I BASER BB AR 810 1 - 6, 2007

2INVF TV 72 ART-PCRIZCXABF 7LD M MEILZZTA VA
(TSWV) BXTFZ7bwtw 4 a4 F (CSVA) Db

B A F

F—-7—F: FEERE, 7, F7b{bty i a4 F, ALFTL 9y ZART-PCR, MV IEAZIANLA

b= FEALZ F A WA (Tomato spotted wilt virus,
TSWV) & Bunyavirnidae £t Tospovirus MO % 4 THC
ZL OEFE, RERIBRETBLIETEREYAVACH
Do A NARLL LS THEOTYI 7 <HTEN
Xh (Whitfield et al, 2005), 3 A rFAQ7HFIv~

(Frankliniella occidentalis) DAZEZIEH & D B W
(Wijkamp ef al, 1995). % ¥ (Dendranthema %
grandiflorum) TIHESLZEIIZE, BELREOERTE
L (Matteoni and Allen, 1989), F LW BEET % b7
5Y . 19984ELIRE, LBREOX 7 EMTIE, BLLHT
EEMK, WHBCTHENICEESEELTVAS
(Matsuura et al., 2002) »

Xyt 4 04 F (Chrysanthemum stunt viroid,
CSVd) & Pospiviroidac B Pospiviroid J& D356% 7 L
FFFohbBROIKEET /T HENR 1 4
RNA T, %, WIEERICHECER NIRRT 5,
F 7 T12REODbWL, TEDNEAL, Bighk EdiA
Hiv (Flores et al, 2005), KBRTIHIUMEO* 7 E
WTHENBEL TS (F—548). ChbD7Aq
VA, 7484 FEWTFhd F /7 OEERETH), &
BEEEN L TCHEErOE LENEEET S, 0T,
WMELERT L0, FEEAGENICE S EREE
HOEE, EFSATRTH LS.

ZhF T, TSWV @Z#izid ELISA % RT-PCR 7%,
—7F, CSVAd DZBWIIZRY 72U 07 3 FEVERIK
B, "ATVFA¥— 3% LTRT-PCR % LI%T
b TWwED, o ORERE FRHIRE T 5540
HEIR TRV, INVFT Ly 7 ART-PCRIZ 1D
ODPCRIRSTHEEO 75 ~—%fFHR L, Z21EHEL L
OEERIZT % FRICHEIET A5 C, £F, RETH
WEBWTHHMBEINIED Twd (Uga and Tsuda,
2005 ; F7T - 474, 2006).

FRl94F 1 H15H 2#

AR T, BexX7BBRTHBRT 20080
OEBELRTANA, T4 04 FEWHEMERRETAZ
EEREMIZ, TAFFT Ly 7 ART-PCRICESF 70
5O TSWV & CSVA o FIB R BT % 85T L 7o

M#ts LUFE

TSWV D774 —I13SRNADN ¥ » 37 8 &z

T iR Y] (DDB]J/EMBL/GenBank 7 7 & v ¥ 3
T D13926) ZEE-T\T324bp @ DNA BrF % 3IR ¢
5XIKEE LI, —H, CSVAR 7T M4 v — iR
(772w va s V0L07) OIEEERFIIZET
T, FuaPRFEHEE T & 243bp @ DNA Wi 2 IS 5
X I ZRREF L7z (Table 1), Wi hd, BT A
A, wAuAq FRoOBERT EEEL, 3T KmEIE
Br&Ihviiiclis

K, ERRENOF 7 BRER T TSWV (T
HE™) & CSVd (EEM) ZBAEHTTEAENE
L, ELAFBIThWbORETELF 2
‘MR BIUCER EERL . HEkO TSWVY &
I N ¥ R0 EnE /7 a—F Wk (Tsuda ef al,
1994) 2 &k % DAS-ELISA ¢, CSVA Bgeldfli & (1993)
B & ' Hooftman & (1996) DFFtLA-774 4 ~—%H
WD RT-PCR T L7z, Y=AFgw F+IhFT by
7 ART-PCRIZUT D FETITo 72, £RIFHEOmg
775 SV Total RNA Isolation System (Promega) % Hl
W, 7O MI— Vo TR RNA A L7z, Bl
BIUVREORNAWE S u | 288 & LT, Superscript
First-Strand Synthesis System for RT-PCR

