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Tobamovirus $&5E. fEfRE T 12:122-132.

H & ~ mEEbpmakts Z CEAEE (Eustoma russellianum Don. Griseb) £R8 2 BUEAL ~ B5{LBEEL ~
B8 w Ak TR R o A L BB B AL AR e | R B MR » )28 LA G BB Y I R 3 kL il
FEH A T RAG SR 3 A2 B — EARAR - K/ 300 x 18 nm 2 FE{LUREFERT - REEEET it 153 — RS
RS 75 S B IR (LV-3) © RS LV-3 Z A SEEF (Nicotiana tabacum) 75 I FTA L RELLZ SR AR RE AL o HEHfT
1k 2 LV-3 Ji74AKL LL SDS-PAGE Eyk 04 % » Brazlin s A —HHIE M (coat protein) » 73 & KI5
18 kDa ° f§3 Wi FS 2 & 1 715 LIPS J7iEE % (Western blotting) 7317 » 15A1E% R B A IRA0H
7 (Tomato mosaic virus, TOMV) ZHUMIGEE E/FE o SE— 2 DUEE ) G i a0 MERITR 0 38t e
EFE LLOTHEE RS AR 75 0Bk LV-3 BELHE At tobamoviruses PTG S FE BEFR » 485 SRRER VERSRE i 75
LV-3 B jE S AR (Tobacco mosaic virus, TMV) 5 ToMV HIPUIMIGEE K E © 3E— D& ToMV Kz
TMV 8 HEERIR P IESERE T B — RS |31 > FI R SO g R il s 86 S FE (RT-PCR) H31@ LV-3 §f 8
FL RN S T 380 R B T 0 5P 15Z 480-nt (nucleotides) ¥AZE P 5L K A% e 41| BLEL [K]J# (GenBank) 1
BEFR 225 ToMV K TMV 7 BfERRERER LR PRI 1 T ELE 0 - AR ELEH 2B ToMV 5 3BfERRIETE 84.6-
99.4% 2 %% 75 FEE (nucleotide identity) Kz 91.2 - 99.4% ek i3 %1 #HIE] &£ (amino acid
identity) » ML TMV £/ BfEIK S 61.8 - 99.2% ZI41% T 51FHIEIE K 69.8 - 99.4% HfEFHERE Fr- 51 FH[F]
5 o #F e DAE GBS SR )20 88 E 5 | RE {5 A A5 v { L RRORCEE J2 LR3I LV-3 55— tobamovirus > A4
AW B e KSR Tobamovirus [ER 5 A YL EERE IR 28t 15 -

BREERR © PEASHE ~ AEELRR R 758

BRI AS RO Sk RERYL PEASRE 2 B/A0H 13 FE > S
K E LR EBUNTE (Bean yellow mosaic virus, BYMV)
233D < B ZYE R EE (Broad bean wilt virus, BBWV) % ~
AR 2 (Cucumber mosaic virus, CMV) 3304« Pk

B
FEAERE (Eustoma russellianum (Don.) Griseb) JRZEE A3
B EZ AR R B0 (Nebraska) 213 vapa i/ (Texas) —
e o JBEENER] (Gentianaceae) WITEAAEY) © o B> 1968

HFH HAS AL A 2 5 AR - R AR R TR
WY E 2 — » HACToMESE - fEaE% ~ B~ 5~ Bkl
KRR S ~ B8 L0 - {E TR YR - BUIILRoK L
UF > TS AR o HE AR HHOm Y < ST > RN
G R » DI ERSEE R UGE » Az A it s il B4
B 5~ HE - KU > SRR AT R A ST R
Hh > SRR RS TG 40 AIH o

FEEHR 3 (Lisianthus necrotic virus, LNV) 739 < PeftfaE
164300 57 (Lisianthus line pattern virus, LLPV) ®9 ~ 5215
B 7 (Tobacco mosaic virus, TMV) 23~ T BRI 5
(Tomato mosaic virus, ToMV) ®® ~ Fili 522555 (Tomato
spotted wilt virus, TSWV) @049 < 5t 35 (L ¥ B9 5
(Tomato yellow leaf curl virus, TYLCV)"? ~ B S BH5 5
(Iris yellow spot virus, IYSV) ) ~ H 253 k55 (Sweet
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potato sunken vein virus, SPSVV) @Y ~ [BUILIA £ 55 BEEL i 2
(Impatiens necrotic spot virus, INSV) D ~ 35 BG40 iR
(Tobacco streak virus, TSV) @D % » &8 O A0Sk 5 4L 2 0%
HEMEAE BYMV ® LNV (0L gpwyY ¢19 s cMV
12 s rswv 47 K Turnip mosaic virus (TuMV) O

