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AEALRRAL 2F8E ~ FH AR Sk iEAT FH R 2 5 J Y5 (Dianthus caryophyllus 1.) F 5 HERHE 52 o
F% “/I\u]%# (Kooij Echo kgr, Holland) ” #H{RE{LUR YR &1 5 | RE Rtk b7 /0 BE O IEMh T Bk sk
BYHBTEE B L PR EUIR o Bt Y) A8 LIBE Y A & T BTSSR B 28— KU 32 - 33 nm 2
ERTZAR EE AL o LU 1) So 28 MRS I el S it % AT S LG 22 75 TR e b e T )& A o3 e 2
YR B IR B G THEE BB R B (Carnation mottle virus, CarMV) 11 SR IEE o #87#HY) B i sR L
BT REOUER S AR BE A ARG 2 AR R P nT SR B A R 2 40 BB et BES - K/ N ik Z BRI
TR EERRRIAEALL o LAEEYK 53 M (SDS-polyacrylamide) IHLEE )25 25 BERIS 2] — 70 T 247 40 kDa ZHH 5
H o 20§18 CarMV IR ALK (R SF [WUsER G HE— 1PE5 | %) RIS i Sl siss S fE (RT-
PCR) H31li§ CarMV R )28 53 BfERRER R F LR 0t T8l S RE > » 1T SZ 1047-nt (nucleotides) $A7E F
FLRIE Fr 9| BA LK B (GenBank) HE #8328 2 4% CarMV ZBiERRER 2 I EL R 2471 SEEF TEL S - #8EL
EHR I CarMV 2573 BEVRIETE 95.6 - 97.9% ZIXIEFF 9 AHIFIE (nucleotide identity) 52 98.0 - 99.1% HY
WL P 51 AHTE] E (amino acid identity) © 7 LA 3Bats 5 20 1 518 5 5 | FE B L BB L 2 0
FHIETE RS CarMV HY— 3Bl - [F]IRF CarMV [RGB E SR 15 i RECE% o

BRgEER - B9 ~ BYE BB ~ CarMV ~ $i7E

B

CERV) "9 « FJyE2VE(R 5 2 (Carnation latent virus, CLV)

& B 7 (Dianthus caryophyllus L.) 5 & 7 §}
(Caryophyllaceae) 2% F-1: EEANEY) » Hi44 carnation » M1
R~ A KBRS AT ATy BE LA AL
T~ 2 AEA NERE B 2 AL AR IR Fi S5 =% BA#L
R S R ECR ~ S N OHE LA o R VR ER
oy R B RN ~ HAS ~ S~ DL S 36
5] e R an S5 o R 2 ER B AL AT R GV - HAi
B AR LR S AR Y MR 91 ARER A
- e AT S B R ' 8 AT 1 A 88 A o UJEMER
4,748 FHT » EEREAELE 1% ~ 1L ~ B SR o o
Bt s AR A 2 R R T (i BE AL R » MESE AR S0y
ARG | N 25 AEALROR R 2 < /INal & HIfs ks
FOB&I) AR - FTIS R BER R -

ELT[REAIREAT UL Ird st = Bl et A
Horp DIER T2 eldR K 7 (Carnation etched ring virus,

@D~ e YRR A (Carnation mottle virus, CarMV) a3
TR HAGRUR 7 (Carnation necrotic fleck virus, CNFV)
U0\ e ThER R A (Carnation ringspot virus, CRSV)
(4.25) p g T BEE R B2 405 7 (Carnation vein mottle virus,
CVMV) ) 7S Fafify A ELAC IR e 2 PR @D o TIAERR Py
S E A A A CERV O ~ BTy 2 (0% 505 75
(Carnation mild mottle virus, CMMV) ® K PERERE SR 5
(Lisianthus necrosis virus, LNV) ) === ff - 15 BRER IR
7 ° CERV J&® Caulimovirus » 1% 50 nm » "] F&wF &k L
Aok GEYE T R ERE D s CMMV B2 Comovirus » 15 1% 29
nm ®” ; LNV JB2 Tombusvirus > 18/€32nm© °

2002 -4 ~ 5 HIERS s LRRILF 85 ~ FHEEAR Kok 54T
TR By R T > SEEREL b7 BE R A A I H DR B
OEEEL IR 2~ B TENE L - FEwiER A R RER
%5 © FSEREE NN SEAHABEE TR Y, ~ BB T RATISR I 8 v 22 5
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EAE#Y 32 - 33 nm A/ KR BEERTINARERL - Lot - #96

— = LR 7 L T R PR ES CarMV LI 1 2R

BRI E o HATE B )52 CarMV &S B SCR

RCHK o ASHLEE) Y BT B A5 2R AR - R AR kL
JREELR N ~ TR ~ PUINE O R R L& S E

Fe LIS E A ST BRI 75 ©

RS CEYSEER

i #d Z ol B PR AT

2002 5 H SRR RRABPREESE Fr i A L aksi b
DEEL 2 R B B e AR SRE RS S % 70 M (enzyme-
linked immunosorbent assay, ELISA) % 447 i 37 i
CarMV ZHPk} > DL2 58 (w/v) BRERSTHER 78 (0.1 M
potassium phosphate buffer, pH 7.0, A& 0.01 M Na,SO3) i
T > RRAEAE WP SR IR R AR b RO 400 H E8ilhd 2
Z=3 (Chenopodium quinoa Willd.) 3EFr » ¥)2 -3 HiZATE
AR DT B o #8 =K BBl 2R B o PR
FEANT (Dianthus chinensis L.) BZEZEMtEAEa Bl - 38
3PPRHRI LU« Rfids ik (1 : 1) BRAFRS -20 C i -

