Journal of the Korean Society of
Tobacco Science Vol. 28, No. 2, 100~ 110 (2006)
Printed in Republic of Korea

L LxHEo|A Y (PVY) XNEtd M AHIS0IM E2lgt PVY
Mutante| S

UNE" - 32 0lMs" - AW - MBS - HME - HHY - U2
KT&G 2479 AEALdATL, $E2ATH ddapa’
(2006 119 219 AHF)

Characteristics of Potato Virus Y (PVY) Mutant Isolated from
PVY Resistance Breeding Line in Korea

Jae-Hyun Kim', Wan-Soo Kuem, Sin Ho Leel), Jeong Soo Kiml),
Yong Ho Jeon, Suk Hun Jung, Youl Young Chung and Yong Hack Park

Bio-resources Research Group, KT&G Central Research Institute, Suwon 441-480, Korea
"Dept. of Horticultural Research Institute, Rural Development Administration, Suwon 441-440, Korea
(Received November 21, 2006)

ABSTRACTS : A mutant of Potato virus Y (PVY) was occurred in PVY resistance
flue-cured tobacco breeding line KF0402 (TC1146xKF117) showing vein necrosis at Suwon in
Korea. This isolate, PVY-SWM, was differentiated from other PVY based on biological
properties and nucleotide sequence analyses of coat protein gene. PVY-SWM caused typical
symptoms on 21 indicator plants as compared to the PVY-TOJC37. Remarkably, the
PVY-SWM induced distinctly different symptom of systemic vein necrosis on tobacco cultivars
V.SCR, PBD6, TN86, TN90, Virgin A Mutant (VAM), Wislica, NC744, KB108 and KBl111,
which were reported to have the recessive potyvirus resistance gene va. In RT-PCR assays
with specific primers for detection of PVY, a single band of about 800bp in length was
produced. The amplified DNA was cloned and the nucleotide sequence was determined. The
coat protein gene of PVY-SWM showed 88.4%-99.0% and 92.5%-98.5% identities to the 12
different PVY isolates of Genbank Database at the nucleotide and amino acid, respectively.
Multiple alignments as well as cluster dendrograms of PVY-SWM isolate revealed -close
phylogenetic relationship to the PVY NTN subgroup.
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S gRulelEls Y (PVY) A

frame (ORFE& 7}Axn tide Bokxeh
Hunttinga, 1981; Riechmann %, 1992;
Robaglia % 1989; Weidemann, 1988). o]
AE 1980tiRE] 7iRsh wha Al A1 ol
FollA PVYS] wio] B gl 9lrH(Cheong &,
1995; Cho %, 1994; Joung %, 1997, Park
S 1984). PVY& 7iA17 Ao} s} ol
35 el Qg ot Zixpkol] wbyg
o] AdHer Fow, FE HFolEZniEe
oste] ohE EAo 2 Azt

HA7EA] AA] B2 vl AEE PVY
isolater} Hxd »} edl (Canto &, 19955
Robaglia, & 1989; Singh¥} Singh, 1996;
Thole %, 1993; van den Heuvel &, 1994;
van der Vlugt <, 1993), 22 PVY° (common
strain), PVY" (toacco veinal necrosis strain)
7 PVY™™ (potato tuber necrosis strain) &
ozl 9lel(de bokxs} Hunttinga, 1981;
Le Romancer 5 1994). PVY uj#&ol] 3lol4]
PVYO: clopst EatelawAe Jehie ubmol
PVY" Burley% ghfloll gmizA54g Jo7
o] (Weidemann, 1988), PVY"Ne 7tz 5]7d)
A FEEEARS doy|a(le Romancer %
1994), Sue] guldAell4] wAslE PVYE ¥
Aoll  wel  gusu)l(PVY-VB)9F  sjuizn]x|
(PVY-VN) Algo= TR Park &, 1984).