1997 BT ~ 1998 B E 1T ~ 5 b
2000 -6 H 1A 5% FEETARAR S 3% By FH RS EAS R AT I
AL ~ TR A AL DEEL ~ ik TR o LD S5 3
ARZ B FERERR - MR ZE R 9020 DL 2% i s R e i -5
5T St AT RS 300 x 18 nm [EAFIR IR EERRL  LL
P 2 A O % S E (ELISA) A RERE A1 3 i 2
7 Bl & i fik SU0R & (ToMV) A I 1F %8 8 Bl 7% o
Tobamoviruses 5| #E 1 F 4 AN [E] A s @Y » (£ 1
SCRRRCHR S A] ET 2 AT E W LSS ~ Fhii ~ B
K~ HERSEY G (B RGeS RIS R RIER G
#% o Tobamovirus &R ZFE R EEAR - K/VE 300x18
nm > JREE R -MHEN 0 7 F8EK) 17.5kDa » HAZR AL
FH B IE A M B A% E AL R KU £S 6.4 Kb O o
Tobamoviruses AJ#S FIBEMR ~ HEYG] H2fE S /D 8ok e mTg
RSB LA 937 48 55 )7 878 - (EARERS H{EAn Bt
1t B R 4209 o ASTHRPEAS 18 _E g ol 2 R A (LV-
3) RN AERARIIZRE ~ PUIMTE I FE A SR B 1 525 IRE )
A B8 51 EE G PR AS BE Rk RO B LR 2 —

tobamovirus °

RS VOYSEER

I 88 73 e BRI S oLz W i

A BB LL 2000 6 FHR 5 H 5 2B #EATH Rrers
PEREIR I IEAL ~ 57 A AR ik B RR AU T 26 il | B
ZEERMEL > WP LIREYSE R E FRE SR S e
EAHRIE R » W4 indirect ELISA 43472 ToMV HLIMIE 7
VR E AR EE R bRl o EEE R DL 2 e &
1% Na;SOs3 Z 0.5 M BREEFRTERK (phosphate buffer, pH 7.4)
VB - B 453 (Chenopodium quinoa Willd.) fiit
FE A BB RS = R - S B R MEE
Nicotiana benthamiana Domin. Jx N. tabacum L. L5\ Bz
Y (LU RS LV-3) » SRR LUE T - e flAR ik
(1:1) fR1F2 -20 °C fiH

Ra vk (% 448 Christie ef al. 27715 19 1T < 1% 3 %3
mm K/NZESE LV-3 ZIRAHAR L3 - 5 .2 0.1 M il
UR TR P L Sl uB Bt Hoy 0% > BB b 2 IR AR R
8 2% Vi el A (1 1% DL A B8R (JEM-200CX, JEOL,
Ltd., Tokyo, Japan) 7£ 100 kv EHZZ -
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ik Z ML

I 72 A b AR RS ECH L3 il RSO 7R 1 57 ST
O o MR EERE LV-3 S8, 2 STREFS BE (N. tabacum) HEFT »
B -70 C Z Uk B AR T o 1 BRI 255 B Frofi A
100 g LL 0.5 M #f & 4% i & (pH 7.2) (W & 1% 2-
mercaptoethanol) {E& (1 ml/g) » 3Mfi LIS'E#% (homogenizer)
FTWE 2 ordtk - LVSEFGROARRIE - JBIE T fEihas higig
HIAH IR &2 8% 1E | I (n-butanol) (v/v) AifEFERIFE 15 7y
f# > #£10,000 g B0 30 srdE o BBV R 245 g
(polyethylene glycol, PEG 6000) .2 & H 4% » & r5fi#E
% BRIE 15 708 » B 10,000 g Bt 15 288 - B gl
DUFHIHAE 1 /5 $8F5.2.0.01 M BEEER@E TR pH 7.2 IILUEE
TR A% 10,000 g BfEC 15 478 o B IEWEIIA PEG {#
ZEHA% K NaCl 2 5H 4% (wiv) » SPRERE - §HE
15 43 » 210,000 g B0 15 5388 o YLy LUR R 1/
20 #8152 0.01 M sz Bk pH 7.2 B&0% » 7548 10,000 g
BEC 15 o o EYE WAL 68,000 g it/ 60 Sy o YLk YILA
JFhHE 2 1150 B8F5.2 0.01 M RSB B IRI AR -
810,000 g #0025 436 - FTfS EEWRANSM LR - Mk
I 2505 HIE Dijkstra and De Jager %2 Firsft. 2 757545 -

