The Korean Journal of Microbiology, Vol. 45, No. 3, September 2009, p. 251-256

Copyright ©2009, The Microbiological Society of Korea

RT-PCRHE 0|28} &Y
2X[& - U235 - O|SFl - HfMEH
SIS EChnE)

2008~2009 ol 7391, S, Al F A1 o] W3} A wl 7ol A vpol 2 A ZH TS Hol = Wde] s S A
Fslg 2w RT-PCR ¥ 22 Lily mottle virus (LMoV), Lily symptomless virus (LSV), Cucumber mosaic virus
(CMV) 5 3 79| vlo]g)AE A2 slgt}h LSV 123, LMoV 205, CMV 157} A& F¢2H LSvel 4

1270 8] A EA F 70| = LMoVE A& 5 o] £3 714

gAL

T A=

3l 3H41 T} LMoV e} LSVel €] & B3} 7h4 &

A=) 5y 3, AR, Uk, B ate] =2, 3 £ 74 5 45 ARG ARG HA S Ueh gl e 4] 42 37
oA ARE FZAAME B3 g o] AZFHASG AALD A EA = LMoV ZHd o] 7H4 wske™ Lily virus X
(LVX)ol &3 7+d-& A& = 7] @okeh 77] 28 39 (LMoV 45, LSV 25, CMV 1) 9] 9] 9w §-Az12 2T
& F Q71N A s Tl R W3 vol 2 )4 ALSV:ATI516059, CMV: AJ296154) ¥]
3l 2m LMoV S el AS52o2 Q7| d S AA st 7]Eo] Bad 4714 D (AJ564636)F B] 235 o
2] FE 7| Eo) BaE vho| 829} 9599%9] F7FH 2E| = G/ F FAMA S Bl on, o] & HEFo B}
AESA EAS W3 A& A et vlol A 2GS M E HA 97 D EA o) dodg Aoz g

o
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19801 o] F FwRIASo] FobA|aL sHEigie] WA W
& 7 TRl A SIS Aoh Y T Y oEE
7F wow g THE FUs] il st ksl
2 o] Hof gk g £ 72 upole el dE o] 9l

7857t Bot s} Aslel] ofelzo] vk whebA nole] s
o] = % Wt T7-o 5] WG AuiETte] ALk EAlT
A&t gt nlolel 4 AR-E AT & Q= Vs
o] o] - 729 ) LS gkl wWigke] & S
o 714 Hlojot.

Wt Aol A 7Y EAI7F B Halle nhole|zeolm A A
AFoZ oF 200 Fo] &HA o™ 53] Lily symptomless
virus (LSV), Cucumber mosaic virus (CMV), Lily mottle virus
(LMoV), Lily virus X (LVX) 5°] &3] 2HETH?2, 4, 6, 9). ©]
E Hlojg sl U5 e E3 7dE] & s T e
WAL T2 mafola 2ol ol vehdth 1 9= 3}
F, AIAL U 32910 915, ] V1™, A EAS] 3t §
v gty 5] Sl vEhdth sllelA BAldew
Z¥sl FalE Yo7)= W vlo|g)AE CMYV, LSV, LMoVe
th3, 13). CMVE Bromoviridae 2, Cucumovirus $50]™ 37§
9] single stranded plus-sense RNAZ T4 %o] T} RNA 13}
= la, 2a T AS TS replicase complexE ©|F=t] ¥
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gth. RNA 3< 3a ©¥AS TS viral movement protein
MP)e.Z A UTHS, 7). LSV Carlavirus Z:0]0 o)z}
610~690 nm, A|E°] 12~15nmo|t}. Al 7.4~8.5kb, single-
stranded plus-sense RNAE TFAlEo] ATtk1, 6). LMoV
Potyviridae ¥}, Potyvirus <-°]™ single stranded plus-sense RNA
Z FAE] ATt Zo)7) 700 nme]™ Al 10 kbo]TH(18).

FUHIME ol & HlolE|zdl tigh d7|IMdelut #A} HES}
2 B0 tigk A7t A o =20k o] Foj x| = Aot
(3, 10, 11, 13). WAl E7Fe] A RS tFe s ol Fd
H o]& npol e AVIMDS THICEA 34 Wl Ae
S} zolF & olw] el=ollA F7IME #A4o] 4EH strain}t H]
wah= Zlo] dasit

Wdtulo]H AE T WH2 1) TEM (Transmission
Electron Microscopy) 2) DTBIA (Direct Tissue Blotting Immuno
Assay), 3) ELISA (Enzyme Linked Immunosorbent Assay), 4)
RT-PCR (Reverse Transcription Polymerase Chain Reaction) &
o] o Ztzt Aetyo] ), FH o= Real-time RT-PCR,
Macroarray ', MZF primer AZZ FAlol| F 57 o<
Hpol2| g HEShs 5 A& ulele]aE tdelal A&, s}
A HEE 5 s MZE 71s0] WEEIL JITkS, 14, 16).