PVY+= Asdhlel o] AHEel osle] 7
H7] wjgell ZIEAEY] ARNES A A
the AL d4-oE ofp]fuE PVY A4 &
T+ s4slo] Aulisl=Ae] 7h4 ZaEA W)
Holt}, PVY A4 AL Koelle (1958)
7} Virginia type %ulloll X-rayE X ulslod
Virgin A Mutant (VAM)S o1& & o] $Az<
& o]&3lod TN 86 (Miller, 1987)% TN 90
(Miller, 1991)%e°| SAFgom, FHIdE M
africana®) Z&gAS AEZ| EYzle] PVY
AGE AFELE §Al olgstn  YcHlewis,
2005). = BurleyEe 72-$ VAMo zHy]
PVY A2 =9sled KB108 = KB111& £
E FAse (3 5, 1994; A &, 1998). 3
Azl 739 Nicotiana africana®l PVY A4

$4 A5lA 83 PVY Mutantd] 54

S N. tabacum cv. NC 824 =43 A&7 9
tHE &, 1991). PVY AL gl ZF7kol

24 vehdw Burley$9] 79 SAARAES
Hehiu ZFAaEe] A9 ok 4 % A2 oEA A
A7 Vel B s s 9lek(Xiongy} Acosta-
Leal, 2005).

B AFoNAE N africanal A fel=l gz
PVY A3 % AR & Aoz et
A%l thele] PVY AgAS AP slglen]
A F GE AMAlA oH AAZE el o)
E MAoA A4 PVYE VAMI N. africanadl
A SR A ARl RS 2 BE 4
=A7F oA oz Yehdrt. olo] Eodwlelz
ehd mlolAE Felele] AFAE w9 B
AEH A AFE Haslax) g

it
=
e

M2 P
Hio|2jA 22|
AL PVY AP £58 S48 Sleto] =
ulzl KF0402 (TC1146 XKF117)9] Hlol@l A~ A
FAANA A & A AEAS HA i F

LE AL g A] S-S vEhlo] o]F 2l
DE AHe] APAMER Al mlelgx

w<riel= o|dFNS Chenopodium quinoadl
HAEstol & NS 339 AX £+ 2
elslgie. HE 24 SEWRNE Nicotiana
tabacum cv. Burley 210l H&Eslo] Z=A4A17 0
o, AE 10~14Y & A4 79 48 A

2 At

HXASHOIY AHHY

ol ¥l el wlolis JAE Flstr] 9
sto] olqdel =A)g dip WHE ol 2 %
phosphotungstic acid (PTA, pH 6.0) £ <343}
the, $3AAAn7 (Carl Zeiss, LE0906) o2
st

XNEAME 2HA
PVY-SWMo| =215 N, tabacum cv. Burley
219] ¢ 0.01M <latsts=l(pH7.0) o5 wulsf
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AAD - 395 - o4 - PRS-

(W/v=1:10)8+ & o] ZBE carborundum (600
mesh)-& AL8sled Chenopodium quinoas *38F
g 21%9 AZAE FHHES A o
Z vpolgagy 2005' S5 AP ghelajelx] <
o4 Feldk PVY-TOJC37& A A8zl
WA wee wlasigh

Primer MIZ} % RT-PCR

PVY7} ZHdd AlSAHIZRE wlolgaE A&l
7] §1sle] RT-PCRE <3 3l9dct. oluff A&
primer: 7])&ol| R %l Potyviruse] <3744
#rslo]  degenerate  primerE  AlFslic).
Potyviruse] ¢)3]ctuii  oJod9]  upstream
primer: 5'-ATT-TGT-GCA-KCW-ATG-ATT-
GA-3', downstream primer— 5'-CCA-TAB-
CKT-GGC-ATR-TAT-GG-3'82 L2174
Lelo|=E Attt RT-PCRe =72 42 C
ol 6087 JHA Hbg-g & by o] HhE-lol|
94 TollA 287 7143t & Icycled 94 C 30x
/564 T 30%/72 € 1Eo& lo] & 35 cycleg]
PCRE AlAJslgion] uvlzlatoz 72 oA 105
7t RS AFd. olgAl FEE PCR AER
0.5XTBE %NS o]83} 1.2 % agarose gel
ol A7|95E& she nbo|H L FAAY FFEod
& st