IS E23A B s FH 2 JLIME EAS EAIRKL T Z ToMV
TMV ~ & ST ST i 2 (Odontoglossum ringspot virus,
ORSV) K TR #k BF 5095 2 (Cucumber green mottle
mosaic virus, CGMMV) Z o H i TMV ~ ToMV J
CGMMV ZHLIME £ BUA S ik % 22 8 2 B B AT Rl
fifi » ORSV ZHTIMMYE K &7 7iba 2 ToMV HLIfiy &=
FilBarn 2 e 2 =B -

SDS- & iy 52 7 it S g

SDS- & 1) Gy i S FE = B34 Jan and Yeh ©? 2 )51k
METT » HU12 ml N5 0.5% SDS 2 1% NaN; 2 0.8% HIfgTE
RIE FRE LAy 25538 E I AR » & 4 °C ££
17 o BEAIKE LLES 7 mm 2T FLERFT I (Hde — » J& &
73 » (FEE4.5 mm o FroEE A 50 1 HTR o JEERRE S B
A FEHEEAP UM » 72 =0 T LT 18 - 36 /NRE . ZIE BUX
& > Fr{si 2 s $E ToMV ~ TMV ~ ORSV K CGMMV
HYRUMIG o HEEAPT R LV-3 28K 2 2ats SRS F M
W > M DA R 2 R EREE R VR E A SR o

P S S G S BT

LLTMV ~ ToMV ~ ORSV K CGMMV 55 PUFHIR 2P TS
R [ (1eG) Bl LV-3 2 s i p R U T i
OHSE G I ME A o T I R SHLAS S Y E R BR
(indirect ELISA) ¥ » by #H 4% DL ik B8 4B @ MK (coating
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buffer) (15 mM Na,COs, 35 mM NaHCOs3, 0.02% NaNs, pH
9.6) (10 ml/g) FFFEE » S € 10 1% R 5% FE » HL200 1«1 B
g2 FL<H > 37 °C FRE —/NRERLLPBST (137 mM
NaCl, 1.5 mM KH,PO4, 8 mM Na,HPO,4, 0.05% Tween 20,
2.7 mM KClI, 0.02% NaNs, pH 7.4) /K¥E » FEIIA LIS &2
&% (conjugate buffer) (% 2% PVP-40, 0.2% ovalbunin Z
PBST) Fik 1000 {5 2 et s diae < SyEEkE = (1gG6) »

37 °C B E—/F 1 LLPBST /Kyt » A0 A ML FE
5000 1% & Wi TRk I e S/ A R o2 L 9T T oHE R E
(goat anti-rabbit IgG alkaline phosphatase conjugate, Jackson
Immuno Research Lab. Inc., USA) |l DAS-ELISA { Clark
and Adams 2 J7iEET MY o ARFEINA MR &R R T PG
EREH (1:1000) ~ LV-3 fHT PR LL K 1gG-alkaline
phosphatase conjugate (1 : 1000) o FHf&E /7 iER% 52 37 °C
ARE 1 /NRFEK 4 °C @& > KPERR » BEIUMIA 200 vl LISZ'E
#B1ER (substrate buffer) (9.7% diethanolamine, 0.2% NaN3,
pH 9.8) Al &4 2 % 2 EE ( p-nitrophenyl phosphate, 1
mg/mL) VW E 10 - 60 735 » FRAREEHEIIA S0 1l 23
M NaOH 1% ik K fE » iffi LI ELISA #lZ& # (Bio-Tek
Instruments, Burlington, VT, USA) ZEHUK & 405 nm Z UKL
fiE o DR ERSIIR Z FEERY 3 (555 1F I FE 2 PIE (i -

[LEPA] L H=87R

PH 77§ 1 (Western blot) 3 #71RF » {R4RE 5 Gooderham
@O Z2J7ik o HtAb.Z LV-3 J% A% SDS-PAGE & k% » L
7 [ 148 (Bio-Rad mini electroblot cell) ##ygE AR EE
(PVDF membrane, Millipore) » ilfi 2 ToMV J7i 7 2 P8 IgG
B RE - B DL i 9 SR 2 ILEPLR FRE ERE B
(alkaline phosphatase conjugated goat anti-rabbit IgG, Sigma)
AT HUR PUHE SE - B R EEEE ERS 7.5 ml 2 R 1
(100 mM Tris-HCI, pH 9.5, 100 mM NaCl, 5 mM MgCL) »
A& 50 1«1 NBT (nitro blue tetrazolium, 50 mg/ml in 70%
dimethylformamide) % 25 11 BCIP(bromo-chloroindolyl
phosphate, 50 mg/ml in 100% dimethylformamide) 3172
SFE 10 - 30 47$% » FEYKIFLL Protein Standard Marker (BIO-
RAD #161-0362) B4y F A/ 2183k o

