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An Effective Detection of Potato Virus Y Using RT-PCR Technique

Young Hee Joung, Jae Heung Jeon, Kyung Hwa Choi, Hyun Soon Kim,
Yong Sub Yi and Hyouk Joung*
Plant Tissue Culture Research Unit, Korea Research Institute of Bioscience &
Biotechnology (KRIBB), P.O. Box 115, Yusong, Taejon, 305-600, Korea

ABSTRACT : A RT-PCR (reverse transcription-polymerase chain reaction) diagnostic method
for potato virus Y (PVY) was developed using primer pair derived from conserved region of
coat protein genes of several PVY strains. A 764 bp PCR product was detected from several
lines of potato cv. Atlanticc. We could prove that the 764 bp DNA fragment was indeed the
PVY gene by sequencing analysis. PVY detection method using RT-PCR technique was about
1,000 times more semsitive than enzyme-linked immunosorbant assay (ELISA) in shoot and

tuber tissue.

Key words : coat protein gene, ELISA, Potato virus Y (PVY), RT-PCR

ZAzptelgl 2 YPVY)e 922 v A9
Boll o3 HgH = vlelH 22 HAAALZ S}
@ol FHASNE wlelga Fo 3hiolw, Aitel
80% HEAAE Z2AA 5 e vlelejzolct &
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stipple-streak -2 ¥ A& fLHA]7]= straino|Th(5).

Fopaa) AHg ARl oI 32 AN Zhau}
oj2ixoll &Rt HziAte] L f¥Fd] A<l
F3g vx7] ol AFAM= A3EApe] A4t}
$2914] ojE9 FAHE U ARl Ao
443 A%z At 22 B2 o5 A e
o] 2@ Hy¥e e, 53] 22t vlolalx
9] uciuiAel g JAE S ELISAR 7

*Corresponding author.

Az uhgo] dubd o g AMEE 3 Qlel(3). A
Alzko] e ZHew A Er) vkt A% 3o
2 A sp)7) oS Bk opEl PVY o] AE
Zke} flwdule] wols} 4%t 74 monoclonal an-
tibody 2+ L& AlEd A43td PVYE A3}
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ol o} s Z1W wlekEl 3 9l Solanum tuberosum
cv. Desiree & AF-4-3}4dr).

ELISA. ELISAE o]43 ZahulolaiA Y(PVY)Q)
Z13L& PVY combination kit(Boehringer Mannheim,
Cat No. 66474208 A4-3l51.0n o] A|E2] A}gn}
ol we} 245 A 2ebdole] EYu]E 1:20(W/V)
©2 e} vkt oh-g AHEalelc

RNA &2|. Elise $(4)2] ¥hH-2 w3271 phenol
extraction W8-S AHg-3tQ=d], WA °F 100 mg AxE
o] 4g2Ae wh# the 400 ! phenolsh 400
extraction buffer(IM Tris-HCl pH 8.0, 100 mM NaCl,
10 mM EDTA, 1% SDS)E 3 70°CollA] 587} v}
2% F A Eelste] 1A phenold 23] M3 ol
ethanol 2 A A]A total RNAS ¥-2]s}gdc}.

Primer 4. 7]&ol] W3]l 23 strain®] PVY 93]
A FARHETe] AAEAE v wsto] strain?he] AF
Aol 7P 2 F-9liA] 764 bpe] DNA Hue] §
A= =& primerg w3¥3}4l+ol] upstream primer 2
5'-CTATCACGTCCAAAATGAGAATGCC-3', down-
stream primer 2+ 5-CACCGTCCAACCCGAAAAG-
TCGAG-3'S A3 shod ALg-3ledrt.

RT-PCR. RT-PCR& GeneAmp RNA PCR kit
(Perkin Elmer CetusA}, Cat No. 808-0017)& F]3}o]
ALg3lgich. A 16 ple] RT master mix(56 mM Tris-
HCl pH 8.3, 75 mM KCl, 10 mM DTT, 5 mM MgCl,,
ImM dNTP, IU RNase inhibitor, 2.5U reverse tran-
scriptase)el]l 3 p/ RNA solution, 1 p/ downstream prim-
er(50 pmol}E- P2 42°Coll4] 158, 99°C 5%, 5°C

T 5 HRAIA PVYS] cDNAE 433t o)
RT ®hg-°f 10 pl-& 40 w2} PCR mixture(10 mM Tris-
HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCL, 0.5 mM
upstream  primer, 1.25U/50 W/ Amplitag DNA po-
lymerase)ell 4]o] 94°C 2%, 65°C 45, 72°C 28-9)
ZFHALZ 1cycle, 94°C 45%, 65°C 4522 A=
33 cycle, 94°C 45&, 65°C 45%, 72°C 2%-2] zH 0.
2 lcycle? PCR uls-g $3319on o} RT-PCR
AFE-& 1% agarose gelollA] A7) %0 2 gelslec}.