=
o
=

224 ¥ UMY 24

2249 9 AVAYE ZA4L2 okl EhullollA ¥
olzl PVY-SWMe] RT-PCR AHEg o] &3slgdl).
cDNAE= pGEM-T easy vector
(Promega)ol At Eschericha coli JM109
of HAAZ slgict. BAARED FEEERE
PVY-SWM cDNA9] 4H}] &%= alkaline lysis
b (Sambrook £, 19898 o83 Zgfius
E 353 F AlRtAL: EcoRIe R Hoksio] &)
st AAR Zeksv|== ABI Prism TM
Bigdye Termiator Cyclic Sequencing Reation
Kite} PrismTM 377 Genetic Analyzer (PE
Applied Biosystems)E  o]8s}lo]  cyclic
sequencingS AAlslglon od7|x9de DNAStar
(Madison, WI) Zg 138 o]83le] BEAs9i).

== 3L
35

AEAE HAE

A PVY AA 5545 sk A
PVY 34 sourceE 7FX|3 9= whuloll4] 2
FAE AL F A% duaA F4E vehie
ilde AFsle] AP G o FEd An
= 11lnm, Ze] 750nme] A& Al Potyvirus ¢
A (Fig. 1-A7F #1 =9, £ Ealg
PVY-SWME C. quinoaclA AZEdoll g]EurA
& velyew, N. benthamiana (Fig. 1-B)$}
N. glutinosa (Fig. 1-C)ol|A= Asdol|Aut zhzh
Ak Bato] A9} F4e dEbid. N
debneyis} N. occidentalis o\A= RZEdol ¥
Fubd, Aol A Brlela F4E vel
tHTable 1). PVY o]§A wwjEZ9l 'Burley
21', 'Havana 92', 'K326', 'NC95', 'KY17's}
PVY A4 FelFEeY  'V.SCR', 'PBD6’,
"TN86', 'VAM', 'NC744' 9 'Wislica'dl|A] o
zZupo|g] 22l PVY-TOJC37-E o|HA ullEFol
At HEA A9l duaASEE Jeidle
t PVY- SWM o84 3 A4 aiEE =
ol HEAH Aoy iz ulolgakr)
AlgE dulax S-S Hlow dhldgR &
AlZcHTable 1, Fig. 2-1, Fig. 2-1). 7]& o
olelF SulitAlel Bgd PVY A 59 ¢
AR ANE 517 ste] KB1113d} o] £%9 &
HBol MSTC6133 KB108¢)| PVY-TOJC373}
PVY-SWM & #H&E3l 3zl PVY-TOJC37S =
T F30l4 WAL Jehdx] ggtor) PVY-
SWMe RE 539 A4S A9 A
¥AE vebliichFig. 3).

(+]

=
2z

RT-PCR ¥ YJIMg 24

PVY-SWM3} PVY-TOJC37¢l] Zreisl A8
ZHe RNAE F%3 o-& potyvirusd] 2|3tk
g AH9E FF% 4 3= primerg RT-PCR
< AAzgY. 2 23 < 800bpE HlAE &
PCR A& U & AdArt PVY A4 5%
o) ‘VAM'd] PVY-TOJC373} PVY-SWME 7}

74 AFen 2% ol WEAN 4AE Aol
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Table 1. Biological reactions induced by PVY-SWM and PVY-TOJC37 on indicator plants