R R R R (total RNA) &l

WA LV-3 2355 (N. benthamiana) 100 - 400 mg L)
IR ST S > T 500 w1 ¥&{E[ ¥ (solution R, 10 mM
Tris-HCI, pH 7.5, 100 mM NaCl, ImM EDTA, 1% SDS) LA
FHEHE SRR 42 > #8057/ %45 (phenol/chloroform) (#%
250 p1) BEHE » 14,000 rpm (Heraeus Instruments, Megafuge
1.0R) A0 5 77 - B ORI AF R .Z 5 M
LiCl (lithium chloride) » FFE VK EF D 3 /N » 114,000
rpm (Heraeus Instruments, Megafuge 1.0R) H#f.(» 15 43¢

—p—

% > L1100 11 0.3 M NaOAC (sodium acetate) 7L
TRIIA 250 121 100% 45 » > -80 “C VKFHEFEED 20 53
## > F1LL 14,000 rpm (Heraeus Instruments, Megafuge 1.0R)
BE.0 15 778#7% » LU DEPC (diethylene pyrocarbonate) JEEE
382 S B KA R T BN AR AL » Eh2 -80 °C fii
FH -

S o 52 O Wi 36 S E (RT-PCR)

RIBC B X2 ToMV F TMV S5 3 [K (coat
protein) 40 31| (AF332868 ~ AJ011934 ~ AJ132845 ~
X02144 ~ AF012917 ~ AF062519) #i%z15 | %! (primers) »
DAR | TR LV-3 ZF5 5L (N. benthamiana) 52 #HA
FRr KA 2 HE S AL VE PR » ST T SRS i e
PRI E LIMIME AR O 2 A% B, > BIfF5 1 F FIJ2001-9 2
A5 5°- GCGAGCCATGGATTCTTACTCAATTACT-3’ »
NG FFII2001-10 Z P45 5°- ACTCTCGGATCCTTAA
GATGCAGGTGCAGA-3’ ° #{T RT-PCR I » i>#8 & RNA
DAL 1l 2200 ng/ 11 FJJ12001-10 7z DEPC-treated water
RAIRCHEHEE 16 1 > 280 -90 °C 5 p##t2EMSIUK ES 77
$ - FEFIFH SOfgig% SR 7EI4H (Epicentre, M-MLV RT-PCR kit)
AOA 1 k1 (10 U/ 1) M-MLV reverse transcriptase ~ 2.5 xl
10X reverse transcription buffer ~2 «1 2.5 mM dNTP ~3 x«l
0.1 M DTT -~ z0.5 1 RNasin (40 U/ xl) FAEHESUEA »
it 42 °C 30 srfEfe 37 °C 30 Ay et M EITE — K%
cDNA Z &R o 2155 11 E5iZ ¢cDNA ~ %1 112200
ng / 1«1 FJJ2001-9 / FJJ2001-10 5| F %} ~ Tag DNA
polymerase 0.5 «1 (5.0 U/ 1) ~10 1 10X Tagq reaction
buffer [S00 mM KCl, 17.5 mM MgCl,, 100 mM Tris-HCI (pH
9.0), 1% Triton X-100] ~2 1 2.5 mM dNTP Jz 5 /K {5 K
100 p1 2 FERR » 1% HAR IS Z)1% A TR Gl SEie 5 1%
(PTC-200, MJ Research, Inc., Watertown, Massachusetts) 3t
17 PCR MR JE o B 5eH 93 °C 8414 (denature) KIE S 43
PR - LT 34 (EEER I IE - IR NE R 93
C BENE L 7388 > 50 °C R5& (annealing) [ 1 77
72 °C BENE 2 8 REBHER 72 C #ITER
(extension) FEE5 S ME 10 778 CV - itk PCR X IEEYI LIS
NERBHS VK EE T AT » HRER TR — e o+ W)k
ittt o