Cloning 3! sequencing. RT-PCRej|A] %1-& 764 bp
2] cDNAE #2]3}ed PCR-Script SK(+) HE]ol| clon-
ing¥t ¥ silver sequencing kit(Perkin Elmer CetusA})E
AH8-3ked PVYS] 971498 Balslsich

i o

ELISA0| 2|3t PVY Z&. Granola E& 1 linedt

Q.D. at 405 nm

B H 1
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Fig. 1. PVY detection by ELISA. ELISA results, given
as mean A405 of 3 replicate tests. B, buffer control; H,
healthy potato(cv. Desiree) tuber; Bar 1, potato cv.
Granola tuber; Bars 2-12, potato cv. Atlantic tuber. Hor-
izontal line marks positive cutoff at 0.16 (twice healthy
mean).

4] FF 11 line, AH JZ72 Desiree EF2] 77
£ Al§3lo] ELISA whie 2 PVYE AR A}
9712 A linesiA] PVY7} ZAA =I5 vhe=] dix]
2 lines} Granolacll = PVY7} ZAE =] skch(Fig.
1). ojuf o] B4 715 Mumford 5-(11)¢] ¥ o) o}
2} 405 nme] {FF= FA7} AA djz2-2] 2uf o)A}
o AEAE =T st

RT-PCRol} oJ8t PVY ZX. 100 mge] #)7z2)
oA E2J3F RNAS 50 plo DEPC(diethly pyrocar-
bonateys 22| FHol FQ o o] 49 3ue
RT-PCRe]| ©]-8-3F A3} ELISAd) 23] 7}ade] galxl
9702 line ¥} o}l PVYZ} S A] & Ao
TA R 2 line?] T4 FFNA T PVY $-AAlel 1 o
AX= 764bpe] DNA Ado] FAA=L). afx)at
Granola 57 A4 U372 AL Desirecollr]

M H12345678910 1112

- 784 bp

Fig. 2. Détection of PVY by RT-PCR. Agarose gel elec-
trophoresis of RT-PCR products produced using RNA
templates isolated from tuber of various potato cultivars.
M, 100 bp DNA ladder; H, healthy potato cv. Desiree;
Lane 1, potato cv. Granola; Lanes 2-12, potato cv. Atlantic.
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764 bp2] DNA A#e] §A=1=] 93l 28]z ol
2] A3-§ vlZs} 27 DNA band2] %9} ELISA2]
405 nm FF =7} vledhe 2l o2 Jepydel(Fig. 2).
H7|ME &2l Fig. 29 lane 42} 12914 PVYS]
cDNA®}3. =& 764bp2] PCR AHE-& pCR-
Script SK(+) e} cloningAlZ1 ¥ E. coli DH5aol
transformationA] 71 Th& 764 bp2] DNA AHo] 4]
= Z&9] plasmid DNAYHS- ¥-2}3}e] sequencingd}

Art, 764 bp2] PCR AHE-S AAl3le] vl sequenc-
ingdle] AEe 971 EE Gold F 2F PVYS
A7l dde] sR=gledl lane 49} 12004 ¥E|Y
ulo}z}a 19924 Makoto Hidakaoll 23} GenBank
o} 2% PVY-T(accession No. D12570)2} g7]1x14d
3} o ] 315 cH(Fig. 3).

ut2ed 012t Hj@. RT-PCR3; ELISAJ)] 2@ 7
Ao miztx & vlwa}y] $8f PVYZL 4=l line(Fig.