Host reaction®

Indicator plant

PVY-SWM PVY-TOJC37

Chenopodium quinoa cl/- cl/-

Nicotiana benthamiana -/sM,Dis -/sM,Dis

N. glutinosa -/Mo -/Mo

N. debneyi cl/sM c/M

N. occidentalis cl/sM c/M

N. clevarandii cl/VC, Mal cl/VC, Mal

N. tabacum cv. Samsun cl/sVN, Dis cl/VN, Dis
Burley 21 VN/sVN VN/VN
Havana 92 VN/sVN VN/VN
K326 VN/sVN VN/VN
NC VN/sVN VN/VN
Kyl17 VN/sVN VN/VN
V.SCR VN/sVN -/~
PBD6 VN/sVN -/-
TN86 VN/sVN -/-
TN90 VN/sVN -/-
VAM VN/sVN -/-
NC744 VN/sVN /-
Wislica VN/sVN -/-
KB108 VIN/sVN -/-
KBI111 VIN/sVN -/-

"M, mosaic; sM, severe mosaic; Mo, mottle; Mal, malformation; Dis, distortion VN, vein necrosis; sVN,
severe vein necrosis; VC, vein clearing; cl, chlorotic local ; -, no symptom; Inoculate leaf/ Upper leaf.

RT-PCRE AAjg Ax} PVY-TOJC37L HE
A3 49gdellA FZH bandd A & ¢l
I, PVY-SWME HEda 4999 Z57ellA &
% band& #QT &+ JAUH(Fig. 4). FFH
cDNAE o] &3} AVIAdE AA% A3
primerg A|2HE o AFEPY F 850712 <37
Adg e % ggivh slsighad §AAE 801
N wEHLElol sz FAEo] glo, o] H7]A
AEHE] 2677 #7)9) opn| Ak Ajde] £4 ¥

ek,

Genbank databaseZ #-83led PVY-SWMzt
ebE2l Potyviruse] 2|3 ghid o) 454&
v)agk Az, PVY A% PVY-Hung959 <
7164 E 99.0 %, MAR opn|eAtollA = 98.1 %
2 713 52 AE54E Jegdd(Fig. 6).
PVY-SWMx} PVY-TOJC377+e] 9]s|ghalal o
NARE vl 2 Az 74wA A7) A4 T
9 A=, 34994 237)7} Aek G Xpolr}h glaich
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Fig. 1. Electron micrograph of the virus particles showing flexuous rod havivg 680nm
length (A). The bar represents 200nm. PVY-SWM infected systemically on N, benthamiana
(B), N. glutinosa (C), N. occidentaris (D) and N. clevarandii (E). The virus induced vein
necrotic on the upper leafs of N. tabacum cv. VAM by mechanical inoculation (F).
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GmPVY-SWM

u=PVY-TOJC37

uuPVY-SWM

mmPVY-TOJC37

Fig. 2. External symptoms by PVY-SWM (upper row) and
PVY-TOJC37 (bottom row). In PVY susceptible tobacco (I) 'Burley 21' (A),
'Havana92' (B), 'K326' (C), 'NC95' (D) and 'KY17' (E), vein necrosis on
inoculated and upper leaves were showed by PVY-SWM and PVY-TOJC37.
In PVY resistible tobacco (II) 'V.SCR' (F), 'PBD6' (G), 'TN86' (H), 'VAM'
(I) and 'Wislica' (J), vein necrosis on inoculated and upper leaves were
showed by PVY-SWM only.
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Fig. 3. External symptom on N. tabacum cv. MSTC613 (A); KB108
(B) and KB111 (C) infected with PVY-TOJC37 (left) and PVY-SWM
(right).

e

PVY-TOJC37 PVY-SWM

Fig. 4. RT-PCT assay with potyvirus specific primer at the upper leaves (arrows) of
VAM infected with PVY-TOJC37 and PVY-SWM. Lane M: 1lkb maker (promega),
1: PVY-TOJC37 and 2: PVY-SWM.
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GNDTIDAGGSTKKDAKG GE® GGS! @
PVY-SHM GGAAATGACACAATCGATGCAGGAGGAAGCACTAAGAAGGATGCAAAACAAGAGCAAGGTAGCATTCAAC 70
PVY-TOJG37  GGAAATGACACAATCGATGCAGGAGGAAGCACTAAGAAGGATGCAAAACAAGAGCAAGGTAGCATTCAAG 70