LV-3 ¥R A S K Z cDNA JE 5 R K18 1751 gt 1 55y Bie

RT-PCR gz ¥)# Eivk 734 » 7 1% RT-PCR Hja
FEVHET T L RS P AR SR P B s TR R
Fel] > R 5% RT-PCR #ZEYF] F TOPO TA 8
E%H (TOPO TA cloning kit) (Invitrogen, Carlsbad, CA) 1T
FEIREE - P& &R - DV NEERHIGHE (Mini-
prep) (Viogene, Sunnyvale, CA) #iHVE#E DNA » LIRS
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%3 EcoRI 5] » #% 0.8% [BHEEEIK 7317 - EEHUHE 2 %
itk > R FH Sequence Version 2.0 DNA sequencing kit
(Epicentre, Cleveland, OH) L/ dideoxy-chain termination /7
D SEITIRRE » LUt — DT 7065 1E e 2 S880ibk » i FriS
A9 e LA NCBI EE[K]Jd .2 BLAST program » #/)2548
=LA TR RS TR 2R # 4 - At —28 B Clustal
algorithm Z Lt #1772 (MegAlign program of DNASTAR
software) B[RV} CL#8§2 2 ToMV k TMV Z#5E (&K
GIELTELE 31

o R

o (8 LY 2 S

AAERE G R~ FEE R R B~ AT
VAT S SR R R S ~ EEARSE M Z PERE R R RE R R
FIFE YL tobamoviruses ZAEKE » ANE] IR LREE Z oA 12
Wi ANTE A FREGREIEMREL ~ R 2 5L
B~ ok AR RSB S I B B - SRR HE F DHRE S
/N B RIR S R R HS AR o SRR PR (B —A) o AF
2 DIZEREGHE AT = B B 5 BT SR 15 0RAS E AE LV-3
HERE > LV-3 DIZEREEBGE » A=A (25 - 30 °C) LAtEEmZs 32
BEFy FHT W A PEAS SRR S5 KOS RS 6 - 8
KA FRE I SR B S RS SERRIA I %L
DB - A Wil B RGBSR
1 (& —B) °

£ * Ja 4

—p—

CEFERE Tobamovirus 28w 125

Cog (CE

FH 138905 - PERSAELE KR AR B s iR 2 - 1R
T-RAGH SR T BIS R R AT 18 nm ~ JRJE 280 - 320 nm ~ 7F
2300 nm 2 EARRIR AR KL ([ —A) o BebizfE LV-3 3§
TR ZHEEL (N. tabacum) &l L% 2 9755 a0k} - [ERRFI R
PUEE T SR T B R B R Z AR R AL
ARG R AN — 2 JERL (8 —B) - fHIF J7iEEigi R
PR Z BRER N. tabacum AIZRFEHRIZ FFERL -

W rE Z ML RO EEHITER 1157 Bl

PERS B 7 LV-3 #&J7 EPmdiifi{ L% 2 9 Bk an (L 57
FEAEE 3% (spectrophotometer) {HI S8 SR I T HRAE 261
nm % 249 nm &5 R B S (Amax) SRR R IKE
(Amin) © A260 / A280 ELfiEf 1.38 » & Dijkstra and De Jager
@D (E BRI S 100 A SRS E BRI ATHE{L 46 mg 95
o

# b Z IR RS AP /7 fE&E % (Western blotting) 731 »
H B ¥/ ]2 ToMV HLIMYE #E A 5 ey - Bl
ACEE L - (B HAE 1 855 18.0 kDa ([& =) -

LT ER B AR

BEETEE A LV-3 B HEA tobamoviruses HYIMYE
I FERRGR > 1% LV-3 B TMV ~ToMV ~ORSV K& CGMMV
% tobamoviruses HIHT MG LAAS [0 77 325 70 B H: [l
TERAGR o B m) Sy EUX E (SDS-immunodiffusion test) HYJ
FERFR LV-3 8 ToMV K& TMV FLIME A TR E > B

d

B— ~ FERSIEH S LV-3 FECERSBEREY) 2T - A, RIS R IE B 3L ~ BB RSB BER, 290t o B. #{Li
RS AR A A SR REER IR Fr (L S v A LB E BB T

Fig 1. Symptoms induced by LV-3 isolated from Lisianthus russellianum. A, Field grown lisianthus plant showing yellow
mottling on leaves. B, A seedling of lisianthus inoculated with LV-3 showing yellowing necrosis spots and yellowing on leaves.
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F12E

B ~ PERSRERN A LV-3 B 2 T RATA SR o
Fig. 2. Electron micrographs of a 2% uranyl acetate negatively
stained LV-3 from(A)leaf dip preparation of infected Nicotiana
benthamiana, (B) purified from infected N. tabacum.