PVY-T GGAAATGACACAATCGATGCAGGAGGAAGCACTAAGAAAGATGCAAAACAAGAGCAAGGTAGCATTCAACCAAAT 75
PVY-O *t'hiiii*i*t*ii***t*****ii*tthttxc**ttt*ititTtﬁiitctiii*i&*ic*i*** *4GTT**4C
PVY~N ACh kR AR I AN RN PR AR AR RN AR AR R RQC AR AR AR kA A AR A Ak CH A AR A RGARCR AR ACHAGAR A XC
PVY-M *C***i*iﬁﬁiitiTﬁiQ*ﬁ**’*iAitAT*G*i****ii*ctiG**tﬁCitiAiﬁGiiiiiTt*ci*Gﬁit*ﬁA
PVY-V ORI RA KRR AR NP R AR AR RE R AR SAPEGR AR AR AR A ACHRGR AR ICH A AN NG A A R AT RACAIGRR RN 2]
PVY-C AR AR AR AR RA R AR R I RERRAGA IR RGO A AR NGHACA KA XSGR AN AR R R AR S A ACKAGE R RN x
PVY-T CTCAACAAGGAAAAGGAAAAGGACGTGAATGTTGGAACATCTGGAACTCACACTGTGACACGAATTAAAGCTATC 150
PVY-O FCOGR AR RN QA GR R A AR AT AR A AT RS R A RCA R AT AR AR I AGA A A AT RA NN R ACAGAI R A NOH FGH A X * AT
BTN ORI RIGE N T T I M EA G I I G AL I T AL AT IACIGREAT IR 1G24
PVY-V KPR AR R R AT AR R A AN CA A A IR AN I A AR ACCN AT AR A A AT AN AR XTGAANAACH I ANGH AR dGH I k44T
PVY-C A P Ar AR R ARG R RN R AR AR N S S Ak Ik R Ak PARE AR R R AR RKGRATR A AN RRCHGAR R R AR Ak Ak hdk o
PVY-T  ACGTCCAAAATGAGAATGCCCAAGAGTAAGGGTGCAACTGTACTAAATTTGGAACACTTACTCGAGTATGCTCCA 225
PVY-O AR RN R AR A AR R RN AR RN A A AR ROk R AN N AN AR R ORI GR IR ANCHAARN AR AR IR A A AT ARk kAR kbAoA Sk
BW= H IR IE AR AL E I A G IR IR STHEGE S THIA SR BAAL 1S
PVY~-V iit*iA***i**t”*fi*fT*RA**C**A!!A**GG*C**G*tGﬁii*iAtiCi*ii*G*titiciii*’ci**
PVY-C I AR AR AR RN A RN R AR AN AR ACAFRCA I AN AR kA NCH IR A NG RO AR AR IR AR R A AR R R A SR AR RO N A&
PVY{-T AGCAAATTGACATCTCAAATACTCGAGCAACACAATCACAGTTTGATACATGGTATGAAGCAGTACAACTTGCA 300
PVY-0O *’Aitii*iiim*tTi****iﬁ**'*G*t*t***Qt**t*iﬁ*i*i**ﬁ* AAEA AR A NG R ENG *m Ghix
PVY-N *iA*tl*****Ti*Tiiﬁi*iit*itGﬁ***ii**t*****ti***iﬁiiG**iiii*iG*#iﬁﬁGi FGhEx
PVY-M fthith*ai’TiiiiiTiic*iii'.G*ii*tiiiii*i**iiiﬁﬁ*ttiG*Qiti&tt*iiﬁtiG*%iAiﬂ-h
PVY-V AR AR GER AN DR AR A AP kORI R AR AN AR AR A AN IR I AR IR IR X I AGh A AR Rk ANk hhE AR Gh & Pk ko
PVY-C KRR ARG R AR A PRI AR AR RCA AR I AR RN AN AR NI R IR R IR AR AR RN A ARG A F A RN AN R A BN RGAGR AR R T 2
PVY-T TACGACATAGGAGAAACTGAAATGCCAACTGTGATGAATGGGCTTATGGTTTGGTGCATTGAAAATGGAACCTCG 375
I e R R L R R e e ST T L T T
PVY-N R R e e L e L]
PVY-M LA R R R e R R e e a2 )
PVY-V s L L L
PVY-C 2 A R L e L e e R ALy
BVY-T MATATCMTGGAGTTTGGGTTATGATGGAT GGAGAT GA}\C N\GTCGMTACCCA&T GAMBACCAATCGTTGAG 450
PVY-~O P T T et R o R e L e e S 2 E 2% 2 a2 AN RE R R AR AR TRNGH IR RAGTR A A A RS TR RN kT AR A A
PVY-N *t’**fgﬁiﬁtc***iiﬁtﬁiitﬁiattﬁ'yit**GAitii*trtg-pr,:G*a***GTitit*****ﬁ:ttaﬁ.a
PVY-M e L L Ry Ve A R PR S R L SRy AL R S LS 22 2 2
PVY-V AR NA AR R IR RN RN AR AT R I AR RN AN AR KGR A AR AR AT AR A ATHAGPR kb d A A TN PR A NI A&
PVY-C R L T R el R e S e R e R e e e e e R L
PVY-T RATGCAAAACCAACACTTAGGCAAATCATGGCACATTTCTCAGATATTGCAGAAGCGTATATAGAAATGCGCAAC 525
PVY-O R i e L R R e R N T T T T I Y T T
PVY~-N FE LR a2 R R L T T T T T L 2 T2
PVY-M R et L L L e e e e e sl
PVY-V **ii*i*t**t*i*ctiiiiiiiti*t***ti**ai-ﬁitﬁ**tit*i****iiti*ii*ttiiiﬁ*ii.tittii
PVY~C LT L e L e R R T TS e e T
PVY-T AAGAAGGARCCATATATGCCACGATATGGTTTAGTTCGTAATCTGCGCGATGGAAGTTTGGCTCGCTATGCTTTT 600
PVY-0O ARRAXRNR AR R AR RN AN RN AR R A IR A IR A AR RS A DI kAR RRACE A A ATGOA N R IPAR LG A PRI R Ch b &
PVY-N *iAt**iiii*it*t'*tiit****iiti*iiihiiitA*itiiti*Gﬁ**ATGG*’.'A‘,G";Q'*"CQii