AF L R

HUBERE 2 )38 A2 O R - KA 7k e
FEEHL (Capsicum annuum L. var. Grossum Seudt.) ~ ikl
(C. annuum L. Red pepper) ~ %L 32 (Chenopodium
amaranticolor Coste & Reny) ~ 5% (C. quinoa) ~ E[Ci#
(Datura stramonium L.) ~ FRJ1E& (D. caryophyllus L) ~ F.
¥ (D. chinensis L.) ~ VEREIE (Lisianthus russellianus
Don. Griseb) ~ i (Lycopersicum esculentum L. var.
lycopersicum) ~ FA B (N. benthamiana ~ N. rustica L. ~ N.
tabacum var. Vam-Hicks) &AL 5. (Vigna angularis Willd.
Ohwi et Ohashi) FEHEY) » ISRIEIHE = (25-28 °C) %R
{21 - BEREAE PSR B FERER + R S8 & 0 B = 1Y 1%
PRI R 55 - LUSK g 8% 35 8 5 G098 ik (Double
antibody sandwich-ELISA, DAS-ELISA) fifE #2052 i o

ik

TR REZ ALARIRBREE © fli(b LNV 20513 84T - 54
PR R BT 2R Ay DL 2 {5 R 2 R IRET AR BN (0.5 M
potassium phosphate buffer, 1% 2-mecaptoethanol, pH 7.5)
B MLIE R (homogenizer) FIT%E2 7ri# » #EEEfFH07H
SR - HIER LGS (chloroform) K PUgfLfix (CCly) i3
1t » AiLL 8% PEG 6000 (& 0.3 M NaCl) yef% » HiA 1%
Triton X-100 #HFHFL ~ B0 - IUETRRIER20% (W/iv)
JEMEVS WA O o PR ASUCREY) B il VAR 72 10 -

40% FEWE BFEERE FEEREC 2 /)NER (Hitachi RPS 40T, 25,000
rpm) » WRECRERVERERS ~ FHE% 120,000 g r=rsdit vekE 2 /)
Rk - AT TS R R BN IS4 LR 7 -

TR IHTE R E

AR B 15 TS HE BRI Laemmli ¥ .2 SDS-
PAGE Jji£ AT o #ili{b 290 ZEMIA fBfERR K (degrading
buffer, 62.5 mM Tris-HCI, pH 6.8, 10% Ficoll, 2% SDS, 5%
2-mercaptoethanol, 12.5 ppm bromophenol blue) ji» 65°C %k
JiE B 10 oy g % AT B vk 0 b [12% E LB A
(polyacrylamide/bisacrylamide, 30:0.8, w/w), & 9.5 cm X &
13cm » 100 V, 1-2 /NI -

s B PRI E

LLO.1 M B FESTH% 11 IR (potassium phosphate buffer, pH 7.0)
FhH R 2 R BE R LA 10 {5 % 9 ke > Bbsdete
A ZEZEL) I RE e o KT S (dilution end point) o A FifsE
100 &5 Z RV LA RE 9 22 Z i 2412 (thermal inactivation
point) Bz AEBESMIFHEEE I (longevity in vitro) '

B ge vk = YL 7 2 DS 25 B UE o AH RO v R B
0.1% bacitracin (1:1) 8¢ » & Christie % A ® 2 J53:LIgH
e A Z R AR > FELL 2% Wigidil (uranyl acetate) 4t
o fiz R BRI S 2% HIB% (formaldehyde) [&] €
% MKET T AR R - LU F#E 8% (JEM-200CX,
JEOL, Ltd., Tokyo, Japan) #i5fii=ERAKL 2 JEZRE » Sz HAHel
12 100 FER AR 2 EA o RN EERRRLZ TR KN -

AE ) ik ¢ (R DARS bR A 5 2 R  /ha]
B~ RTUFRANTE R R R - R 2% TR %
(glutaraldehyde) % 1% PU4E {LE#% (osmium tetroxide) 31T
il ~ 2IEE - AL R 2IBK > %A LR White 55
BB IE S » FAtBHE Y] B (Reichert ultracut S) YJHT 60 -
70 nm JEEERIYI o £82% VT SFIASASE I B0 6 B u tatk
LU T-BEfEH JEM-200CX, JEOL, Ltd., Tokyo, Japan) #{%2
ekl 2 B -

A EBPR 2 T #8EFE I B Advanced diagnostics
International, LCC (ADI, LLC) Z CarMV K Elfifi 218 540y
HEMR CarMV % Tife D o

