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SUMMARY

This study was carried out as experiment with the purpose of a study for
the development of decisive detection system of plant virus by using ELISA,

EM, PCR technique, Followings are the results of the experiment,

1) Using enzyme-linked immunosorbent assays(ELISA), we screened 45
potato cultivars cultured in vitro for potato virus A,S,X,Y, and PLRV,
Fifteen cultivars were identified to be infected with PVS, 3 cultivars with
PLRV, 2 cultivars with PVX, and 1 cultivars with PVY,

2) PSTV was obtained from ATCC PV#86, mechanically transmitted to
viroid-free potato plant(cv.Superior) cultured in vitro and maintained by
subcul turing every 3 weeks,

3) Purified virus particles extracted from PVS and PLRV-infected
potato tissues were examined with electron microscope.

4) The new RNA-polymerase chain reaction(PCR) method, more sensitive
than ELISA technique, was developed for the potato virus(PVS and PLRV) and
viroid(PSTV) detection, These results clearly demonstrate that RNA-PCR
method can be easily developed for detecting other potato virus (PVA,PVX,

and PVY) and any other plant virus or viroid.
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A 1% A

o3 AE ulolg 2o AT wAESL I B AAAFE HAY
EAE ciFEI g ol ulolelLo] A= ofF JAF AfEge] o
A4H o ulojgAs} gl FELRY ASNE A, siuict A2o] HFs|of
317] wiolth. A} B FPHAAE HHF BF 2 e °S A
21t Aoz Agutole|as] FHY At aRtF Fesin A4 A A5
ol AR AT Tt 2o A4l vlolEli AERTF AFHUS
"UgFolrl, A Axbiogt AMAYLE ELISATEE Wol ARSI gle
U Jl& XAVt 3HE thde] EVMssridiEel e S5 AL
oo virus®] FHY Ak o] we FAE st gk, ¥E A Ao
Ae 4o datz YUY s o AFUE Sol2E BAE ol U 2
AHMAE @AsA BA e FAolch Iy e AE virusg] g

+2e 3] e BACl Urlol SHZ F2 FUAMYel WA EAZE M| ¥

2513 gk,
58 QUUMMEBY 2R TANRlAS X Y, S A LR potato

1 %
spindle tuber viroids¢] ZEE £H{FPo| AHHA F¥E uX7] Wi 4=
oM A Atz &4 ol&ES U4AHA AARIER H3lL 4376
SAstaL glch LAY o5 AW
717l AX[n|F o8 ulolgAUAE WHIE LFFA P Zxplel g
£ X, Y, S, A LRY] ZPol o|E2 coat proteino]l tiyl HAFAN-EE ol-&
3+ ELISA¥ o] JirtE|o} AYE3}ste] Alutx]a gltH(Clark et al, 1977). 8y}
7tdo] wixz WHWAFZ ZAo| A ¥ dHEL za k. =¥
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o] E7Hssta RNARZIE5H( Morris et al, 1975,1977)0)u} WAMd 594
probeE A}2-%t nucleic acid spot hybridization®}(Salazar et al,1988)°] <l
ot YA Bola Fsta Aol yol Azl gl@Ado]l uzlsElo] s o
2 HEES 23 Aok I KAAE FZFALS U PRl U] o
2EobollA 8ol H glonm 53] A& 5F {AXAE Lol ey A
S 2RY Y FFHAA HAS ¥ 4 A =HrH(1991,Berthomieu). EZF A5
DNA virus®] 7-9- PCR o] ELISAMMY Xt} BAHSHA virus ZEojEE AT
g 4 ol%o] B35 3 gltHTakahashi et al.,1993, Chen et al.,1993).

= Ao e 2=} uloje ] AekA] 7|&e Ax¥n| A3} ELISAYY ol gl
RNA PCRE Yol 2%t A2 Aol o) 2 A3 B4V 52 Q& 2=
Hiol# & S, LRE] Zdolie] kY S sigstazt stgich.  RNA PCReH ol
%t Ak Holjt ulolg|ARAAto] #iPsh= primerE st 7=l Qo)
L ee] HHEolA ulolajAe] A {AXANEE RNA PCREH LR tfat T4
A vlolg& ZPARE FHI) FAstaA stgct. ER potato spindle tuber
viroid®] Z-foE A|EUQ viroid® 4 reverse transcriptaseE A}l&3}o]
DNAE F4 T/J38ISL o] Fof ulole|28} TUY PR WHOR ol At}
stedct.