PUY =M  *aRA Rk ANk A AR RN R AN R AR N R AR R AR IR kI N QA NS R R ARG ACACRERRNR AR IGR R AR AN RS Chdh
PVY-V KRR R AT AR AR R AR AR AN IR R IR AN AR AR QNSRS N I AR AR ARGA RS APEGI A AR ARG ATE SR IO &
PVY-C LN e S N R R NIy VLR St e s i e R 2 sl l Tod
PVY~T HAIGAAGTTACATCAC’ GGACACCAGTGAGGGCTAGAGAGGCACACATTCAAATGAAGGCCGCACGTTITA 675
PVY-O titt* FRGARCH AR R R AN AR NI A R R A A X AN AR ARG AR R A GRA AR IR R AR AR RN RN AN N R AR R R AN TS
PVY-N FR AR AR RRGRICE AR K AR AR AR IR AR AR AN IR NI AR AR GR ARSI KRG AR IR SR AT AR IR I A IR RIS RN QI HG
pPVY-M RANRRNFRNRRAARCOR RN AR R RRAR R R AR AR AR AR L F AR R IR RD P A SR AR AR ISR AR XS AAIPRASAE RS 2G
PVY-V AANRR SRR NN RCI IR R R A A I AR N ARk A F AR RS S IR GR AR N AGA R A NN R R A A IR AR AR AR IO NRARRG
PVY-C AR PARCR A RN G Ak ke AR I P kA I A Rk AR I A I RCARCGRAARRGRITH IO R I AL IR AAN AN RGRA AN A
PVY-T  AMATCAGCTCAATCTCGACTTTTCGGATTGGATGGTGGCATTAGTACACAAGAGGAAMACACAGAGAGGCACACC 750
PVY-0O L e T e R R o R R R R R e R A T L T ST R T T L ey
BN irfssafigiisc H iz FIRFEIERMINILINI OGS EI LI IIAIY
PVY-V F RN RN R R AR AR AR AR AR R AN RGR A R A A IR AT AR A VORI A A TR A v A2 AGH I AT R AR AN S AR bk 2k
PVY~C LT e e e L et e I T
PVY-T GAGGATGTTTCTCCAAGTATGCATACTCTACTTGGAGTGAAGAACATGTGA 804

PVY-0O ﬁ*ti'ti'ti'cti'*tﬁ.iﬁttﬁtii' ARAGRRRIFRNACH AR NARSA AR N

PVY-N 2 L e T T Yot R T T T AR

PVY-M R e R e et R e e

PVY-V LR T Tee R R L e R e

PVY-C LRI T R et R R I T A Te Tot 2L T R R

Fig. 3. The nucleotide sequence of coat protein gene of five PVY strains compared with the PVT-T strain. Identical nu-
cleotides are marked by asterisk. Primer regions are underlined. PVY-T (necrotic strain, unpublished); PVY-C (13);
PVY-N (PVY" strain (12)); PVY-V (vein necrotic strain (2)); PVY-O (PVY? strain (13)); PVY-M (MsNr strain (13)).
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1, Fig. 2 lane 3)¢] 43} )7 o)A} z}z} RT-PCR#} EL- ©