GNDTIDAGGSTKEKDAKO GEQQGS! Q

PVY-SWM CAA E'I'CTCAACAAGGAAAAGGAAAAGGACGTGAATGTTGGAAGATCTGGAACTCATACTGTGCCAGGAAT 140
PVY-TOJC37 TCAACAAGGAAAAGGAAAAGGACGTGAATGTTGGAACATCTGGAAGTCATAGTGTGCCACGAAT 140
LN KEKEKDVNVGEGTSGTHTVPRI

KA1 TSKMWRMPKSK®GATVLNLEHHL
PVY-SM TAAAGCTATCACGTCCAAAATGAGAATGCCCAAGAGTAAAGGTGCAACTGTACTAAATTTGGAACACTTA 210
PVY-TOJC37  TAAAGCTATCACGTCCAAAATGAGAATGCCCAAGAGTAAAGGTGCAACTGTACTAAATTTGGAACACTTA 210

KAI TSKMWMRMPKSKGATVLNLEHL

LEYAPQ@QGIDISNTRATQSOQFDTW
PVY-SHM CTCGAGTATGCTCCACAGCAAATTGACATCTCAAATACTCGAGCAACTCAATCACAGTTTGATACGTGGT 280
PVY-TOJC37  CTCGAGTATGCTCCACAGCAAATTGACATCTCAAATACTCGAGCAACTCAATGACAGTTTGATACGTGGT 280
LEYAPQGOGIDISNTRATQASAFDTHW
YEAVQLAYDIGETEMPTVMNGLM];
PVY-SWM ATGAAGCAGTACAACTTGGATACGAGATAGGAGAAAGTGAAATGCCAACTGTGATGAATGGGCTTATG&T 350
PVY-TOJC37 ATGAAGCAGTACAACTTGCATACGAGATAGGAGAAAGTGAAATGCGAACTGTGATGAATGGGCTTATGBT 350
YEAVOQLAYDIGETEMPTVMNNGL MIY

WCeCIlIENGTSPNINGVYVWVMNMMDGDES® @
PVY-SWM TTGGTGCATTGAAAATGGAACCTCGCCAAACATCAACGGAGTTTGGGTTATGATGGATGGAGATGAACAA 420
PVY-TOJC37  TTGGTGCATTGAAAATGGAACGTCGCCAAACATCAACGGAGTTTGGGTTATGATGGATGGAGATGAACAA 420

WCIlENGTSPNINGVWVMMDGDES®

VEYPLKPIJIVENAKPTLRQI MAHTF
PVY-SWM GTCGAATACCCATTGAAACCAATCGTTGAGAATGCAAAACCAACACT TAGGCAAATCATGGCACATTTCT 480
PVY-TOJC37  GTCGAATACGCATTGAAACCAATCGTTGAGAATGCAAAACCAACACTTAGGCAAATGATGGCACATTTCT 490

VEYPLKPIVENAKPTLROGI MAHTF

SDVAEAY | EMRNKKEPYMPRYGLYV
PVY-SHM CAGATGTTGCAGAAGCGTATATAGAAATGCGCAACAAAAAGGAACCATATATGCCACGATATGGTTTAGT 560
PVY-TOJC37  CAGATGTTGCAGAAGCGTATATAGAAATGCGCAACAAAAAGGAACCATATATGCCACGATATGGTTTAGT 560

SDVAEAY I EMRNKKEPYMPRYGLYV

RNLRDGSLARYAFDFYEVTSRTP
PVY-SHM TCGTAATCTGCGCGATGGAAGTTTGGCTCGCTATGCTTTTGACT TTTATGAGGTCACATCACGAACACCA 630
PVY-TOJC37  TCGTAATCTGCGCGATGGAAGTTTGGCTCGCTATGCTTTTGACTTTTATGAGGTCACATCACGAACACCA 630