& [ G PEPRIBU ME (double immunodiffusion test)
LLPBS (15 mM KH,PO4, 16 mM Na,HPO,, 2.7 mM

KCl, 137 mM NaCl) EZ#10.8% (w/v) A0 » BL 12 ml

0.8% MG IR P ER LA 7 255 ZIME s ISAE il » &



2 4°C LRAF o (IR LAEAR 7 mm ZFTFLERFTIR (Hhoe— »
JAEDR) » FEE4.5 mm o FRRFEEA S0 11 Pl (CarMV i
Tor BERR TR o A BRE S BN AAS RIS - 52
3 FETT 18 - 36 /NRFZBEHLSE » PP Z UL R
JE YRR LIRS IR (10 ng/ nl) I BEERESEN 2 2258
TEFRHIR - I DUOR SR < RS A MR E R IR -

P S L 5L 8 73 B

A g P 32 A S 53 HT (DAS-ELISA) (#1445 Clark &
Adams (1977) ¥ Z /54T » HL200 11 CarMV R F-HLIM
18 IgG (1:200) (ADI, LCC) Bil¥ 8 #&2 @K (coating buffer)
(15 mM Na,COs3, 35 mM NaHCOs3, 0.02% NaNs, pH 9.6) 2
B & URE he s fig 2 FLXHh o 12 37°C B —/DRF R DL
PBST (137 mM NaCl, 1.5 mM KH,PO4, 8 mM Na,HPOu,
0.05% Tween 20, 2.7 mM KCIl, 0.02% NaNs, pH 7.4) =
R FHOIALIZERY A2 @K (extraction buffer) [ 35 mM Tris-
HCI, 137 mM NaCl, 2% PVP (M.W. 24000), 0.05% Tween
20, 2.7 mM KCl, 0.02% NaNs, pH 7.4 | fF e, 2 45 52 5%
FoYE > 37°C NEFE —/NREZR LI PBST PE=2% » HAIA
LU & #2877 (conjugate buffer) [ 35 mM Tris-HCI, 137 mM
NaCl, 2% PVP (M.W. 24,000), 0.05% Tween 20, 0.2% BSA,
1 mM MgCl, -6 H,0, 2.7 mM KCl, 0.02% NaN3, pH 7.4 ] fi
#1000 %2 CarMV IgG-alkaline phosphatase conjugate °
37°C NEPE I E—/ NRHEF LIPBST PE=2R » iR/l
A 200 11 LL5Z E #% {8 ¥ (substrate buffer) (9.7%
diethanolamine, 0.2% NaNs, pH 9.8) Fr#d, 2 2R EE (o -
nitrophenyl phosphate, 1 mg/mL) ¥A4% 5 i 10 - 60 7% »
BIEMIA 50 11 23 M NaOH {1 5 » 31 L ELISA i
ZH{#% (Bio-Tek Instruments, Burlington, VT, USA) EHUK K
405 nm ZWRMUE - DIGREREIR 2 3E1ER 3 (SR IE N EZ
FIRE fRIBR

BRI (total RNA) Z#lil

W R 2 45 %2 100 - 400 mg DIURRE R (L > HIA
500 11 ¥21E4R (solution R, 10 mM Tris-HCI, pH 7.5, 100 mM
NaCl, 1 mM EDTA, 1% SDS) LUHUHE =A% E 4 @2 - #%
1%y / & 177 (phenol/chloroform) (7% 250 1) i&HE » 14,000 rpm
(Heraeus Instruments, Megafuge 1.0R) B[ 5 ¢ » BfE.0%
HY b Fei A5 88F%,2 5 M LiCl (lithium chloride) » §Fi&
AUk B 3 /N > 14,000 rpm (Heraeus Instruments,
Megafuge 1.0R) Hf.L 15 77$#f% » LL 100 «1 0.3 M NaOAC
(sodium acetate) ZEITBAIZIIA 250 11 100% PEkE » 72
-80°C VKFHEFIE £/ 20 478# - F5LL 14,000 rpm (Heraeus
Instruments, Megafuge 1.0R) /0> 15 43§#7% > LLDEPC
(diethylenepyrocarbonate) Jix 3.2 S B K VAR U Bl 25
AR LIS » &S -80°C fifiH -

BETYEE Carnation mottle virus 2 58E5¢ 201

JR k- 5 Oy it FE (RT-PCR)