ISAE AAlEdet. PVYZE 23 # A5 o) FAe
A lem =2 doldl Aol 74zt RNAE 3%
% 10v]<~E 34 3}ld RT-PCRE =35} 7 ELISA
Ay E A3 & 23S 5% 2 g9
Zhotal 10ui=2 A3t AMg-sigict. & 2al oA
2] RT-PCR ZA A Fig. 4bollA] HolFSo] 10°
2.2 33 Aol 7hA] 9|3 band & Yo 8H
F< A Uz E e} 3 2 244
ELISA¥}] © 2 nlolz] 2~ 714 A3} Fig. 4adljy]
BEol AA Y 2FE 405 nm FL57} 0.08%05, A
Az 529 28 o], F 237} 0.16 o]AFY )
off ZHd sl At AA s 2hd" FEe] 2% 1.06

Az
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Fig. 4. Comparison of sensitivity between RT-PCR and
ELISA in PVY-infected shoot. (A), ELISA results, given
as mean A405 of 3 replicate tests. B, buffer control; H,
healthy potato (cv. Desiree); Bars 1-7, PVY-infected
shoot sap in a ten-fold dilution series (1 to 10°, respec-
tively). Horizontal line marks positive cutoff at 0.16
(twice healthy mean). (B), RT-PCR results for dilution
series made from total RNA from PVY-infected potato
shoot. M, 100 bp DNA Jadder; H, healthy potato cv.
Desiree; Lanes 1-7, ten-fold RNA dilution series (1 to 10°,
respectively).

2 ¥ $AE 1o Ad FFo2 e 1074
A 3|Astd ELISAZ HAIRF A% 405 nm {327}
0.438] 318 ehilo] Aas] Faslel de-e B
4 gt 10°2 339 & A Sl 0172 2
Jej o] Bo] ofeiflon] 10410°0.2 HAsle
At A ATl vt FREE 29
o}, 22]ms #elAe] wztEs RT-PCRe] ELISA
Bl 10 FE 2854 4 5 Utk A9 7
7= w]FA % Fig. Sboll A ¥.eF5e] RT-PCR 7
A 10°2.8 B A $olx7tx] o1 bandE B
dezs & AA AUREE Jehd ubd ELISA
ZARA 2" F5 A5 0780140} 1072 343

A1
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0.D. at 405 nm

0.2

B H 1
B MH123458637
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Fig. 5. Comparison of sensitivity between RT-PCR and
ELISA in PVY-infected tuber. (A), ELISA results, given
as mean A405 of 3 replicate tests. B, buffer control; H,
healthy potato (cv. Desiree) tuber; Bars 1-7, PVY-in-
fected tuber sap in a ten-fold dilution series (1 to 107,
respectively). Horizontal line marks positive cutoff at 0.
16 (twice healthy mean). (B), RT-PCR results for di-
lution series made from total RNA from PVY-infected
potato tuber. M, 100 bp DNA ladder; H, healthy potato
cv. Desiree; Lanes 1-7, ten-fold RNA dilution series (1
to 10%, respectively).
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A% 051018120 10°2 343 A5 0340|544 107
7AX1 %= ELISA®) 93F PVYS] ZAe] ssslad=jqt
10°2 3A39¢ Ao 0158 73] 94
o] ojz|fjor] 101022 3HY 7$ AH Hx7
o} 153 28 B ch(Fig. 5a). 18|28 374
o wiztx x #ojlre} vhR7x] 2 RT-PCRe] ELISA
B} 10°0) A E 858 ¢ 4 U

o &

732} AudEA A 2HaE 27304 ELISA} RT-
PCRE o}43}e PVYE 7A¥ A5} ELISAdA &
Z}Ae] kg A= RT-PCR WP o2& FH o]
7V5sldc). o] Fubge e PVY AL wteE
vl wsie Az} AEg Z2AINE F@8A] RT-PCRo)
ELISA ¥} 10 A% 917be o} gk}, olel AxtE
o 9& ELISA%e 25 Ao} AnE A=¥ 5 9l
A =g} £33 2w e R AFNARe} 2L 5§
HEAE debgitstual € A 3 Fo g
ulolel s FdodRE QT 5% 7| Bulok A 54

g1} YoAAE 9] ELISA Wy whe 23 nlole]