(Invitrogen) BL U v Fa~FH~v— Gug/ml)
ABWT, 78 bI—ilfEo T cDNA & L 7.
cDNA D24 1 #48 L L, Takara Ex Tag (Takara)
=& D PCR iTofe PCR I &EE %50y | TITVY,
ETIAT—ORFBEII02y ME L, H4C, 3400
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Table 1 Primers used in multiplex RT-PCR for detectiong TSWV and C5Vd in chrysanthemums

Primer= Sequence Ledeth 1 Nucleotide position E,:XDECtEd_ sle
{mer) e {Base pairs)
TSWV324F 5-GCTTCCTTGGTGTCATACTT-3 20 54 2247 to 2266 (v)b 324
TSWV324R 5-AACTTCAGACAGGATTGGAG-S. 20 54 2551 to 2570 (vc)
CSVd243F S-GTTAGCCCTTGGAACCTTAG-3 20 56 326 to 345 (v) 243
CSVd243R 5-CCAGGAGAGGAAGGAAACTA-S 20 56 193 to 212 (vc) -

a) TSWV324F and R primers are designed from viral S RNA sequences.

b) v indicates virus (or vircid) sense. vc indicates virus (or vircid) complementary sense.

%, 94T, 308, 54C, 308, 72T, 149 %3094
7, mEWT2TC ClOAMERIC & 72, PCR EH i
THA—AFVTERKEL, =57V 748707 A Fif
ERI A

TSWV BLUCSVd iz # L FhBEuBg L5/ L 72
FroE LTRSS AR O FETE RNA & filh
L, fEL#ED)» O L7242 RNA TIOFERRERHINL 720
ERFREETRL2EETRELARNARESHEIZL,
O HFETY—AF v 7T - T VF7T Ly 7 ART-
PCR #4To 70

TSWV & CSVAd ERBEEX 7 20 0MBH L 7~
AT v T M FT Ly ART-PCRIZLEBM ™Y A L
A, wAuAd FoRBRS AL, Thbb, CSVd
WG L 7o o HTIR O FIRENC TSWV & i L
Fzo TSWV I XD F 7 2 2mOmEtr 2 L7 BB ©
HHIE2Dmg #2500 4 | (100458E) @ TE &&iE (10mM
Tris-HCl pH 80, 1mM EDTA) T+ 412 B # L,
5000rpm, 5 L7-%, F0LELXE UEHEETL0
fEEREARIR L 72, HAHWFIX65T, 59HNEL, 20
951y 1% HvT, One-Step RNA PCR Kit (AMV)

(Takara) & W 7O ba—WiZfE-T, TV AFv
TN F T Ly 7 ART-PCR 34707 754 <—
EEARE04y M TFE L. PCR @SR aTE &
F#EE L7,

faRb LUEE

TSWV BLUCSVAd I #F N FNEIMEE L% 70
LOHIE RNA OB, BEE#HEE LY —AT v
7wV FFTlv 7 ART-PCRTIX, bizFEEN
55 FBO DNA A RO L, BEXF 7 15ITED
bhedof: (Fig 1), CSVARBRE,HIITFHEEA
72 DNA BT R LA 12600bp 93 12 BHER 722 DNA B A 254
HE N2, B DNA MR &G TFENRKE(RLS
oo, HEOEEIZWE 2bhrolz, HEIEDNAKA*
S L, BT BigDye Terminator v3.1

324bp—s
243bp—

Fig.l. Two-step multiplex RT-PCR amplification
products using one single or a mixture of two species
of total RNAs extracted from chrysanthemum leaves
infected with TSWV and CSVd. RT was performed
using random hexamer primers.

Lanes : M, 100-bp ladder marker ; 1, TSWV ; 2,
TSWV and CSVd: 3, CSVd:@ 4, Healthy
chrysanthemum plant.

