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T& > FFG Ageratum yellow vein virus (AYVYV,
Begomovirus) (Cheng et al. 2005) ~ Bean yellow
mosaic virus (BYMYV, Potyvirus) (Chang & Lin
1990; Gera & Cohen 1990; Lisa & Dellavalle
1987) ~ Broad bean wilt virus (BBWYV, Fabavirus)
(Chen et al. 2000, 2002; Iwaki et al. 1987) ~
Cucumber mosaic virus (CMV, Cucumovirus)
(Chen & Hu 1999; Gera & Cohen 1990;

Provvidenti 1985) ~ Lisianthus necrotic virus

(LNV, Necrovirus) (Chen & Hsu 2002; Chen et al.

2001; Iwaki et al. 1987) ~ Lisianthus line pattern
virus (LLPV, Ilarvirus) (Lisa et al. 1994) -
Tobacco mosaic virus (TMV, Tobamovirus) (Gera
& Cohen 1990) ~ Tomato mosaic virus (ToMV,
Tobamovirus) (Jan et al. 2003) ~ Tomato spotted
wilt virus (TSWYV, Tospovirus) (Chu et al. 2001;
Lisa et al. 1990; Wolcan et al. 1996) ~ Turnip
mosaic virus (TuMV, Potyvirus) (Chao et al.
2000) ~ Iris yellow spot virus (IYSV, Tospovirus)
(Kritzman et al. 2000) ~ Impatiens necrotic spot
virus (INSV, Tospovirus) (Mc Govern et al
1997) ~ Sweet potato sunken vein virus (SPSVYV,
Closterovirus) (Cohen et al. 2001) ~
streak virus (TSV, Ilarvirus) (de Freitas et al.
1996) ~ Tomato yellow leaf curl virus (TYLCV,
Begomovirus) (Cohen et al. 1995) & - HiE#HC %
E# AW EEE TS BYMV  (Chang & Lin
1990) ~ LNV (Chen & Hsu 2002; Chen et al
2001)~BBWYV (Chen et al. 2000)~CMYV (Chen &
Hu 1999) ~ TSWV (Chu et al. 2001) ~ TuMV
(Chao et al. 2000) ~ ToMV (Jan et al. 2003) Jz
AYVV (Cheng et al. 2005) 5K °
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Table 1. Host reactions of Pepper veinal mottle virus
lisianthus isolate (Lis1) on tested plants

Reactions
Inoculated Systemic

Tested plant leaves leaves
Chenopodiaceae

Chenopodium amaranticola LL*

C. quinoa LL
Gentianaceae

Eustoma russellianum CS CS
Solanaceae

Capsicum annuum - Mo

C. frutescens - Mo

Lycopersicum esculentum - Mo

Nicotiana benthamiana M, CR

N. tabacum

Petunia x hybrida - Mo

* Abbreviation of symptoms: chlorotic spot (CS), crinkle
(CR), local lesion (LL), mosaic (M), mottle (Mo), no
symptom (-).
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20, pH 7.4) Z PR B Pid#E (Goat
anti-Rabbit immunoglobin, Jackson, West Grove,
PA, 100 pL/fL) » B 37°C 2 BIRFAE 2 /)N
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LA150 pL/ ALz EEBIMARES By 1 mg/mL 2
MR EEE  (p-NPP, Amresco, Solon
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43¢ > DL ELISA FE{H# (PTI max micro plate
reader, Molecular Devices, Sunnyvale, CA) EHY
I 405 nm N2 WIUE - VF Red AR RRR I 5
AR - BRI AR 2 5%
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A EZE (Western blotting)

HY 0.1 g & MeRBERH R - DORRE R R 1%
HIA 200 pL ZEESH RPN (75 mM Tris-HCI,
10 mM KCl, 10 mM MgCl,, 1 mM EDTA, 30%
glycerol, 6% SDS, 9% B-Mercaptoethanol,
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BEEI R PVMV Pepl 43Rk ~ ChiVMV -
PVY - SrEEE#i PYMV Toml 3#fERR ~ I
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RNA ZihEV R 8- B S B8 EH