AR HE R Z CarMV 857 (5 [A] (coat protein) ¥4
511 (X02986 ~ AJ309954) Rk E% i =05 | ¥t (degenerate
primers) » DLIA | ¥4 fl 2 2580 58 i A A5 B 2
B RGIERS W A A - AT SRR SR R S Wi e S T LA b
W8 AR K 2 K% ey B > BfFS| 7 F112002-44 Z FR 9155
5'-CTCCATGGTCATGGAA(A/G)ATAAAGGAGAA-3' » |
517 FI112002-45 ZJ7 3555 -GTGGATCCTGTCACATCC
TATAAACAAC-3' ° 3#{7 RT-PCR I » [A#E5E RNA HIA
1 11,2200 ng/u1 Fif#5]+F 5 DEPC-treated water {1/ H&
W16 11 » /280-90°C 57 ffRE UK 5 73§ » FFIA
S #5287 #H (Epicentre, M-MLV RT-PCR kit) fIllA 1 1
(10 U/ u1) M-MLV reverse transcriptase ~ 2.5 1 10X reverse
transcription buffer ~2 1 2.5 mM dNTP ~3 1 0.1 M
DTT ~ 52 0.5 11 RNasin (40 U/ 1) FRRREEWA » i242°C
30 738 e 37°C 30 s HOGR 1 FHETTES — % cDNA 2 &
AR o ZBHLS 1l btz cDNA ~ % 1 1l 22 200 ng/ p1_E3ff#
51 7 ¥t ~ Tag DNA polymerase 0.5 «1 (5.0 U/ 1) ~ 10
#1 10X Taq reaction buffer [S00 mM KCl, 17.5 mM MgCl,,
100 mM Tris-HCI (pH 9.0), 1% Triton X-100] ~2 «12.5 mM
dNTP FHEER /K100 11 Z ROEWR » S H R A 2114 175
HR Ok BEA N FERE (PTC-200, MJ Research Inc.) #17 PCR
MRS o ESR93°C B#E (denature) SFES ik -
LT 34 {ETEEE - B IEER I E 2R PP Fs 93 °C B
JlE1 47$% » 50°C Rh& (annealing) S 1 238 » 72°C BBE K
&2 73§ > EeiR S 72°C 1T AR (extension) & SO
10 5355 "7 - Fet% PCR X EAEYI LI NGB EGEE T4
B o ELRRRE TR e 3 T-AE R T o

I BEF R 1S K] Z cDINA SEERH K %156 P 51U B 3 B

RT-PCR M7 I8 #aUk 3T 1% » 75 1K RT-PCR g
FEVDEEL T H DRIERGE T e P AT 8 LA I Fr B R PRI 2 A
Fe41l > IRt —2E 1 RT-PCR FRiSHgZEY)FI F TOPO TA
£ 4H (TOPO TA cloning kit) (Invitrogen) 1 7L [KE5H »
PEIE 2B PR > DUNE B8 fEAHZE (Mini-prep)
(Viogene) fHHVE #8 DNA » JeLIBRHIEESE EcoRI BiY) » 4%
0.8% BHEE vk A » FEUATRE 2 & PR - HFIH
Sequence Version 2.0 DNA sequencing kit (Epicentre) LA
dideoxy-chain termination J5=t @Y MEITEFE » LIE— 251
FEFSIENE ZOERERR - T AT (S 2R 91 S LANCBI EE[X]
Z BLAST program » #2585 DL T & 55 THER Z W &
1] » Sl s—#EFI B Clustal algorithm &2 FE# 752 (MegAlign
program of DNASTAR software) Bi[/} 3§32 CarMV 2
FHEE R RS TEE ST S04 -
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S

FH 135 A Bt

2002 -4 -5 AEIBEALEEIL S8R (D ~ AKISE48 D) s H
FEAR (XML, TV) SESRaE I 3 A VU e Y B2 553 HIREE £E U
TR 5 RE b 5 0 BE 2 D BE M 58 Fr A A e LI E BT
BB A LB B R 2 ZE > 25 [RFTS AR S B
% 27(1) ~ 19(IT) ~ 34(I) Kz 22(IV) {EEER B & - IREALL
CarMV HLIMIE#ETT DAS-ELISA I E 4 » fE R H —
P G I T 2 Aok i A5 1 53 6% 7.4% (1) ~21.1% (IT) ~ 17.6%
() } 36.4% (IV) : 552003 4£6 HREI5AIAILHEE (V) K&
FH AR (VI) b5 5 VB Ac R « /vl & 2RISR BT
PEEZDBEMTEE A A AR B SREOIR 2 BE A L B
% 17 (V) B2 31 (VD) %S, » 8 DAS-ELISA #IE 534 » Fif
130 AR M T 2%y B 29.4% (V) K 34.4%
(V) ° {EH [EI AR S R T A a v ~ SR R 3842 >
LIRS i o I 3 AR 05 1 B B » i AR R i A
MRFEAE R ACTZ S S g - A hLEAEREEAL -

Pt b oy - i I

FH IR 2 R ) B By A8 % < /INAT 3 R AE
BH R (U H Oy LR EROTRERRER b7 .2 078E - FETD
TERR T 2 B8 Py P B AR B e AR S A LD B B B B
WY EER TR TR BB AGRRN 55 i (L L i - PS8 e i
328 A 20 4465 0T DI o i B B - R P i =2 ([ —
B) o LUBEHEE 1 771 T oy il PRI B R i e »
84S 5 et I e AR B L BB SR ETER 2 M AR
iR > BERCGEARENIEEBIR ([8—A) -