wheba 2 dFollA= ELISA, EM, PCR7]H& ©]&3t Z=xjo] glojd £x)7} =

I gl PLRV, PVSE-8} Zba} RNA virus®} viroidq! PSTVS] guthdg sjuts}
o FU SEFAY] 2ol J|HE sl EY o]F 283l E}REY virus
AA o AR o]8¥ 4 g ELS unlAslnxsigdct. aela F3Fow

g FE4E F2 o Yl wE FU ZAAAE a3l st fuet B4t
S Aol ofupxjslaal ARt At 192k AE AAE B B J&sidd
=
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7. A8 A=

A¥e] TAzBEEE B A¥PAMAAN $A3to] MS(Murashige and Skoog,
1963)ui21 & 7] 2ulx 2 Joung?] Wy (1989) o 3l Uit gl 455F
o] ddHos {HY AAEFFTE AMEsiych olE AR ERE dxFo
2 ELISA¥IH O PVS, PVX, PLRV, PVA, PVY5-&] o35 Rxislo] PVS,PVX,
PLRVES] ZEE ¥R o] ulolgla HEE AENEER A&l

£ ATCC(PV #86)24%-E] 73} viroid-freedt Z|UujdFA oA EX 0
ZgdAZch ozl AF Juuigd 2R & AHESte] Raymer and 0'Brien
5(1962)2] uhHo] &3 0.05M glycine, 0.3 M K:HPO;, pH 9.22] inoculation
buffer 2 miol] PSTVE Ho[3 £} Celite 200mgol B3 A o 4% EXEE=

o g ZHPAA 23U Fo] ol F Hstact
Ll ELISA®of 23t M

£ Q2] Boehringer Mannheim ChemicaA}ZY}E] Potato Virus S, X, A, Y,
PLRV combination kit & 7Qs}o] & Al@e] ELISA HAES 98] AM&stg.o
W ORAAE o kite] ASWNE muth 2 ARAE ZA3 samle
butfers] EYUIE 1 : 6 (wv) O sto] LRPAPUE b The Hlo] AR
S 9§ sampleff o2 AL-3}1oiC

Tl AxpAn el 27t Hxt

dlol gl Ao Zigo] HUH AlENZHE Tavantzis(1983)8] & W 5l



virus§ &4 £ostgrt. Bg® XA 2 go]l extraction buffer(0.1% sodium
sulfite§ /3%t 0.165M disodium phosphate, 0, 018M trisodium citrate buffer,
pH 9) 8 m1& YL up2t ¥ AZZ o3l 10000rpmoll A 1085 QAE e
33 I AENE 28le] 1/1081)2] 0.2 M NaHPO, 2} 1/100%1)2) 1.0 M CaCl,
E E7stz 1587 EE F thA] 10000rpmoll 4 1087 G4lE st WAEL
AP I ¥ PEG 6000 & 6%(w/v)E 71813 2.5 hr5Qt EEo] njolglA
UAHE 15000rpmoll A 258 HidEelsied HAHAHTE ol JEARZ 3l
Philips model CM20 HA}¥n]Z(TEM) 22 HiolgA UxtE #sidc).

2t. PCR whyoll 2%t gt

Primer design : Potato leafroll Virus ( Kawchuk et al, 1989) &] 7 ¢
of & coat protein geneo] ¥Wdl= Al EFE dEE Hslo] 466 bpe] PCR
AEE FHAIIEE stgdtl sense primerEi= 5’ -AGGAAATGTCAATGGTGGTG-3' &
32|31 antisense primer2% 5’ -TGATAAGTTTTGGCGCCGCC-3'E sh2Mof 2]2] 3}
o 3Ad3tgict.  Potato virus S( Mackenzie et al,1989)2] ZH-$-oj= 500 bp2]
PCR product?} Ado] =EA sense primerE 5 -ATGTATGCGCAACCAGAAGG-3’,
antisense primer® 5’ -ATTCCAAACGACCGGAGCAT-3'S {Adste] A3t}

PSTV(Herold et al,1992)¢} Z$oji % 359 bpe] PSIV ¢7]2 356 bpS ZE
Sl5F conserved sequencei-2]ollA] sense primer 5°-TGTGGTTCACACCTGACCTC-3’
3} antisense primer & 5'-ACCCAGAGTTTAGTTCCGAG-3'& #}A33lod A}&3}eict.