U A A B2 R 2 AR ([8IPY) » #E7RLV-3 B2 ToMV
TMV [S451M015 K FERE{% s LV-3 B2 ORSV K CGMMV Hi|
IE U S M 7E AR (B PY) o AGAER /R LITMV ~ ToMV ~
ORSV Jx CGMMV % VUi A i Sy sk & 1 (1gG) Bdjk
Yo LV-3 2 H 2255 B MRS P I 7 ] Bl 3
%% ) (indirect ELISA) #fi5f » LV-3 HiJf 8 TMV K
ToMV VLS HE IEXFE (8 FLA) o HKJE 5 8 i e )8 I e
(DAS-ELISA) f5 58/ LV-3 HUFRJR[EIRFEL TMV 2 ToMV
PUiSHE IE XFE : {HEL ORSV & CGMMV . ZHiie Al i1t )52 [
(B #B) o LA SRR A58 H PEA5 M8 otz LV-3 8
TMV Jx ToMV Z 17558 #5%BATRR 5 AHT 2L > {HE2 ORSV
e CGMMV HIJHE ({11775 REASK AR ©

PR 1L K] Z S5 R I P 471 5 P B 53 #

FUFIERE LV-3 25 SURERERT I Z A8 RNA s
e LASIF FIJ2001-10 #E i #5455 cDNA # - F LUt

B= - P4/ EAIE TSN RELV-3 Sk < B R -
Fig. 3. Western blotting of coat protein of lisianthus isolate
LV-3. Lane 1, purified virions; lane 2, crude sap of healthy
lisianthus leaf; lane M, protein markers.

BEPT ~ FIAH o2 i SRR E VEASRE I 7 LV-3 iRz
IMIE R AR o RYULV-3 ZVEARS BEEE Fr b iR LR (Fhske
JRC) 5 BIRAFEERIRAEDUME (55 —7) 5 685 Bl iA
PG (5352 %) 5 FAKEURFPUME (55 3 7XRH 6
) s FERRRBURZEDUING (554 70 5 REOPERF I FIIE
(FBSI -

Fig. 4. Serological relationship among lisianthus isolate LV-3
and other tobamoviruses in immuno-diffusion test. Crude
saps of LV-3 infected lisianthus leaf (central well C); antisera
against Cucumber green mottle mosaic virus (CGMMYV)
(well 1), Odontoglossum ringspot virus (ORSV) (well 2),
Tomato mosaic virus (ToMV) (well 3 and 6), and Tobacco
mosaic virus (TMV) (well 4); Normal rabbit serum (well 5).
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Absorbance at 405 nm

2.0
151
101
0.5
3 ===
2 3 4 5 6
Dilution(log 1)

B ~ DARHERESR S R i (A) s R sa s o
P HTIE (B) S AT AS IR 2 0 B PR LV-3 B DU 2] 2
I KEA AR - DU LV-3 Z eSS F IR HUR
ZATMV (M) ~ ToMV (A) ~ ORSV (/) & CGMMYV (1) &5
IR A T 1LY 2% SRS SR AT o (AT F R H
1 : 1000 » PR FEEE 1 2 100 - ditEm ERRE RS &2 L
FHURA % BRE R 5,000 £ o REZER FI015 (@)
B AR ERSE P FH IR (O) (RS -

Fig. 5. Serological relationships among the lisianthus isolate
LV-3 and four other tobamoviruses analyzed by indirect
enzyme-linked immunosorbent assays (ELISA) (A) and
DAS-ELISA (B). Antigens in tissues of Chenopodium quinoa
infected with LV-3 were extracted and diluted at 1:100 in
coating buffer. Antisera against TMV (W), ToMV (A),
ORSV (A) and CGMMYV ([]) were diluted at 1:1000. Goat
anti-rabbit IgG alkaline phosphatase was used at 1:5000
dilution in indirect ELISA and IgG-alkaline phosphatase
conjugate (1:1000) was used in DAS-ELISA - Normal rabbit
serum (@) and crude sap of healthy lisianthus leaf (O) were
used as control.

cDNA FEY) RS 1728 & W E A S T — AP iR oA »
Fiii%.Z PCR ENILL 0.8% agarose [EHEEE vk AT » FTfS A5
TR p A HY 0.5 kb 2 DNA FrEX » 3% DNA FrEXAV| Eil
480 bp K/NZ TMV K ToMV S8 FIRERIAETT » 1 LA KR
FEEFTHELZ A8 S RNA R ECA HERHAS S gk 2
ErREEE S i AT ] DNA Fr BRSO a0 HH 2 ([ S) -