HY 100 mg Ay 3E - A& RNA HlfLa
B (Total RNA extraction kit, Qiagen, Hilden,
Germany) 17 RNA ZZKHL - LIS
RNA 1T Gk- & T B (reverse
transcription-ploymerase chain reaction, RT-PCR) »
RT-PCR LJBE—#E% RT-PCR Zt7#H (Genemark
Co., Taichung, Taiwan) {725 puL B ERR -
BIA 1 UL (9 RNA~% 2.5 ul 2 20 uM fEifEst
5 | Hrp5/Potl (Chen et al. 2006)-RT-PCR 2 3k
TGRS FEf#%  (GeneAmp model 2400,
Perkin-Elmer Co., Norwalk, CT) 1 » Z5EME
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A 1 538 0 SOCTERE 1.5 4388 > 72CF
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FREHEA TS8R BB IR 5 [ T
MrEL#f -

PRI BE A ARCEE IR B 75 199

w &R

FEXEYZRERE

R 2004 FEHFERESSREER A
R EAEEER (B 1A) - K&
indirect ELISA #HIZ » IJFZ BYMV ~ LNV »
BBWV-CMV TSWV » ToMV J TuMV JE&#L -
FIHBE R RSN 2532 (C. quinoa) »
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Fig. 1. Symptoms caused by infection of lisianthus virus isolate ‘Lis1’. (A) A field infected lisianthus plant showed
chlorotic spots on leaves where ‘Lis]1’ was isolated; (B) Faint chlorotic lesions developed on lisianthus seedling; (C)
Local lesions showed on inoculated leaf of Chenopodium armarenticola; (D) ‘Lis1’ inoculated to Capsicum annuum
resulted in leaf mosaic and deformatiom; (E) Systemic mosaic and leaf curling appeared on Nicotiana benthamiana.
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Fig. 2. Analysis of coat protein of ‘Lisl’ with sodium dodecyle sulfate-polyacryamide gel electrophoreses
(SDS-PAGE). Lane 1: purified virion (2 pg) of Lisl; Lane 2: mock-inoculated N. benthamiana control; Lane M:

protein markers.
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B8 £ R SRR A BAFE BB

FIFMERE] Potyvirus 2 fEHF=05 | Hrp5 1
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3. DA ARG Se s o At o TP R R e Bl R Lis1 BRLECAMY 3 R R < IIVEREAE BRI 1% © /4 Lisl
FIMEEL (N. benthamiana) {ERsfil - LI Lis] (@) ~ ChiVMV () ~ PVY (A) ~ TuMV (&) ZHUMIE BR s
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Fig. 3. Serological relationships among the lisianthus isolate ‘Lisl’ and three potyviruses analyzed by indirect
enzyme-linked immunosorbent assay. Extract of ‘Lisl’ infected N. benthamiana was used as antigen. Antisera

against Lis1 (@), ChiVvMV (D), PVY (A), TuMV (<{>), and normal rabbit serum ([_]) were serially diluted in this
assay.
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4. FIRPS T GSE I PSR B o Btk Lis] B HAEEE < NS HEARREAGR - JRE B0 N. benthamiana
RO TS, » 43 A1 By Lane 1: Lisl ; Lane 2: PVMV Pepl ; Lane 3 : PVMV Toml1 ; Lane 4 & 5: ChiVMV ;
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Fig. 4. Western blotting analysis of lisianthus isolate ‘Lis1’. Crude sap of inoculated N. benthamiana was used as

antigen. Lane 1: ‘Lis1’; Lane 2: PVMV Pepl; Lane 3: PVMV Toml; Lane 4 & 5: ChiVMV; Lane 6: PVY; Lane 7:
mock-inoculated control.