Virus RNA 2] @ Hlo]gjAe] Zigdo] ¥ AlEA| 24 ¥ Tavantzis(1983)
2] whHE WY virusE 94 Ee| gt Fo SDS-phosphate disruption buffer
& A8l nlojelA YAME H=3 phenolHEE § Fof ethanolH e & 3}
ulo] 2L RNAE #estych

PSTV RNA 22| @ PSTV RNAE ZEd ZAEAY tip 23 1 g& A3}

«w



Morris(1977)5¢] uwhdol] uwiel 0.5 mle] extraction buffer( 0.2M glycine,
0. 1M NagHPO4, 0.6M NaCl, 1.0% sodium lauryl sulfate adjusted to pH 9.5 with
5M NaOH)=} ¥t ¥r29°] mercaptoethanol, 2ml $£] water saturated phenol
containing 0.1% 8-hydroxyquinoline 2} 2 ml 2] chloroform - pentanol (25:1,
v/v)E& Q3L ohaidt Fol 10,000 rpm ol 15 minEQt 4°ColM PAE Bl 4
£dZo] 1/5 v & 10M LiC1& H7}3te]  icedll 2 hrsZ¢t U ¥ 10, 000rpm
o)A 15 mini7t 48835}y t}A] phenol/chloroform X E]& %t ¥ ethanol X

g sl RAZ ¥t

RNA-PCR : RNA-PCR-Z GeneAmp RNA PCR kit(Perkin Elmer CetusA})& ARE-5}
=t A2 cDNA synthesis= mastermix 17ul2} template 2uloll antisense
primer 1 pl& Y3 75°ColA 5 Bt 7ldstn 42°Col 3087 wbgdte] A
g F 99%Cco A 5 & eln 5ColA 1 ¥7F JWsigdch PR &2 PR
mixo]] sense primer 1 ulE Y3 RT reaction mixture 20 ulE Yol 95°Co
A 2 B33 Y F mineral 0ilg Wi A cycle  94°Col A 58 55°ColA 2
B, 72°Coll 4 3¥-& 8t 2 v 35 cycle 94°ColA] 18, 55°CollA] 28, 72°Coll
A 3835193 utAlY cycled 94°Coll A 18, 55°ColA] 28, 72°CollA 1082] Unt

<l PCRYIE-E ¥Asigicth
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Aol 7lUeieEe ddAos FEY 4557 AAEF 7
Az O THE YxA o ELISAYH S Z PVS, PVX, PLRV, PVA, PVYS2] Zdo
FE A=l 4571 555 PVS7L bR dol 1578 EF54 Tdol HAx
3L PVXE] FHfol= 271 £F, PLRVY F-Lole 3718 EF5olA Zdel ¥Uux4d
3 o= ¥ FFolA Zdol HI=AE. F3] PVXe} PLRVZL ZHH

-
=2
o
4o ot
Jo

Beoe PVSE o] Ay S ZLor =yt ol Al AN
AT FFEZA 271A 01438 virusyt ASHA Zol ZAEH e A& ¢ 5
Adrh o2l AP M olES vlolEa UEH URFEAY HEARE
AHE3514 . PSTV= ATCC(PV# 86)2HE] 1LYUdte viroid-free¥Zt Z|UnjgE¢Ql
FuZ=telol AaAlA RSt
ZEe ZAe de2 R virusYAE Eeldte FxPuF & AHg3te Pus
g JEY 2} figure 1 oMo} o] PUSTL AW RSN ELE AFHY
650 nnFE A7]2] filamentous¥t PVS x5 #HE 4 glgir}

—
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Figure 1. Electron micrograph of a purified PVS particles. Bar represents
250nm,
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Potato virus S

PVS2] -9 ELISA test2 o|n] Ztdo] ¥AUH FFF Red pontiacE HEA
B8 AM&3lo] viral RNAS 9]¢ whHcl= Belstgrl.  PVsSel coat protein]
dHof I Edsh= 500 bp] PCR product®] bandE RNA-PCRE 3}o] 1.5% agarose
gel electrophoresisollA] ¥y 4 9lglT Fe|¥ Red pontiace] RNAS E| A5}
of RNA-PCREFHY 2 10°7h4] HX3H & wWol= band7t UrebkiTh(Figure
2)., 3EBEE AL ATEY oL 1/100]4408 Fox HH3] detection 753}
gle} BZHch

M1 10710210310

<= 500 bp

Figure 2, Sensitivity of RNA-polymerase chain reaction(PCR) for detection
of potato virus S(PVS) RNA in PVS infected potato leaves. RNA was extracted

from PVS infected tissues and 10-fold dilution for RNA-PCR. Lane M: 1lkb
ladder(BRL)