A F7HA nolEs PO Z ELISAS 28 dsha Wiy
o] F& o]g=o] ko2, 17), HISo|HS] ¥Hgo = <13l
o] ol o] glo] girh. weEkA & AFolxe S vt
o]g}2: RNAE & 7Fs3 RT-PCRE o]83te] A -ejuvet
AN A= I A= Wl ojH FHo ulelexr} EAlsEA
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Sotng st G471 A 14 z
3T A velelz AE Tl RS AR V% Aaw

28-starzt sisinh

AMEMZ

2008 9BHE 20094 44714 S B, A= AT, AT
T AGS FA0E A = N sk DRl &<t
Zhol oJ3)] ulo]e 2~ WA (@] T3l 9] majela 34,
o Afole] gl FHY F)S el WS 87, AS5S7,
Ne7] & A AS7IEE B3] vlolas &4 55 A1
oh T3k St dl] ofd) nlolg e AAE Aoz oAlE=
ToAAME ofH FFo] nlelei2) EAlsh=A] AT

Total RNA F£&

ntol 0] 7A4o] ilEE MO 2HE total RNAS F+=
stk W A S vk BT(50~100 mg)oll trizol
reagent= 1 ml ¥3L 200 ul chloroformS 2|3} T} 4°ColA] 15
30 A4 28 SIS do] tE FHE KA 500
isoprophanole 2|3}l 4°CollA 1583 94 8] & d5ds
AABIATE. 75% ethanol 1 ml X2 F ThA] gH 944] E-eja}e]
FZ ol (ethanol) S A| A3FA ). Ethanol S =5 3]HFA]A RNA
pellet?t G753 DEPC M| E SHFE Fo] AT,

RT-PCRE primer X[}

WMo 2HE] LSV, LMoV, CMV % LVXE 7435P7] $3le]
7180l Bl o|E 7} npole|2e] o]y vl f{xixte] 7]
g <QkollA IDT SciTools PrimerQuest Program (Integrated
DNA Technologies, USA)S ©]83] RT-PCRE primerS A|2}5}
SAh(Table 1). ©]3] TR Wol7} Fo] doji}r] whie] o]
= FFAAE primer A|2te] 2 0= AT

RT-PCR

ulo]H 25 #AE3S7] 98] Maxime RT-PCR PreMix kit
(Intron Biotechnology, Korea)E- ©]-8-5} RT-PCRS- =33} t}.
Maxime RT-PCR PreMixol total RNA 1pl®} forward primer,
reverse primer (10 pmol/u)E 2}z 1S 718k total
reaction@dS 20 WZ FFRACE RT-PCR HH-273L8 42°CollA] 45
2 wkg-A17) RT WHg-8-8 95°C 487 1 cycle, 95°C 30%,
50°C 14, 72°C 30%37F 30 cycle, 72°C 7487k 1 cycle®] 272
2 g3t o]gA st 42 RT-PCR AHES agarose gel
A71GEe g st

HI|ML 2

EQE, Rk, ATl A G Wil HEE LSV, LMoV B
CMVe| ool dfazte] A71EE EA4817] 918 2 PCR
2H28 TA cloning vector (RBC)®!| cloningdt & 7|A g £
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Table 1. List of primers for RT-PCR for the detection of Lily viruses
from infected leaves and bulbs

Primer s s Product
e Sequence (5’-3”) size (bp)

LSVl  5-CACATATGCAATCAAGACCAGCAC-3’ 876
LSV2  5-GAGGATCCTCATCCATTATTTGCGIATC-3
LMoV1 5-GCAAATGAGACACTCAATGCTG-3’ 651
LMov2 5’-CGTGCGIGAAGTAACTTCATAG-3’

CMV3  5-GAGTCATGGACAAATCTGAATC-3’ 668
CMV4  5>-GGAACACGGAATCAGACTGG-3’

LVX1 5-GAAACTGCACTGIGGCCCCG-3’ 411
LXV2 5-CACCCTAGACACCAATAACCG-3’

< 9313 H(Macrogen, Korea).