JWEEZ N. benthamiana TEFT#E5 RNA T2
RT-PCR $fH#HAIA 0.7 f1 1.0 kb 2 {575
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A 1438 fERLT| 1R - L EWEZ RS NIb A K]
(252 nt) ~ 45 (AR (810 nt) FI 3" JFEEEE
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[ £ KB PYMV-Tom] (EU719647) 75 99.3%
HIAMHIEE - BESEEIFSIA 99.3%MHFE » B
PVMV-Pepl (EU719646) 15 99.1% HIAHEIES > i
EERIFIIHE 99.3%AHE & - B2 PVMV-BS
(FJ617225) 15 98.8% HIAEIFIEE » B BB 5114
98.1%MIMHFEIE - IL=yR B E R EE R Tz
TR » BB SR BGRHEY) o R
HERIRE 993% AR (EMEE 98.9%
REMBLEE) » oA EIN R 30 B3 T B B2 4 B AR
(F2) -
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M 1

2 3 4

5. FHEHZNE [ 7% PRP5/Potl #{T RT-PCT »

HYME Lisl 3 BEARERIRS 3'imALA] » Total RNA 437
Hi{b B Lisl #fd,2 N. benthamiana (Lane 2 & 3) Ei
PVMV Pepl .2 C. annuum (Lane 4) » 53 H5F]
73 TE#K] 1.4 kb RT-PCT EH—MEY) - REEHEL
N. benthamiana Z total RNA U E%HE (Lane 1) »

PEER) 1.0 kb 5z 0.7 kb DNA Z JEE—HEY) s Lane
M FyorF-BAEEE -

Fig 5. Electrophoresis analyses of RT-PCR amplified
products of the 3' portion of isolate ‘Lis1’ viral genome.
A product of 1.4 kb was amplified from total RNA
prepared from ‘Lisl’ (Lane 2 & 3) infected N.
benthamiana and PVMV Pepl infected C. annuum
(Lane 4) by RT-PCR with degenerate primers
PRP5/Potl.  Total RNA of mock-inoculated N.
benthamiana (Lane 1) was used as negative control.
Lane M: molecular size markers.
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Table 2. Comparisons of the nucleotide and amino acid sequences of the coat protein gene of lisianthus isolate ‘Lis1’
(Acc. No. FJ843065) with those of documented PVMYV isolates in GenBank of NCBI

Accession No. Country Nucleotide identity (%) Amino acid identity (%)
EU719647 Taiwan 99.3 99.3
EU719646 Taiwan 99.1 99.3
DQ645484 Korea 99.3 98.9
FJ617225 Taiwan 98.8 98.1
AJ780968 Ghana 92.8 97.4
AJ780966 Senegal 91.7 97.4
AJ780967 Cameroon 91.3 97.0
AJ780970 Ethiopia 84.3 91.4
AJ780969 Yemen 81.2 90.0
DQ854943 (ChiVMV) Taiwan 76.4 78.0
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L PVMV Lis] SMEERER ChiVMV 7B L]
SR A F B LR 153 50 76.4%HHIRIE
B T8.0%HEBUE (3 2) » EE S LU o
WEHES -~ N it DAG Fedl i —BYol
R SEBYEH, ChivMV 4 42 (Bl PVMV
U 25 RS - HARKINERIE L 0%k
237 [R5 92.8% (18] 6) -

SR

RIS AR E PRI ~ MIEEE ~
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1

ChiVMV

PVMV-Lis 1) G

GESVDAG
51

Consensus ¢))

(1) GESVDAGSVKGEDSSSKS
VDAG-—————KS

KSAK T K
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SrHERR Lisl 21582 Y SN (Potyvirus) &
—f#H PVMV - PVMV EEITHAFEIN ~ Ze/EPannAl
TR M o BT A AR G R M @ 2 R
(GenBank &#}) fl1&51# (Cheng et al. 2009) %%
B o PHER BRAEENRBE S (ChiVMV) » %
B G & S R E R EY HEL PVMV
HIMEREM: (Moury et al. 2005; Tsai et al.
2008)  {H ChiVMV & F#EFRAZRIEL -
PVMV HIJF5 FHEEIE Ry B - Henlikge 13 B
46 TEIEY) o PEASTE BN BENER! - DU 4k
PVMV JBEGLHIRCER A9 5 K& E PYMV 1]
DU PEAS AR sg B M S AR I -
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KEVTASK——————QP-TTSQPTEAKTVLD