ELISA test® 1x}3 o2 PVSo] ZrdE|ddcia 3HAI Aol PR wryog
Agixof] BE dor yelyton} hE ELISACA A7 SAA(REEA] o2)
QG E PCRoJA = Q4o E el 7971 olgltH(Figure3d). ol PCRY false

12



positive band7} ohd7l BZEglent Ax@n|Fow ulolgs UAE WY
4= tolch. =E3Z antiviral agentQl ribavirin 20 ppnE ASIHLE AP
o] PVS7} EolEAlTt vt AFYsl 2R F¢ PVSTE JEIISTE (Table 1), ©]
$+= ELISA testo]lAl:= table 1.0A &} o] virus7} ¢l R AR
*rwWHmEXWVPW‘ﬂMvwmﬂ Zalo] Ho] virus7} Q&= Heow
EEE 297 gl o] W PR WPoR HAY H§ figure 3 o2} o)
virus7} QlE 208 ZIEEE ELISA ¥WHHEch PR WHol B% TURY virus
Ak ol gl ylgtE]ojZic}, AlAE negative control®] Z-$ ODws2] Ztol 0.165
Aol Ayexie] WAE 2T wf 0.1 ~ 0.39] DS A= AR A
viruse] ZEClE WAL ELISHPEOSE U 4 gl ofult ZPol sHHCL
o] Takahashi(1993)%°] B 3% PCR d¥hHo 2]%t rice tungro bacilliform
virus DNA2] ZzuhHo] ELISA ¥ Hcl 10° - 10* uf Rizsicis A3E A7
< uf ELISAHol &J3) zbgo] ofuigt B2 PCRYYol 23l ¥ virus 2
BAF-E I 4 ez} o d"ch

Table 1. Effect of ribavirin on the eradication of S virus during in vitro
shoot-tip culture of 4 potato cultivars,

Ribavirin treatments (subculture cycles)

Cultivar 0 1 2 3 4
(0D405)

Norchip 1.42 0.49 0.22 0.02 0.01

Red Pontiac 0.91 0.35 0.32 0.30 0.26

Shepody 1.20 0.26 0.84 0.17 0.22

GERI 6 1.02 0.28 0.24 0.05 0.25

(Boehringer Mannheim Co.) Optical density of negative control was 0,161
at 405 nm,

13



M 12345672889 10M M1 2 3

« 500 bp —

Figure 3. Detection of potato virus S RNA in nucleic acids extracted from
A) 3 ELISA positive samples(1,2,10) and 7 ELISA negative samples and B)
lane 1: Norchip(ELISA positive),lane 2 : ribavirin treated Norchip(ELISA

negative), lane 3 : ELISA negative sample, M : 1 kb ladder.

Potato leafroll virus

Potato leafroll virus(PLRV)2] Z-$oll:= 457] £% % ELISAR ZAIAY A
3 7§9] S E|A PLRV positive ZAz7t UStul olE29¥ PUset uhirtx] %
©% PLRVY] coat protein®@xte] QR(466 bp)E FHRAIEF k182
primerS A}M25to) RNA-PCRS $33}gith ol& 1.5% agarose gel’dollAl H7|F
3o Ay 4 A o] HAH FFouNE Ly RAE M3
RNA-PCRE 3%t Az} 10°714] 343l & dolE band7t UEldTh(Figure 4).
a8 BEg pusoMEct O& uzstA PLRVE AR JHsstelet o= HE Al
Te| g 2E5 S YL PLRVY detectiono] 7Hsdte]et 424t

14



M1 10710%0°10%10°10°1070 M

Figure 4. Sensitivity of RNA-polymerase chain reaction(PCR) for detection
of potato leafroll virus (PLRV) RNA in PLRV infected potato leaves. RNA was
extracted from PLRV infected tissues and 10-fold dilution for RNA-PCR.

Lane M: 1kb ladder{BRL)

ELISA test® 13O % PLRVe] ZEEgria 2HEe 457 E5% 3 €39
B¥ole PR WYo2 AoE BE F4o2 yrlulth 283 ELISAGA
7801 AU PUXLE PVYol ZHE® ZH-9oAs PRAIME LrehA] ¢lo} PLRVEY =
€ Z5olA ELISAY] Azle} AxsldtHFigure 5). E¥F PCRoJA] positive band
7t U2 AlR2 ZRolAMEe AAAnZ2g s ulojglA YxE THY 4 g
. 32=2= PLRVY AA] PCRIMEVNIREE FE3S] PLRVY ZE AR E
B8 AL 5 UA FHAdch
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M1 2 3 456 7M

“ 466 bp

Figure 5. Detection of potato leafroll virus RNA in nucleic acids
extracted from three ELISA positive samples(lane 1,4,7), PVX( lane 2) , PVY
(lane 3)infected samples, and ELISA negative samples(lane 5,6). M : 1 kb
ladder.