PEFENE Tobamovirus 2 8% 127

BE5E RT-PCR Firi@ilE#7 0.5 kb .2 DNA FrE¥E 55
TMV 5 ToMV Z 88 F3EE K > £ TOPO TA ZEHEEH
(Invirtogen, Carlsbad, CA) 3#ifi#% » LIFRHIHE EcoRI BEY)] ~
0.8% [BRS LK T - FfS 28T MRELIE Fr B i 1415
480 bp ZHHEHENR (EL) » AEfE L EmE A4 —(F
17.74 kDa & 159 FiRldn) & H » BdTA L s« SDS-PAGE ~
57 R RS SAETT (B =) » LV-3 28 8 F 5 R
F %1 LL NCBI 2 BLAST program 3178 =% ~ tb¥%}
GenBank FE 412 ToMV k& TMV 5 F 5& K K& FI| F
Clustal algorithm (DNASTAR) 473#f » 2% 80tk < B 1 &
RIE%Eg 5182 ToMV §875E L RFYEA 84.6 - 99.4% 2
FRAIAHIRIEE, Mokl e HIIEA 91.2 - 99.4% ZFHIEEE (£
—) MEATMVERE HE K FPYIEA 61.8 - 99.2% Z KXY
SIAH [FEE (identity) Kz 69.8 - 99.4% & Jtiz K e 41| AH =] 5
(£—) o Hrh8 ToMV AR ZE 53R ToMV-OM ) #8751
ERFFIIEA 99.2% ZIBEEF5IFHRE 5 99.4% FEFEEE
GIFEIE B (2 —) 5 TmEd (& #2055 TMV 43Rk UL &
vulgare ® ¥47E (LK FEHIHIREA 74.4% ZFF5RIE B
K% 83.9% Z NEHEW 79\ FHEEE () ©

M H LV3

7 ~ RT-PCR 13 LV-3 73R 5L

Fig. 6. Electrophoretic analysis of RT-PCR amplified product
of the lisianthus isolate LV-3 coat protein gene. A product of
~500 bp was amplified from total RNA extracted from N.
benthamiana leaves infected with LV-3 (lane LV3) by RT-
PCR using primers FJJ2001-9/FJJ2001-10. Lane M: Gen 100
DNA ladder, lane H: total RNA from healthy N. benthamiana.
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ATGTCTTACTCAATTACTTCTCCATCGCAATTTGTGTTTTTGTCATCTGTATGGGCTGAC 60
MSYSITSPSQFVFLSSVWATPD

CCTATAGAATTGTTAAACGTTTGTACAAATTCGTTAGGTAACCAGTTTCAAACACAGCAA 120
PITELLNVCTNSTLGNRQFA QTAQAQ

GCAAGAACTACTGTTCAACAGCAGTTCAGCGAGGTGTGGAAACCTTTCCCTCAGAGCACC 180
ARTTVQQQFSEVWKPFPQST

GTCAGATTTCCTGGCGATGTTTATAAGGTGTACAGGTACAATGCAGTTTTAGATCCTCTA 240
VRFPGDVYKXKVYRYNAVLDPL

ATTACTGCATTGCTGGGGGCTTTCGATACCAGGAATAGAATAATCGAAGTAGAAAACCAG 300
I TALLGAFDTIRNRTITITETVENA Q

CAGAGTCCGACAACAGCTGAAACGTTAGATGCTACCCGCAGGGTAGACGACGCTACGGTT 360
Q SPTTAETILIDATRRYDD ATV

GCAATTCGGTCTGCTATAAATAATTTAGTTAATGAACTAGTAAGAGGTACTGGACTGTAC 420
A TRSAINNLVNETLVRGT®GTLY

AATCAGAATACTTTTGAAAGTATGTCTGGGTTGGTCTGGACCTCTGCACCTGCATCTTAA 480

NQNTFESMSGLVWTSAPAS

B ~ LV-3 2Btk 5 R 2R R R e 5] -

Fig. 7. The nucleotide sequence of lisianthus isolate LV-3 coat protein gene and its deduced amino acid.
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Table 1. Comparison of the nucleotide and amino acid sequences of the coat protein gene of LV-3 with those of other ToMV and
TMV isolates available in GenBank.