2o { o

IUle A Azt A "dIlE Y3l 9y upolgiae
LMoV, LSV, CMV Folt} o|& Hlolg]Z=of tigt d7|AGolu}
A AEEH 54l tigk A7) AlghA o2 gt o] oA gl
= AAo|tl(, 3, 6, 7, 10, 11, 13). ¥ AFH= WA &
7He] Al E tldoE Sl F9E olE Hlolel2e] drIM4E
< FHEFgeEN FA g A9} xolHe elA ofn]
G7IME B4o] BaE straind} HlwElaA} sl o, < &
AollA U7 S g A EA A nlelg s 1Y RS
ZA} 8Lzt st

2008 9¥HE 2009 4€7HA] T iRk, AT A, AT
T A o] uieh AL Ao A vhole] i WA (P T3t o
o] matol= FF, ulirtelo] gao) R Fys Kol wigt
9] QoA 242 LSV 43+(4/18), LMoV 115%(11/18), CMV 15
(1187} AEH AT T3 AgH 7 FoME S22 npo]
gzo ZHEE AR iEE oA LSV 85(8/33),

ol

Table 2. Detection of lily viruses from total RNAs of infected leaves
and bulbs

Origin of isolates Viruses
LSV LMoV CMV LVX
Leaves (18°)
Chung-nam 1# 3 - -
Gang-won - - - -
Jeju 3 8 1 -
Bulbs (33°)
Chung-nam 6 5 - -
Gang-won - - - -
Jeju 2 4 - -

2The number of samples that were positive by RT-PCR
5¢ The total number of tested leaves and bulbs, respectively
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Fig. 1. The leaves of lily “Le Reve” and “Siberia” showing mosaic, vein clearing, curling, mottling, and yellow streaking. (A), (B) “Le Reve”; (C),

(D) “Siberia”

LMoV 97933y} A% = UTK(Table 2). Fig. 1> AFE A&
Wl A=A et Le Reve (A, B)} Siberia (C, D) ¥+
Foll A Hol= HFZQ] nlole]z A oH, o] 5 A RS e
2 RT-PCR WHOZ nlo|g g HES A7 Fig 2014 He
72 o] Aol FYU3F Le Reve FE9A LMov7Zt A% 5
3L(Fig. 2B: lane 3 and 4) Siberia FFol= LSV, LMoV,
CMV 5 Al F7F9] nelezrt B3t ZaEolde 2ts gRls)

ulo]gf 27} Qi 9] o] Fof T @o| RE3h=A] ¥
7] flsted e ek A Al g R ol 3
oA 217} total RNAS 0] RT-PCRE #-A&to] 2135+ Ay},
Fig. 2B9] lane 33} 4(lane 3: T, lane 4: ), lane 73} §(
lane 7: 7<%, lane 8: &), lane 9 9} 10(lane 9: <%, lane 10:
ellA B upel o] lej nlole]zrt o] Wo] EXskal QL
o vlo]g 2 7 RS AT W X RNAZ A= 3]

S UK Fig. 2A and B: lane 10, C: lane 11). Le Reve Bo A=
ulole] 2 WAL ¥ O kFig. 1B) RI-PCR 23} nlolg| 27} A
Z HA g3t} o] ulol#x F&T BAY O TR vlo]
2ol A=) WEQd Ao 2 FdE.

BEHYL & 5 AN AH vlolels FE AL SsIA
© o] 4% wloles Aol Bo] AHSHE Realtime RT:
PCR (TagMan)& ¥ wlo]el s A%o] o] g3k 2o] Baslr).
we B Aol W uleles BES A% AR &

(A)

LSV detection

L <« 876 bp

B) _ ©)
LMoV detection CMV detection

L3 v ) Ga

M 1520

8 9 10 11 M

<« 668 bp

Fig. 2. RT-PCR based detection of Lily symptomless virus (LSV: A), Lily mottle virus (LMoV: B), and Cucumber mosaic virus (CMV: C) in lily
plants from Jeju. The length of PCR products were 876 bp (A), 651 bp (B), and 668 bp (C), respectively. (A, B) Lanes: M, molecular size markers
(1 kb ladder, Promega); 1, negative control; 2, positive control; 3,5, bulbs from lily “Le Reve”; 4,6, leaves from lily “Le Reve”; 7,9, bulbs from lily
“Siberia”; 8,10, leaves from lily “Siberia”. (C) Lanes: M, molecular size markers (1 kb ladder, Promega); 1, negative control; 2,3, positive control;
4,6, bulbs from lily “Le Reve”; 5,7, leaves from lily “Le Reve”; 8,10, bulbs from lily “Siberia”; 9,11, leaves from lily “Siberia”.
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Lsv 1 ATGCAATCAAGACCAGCACAAGAATCCGGCTCTGCAAGCGAGACCCCTGCACGTGGCAGG 60