25 A7)l GRFol 22 RT-PCR 53} 3]
A HA Alxwle] #@3le] WAk AAo|ch =
DIG probe %& ©]83 RT-PCR product®] hy-
bridization& A Al gtehd A 9] wljtE+= ELISAS=
vzl ks Ax 2 Fold 4 g AR AlRSc]
RT-PCRe|| A}-8-3} PVY 50} <] primer= 7| &0 ¥
37l 237112] PVY strainF 454 o] 90% o444l -9
N4 PVY-OF 7|Eo 23t §A4sks]=ull(Fig. 3) o
A} FEA 73AE PVY-T strain®] 79 downstream
primer®] 714 ge] V7l EUHx AL W
7F EA e} a8l 974 g AR LR 4
APAE QdolBE PC/Gene?] Clustal program(lntelli
Genetics Inc., U. of Geneba, Switzerland)& o83+ -
QWA 2AF A3, 712l B3Rl 23709] PVY strain
£ PVY" strain, PVY? strain, PVY-T strain group %
2t 670 2§02 YHEY olF 2§5F HEH
PVY-N, -0, -T, -M, -V, -C strain®} @7|44& v]=
sug PVY-T7 71 AHsAol 348 25 U
(Fig. 3). 919 ANES $3e] Bof £ AN A}
43} primers &F PVY strain] Aol A}z og
AR = 9l& Ao A7

ELISA<] &j&) o132 s 74zt A F5ol
A= EUISA 317} 2d = E73ly Ao s
obrd AT Jeldxl gl ol A% PVY

7} A E AL WAE el ¢ PVY-T
strainol] &3} upolzj o)) wiEo2 Alg¥ct 3}
A=k o] njelaixr} zhdd FHabe] #-& 10 mM <4t
gdol 10%(W/V)2] T2 Zobr Full(Nicotina
tabacum cv. Samsun NN)ol| A E X7 A3 HAF F <F
2% F ¥ QoA 41§ mosaic AP} necrosis YA
ol vebgel

732} 24 100 mgollA] RNAE 2|5} 50 pie] 3
F5F5o) 59 RT-PCRE 533 25} RNA £
< 3 MR gm AHR A$-ole Fig 3bg 4be]
Lane 164 B ojFSo], dellxl= 764 bpe] DNA A
Ho| A=A dsta, #AdA = 10m2 AL
wj2.r} band7} 2] l3kgic}. o] RNA 8% 3|43}
7 o3 ub2 A% 39 RNA ¥571 W5 3 3
AL i} Ay e %7} Be]A RT-PCR 4t
So] APxiz] ko] A7 A} Zeg Azxct
oluf #oflA] &3 RNA §-42] Fx7} oF 4 pg/hulo]
3 FAAN 257 FEE 08 ugelged 5=
Aso/Azo®] 1.6~1.8 A=} 12l g ZkAlellA] RT-
PCR-& o]-4-3}o njolz]{~& 744 75 RNAS| F
=7} 0.1~05 pg/ pio) S)A 3]st ARgEle 7o)
gAY e Aadn

RT-PCR ¥h{o] A2 Aws} 2ol 278
I ELISA®] vl =33} A7} ZolEr] wFel o
o] A8E 7Aslol ¥ A RT-PCR ¥rh= EL-
ISA 3H& o] 43l gl AA o]} RT-PCRe| o}
22%2] RNAW] e siA] 2HExt 24 we} oha
Aol QAT of 50 mge] H-opel Aol 23T
RNAZ 2008] A Aol rhsstnz i
RNA #&%e 2% 1 &6 3hd=l= =& RNA B}
ol g AA ¥ 4 vk Ao 9, = Y2
RT-PCRo}} 0]£3}= RNA Z&3upd-g vj2r] 7hsta}
A 7t one-step RT-PCR ¥y 5-& 7Bdgic}
7l RT-PCR W& dj#e] Alg Aol F2-3H4
AHE 5 U AR Almd

2 o

ode] AEe PVY i Azl g o]
E& 91l X7} primer %% o]8-3te] RT-PCR &}
Hog PVY ZAA Y-S /Esld el o2 lined] HHA
F5 225 764 bp2] PCR AbEo] A= o] A
H-& sequencingdt A7} PVYS] f-A4x10-¢ &3
o} %z} 27 Z2] oA RT-PCRoY| 93t PVY2| HA
2] RI%bx+= ELISA g 2o} oF 1,000004 = £34t.
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