l A7) sk gt
Hr}.

2= ©]7] TuMV A& RNAQ] 3 2ol ojgt
cDNAE- o]£&, DIG-RNA probeE A|z}tsled TuMV-
RNAS} %] o RIzeh Sold.22 o] £oj4lct
£ IS B3 eho). o A7E FeHoz
t}hE 6%2] RNA ulolelAE FA3H in vitro AA}
RNA probeZ o]-83 #2174 434 Ao =
o8] 59 Al E vlolz| A diF FAA A o
2x9] g84E AEsINcE 2 Asl PLRVS) Zo]
AgAWe) FHA 2 ZAFE ol soli o
2t Aol 8 Holr)i A, H3-22) RNA vlole]
25 RIZEH 21EF 4 Slvke Zlo] QA=Y &
3 A e o] ARZRE] HZo| FF5E AL 2 o]
HaE Fdzr)o 27] Ae 5 gle risAe o
ehict. 22y TMV-P9} TMV-OM A E-2 o] 43}
upolelx AgzE wh-g-o] Aol E AL o, A%
7 Aol TR doheh ol olF upolax
RNAS] 7%l o]t probee] @714 gleid] 4
$240] 7] Bl thehd Astz AR} s
wlolel o] ASE TS P Foah] 99
A= Als RNAS] f7| g el Az 7o) 7}
& F9E AYsle] probe A= Ao) F8%
Aoz A=) AA R Querci 5(19)L potato virus
X(PVX)-RNA2] F7H-9)o i8-8l 2579 P %
Z] ¢DNA probe & 0]-8-3}91% ), 1£2] probe= ¥
o] AR o} PVXS] AES T EFAo]
k= AL Busle 9l

PVYollx] ZA3t vlolaix HE F Ha e ujolg]
& RNAZY AEE= A7TE 4438 43 HE 59
F2 ekl 22l ol2l @ ARLE o] gl 4]
29 ANE vlolelae 4D A A Loz
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FAA A7) WEel Lot Az BMEHH, X859
AH R ol "t E AEA7)7 G2 4 sls A
22 Azbgct.

nlo]2]2 RNA probes o]-43t # LZ]- At w2
FAIE 659) RNA wlole] 2ol A =5 91718t A
& 4 glrhes Zo] A= o °l Hhe] A4

3t5]7] $lsiMe A wlelel2e] Al RNAe] gt
7] EAe] FEH o2 E o] Foixjo} dhx, A
o] ¥Atalm Alzta} u] o] wel == A 59 £A
o g ko] Woajr). ole|dt EAHEC] AEL
738~ RNA probe®] f-AxpAI - n}}-?- S-a31A Al
g vlolel el o] 249 4+ A& Ao A%
At

2 <%

Gl mApo] 2 ufolel2e] WAATMV-Pst 25
A(TMV-OM), 717 Y Blol | 2(VY), &5 Eajo] 2
Hho] 2] 2(TuMV), 20 £jo] ulo]2]2(EMY) B
247 Q% vlolel APLRY) 5 652 AF RNA v}
o) ng ZAIS 7 A% RNAS) ol5jsh 42
ZH(coat protein gene, CP - 2ol H-§-31= cDNAZE
in vitro AA} WE] pSPT18 MEE2Y AFc}. Z+
vlolalxne] F2EZHE $23F Zelav|=E o4
s}o] digoxigenin(DIG) 2] RNA probeE 43},
o] probe?] WZHA-E A s] Hste] 7 wiele
RNAS| A 34 A5} slot-blot ¥2FA-E AA|RE
7ér+, TMV-P, TMV-OMe|A] &= 10°%, TuMV, CMV %
VY 107, 18] 2 PLRVE 1072 34 8] &A1&
el # sholeize) olAEsel Gelin
(474 8 mm, A 12-15 meyE ARSI LAY 2
TR A= TMV-P, TMV-OM 2 TuMVell A& 1v,
VYE 1~29], CMVE 29, PLRVE 3v]8] tja= 2
-‘?—1‘4 7 ulolg| 28 ZHAEE 5 UKt PVYS AST
F nlolelart 22 AEHE AVIE AR A%
DIG-RNA probee]] 23] AZ 5URIHE] vlol
29| 71Z0) 5%l 21}, ELISA] 2] = 8 A< A
RBollA sbsslsdm, WAL 9UA e dA=E.
TMV-P2} OM2] CP §-Z12}2] DIG-RNA probeg L
A2 ol 43 AT FATLAE Aol T2
&3kt

2l

2)3ks]=) A 113 Al 43, 1995

7)ol 2lshe] A= gigruict

10.

11.

12.

0

=;
L

. Abad, J. A. and Moyer, J. W. 1992. Detection and

distribution of sweet potato feathery mottle virus in
sweet potato by in vitro-transcribed RNA probes
(riboprobe), membrane immunobinding assay, and
direct blotting. Phytopathology 82 : 300-305.

. Baulcombe, D. C. and Fernandez-Northcote, E. N.

1988. Detection of strains of potato virus X and of a
broad spectrum of potato virus Y isolates by nucleic
acid spot hybridization (NASH). Plant Dis. 72 : 307-
306.

. Bimboem, H. C. and Doly, J. 1979. A rapid alkaline

extraction procedure for screening recombinant
plasmid DNA. Nucleic Acids Res. 7 : 1513.

. Cheong, S. Y., Choi, J. K., Yoshida, K. and Lee, B.