Cycle Sequencing Kit i X DEEEINERE L&
%, 324bp HEIRETHA 1d TSWV O N & v/ HR{ET &
985%. 243bp HEIEETH L CSVd & 97.0% @ & W Rl 4
ARHLR, BMOBETIAEIES L EPEESR
7o TSWV324F & TSWV324R #7714 ~v—& L7z RT
-PCR TH, KBEAOMOBB TRELI2F 2 2 FR
AT s ORBEORKC, CREFI, Bl B LU &5
6 b HEOREIE DNA W 28 o, TSWV 2R
@A HIFE PR RO TT A GF 5 ARFY R FL W
A (Impatiens necrotic spot virus, INSV) cin9902#k
(5% 5, 2001) W2 L7 Nicotiana benthamiana
B IZHEIE DNA BT i oMo 72 (F— 5 B8,
F7-, CSVA243F & CSVA243R * 751 <—& L7z RT
-PCR Tid, EEEAOMOMITHRE L/zX 27 bk
WEM* 7 HE b b HEOEIE DNA 298 5 h i
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Fig.2. Two-step multiplex RT-PCR amplification
products using a mixture of two species of total RNAs
extracted from chrysanthemum leaves infected with
TSWYV and CSVd. Total RNAs were separately diluted
with RNAs from healthy leaves and mixed to create
10° to 107 dilutions of TSWV and CSVd. RT was
performed using random hexamer primers.

Lanes : M, 100-bp ladder marker; 1-3, 1073 to 1071-
fold dilutions of CSVd with 10%-fold dilution of TSWV ;
4, 10°-fold dilution of TSWV and CSVd : 5-7, 107 to 10
“-fold dilutions of TSWV with 10%fold dilution of
CSvd.

(F=FEW), COLI, EFFAv—-idEhFh
DFBEFIIENEEE 2B LTEY, 22, B L5
EBFTCTHRN S NS 2 O TSWV & CSVA BEF T
Erb0LERINI BL2EATRA LMY
RNA#ZSHREIZI LY —RAF vy 7 =V F T Ly s R
RT-PCR T, CSVAIX102H M E ¢, TSWV I3103%%
MTHBETEL (Fig2e 2D XH1Z, R RNAE
DHERPEZTD, V-AFv 7T -TVFTLo s A
RT-PCR 2 X » T TSWV & CSVd @ [FE#HATH 2T
Botz. FrFLIAFHT—RERVWEY—-ATF v T <
VFTLw & ART-PCR T, &BL7: cDNA #i%
W, hOFREA DL T L WREEDY S ) S B oS
TET b,

TSWV & CSVd D EHEHF 7 56 oMl 2 Awv
ATy 7T wMF T Ly 2 ART-PCR Tii,
TSWV IX108F B ¥ T, CSVA IRI0SHI T T T &
72 (Fig3), F7z, -35CT1EMAERE L -BEY 7
VEGEALTORLHERDPELN: (F— 5 48, K
e nbid, 450bp & 900bp fHT 12 HEWE DNA W7 F 25
Hahizd, BMOSFELELRAD, HEOEEIC
B b hdor, REICLD TSWV OBREBEER, @
U7 BEWAE /70— UK X 5 DAS-
ELISA OBHRAIN0STH o -0i2xF LT, 10008
Dt EBESERLE (F—F &), Uga 5 (2005)

M 12 3456 789

324bp —
243bp —

- Fig.3. Detection sensitivity by one-step multiplex
RT-PCR using crude sap from TSWV and CSVd co-
infected chrysanthemum leaves. A leaf sample (25
mg) was ground with 2500 pl of extraction buffer (10
mM Tris-Hcl, pH 80, 1 mM EDTA) and the resultant’
crude sap was serially diluted up to 107-fold with the
same buffer. Approximately, 1 4 | of crude sap,
centrifuged and heated at 65T for 5 min, was used as
the template for one-step multiplex RT-PCR.

Lanes : M, 100-bp ladder marker ; 1-8, 102 to 10™®
—fold dilutions : 9, healthy chrysanthemum plant.