LSV-JJ A

LSV 61 CCCACACCTAGTGATGCACCAAGAGACGAGCCCACCAATTACAATAATAACGCTGAGTCA 120

LSV-JJ T

LSV 121 CTGTTAGAGCAACGACTAACCCGGCTGATCGAGAAGCTCAATGCTGAAAAGCACAATTCC 180

LSV 181 AATCTGCGAAATGTGGCTTTCGAGATCGGGAGGCCCTCACTGGAACCCACGAGTGCTATG 240

7%
T
e
C|>C)

LSV 241 CGAAGGAACCCTGCGAACCCCTACGGGAGATTCTCAATTGACGAACTCTTCAAGATGAAG 300

LSV 301 GTTGGCGTCGTATCTAACAACATGGCAACCACTGAACAAATGGCCAAGATAGCGTCAGAC 360

LSV-JJ G

LSV 361 ATTGCAGGGCTTGGGGTACCAACGGAGCACGTCGCATCAGTAATATTGCAAATGGTCATC 420
LSV-TA C

LSV 421 ATGTGTGCTTGCGTGAGCAGTTCGGCGTTCCTTGACCCTGAGGGCAGCATTGAGTTTGAG 480

LSV 481 AATGGAGCGGTGCCCGTCGACTCCATCGCTGCGATCATGAAGAAGCACGCTGGACTGCGG 540
LSV-TA A
LSV-JJ

Lsv 54
LSV-TA
LSV-JJ

AAAGTCTGCCGGCTCTATGCCCCTATCGTGTGGAACAGCATGCTTGTGCGAAATCAACCA 600

LSV 601 CCAGCTGATTGGCAAGCTATGCGCTTCCAATACAACACGCGGTTCGCAGCTTTCGACACC 660
LSV-TA G
LSv-JJ G

LSV 661 TTCGACTACGTGACTAACCAGGCGGCTATCCAACCTGTCGAGGGGATCATCAGGCGACCC 720
LSV-TA

LSV-JJ

LSV 721 ACTTCTGCTGAGGTCATAGCCCACAACGCGCACAAGCAATTAGCCCTGGATAGGTCAAAC 780
LSV-TA T-

LSV-JJ T-

LSV 781 CGCAATGAGCGTCTGGGGAGCCAGGAAACCGAATACACCGGTGGGGTACAAGGAGCTGAA 840
LSV-TA T-

LSV-JJ G—T

LSV 841 ATCGTCCGAAATCATCGATACGCAAATAATGGATGA 876

LSV-TA

LSV-JJ

Fig. 3. Nucleotide sequence alignments of coat protein gene of two
LSV isolates (clone LSV-TA, LSV-JJ). The LSV isolates coat gene
sequences were compared with those of reference LSV (AJ516059).
Dash means the same nucleotide as top.

el EAlsle nlolel=Ee] Q7G-S E48karat akeitt. o]
£ 913 Table 201 YERH ule} o] Fd A HJollA HEE
LMoV 33, LSV 15, AIF X999 LMoV, LSV, CMV Z} 1
Z9] coat protein SRR} A7)\ EL AAE reference Bl E]
2~ AR} vl wE A THFig. 3, 4, and 5). FEH AFA H
ZE LSV CMVE 71&0) Iuiel] BaiE LSV (A 516059),
CMV (AJ 296154)2] A7 L} 98~99%2] | LEI= FA}
& veRio] nlolg o] Wolrt IA sold A A ke
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LMoV-8J 1 GCAAATGAGACACTCAATGCTGGAGCTTCCAGTTCCACACAAGCGAGCCGATCGACTCGA 60
LMoV-AS1
LMoV-AS2
LMoV-TA
LMoV-JJ C T-—