Virus isolate Accession No. Source Nucleotide identity (%) Amino acid identity (%)
ToMYV Queensland AF332868 Australia 99.4 99.4
T™MV OM X02144 99.2 99.4
ToMV AY063743 99.2 99.4
ToMV S1 AJO11934 China 99.2 98.8
ToMYV potatol AF260730 Korea 98.8 98.1
ToMV AJ429083 Germany 98.8 98.8
ToMV DSMZ PV-472, AJ429086 Germany 98.1 98.8
ToMYV camellia AJ417701 China 98.1 98.1
ToMV DSMZ PV-127 AJ429085 Germany 98.1 98.8
ToMV DSMZ PV-0135 AJ429084 Germany 97.3 97.5
ToMV AF411922 Brazil 84.6 91.2
™™V AF155507 China 99.2 99.4
TMYV pepper AF012917 Korea 99.2 98.1
TMV TOM AF103779 South Korea 99.0 98.8
TMV TOB AF103780 South Korea 98.8 99.4
TMYV Potato2 AF318214 South Korea 98.8 98.1
TMV K3 AJ310339 Kazakhstan 97.7 96.9
TMV Kazakhstan 792909 97.7 96.2
TMYV Kazakh K1 AF062519 97.3 96.2
TMYV vulgare J02415 74.4 83.9
T™™YV Ul AX04017 74.4 83.9
T™V AF516913 China 72.7 82.5
™™V AY029262 72.3 81.9
™™V AF516911 China 72.3 83.1
TMYV Fuyjian AF395127 China 72.3 83.8
T™V NC001367 71.9 83.1
TMV YN AJ239099 China 71.9 83.1
T™™V AF273221 USA 71.9 83.1
T™V AJO11933 China 71.9 83.1
T™V AF165190 China 71.9 83.1
TMYV faba bean 796945 71.9 83.1
™™V AF516910 China 71.9 82.5
TMYV Rakkyo D63809 71.7 80.6
T™™V AF516912 China 71.5 83.1
™™V V01406 71.2 83.1
TMYV Potato3-4 AF318217 South Korea 71.0 83.1
TMYV Potato3-2 AF318215 South Korea 71.0 83.8
TMYV Potato3-1 AF318213 South Korea 70.8 83.1
TMV Potato 4 AF318218 South Korea 70.6 83.1
TMYV Potato3-3 AF318216 South Korea 70.4 82.5
T™V AF493053 China 70.2 81.9
TMYV Tomato AF126505 India 68.8 78.1
TMYV korean tomato L35074 62.9 74.1
TMV P D13367 Japan 62.2 73.4
TMV korean pepper L35073 61.8 69.8
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ABSTRACT

Jan, F. J.', Zheng, Y. X. ', Chao, C. H.?, Ko, W. E.%, Chang, C. C.?, and Chen, C. C.**. 2003. Identification
of a tobamovirus causing yellow mottle and stunting symptoms on lisianthus in Taiwan. Plant Pathol. Bull.
12:122-132. (" Department of Plant Pathology, National Chung Hsing University, Taichung, Taiwan; *
Taichung District Agriculture Improvement Station, Tatsuan, Changhua, Taiwan; > Department of Plant
Plathology, Taiwan Agricultural Research Institute, Wufeng, Taichung, Taiwan; * Corresponding author, E-
mail: fjjan@nchu.edu.tw, Fax:+886-4-8521140)

A virus LV-3 was isolated from leaves of lisianthus (Eustoma rusellianum) showing viral disease-like
symptoms of stunting, yellowing mottle and yellow spots in the fields of central Taiwan. Rigid rod particles
similar to tobamoviruses about 300 x 18 nm in diameter were found in the crude saps of infected lisianthus
leaves by electron microscope. Similar particles were also observed from the viruses purified from
Nicotiana tabacum leaves infected with LV-3. SDS-polyacrylamide gel electrophoresis analysis of purified
LV-3 virions showed that this virus contains one structural polypeptides, with around 18 kDa relative
molecular weight, reacting positively to Tomato mosaic virus (ToMV) antiserum in Western assay.
Serological tests with SDS-double diffusion tests and indirect ELISA showed that the lisianthus virus LV-3
is also positively reactive to antisera prepared to ToMV and Tobacco mosaic virus (TMV). The coat protein
(CP) gene of LV-3 was amplified by reverse transcription-polymerase chain reaction (RT-PCR) and then
cloned and sequenced with primers designed from the conserve sequence of ToMV and TMV. Comparison
of the 480 nucleotides CP gene region with those of TOMV available in GenBank revealed 84.6-99.4%
nucleotide identity and 91.2-99.4% amino acid identity. Similar results (68.8-99.2% nucleotide identity and
78.1-99.4% amino acid identity) were obtained when GenBank TMV data were compared with the CP gene.
Taken together, our results demonstrate that LV-3 isolated from lisianthus is a tobamovirus. Furthermore,
this is the first report of lisianthus as a host of Tobamovirus in Taiwan.

Keywords: lisianthus, Eustoma russellianum, Tobamovirus