Y. 1995. Complementary DNA cloning and se-
quence of the coat protein gene of potato virus Y-or-
dinary Korean strain. Korean J. Plant Pathol. 11 :
73-79.

. Cheong, S. R., Goto, T., Hahm, Y. L and Choi, J. K

1992. A strain of potato virus Y (PVY) isolated
from potato plants in Korea. Korean J. Plant Pathol.
8:209-212.

. Choi, G. S. and Choi, J. K. 1992. Biological pro-

perties of two isolates of turnip mosaic virus isolated
from Chinese cabbage and radish in Korea. Korean
J. Plant Pathol. 8 : 276-280.

. Choi, G. S., Choi, J. K. and Choi, J. G. 1993. De-

tection of turnip mosaic virus with a DIG-labeled
RNA probe. Korean J. Plant Pathol. 9 : 263-268.

. Choi, J. K., Kwon, S. B, Kim, J. O. and Park, E. K.

1989. Biological characterization of a strain of to-
bacco mosaic virus isolated from red pepper. Korean
J. Plant Pathol. 5 : 331-336.

. Choi, J. K., Kwon, S. B, Lee, S. Y. and Park, W.

M. 1990. Some properties of two isolates of cu-
cumber mosaic virus isolated from Aster yomena
Makino and Commelina communis L. Korean J.
Plant Pathol. 6 : 138-143.

Choi, J. K., Lee, J. H. and Hahm, Y. L 1992. Hy-
bridization detection of potato leafroll virus using
enhanced chemiluminescence. J. Agric. Sci. Kang-
won Natl. Univ. 4 : 1-5.

Choi, J. K. and Lee, Y. W. 1982. Tobacco mosaic
virus isolated from Korean cigarettes. Res. Bull
Kangwon Natl. Univ. 16 : 85-88.

Clark, M. F. and Adams, A. N. 1977. Characteristics
of the microplate method of enzyme-linked im-
munosorbent assay for the detection of plant viruses.



13.

14.

15.

16.

17.

18.

19.

KOREAN J. PLANT PATHOL.

J. Gen. Virol. 34 : 475-483.

Czosnek, H., Ber, R.,, Navot, N., Zamir, D., An-
tignus, Y. and Cohen, S. 1988. Detection of tomato
yellow leaf curl virus in lysates of plants and insects
by hybridization with a viral DNA probe. Plant Dis.
72 : 949-951.

Favaloro, J., Treisman, R. and Kamen, R. 1980.
Transcription maps of polyama virus-specific RNA:
Analysis by two-dimensional nuclease S1 gel map-
ping. Meth. Enzymol. 65 : 718.

Garger, S. J., Turpen, T., Carrington, J. C., Morris,
T. 1., Dodds, J. A, Jordan, R. L. and Grill, L. K.
1983. Rapid detection of plant RNA viruses by dot
blot hybridization. Plant Mol. Biol. Rep. 1 : 21-25.
Hahm, Y. I, Park, C. S, Kim, J. G. and Choj, J. K.
1990. Inoculum source and reinfection of potato
leafroll virus on potato seed stocks in Daekwal-
lyeong area. Korean J. Plant Pathol. 6 : 497-503.
Harper, K. and Creamer, R. 1995. Hybridization de-
tection of insect-transmitted plant viruses with di-
goxigenin-labeled probes. Plant Dis. 79 : 563-567.
Lee, J. Y., Jung, D. S., Chang, M. U. and Choi, J.
K. 1993. Effective cloning of coat protein gene iso-
lated from tobacco mosaic virus pepper (TMV-P)
strain. Korean J. Plant Pathol. 9 : 136-138.

Querci, M., Salazar, L. F. and Fernandez-Northcote,
E. N. 1993. Detection of Andean potato virus X iso-
lates by radioactive and nonradioactive nucleic acid

20.

21.

22.

23.

24.

25.

Vol. 11, No. 4, 1995 373
spot hybridization tests. Phytopathology 83 : 171-176.
Reisfeld, A., Rothenberg, J. M., Bayer, E. A. and
Wilchek, M. 1987. Nonradioactive hybridization
probes prepared by the reaction of biotin hybridize
with DNA. Biochem. Biophys. Res. Com. 142 :519-
526.

Ryu, K. H. and Park, W. M. 1995. Construction of
a plant expression vector for the coat protein gene of
cucumber mosaic virus-As strain for plant transfor-
mation. Korean J. Plant Pathol. 11 : 66-72.
Sambrook, J., Fritsch, E. F. and Maniatis, T. 1989.
Molecular cloning: A laboratory manual (2ud ed.).
pp- 7.12-7.17. Cold Spring Harbor Laboratory Press,
New York.

Smith, O. P., Damsteegt, V. D., Keller, C. J. and
Beck, R. I. 1993. Detection of potato leafroll virus
in leaf and aphid extracts by dot-blot hybridization.
Plant Dis. 77 : 1098-1102.

Varveri, C., Candresse, T., Cugusi, M., Ra-
velonandro, M. and Dunez, J. 1988. Use of a **P-la-
beled transcribed RNA probe for dot blot hy-
bridization detection of plum pox virus. Phy-
topathology 78 : 1280-1283.

Varveri, C., Ravelonandro, M. and Dunez, J. 1987.
Construction and use of a cloned ¢cDNA probe for
the detection of plum pox virus in plants. Phy-
topathology 77 : 1221-1224.