LMoV-8J 61 CCTGAGGCTGCAATTGATGTGGCACCACAACAGAGTTCTGAGGCTAGAGTGCGTGATCGT 120
LMoV-AS1 G

LMoV-AS2
LMoV-TA A G

LMoV-JJ T C—G-GG—-C T—T-

LMoV-B8J 121 GATGTTGATGCCGGCACCGTGGGAACATACCAAATCCCACGACTGAAGGCACTAGCAACA 180
LMoV-AS1 C

LMoV-AS2
LMoV-TA
LMoV-JJ A

€C-G—C

LMov-8J 18
LMoV-AS1
LMoV-AS2
LMoV-TA A

AAGATCAACGTACCCAAGGTCAAGGGGCGAATGATAGTGAACACTGGGCACCTTGTGAAT 240

LMoV-8J 241 TACAACCCAGACCAAACAGATATTTCAAATACAAGGTCAACCCAGAAGCAGTTTGAGGCT 300
LMoV-AS1 A
LMoV-AS2
LMoV-TA
LMoV-JJ TTC

LMoV-B8J 301 TGGTACAACGCAGTGAAAGACGAGTATGGTCTCAACGACGAGAGTATGGCTCTCGCAATG 360
LMoV-AS1
LMoV-AS2
LMoV-TA T

LMoV-JJ T T

LMoV-BJ 361 AATGGTCTGATGGTTTGGTGCATAGAGAATGGCACCTCACCAAATGTAAATGGCGTGTGG 420
LMoV-AS1
LMoV-AS2
LMoV-TA
LMoV-JJ C-T- T

LMoV-BJ 421 CTCATGATGGACGGAGATCAGCAAGTTGAATTTCCTTTACGTCCTATACTTGAACACGCA 480

LMoV-AS1 C
LMoV-AS2
LMoV-TA
LMoV-JJ

LMoV-8J 481 AAACCGACGCTGCGCCAAATTATGGCGCATTTCTCAAACCTCGCTGAAGCTTATATTGAG 540
LMoV-AS1
LMoV-AS2
LMoV-TA
LMoV-JJ

[r}

LMoV-8J 541 AAGCAAAATTTAGAGAAACCGTACATGCCTAGGTACGGCCTTCAGCGAAATCTCACCGAC 600
LMoV-AS1
LMoV-AS2
LMoV-TA
LMoV-JJ
LMoV-8J 601 TTCAATCTAGCACGATTTGCTTTTGATTTCTATGAAGTTACTTCACGCACG 651
LMoV-AS1
LMoV-AS2
LMoV-TA
LMoV-JJ C

Fig. 4. Nucleotide sequence alignments of coat protein gene of four
LMoV isolates (clone LMoV-AS1, LMoV-AS2, LMoV-TA, LMoV-
JJ). The LMoV isolates coat gene sequences were compared with
those of reference LMoV (AJ564636). Dash means the same
nucleotide as top.

U Aol A EElE cMVollM = )9 FEelLEl=rt A4E
o] YAtk Hel AZF LSV7E Bt Fouk(1s), FulllA
g LSVe] 971N B4 Azt el ok A=F LSV
7b fAsAE e Ao B Bt el BaE LMoV
= ulgeeo A 98 T2 A BitelA e LMoV
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CMV 1 AAGAAACTTGTTTCGCGCATTCAAATTCGAGTTAATCCTTTGCCGAAATTTGATTCAACC 60
CMV-JJ G