I A prk e A J TB R e B o PR B S 2 25+ =
FEAEY) o #85F 5557 BlERR n] Y253 (C. quinoa Willd.) T
51 EEEEBERS » BYRLEE (C. amaranticolor Coste & Reny)
IRF 2 1o 2 oy 5 | EC o L SR B A A B T B 5 R R B
(Nicotiana rustica L. ¢ N. tabacum var. Vam-Hicks ¥/ 4 1%
JEBE T s LR 04T (D. chinensis L.) 5#E 5 LB
B s IR YR JhE& (D. caryophyllus L.) X 555 (N.
Benthamiana) 5IFERLIL R » Hrp fpZ o ~ YR ik
L N. benthamiana 2AMEVERGY o (B BERRARERRYLEH
MY (Capsicum annuum L. var. Grossum Seudt.) ~ #RH(C.
annuum L. Red pepper) ~ &FCEE (Datura stramonium L.) ~
FEAE 18 (Lisianthus russellianus Don. Griseb) ~ & /i
(Lycopersicum esculentum L. var. lycopersicum) Jil 5.
(Vigna angularis Willd. Ohwi et Ohashi) & iHIZEY) -

WESHEN TR

b2 95k 7 44 T SDS-polyacrylamide RS YK 7 A
RETRRZIN A E A B #H2E ] (coat protein) ilfi i CarMV

R R D B A R 2 Bk E i - (LHE ) &
#IE540 kDa (B ) -

ML 2 e

RS R Bk & SR P MR 10° (B
YL - B107 QIR ST o MR 4°C ) 25°C 117
100 RABEA Bk (100 KLU AR ) 3 #H (£ 80°C
TREFE 10 438 % HEUR A SERRR - AR 2 E
DEES Bk /1 - 90°C (10 77#) W E ARESE - {H 95°C K
100°C BRI Z My HR AN B, /7 -

Lo DT kA

T PR T R R A 2% B sl (uranyl acetate) [
Yo o AR T-RACKER SR nTBIGE R E LK) 32 - 33 nm ZEKTE
TR (B =A) o MERAFENT ~ BTy )& /o &
BE 2 KB )R AT A TE PSR A SR 2 A R A HN oy
BOA I E A (18 =B) » TRy /Il %E 7 23N i
A R P TR E Y AR 5 REDURS SRR ARBES (
=C) -

68 i G0 RS FE

8 1 R A B FERA BRI R 2 S IR LA IR
(Ase0 = 0.5 mg/ml) FAHVHIRHUFE n] €l CarMV HLIMILIE AE A
VLS HE (& 0Y) -

VP R s O %€ I

LI CarMV (ADI, LLC) HUIM K8l AWFIE.2 kR JHEE 5y it
PR P 25358 05 AR BURGEETT DAS ELISA &5y
Mt 5 » & CarMV HLIMIEFREE 200 {5 » FUFMEEE 10”
RerE A B — PR T S P (18 1) -

o TR 11 3 DK Z 580 B A% Py 91 A e B B

FIFH i 7 (2 253 TR P flLZ #85 RNA iR
B > LUR 7S |8 Sfidigsk £ cDNA 1% » FELU cDNA ZEY)
P AEAGE TR ISR S T — 2D ORI i » PRS2 PCR
FEY)LL0.8% agarose BHEEEYKTHT » PSS A M0 Y
1 kb :Z DNA F B¢ (I&75) » 3% DNA Jr B R/ NE 1,047 kb K
/INZ CarMV BHEE FVEERFE 7F - 10 DAGE RS Z2 il HUZ A8
i RNA B8R 2 B IR S H SO $5%- 2 Aisi g8 S T HI|
JEATAR DNA F B O S HH 3 ([ ) o

% 38 RT-PCR fTHE0&E# 1 kb 2 DNA F EX 2 55
CarMV Z R 2K » £ TOPO TA #5i%E4H (Invirtogen,
Carlsbad, CA) £7%ii1% » LIPR#IE EcoRI i) ~ 0.8% [Ri4EE
VKO » T 15 Z BB HRALIE Fr B S P 1245 1.047 kb (2
EEER (E1) » AEF LSS E 4 —{E ] 37.8 kDa
& 348 I ELEAIEE H o B2 SDS-PAGE RS AR (18 ) -



B— ~ BN AR LN o (A) BEIRAERE CarMV By
TEETE e B R AL BEE P RG] B el B BE
e AL EERE B BB B - (B) IR HET D"/ Ne] B 55 F
A H PR B -

Fig. 1. Symptoms induced by Taiwanese carnation isolate of
Carnation mottle virus (CarMV)(A)Symptoms showing
yellowing spots, crinkling and curling of leaves induced by
mechanical inoculation of CarMV on D. caryophyllus.
(B)Symptoms on Dianthus caryophyllus hybrid mini-
carnation (Kooij Echo kgr, Holland) showing necrosis spots
or yellowing mottle of leaves in the field.

kDa M 1 2

B i

94+

67 - (P

43 Y
301 ()

20 -

14— e

B - SDS-polyacrylamide &K 57HT CarMV JR JhEE Sy BfEfk
MR 1 o HEJYEETBERR (BB —17) - 1T o BlERR (5 —
1) » EHE D FEEHIREM) -

Fig. 2. Sodium dodecyle sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) of purified CarMV. Lane 1,
CarMV isolated from carnation; lane 2, Zantedeschia isolate
of CarMV; and lane M, protein molecular weight markers.