Potato spindie tuber viroid

PSTVE] Z¥h2 PSTVZ} coat protein®] ¢l RNA viroido]7]of ELISAMIH O
B AL 4 g3 YA Eed4AE AMgste] BashAl A3g sAY g &
2|sto] A7 G535t gel’doll A zhHsliof 3trjof PCR Hxhdzt o] zhgrs] gk
g 5 s WY Ado] ol Al 23Xt £ AMHME #A PSTVE
J1F o8 FojEZ2] Z=}elol]l ZEAIZ S PSTVZL RNA virodo]7|o] 1] A 2
B wrgolMet o] PSTVE £ Foll:  PUSY PRV Z2 Waom
RNA-PCRE 333l o] & ¥lslaz} sjgich
AAFo T AJFHAANY F 3535 o] PSTVE £2I3l] RVA-PCRE 3331 &
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O Az} figure 6AcA2} o] Wdhe 356 bp X0 band7t Ugith. FFH
band7} PSTV ¢DNAQIX|E H<eld}7] ¢35t ©] band ¢] DNAE low melting agarose
gel o4 Ha)s}o] Stratagenexl®] PCR-script cloning vectorel cloning 3te
figure 6BolA19} o] Wi%-9] BanHl siteE o|-&¥ Bauhl Ae|Z MEZ TIE ¥¥
08 Eol7t F colonyd £e|stdr}). ©]& Pharmaciarl®] T; Sequencing kit&
AH2-5to] sequencing¥t 3} figure 7ofAel ol PSTVE] DNAYIo] HAEFrh
o] 2 RNA-PCRuHoll 23] PSTVY] Bol= AAHOL detect¥ = lFol ¥
szch. 2sE2s ¢o® PSTVE ZHastAl £eshs WE& AHS-3aL RNA-PCRYE
$23& B} ekl A& OE rhd APHOE o|gIeRt WHLE A
Uy 4 9lE Zelrh

A) B) 3

M1 2 3 456 78

W= = ww

—

<« 356 bp

il <— 299 bp

Figure 6. A) Detection of potato spindle tuber viroid(PSTV) RNA in nucleic
acids extracted from PSTV infected potato cv.Superior tissue(lane 1),
negative control(lane 2) , not infected potato cv Superior tissue(lane
3),and negative control potato cv. Superior tissue(lane 4). M : 1 kb
ladder. B) Agarose gel electrophoresis analysis of BamHI digested DNAs for
the identification of DNA insertion into vector in the transformed colonies

(lane 1, 3,4, 5)sense oriented and (lane 2,6,7,8) antisense oriented.
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Figure 7. The results of dideoxy sequencing of PSTV c¢DNA in PCR-Script

vector of PCR products amplified from PSTV infected potato.
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ELISA, EM, PCR 7]& ©]-8% A& njolgLe] HAUP/N L] Ed4E A
Y A= okt Zrh

1) ELISA¥PH o2 JIu5<l 4578 ZAMESS AMESle]  PVS, PVX, PLRY,
PVA, PVYS9] Z'o R E Awrsidr), 2 2 PVSZE 1570, PVX: 270, PVY: 178,
PLRVS] Z-follt= 3712 EFolA Lol HAURAUIN o]ES |83l o] F2o A
2Han| 33} PCREE Y] AEANER g3l

2) PSTV viroid: ATCC(PV #86)ol|A] Horsto] wor&ql Z£un] E£9 ZIx&
710l ZEAIA FASHTE

3) PVsel PLRVI} ZHE Y EFLETH virusE &3S o]& AP L
2 @43tk

4) PLRV®} PVS U PSTVE] 48X B7INE2FE AT priverE HAAY ¥
of virus®] RNAE cDNAR TtE3l o]& FEAIA virusE ITHSh= RNA-PCRE &
st ol 71&9 ELISA Rt AHStA 2t virusE JTH = 9l
dct. S} S P oE AFYThA PWM, PVA, PVY T2 ZEx}e] viruse} T}
£ AEY o9 virsEE A I 7hestA € Zojth
ALYz, @z del AHEE L glont FHHI ELISA R} A Bz
A Fojux g3 EM, ELISAZR ZA EB71%% viroid?] A% 7Rs3t
RNA-PCR 7[']& AMEZ H|a Al83to] HFH o2 AlF ulojg£e Frle] 7Hs3}
A = et
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