CMV 61 GTGTGGGTGACAGTCCGTAAAGTTCCTGCCTCCTCGGACTTATCCGTTGCCGCCATCTCT 120
CMv-JJ

CMV 121 GCTATGTTTGCGGACGGAGCCTCACCGGTACTGGTTTATCAGTACGCTGCATCTGGAGTC 180
CMv-JJ C T

CMV 181 CAAGCTAACAACAAACTGTTGTATGATCTTTCGGCGATGCGCGCTGATATAGGCGACATG 240
CMv-JJ

CMV 241  AGAAAGTACGCCGTCCTCGTGTATTCAAAAGACGATGCACTCGAGACAGACGAGTTAGTA 300
CMv-JJ G

CMV 301 CTTCATGTTGACGTCGAGCACCAACGTATTCCCACATCCGGAGTGCTCCCAGTCTGATTC 360
CMv-JJ

CMv 361 CGTGTTCCCAGGACCCTCCCTCCA GGTGGGAGCTGAGTTGGCAGTATTGCTACAA 420
CMV-JJ C

CMV 421 ACTGTCTGAAGTCGTTAAATCAGTGTGTCATTGTACACATTATGGCGAACGGGTTGTCCA 480
CMv-JJ G

CMV 481 TCCAGCTTACGGCTAAAATGGTCAGTCGTGGAGAAATCCACGCCAGTAGACTTACAAGTC 540
CMv-JJ

CMV 541 TCTGAGGCACCCTTGAAACCATCTCCTAGGTTTCTTCGGAAGGACTTCGGTCCGTGTACT - 600
CMv-JJ

CMV 601 TCTAGCACAATGTGCTAGTTTAGAGTACGGGTGTCCCCCACTTTCGTGGGGCCTCCATAA 660
CMV-JJ A

CMv 661 GGAGACCA 668
CMV-JJ

Fig. 5. Nucleotide sequence alignments of coat protein gene of one
CMV isolate (clone CMV-1J). The CMYV isolate coat gene sequence
was compared with that of reference CMV (AJ296154). Dash means
the same nucleotide as top. Asterisk indicates the position of base
deletion relative to reference virus.

A A7 D(AT 564636)2] coat protein A G7] AL}
98% o] FEds HeEriAo U AlFelA ElE LMoV
(LMoV-II)E= 95%9] 84S UEfdlo] S #]9)9] nlolej9}
FAHo g Zol7t = Aoz AaEy 1S ] AsiM=
T2 fAAF 19)9] A} Fesit) Tuolis Uldas=olA
FUE FEo2RE FElE LMoVl Bol fa8Ekal e Al
2 A= AyoA £Y9E F2AE LMovZE AEE U=
d] Fig. 6914 B vle} Zo] LMoV 3 &0 Zg=os &

(A) (B) ©

Fig. 6. The leaves of lily “Le Reve” (A), “Siberia” (B), and “Rialto”
(C) infected by LMoV showing mosaic, vein clearing, mottling, and
yellow streaking.
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Ha et F4S JeEith 53 A o9
“Rialto” EFo)A LMoV7} AFE FHA=T] 71E9] nlolgx ¥
A= B Zo)xo] A E T

ool A7 ARE IlellA A== wdtel] LSV, LMoV,
CMV7ZL 50 BAIgle] @5 32 B3 7= des 4%k
o, 53] FHZo] AollA FdH TS Al HelA] 7]
£ 4T b2 A2 bty FAdo] WA HlowH
LMoV ©% 22 LMoV} LSvel|l &3k B3t 71¢do] BEH Q]
o}, vlo]g 2~z QIgh Wt Frte] HsE WAE] Sl &
k= el vigh A3 7)ol whE o] dasit)

LMol o

B ATE Y 44 AFF SR Ae) A 9
3l ol5o12 A9

X =
En2
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ABSTRACT : Detection of Lily symptomless virus, Lily mottle virus, and Cucumber mosaic virus from Lil-

ium Grown in Korea by RT-PCR

Ji Hyun Lim, Eun Hye Bae, Yong Jin Lee, Sung- Han Park, Kyu Jun Lee, Sae Ro Mi Kim,
and Yong-Tae Jung* (Department of Microbiology, and Institute of Basic Science, College of
Advanced Science, Dankook University, Cheonan 330-714, Republic of Korea)

Leaf samples and bulbs showing characteristic symptoms of virus infection were collected from Gang-won,
Chung-nam, and Jeju Province of Korea in 2008-2009. Three viruses, Lily symptomless virus (LSV), Lily mottle
virus (LMoV), and Cucumber mosaic virus (CMV) were detected by RT-PCR. Virus-infected plant samples
were identified; 12 plants with LSV, 20 plants with LMoV, and 1 plant with CMV. Of the twelve LSV infected
samples, seven samples were found to be mix-infected with LMoV and LSV. Symptoms of LMoV and LSV
mixed infection were fairly severe, like as vein clearing, leaf curling, leaf mottling, leaf mosaic, and yellow
streaking. Mixed infection with LMoV and LSV was also found in lily bulbs which have been stored under
unfavorable environmental conditions. LMoV predominated in our tests, whereas spread of Lilyvirus X (LVX)
was not found. The nucleotide sequences of coat protein (CP) region of seven isolates (4 LMoV, 2 LSV, and 1
CMV) were compared with the corresponding regions of LMoV (AJ564636), LSV (AJ516059) and
CMV(AJ296154). The nucleotide sequence homologies between reference viruses and seven isolates were 95-
99%. Complete sequencing of seven isolates is necessary to obtain more information on the molecular char-
acteristics of these viruses as well as to increase sensitivity and rapidity of viral detection.