BETYEE Carnation mottle virus 2 85% 203

o 4
o - I3

e, W

B = ~ 5 SN 5 < HE ARG  (A) FHIRIFE R
TR /el EZSERR R L 2% RS R e n] R S
#0732 - 33 nm i 75 RERL(B) FBIR 11 A2 O 1T S Ak i) A
FABE TR A TR SR 2 SRR R AR I B I B A -
(C) HEfpERyE& "/ Vel 2" BE Rl ) F i SE N IR < M
B NE AT R 7 A AIARERS - A= 500 nm

Fig. 3. Electron micrographs of 2% uranyl acetate stained (A)
and ultrathin sections of CarMV in infected plant cells (B and
C). (A) Leaf dip preparation of infected Dianthus
caryophyllus hybrid mini-carnation (Kooij Echo kgr,
Holland); (B) Mesophyll cell of infected D. chinensis
showing virus-like particles in cytoplasm; (C) Mesophyll cell
of infected D. caryophyllus (Kooij Echo kgr, Holland)
showing virus-like particles in the cytoplasm. The bars
represent 500 nm.
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BBID ~ % RO, TR o T SEBEB J 7 (CarMIV) HETY
ROTHER o YT BRSPS (C ) o EHLER TR
PR ZBRBER IR (56 1, 4 79 » HEERZERETE i LRG3
IR (55 3 70 » AEALER BT BERR (55 2, 5 770 e
BE R HREEIR (3R 6 ) -

Fig. 4. Double immunodiffusion test of CarMV. Antisera
against CarMV (well C); crude saps of CarMV infected C.
quinoa leaves (wells 1 and 4), purified CarMV (wells 2 and
5), purified healthy C. quinoa preparation as a control using
the protocol same as purified CarMV (well 3), and crude saps
of healthy leaves of C. quinoa (well 6).

2.01

1.5

1.01

0.51

Absorbance at 405 nm

2 3 a 5 6
Diution (log;)

BT ~ RS % o0 Al E FE ) & B R 75 (CarM V)
FREEE YRR © B VBB BN 7 0o F-HUIMS FH S 5 Jeilig
G0 HTE (DAS-ELISA) » [ CarMV 2 282 5 )y
FHRPUR (-@-) 5 BHRBERAEFIE M B (-0-) »
Fig. 5. Detection of CarMV by DAS-ELISA. Rabbits
antibodies against CarMV (ADI, LLC) was used to react with
crude saps of CarMV infected C. quinoa leaves (—@®—) and
healthy crude saps of C. quinoa (—O—). Antibodies (IgG)
against CarMV, different dilutions of crude saps, anti-CarMV
IgG-alkaline phosphatase conjugate and substrate of alkaline
phosphatase were sequentially added. Readings were recorded
30 min after the addition of substrate (1 mg per milliliter).

<+— 1Kb

B7< ~ vk 5347 RT-PCR M1 CarMV e/ 553k W 7R
SE- PR

Fig. 6. Electrophoretic analysis of RT-PCR amplified product
of the carnation isolate CarMV coat protein gene. A product of
~1 Kb was amplified from total RNA extracted from CarM V-
infected C. quinoa leaves (lane 1) by RT-PCR. Lane M, Gen
1 Kb DNA ladder; lane 2, total RNA from healthy C. quinoa.

CarMV Z 887 HEE R #8751 UL NCBI,ZBLAST program
SETTIEE ~ FL¥ GenBank AL CarMV 18R 5 R K
FIJF Clustal algorithm (DNASTAR) 53#7 » 3%:&5HMk & BT
LR R 21 BACarM V 7R R T LR P 51 B A 95.6
-97.9% ZFFHIFHIE B - B 91 Al 245 98.0 - 99.1%
ZHHEIE (FR—)

of i

SE{H AR RS BRI ERPRRE S C et 2 Bl
BYH 7 (CERV) © ~ Y EIBREURE (CMMV) 20 K
R & (LNV) @ S =l st - R St
JERE 8 B TR 7 SR A T b I PR R R 2 9 ©) o AR
Baf® 2002 -4 - 5 ARHEZALERILF8E ~ K iS40 s FH AT
S5 SRR AU oA b S DR B LB B R B TR SR I
TE REF YY) ~ RS ~ IME E ~ RARR R K R
A B AL B B AR Z B YRR T AT RESZRR 0 BB
7 (CarMV) Z & ¥t o CarMV f5 Tombusviridae >
Carmovirus ZAXZHE O o HEABHZT - #l#EE » 25|
[EER s BB JHEE R - (HEART 0% > RIRPD
B8R (Caryophyllaceae) ' #ti¥) - CarMV Jii & 8 %
S REEZ IMENE AT5E 90°C 5 MRFREETERS 107 5 f220°C
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ATGGAAAATAAAGGAGAAAAGATCGCGATGAATTCCACTGTGCAAACGTTGGCGCAGAAG 60
M E N K G E K I A M N S T V 0 T L A Q K