I EEEY ORI E R W/ 27 ¥ A5 v 7RT-PCR T
W4 OREY Y A VAPBEREIEE TR LHEL,
DHEHELT, HRICIBS V2B, SEELRED
PCR HEWH KRR, REXy FEROHENE
BETIZOWVERELHE L Twb, REEBTH, &%
H100f5LL L o> TE B TER Lo Mitw s v, 7
wRgopd o wT Ay ART-PCRZTI = &
T, ¥ OHEDEOEE ST, TSWV &
CSVd & BB RN 5 C LS RETH - 72,
TSWV I3F 7 EBATRET I EFREZ T
% (Allen et al, 1990; Van de Wetering et al, 1999:
Matsuura ef al, 2004) o HITHE % A\ 7R ETid, ER
BoOmIFry WE 26 TSWV 2 HRH T2 2 L 255
Tholzh, BREKRTOBETELZVWEHRALLALNT
(F—FEM). Lid>T, BrBETHESL,
BHELRMLBELTRET AL E, 74 VADRTE
HErHE LTI EPUBELEEZ OND, —F, CSVd
{3 RT-PCR T # 1 7] 58 7% /& I8 B & 3¢ & Nested RT-
PCR T2 ERIDTE 2 WERRERRENH 2 2 L H
MHENTHEY (WIS, 2003), %< 0 RFEIRIRERK
FLTWAMEELRBEENRT VS, REIZLY, EiH
BOBGEFX 7 LA A 8— - F—F 2 "6 CSVd ER
M2 ERTELN (F- VAR, KBERGE%,
LOBEIE T Tz, L L, KEERECHE,
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BT TREEHEZLES L0, BLEZHV5TY
TERIEZ BT WMERE LI AL TE, BiRERK
FOHEEMNCLTCHEBIIR N EZEZ LM, TOHERIL
RETHERELEZ 6L,

PlEo &9z, JHELEBEOBRLITHLT, BEED
Hatwz AWy Y27y 72 VvF 7Ly 7 ART-
PCRIZL o T¥ 7 ® TSWV & CSVd % [ IS IREMR
W s Z EHTHRETH Y, FEEW D REED L WILE
HHERAOF LT L 20 0%o L ) #iELZ
WrFEe LT, AN EERECEESHEFIIB W TH
HTEabhtELZLNA,

W AR, X & T3 Tospovirus J& @ Chrysanthemum
stem necrosis virus, CSNV (Duarte el al, 1995)
Pelamoviroid I& @ Chrysanthemum chlorotic mottle
viroid, CChMVd (Yamamoto et al, 2005) D ¥ E b
BE o Twvid, SRR CNGDRELRTZ b Foi-[Hk
AT 2 LT A LEFH S,

i &

K DERICH 0, MLRBERELY Yy -84
HHERLIDA N F AR OT 497 - ARy
b A VRS EERE, RREBEMIT Y v — ORE
HiEE LD TSWYV £/ 70—+ LHEZFELTVE
PPz, TIWRELTECHELTET S,

1 L3

TSWV @ S RNA @ N EEF46324bp ., CSVA D
243bp FIENET L 75 A= — % WE L. TSWV B L
FCSVd o 7 FERER L2 RNA 2HIH L,
SYEFLTIAT—2HVWTY AT v T INFT
Lw# A RT-PCR 217-7: & 5, RNA mEfh, RE
ELIITFHEN LG TROEIEDNA PO 6, EE
BALRALLN o, 7, BHRNAEOE
MEL > THMHRBEEORRESTRTHo 72, &5
12, INSV 5& % Nicotiana benthamiana 7% & ¥ 18 DNA
IR SN d o, TSWV & CSVAICEHEREEL
Fo0TEMHHEAHFERICTI VAT v 7 - VT Ty
# A RT-PCR %4707 2%, TSWV IX103HME T,
CSVA IZ10F R T TR T &7, bdn, EMERE
v ThY, BREEOHETREAVAET ATy
T FT w7 ART-PCRICE>T X2 D TSWV
& CSVAd* FBICEBERB T A 2 L2WEET, 411
TEEED A VCIZERESFTOF LE2 T 572008
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Simultaneous Detection of Tomato spotted wilt virus and Chrysanthemum
stunt viroid by Multiplex RT-PCR from Chrysanthemum

Shohei MATSUURA

Summary

A multiplex RT-PCR method was developed for detecting Tomato spotted wilt virus (TSWV) and
Chrysanthemum stunt viroid (CSVd) simultaneously from chrysanthemum. Two-step multiplex RT-PCR using
random hexamer primers and specific primer sets detected the RNAs of the virus and viroid separately and
simultaneously in extracts of TSWV and CSVd-infected chrysanthemum leaves. One-step multiplex RT-PCR, using
crude sap of chrysanthemum leaves co-infected with TSWV and CSVd, was also sufficiently sensitive to detect
TSWYV at dilutions of up to 10°-fold and CSVd up to 10°—fold. The results suggest this method to be able to detect
these pathogens in chrysanthemum stock plants; if adopted, it could markedly reduce the dispersal of these diseases

via cuttings.

Key words : chrysanthemum, Chrysanthemu stunt viroid, multiplex RT-PCR, simultaneous detection, Tomato spotted

wilt virus