RNLRDGSLARYAFDFYEVTSRTEP

VRAREAHI GMKAAALKSAQPRLTF
PVY-SM GTGAGGGCTAGGGAAGCGCACATTCAAATGAAGGCCGCAGCATTGAAATCAGCCCAACCTCGACTTTTCG 700
PVY-TOJC37  GTGAGGGCTAGGGAAGGGCACATTCAAATGAAGGCCGCAGCATTGAAATCAGCCCAACCTCGACTTTTCG 700

VRAREAHI @GMKAAALKSAQPRLF

GLDGGI'! STQEENTERHTTEDVSPS
PVY-SWM GGTTGGACGGTGGCATCAGTACACAAGAGGAGAACACAGAGAGGCACACCACCGAGGATGTCTCTCCAAG 770
PVY-TOJC37  GGTTGGACGGTGGCATCAGTACACAAGAGGAGAACACAGAGAGGCACACCACCGAGGATGTCTCTCCAAG 770

GLDGGI!STQEENTERHTTEDVSTPS

MHTLLGVKNHM :
PVY-SWM TATGCATACTCTACTTGGAGTCAAGAACATG 801
PVY-TOJC37  TATGCATACTGTACTTGGAGTCAAGAACATG 801
MHTLLGYVYKNHM

Fig. 5. Alignment of the coat protein nucleotide sequences and the
predicted gene products of PVY-SWM and PVY-TOJC37.
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| T e
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5-5 T T 1 M
4 2 0

Nudeotide Substitutions (x100)

Fig. 6. Phylogentic tree constructed from nucleotide sequence alignment of CP
genes of PVY-SWM isolate and other potyvirus isolates PVY strains. The
sources of sequence data were from the following Genbank database accession
number: Hung95 (AJ390300), Slov94(AJ90293), Hungarian (M95491), S-NTN
(AJ390295), T(D12570), TU619(AJ390309), N-RB(AJ390285), LW(AJ890349),
0803(AJ223594), 0854(AJ223595), VN(U06789) and nnp (AF237963).

Hej® ofulicAbollAlE 25WAl ofmlicdte] 2 2 & mutantE Eelsigich o] wlolHA(PVY-
Isk N, 11734 4717} 19 VE Hol7h et SWMIE AEd 543, d7Ad84de £
(Fig. 5). ols} o] opulxAt Aodel Wglyt 7o Had ohE PVYS wlmslich. PVY-
PVYe] AgAHE FHaA7le AL Masuta 5 SWME PVY A4 A2 vag 7IA A R
(1999)9] Rxel fAsieler elujcluyz Hat og ®y¥ V.SCR, PBD6, TN86, TN90,
oluz}l wlolg] o] EA2: HEZ o]Eo T3} Virgin A Mutant (VAM), Wilslica, NC744,
£ Nla g9] VPg gened] Xol% & Ao KB108 3 KB111 &ZollA 71&9] PVYS+= 2
A7k} 2 Aadolld duzld 42 vebgrt. osiey

$4F PVY A4 FF $4F Had A AL 801N waelerlEg T4E0] 9
potyvirust AEAE v o suglae 4% fed, o @rMARRE 2670 2719 ohulx
Ag wlsgk Az potyvirus £l PVY' A Ado] EAEglr. 7)Eel] Bad o PVY
subgroup o2 ¥l HYT PVY AgAE s B3} AughaAe] 17149 oA d S vl
3= Ho|Fo g4 PVY-SWMe g wHulslaz} 3 s A 72 88.4 % - 99.0 %} 92.5 % -
o, o g A Azgol) A A7 B 985 %R B AALE Hew PVY'
ARl WA Lol Fojshe Aol thsted AT subgroupdl PVY-Hung95¢} 713 §-AskAvt
7} B o] FofAo} Arx AZkElolFIch

X
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