GGGGACAAGTTGGCCGTGAAGTTGGTGACAAGAGGGTGGGCCTCTCTGAGTACGAACCAG 120
G b K L. AV K L VvV T R G WA S L S T N Q

AAGAGGAGAGCTGAAATGCTTGCTGGATACACTCCAGCGATCCTAGCCTTTACACCCCGA 180
K R R A E M L A G Y T P A I L A F T P R

CGACCACGGATGACGAACCCTCCTCCAAGAACCAGTAGGAATTCACCAGGACAAGCTGGA 240
R P R M T N P P P R T S R N S P G Q A G

AAGTCCATGACGATGAGTAAGACCGAACTACTATGCACCGTCAAAGGTACCACGGGTGTT 300
K §$s Mm T M § K T E L L €C T V K 6 T T G V

ATCCCAAGCTTTGAAGACTGGGTCGTTTCCCCCCGAAACGTAGCCGTCTTCCCTCAACTC 360
I p S F E D WV Vv S P RNV A V F P Q L

TCGCTGCTAGCGACGAACTTCAACAAGTATCGCATCACTGCGCTTACTGTGAAGTACTCA 420
S L. L..A TN F N K Y R I T AL T V K Y S

CCCGCGTGCAGTTTTGAGACAAATGGGAGGGTGGCTCTAGGATTCAACGATGACGCTTCG 480
P A C S F E TN G R VA L G F N D D A S

GACACACCGCCAACCACCAAGGTTGGATTTTACGATCTGGGCAAACATGTGGAAACTGCT 540
b T P P T T K V G F Y DL G K H V E T A

GCACAGACAGCTAAGGATCTAGTGATACCAGTAGACGGCAAAACCCGGTTCATCAGGGAC 600
A 0 T A K D L VvV I P V D GG K T R F I R D

TCGGCTAGTGATGATGCCAAACTAGTCGATTTTGGGCGAATAGTCTTGTCAACATACGGG 660
S A S D DA KL VD VF G R I V L S T Y G

TTTGACAAGGCTGACACTGTGGTGGGCGAATTGTTTATACAGTACACGATTGTGCTGAGT 720
F D K A DTV YV 6 E L F I Q9 Y T I V L S

GACCCAACCAAGACGGCCAAAATTTCACAGGCAAGTAACGATAAGGTGTCGGACGGACCA 780
b p T K T A K I 8 Q A S N D K V S D G P

ACGTATGTGGTCCCTTCGGTTAATGGCAACGAGCTACAATTAAGAGTGGTAGCCGCTGGG 840
T Yy vv P §$ V N G N E L 0 L R V V A A G

ARATGGTGCATTATAGTGCGGGGTACGGTTGAAGGAGGCTTCACCAARACCCACACTTATT 900
K w ¢ 1 I VvV R 66 T V E G G F T K P T L I

GGGCCGGGAATCAGCGGTGATGTGGACTATGAAAGTGCCAGACCTATCGCCATTTGTGAG 960
G P G I s 6D V D Y E S A R P I A I C E

TTGGTGACACAAATGGAGGGCCAGATATTGAAGATCACCAAGACCTCAGCAGAACAACCA 1020
L v T 0 M E GG Q I L K I T K T S A E Q P

CTCCAATGGGTTGTTTATAGGATGTGA 1047
L 0 W V V Y R M

B ~ CarMV B ER 1B R 2 ALK B e i e 41|
Fig. 7. The nucleotide sequence of CarMV coat protein gene and its deduced amino acid. The GenBank accession number for the
sequence reported here is AY383566.
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K~ FRREPERIN R (CarM V) BRI BER B iR R N B R CarMV 412 LLR

Table 1. Comparison of nucleotide and amino acid sequences of the coat protein gene of CarMV isolated from carnation in

Taiwan with those of CarMYV isolates available in GenBank

Virus isolate Accession No. Source Nucleotide identity (%) Amino acid identity (%)
CarMV X02986 97.9 98.9
CarMV it-2 AJ309502 Italy 97.6 99.1
CarMV nl-2 AJ309497 Netherlands 97.6 99.1
CarMV isr-2 AJ309501 Israel 97.5 98.6
CarMV sp-m AJ309509 Spain 97.4 98.6
CarMV Lord AJ309508 Spain 97.3 98.9
CarMV Dixie AJ304989 97.2 98.3
CarMV AJ549954 97.0 98.0
CarMV sp-2 AJ309504 Spain 97.0 98.9
CarMV it-1 AJ309499 Italy 97.0 99.1
CarMV-YN AF173879 97.0 98.3
CarMV sp-4 AJ309506 Spain 96.9 98.6
CarMV sp-3 AJ309505 Spain 96.9 98.6
CarMV sp-1 AJ309503 Spain 96.9 98.6
CarMV fr AJ309494 France 96.9 98.6
CarMV Col AJ309493 Colombia 96.9 98.6
CarMV usa-2 AJ309512 USA. 96.8 98.3
CarMYV jap AJ309495 Japan 96.8 98.3
CarMV Aus AJ309492 Australia 96.8 98.3
CarMV sp-s AJ309510 Spain 96.0 98.3
CarMV sp-i AJ309507 Spain 95.9 98.3
CarMV AF192772 China:Shanghai 95.8 98.3
CarMV AJ489479 95.6 98.0