QP S E

iZKQATEKKNKVSGQAQPQIEQSEMEVPQVRD

VD
100

ChivMV
PVMV-Lis
Consensus

ChiVMV
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Consensus

ChiVMV
PYMV-Lis
Consensus

ChiVMV
PVYMV-Lis
Consensus

ChiVMV
PVWMV-Lis
Consensus

(51)
(34)
(51)

(101)
(84)
(101)

(151)
(134)
(151)

(201)
(184)
(201)

(251)
(234)
(251)

RDVNVGTSGTFTIPRLKgIFSEiTHgKV VVNLEHLLDYAPDSEEES
RDVNAGTQGTFTIPRLKGMSSRLTLPKVS FHLLNYKPDQWHLS
RDVN GT GTFTIPRLKGI SKLTIPKV S AVVNLEHLL Y PDQIHLS
101 150
NTRALQSQFASWYEGVKNDYDVTDEQMQI ILNGLMVWCIENGTSPNINGY
NTRALQSQFASWYNGVKNDYDVDDEQMKI ILNGLMVWCIENGTSPNINGM
NTRALQSQFASWY GVKNDYDV DEQM IILNGLMVWCIENGTSPNING
151 200
gzxigg!EgiEYPIKPLIDHAKPSFRQIMAHFSNLAEAYIEKRNSEKPYM
EQIEYPIKPLIDHANPSFRQIMAHFSNLAEAY IEKRNSEKSYM
WVMMDGDEQIEYPIKPLIDHA PSFRQIMAHFSNLAEAYIEKRNSEK YM
201 250
PRYGLQRNLTDMSLARYAFDLYEMTSKTPVRAREAHT QMKAAALRGVSNR
PRYGLQRNLTDMSLARYAFDFYEMTSKTPVRAREAHIQMKAAALRNANNR
PRYGLQRNLTDMSLARYAFD YEMTSKTPVRAREAHIQMKAAALR NR
251 286
MFGLDgiVGTQEEDTERHTAEDVNRNMHNLLGVRgI
MFGLDGKVGTQEEDTERHTAEDVNRNMHNLLGVR
MFGLDGKVGTQEEDTERHTAEDVNRNMHNLLGVRGL

6. PVMV Lisl Bl ChiVMV #535 H I ARG P3| LS -
Fig. 6. Comparison of deduced amino acid sequences of PVMV ‘Lis1’ coat protein with ChiVMV.
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ChiVMV #5758 112 286 RS - HEHIH > 1
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Isolation and Identification of Pepper Veinal Mottle Virus on

Lisianthus'

Ying-Huey Cheng?*, Chin-Chih Chen?, Jye-Yann Liao?, Ting-Chin Deng?, and
Chin-An Chang’

Abstract

Cheng, Y. H., C. C. Chen, J. Y. Liao, T. C. Deng, and C. A. Chang. 2009. Isolation and identification of Pepper
veinal mottle virus on lisianthus. J. Taiwan Agric. Res. 58:196-207.

Lisianthus plants exhibited stunting and yellow spots were collected from Chiayi county in 2004.
Virus isolates were obtained through 3 successive single lesion passages on Chenopodium quinoa and
then propagated on Nicotiana benthamiana. The virus isolate caused mild mottle symptoms on bell
pepper plants and faint yellow spots on lisianthus leaves. Virus particles were purified from infected N.
benthamiana by polyethylene glycol precipitation and then followed by Cs,SO, isopycnic centrifugation.
Relative molecular weight of the coat protein of the virus was 31 kDa when analysis by SDS-PAGE.
Antiserum has been produced by immunizing rabbit with virus particles. Indirect ELISA and Western
blotting analyses indicated that the lisianthus virus was serologically related to Chilli veinal mottle virus
but not to Potato virus Y and Turnip mosaic virus. Using the potyvirus degenerate primers, a 1.4 kb
DNA fragment was amplified by reverse transcription-polymerase chain reaction (RT-PCR). Sequence
data of the amplified fragment revealed that the causal virus was an isolate of Pepper veinal mottle
virus as it shared 99.3% identities to the nucleotide sequence of coat protein (CP) gene of PVMV
(EU719467). This is the first report of PVMYV infection on lisianthus.

Key words: Lisianthus, Pepper veinal mottle virus.
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