FTRAE 70 TR DEETRIENE 3 REFTGRE TAT (Dianthus
harbatus) T BRIELZET MR SRIR (710 4FA7 B H 207
PEIZ1 s o GABRIIGA CarMV 18" 553 Ml .2 225
P {5kt L AL AL = T SDS-polyacrylamide 48
VK AW I C15 T+ #5LBT CarMV HETY 22
S HRELE £7 40 kDa A/INHIRLZ B 11 57 T4k = TR
Yo R 0T A 5080 52 W BE T 2B ) (S 1L
CarMV 732 - 33 nm HOBRIRIT AR S 17558 PR AL 240
MR v+ R R S i R T B CarMV HETy 5857
i A LR W B LR H98 CarMV LI 7 7
DRI E o oL T2 S S8 ST 57T 7
RS T8 B 5T 2592 9% 2 MLV WU B2 CarMV
L A B V2 TE R » ST T R 5
CarMV i (B BIERE © ISR 5k 2 HE Ty 2 e — 25
LLCarMV 2 75 14 SR B — 7 | 7 04 T M- B i
SSHA S 6 (RT-PCR) MG SLHAEE 19 SEIRFE ST I i 98
S 154 2 B0 A 3 2 R 1) SR 5 B 182 NCBI
Z GenBank HATELH 2 CarMV K451 K e 51
8 LU 2 BT AR LS 53 186352 95.6 - 97.9% J% 98.0 -
99.1% » Rl AR e | AL 01 T80 L ATFT P S L

B3 S L2 R RS CarM V. o 4 BRE T i 7 258 7 h 471 ik
P~ HZR ~ S P~ DL R SRR S M s A Y
HERYL CarMV 2 HERH g (020 s (H#L E H RS 1L M
TOAY E2907 TR 75 BRAC SRR 18 2 8 ) i CarMV
FERAfEE » AHFZER RPN I FE ~ %8 T-REMs M B
FLIRIA 20 ST » PITE S | REA & Ry v L H B BBk
AL BB SR 8 20K R S CarMV o Itk —HF 2815 15
CarMV TR 8 AL IR R Y5 25—k 5 o fRIEH M
AR LR 2 R F W) ~ TR B8 A:CarMV &
e 48R » B85 - 6 FERIEES HALI. CarMV e Lb FIAE
FEHREE 2 SRR G 1- 3 5% o HIA 3 bl P R 2 i
% FTATISEE LT > [RIE CarMV 2235 A -1 i A ek 2
AR G TR A » 1S3t — 20 88EA A - e g5
22 CarMV HRZS 5) LUK /7588 - 1 R v #E T
WY ~ B8 » LHR VIR ERE (0 o e 2 TE
JTTA » B R O3 S TEG 74 B » PT LU A
BEFR A T S TERIS 2R —H A RO (SRR 2 )5k
U3 o [RIITERE )% FH RS B2 b » B UL (R0
TE o AU EA B RS PR » E5 8 =
B DU D R o
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ABSTRACT

Chen, C. C.', Lin, C, Y.% Ko, W. F. ', and Jan, F. J. **. 2003. Isolation and characterization of Carnation
mottle virus from carnation. Plant Pathol. Bull. 12:199-208. (" Taichung District Agriculture Improvement
Station, Tatsuan, Changhua, Taiwan; > Department of Plant Pathology, National Chung Hsing University,
Taichung, Taiwan; > Corresponding author, E-mail: fjjan@nchu.edu.tw, Fax:+886-4-22854145)

Virus cultures were isolated from leaves of carnation (Dianthus caryophyllus L.) and mini-carnation
[Dianthus caryophyllus hybrid Kooij (Echo kgr)] showing viral disease-like symptoms of yellow necrotic
spots and yellow mottle beginning on upper leaves in the fields in central Taiwan. Isometric particles about
32-33 nm in diameter were found in crude saps of diseased tissues. Similar particles were also observed in
the cytoplasm of the mesophyll cell in ultrathin sections prepared from infected D. caryophyllus and D.
chinensis. SDS-polyacrylamide gel electrophoresis showed that the virus contains one structural polypeptide
about 40 kDa. Serological tests with double immunodiffusion test and double antibody sandwich-enzyme-
linked immunosorbent assay showed that the virus reacted positively with an antiserum prepared against
Carnation mottle virus (CarMV). The coat protein (CP) gene of the virus was amplified by reverse
transcription-polymerase chain reaction (RT-PCR), cloned, and sequenced using primers designed from a
conserved sequence of CarMV. Comparisons of the 1047-nucleotide CP gene with those of 23 CarMV
isolates available in GenBank showed that the virus shared 95.6-97.9% nucleotide identity and 98.0-99.1%
amino acid identity. Our results demonstrate that the virus infecting carnation is an isolate of CarMV. This is
the first report of CarMV infecting carnation in Taiwan.

Keywords: carnation, Carnation mottle virus, CarMV, identification



