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I. #

HRE R E D % 7 (Dendranthema grandiflorum Kitam., syn. Chrysanthemum morifolium Ramat.)(Z,
FERBRICARIZEASHN, LFRRFHENGEDVELZRKE, ZOFHRETTCH LN
D BEREIBRAR T, ZERMTEN B S, FEEDIEN o 7o, BRGSO IE% 5% O A 1T,
ZOHMA LWz 5, RIS A T B, AR UIEAENBG S, EFETIE, A
FREOEALME-> T, ERPILR L, FEHRPEES—RIFSTFEN T, BN
DOFIFEHEAEL, 6000ha Z E[ESH, BARIZEBITHUHMEAETIX, A¥ ¥ — REOHEx 712N
[RH VK 0% % 5D, —F, PMELATL—F71F, 30%RETHD, FFlZ, AFH—
AT, ZEAFEDSERBICBIEICARA D S (Shibata, 1994).

XFIIWHETDLUVANZIT (HDHWNETVA 2 A NR) 1L, HFEDHE S TS (Table 1),
FDHL, ¥7 B UAINAR (Chrysanthemum virus B - CVB) 1%, %< OMFEIZELGET 503,
KEOWEITEFRE CTHD, b~ 8T AN =0 A VA (Tomato aspermy virus : TAV) &EF
REBREDFHEBEHT-H L, BETAELEL TWD ZENMBILTWDNR, ERITFHEFE
BHLTWaKII D2, 7V re~vAbruous v 7%y Ny AaA R (Chrysanthemum
chlorotic mottle viroid: CChMVd) 1%, ZFEIZIRGR EORERE BT D4 A 7 L ERD X A 70
HONTEY, EE, BROF 7 EMTHHEENTER L TV D FTREME S #iE S 4172 (Yamamoto
and Sano, 2006), ZIHDOIFFMAEIZHL LT, NARTANABOX A THETHDH b~ FEAL
2% A VA (Tomato spotted wilt virus: TSWV) IZ L D5F 7 2 ZREBLPIFAE Y A 21 FKE
DX 7 WMk A a4 K (Chrysanthemum stunt viroid :CSVd) (2 K5 %27 bUuMbFEIE, Wit
HIREBH LS BEND Z &% <, BERNR/EENRET - OUEAE RO TEETH
%o

AR T AIVAJE (genus Tospovirus) X, TEx DETANAELDETDHT YT A LA
Bt (Bunyaviridae) O—@&ToH YV, 7Y I U~ (RAE ; Thysanoptera) T L > THAT I
DHIRIR VA NVATHD, NARTANVADRERLOELITEL, 1915FICAH—A T U T
TTSWV A THE SNz, FARTA VA, SEEZE T 52 80~100nm DERIR

Table 1 Viruses and viroids in chrysanthemum

virus and viroid Genus transmission symptom

Virus

Chrysanthemum virus B Carlavirus aphids mottling, often symptomless
Cucumber mosaic virus Cucumovirus — aphids chlorotic spots, often symptomless
Tomato aspermy virus Cucumovirus  aphids mottling, dwarfing, often symptomless
Tomato spotted wilt virus Tospovirus thrips chlorotic and necrotic spots
Chrysanthemum stem necrosis virus Tospovirus thrips chlorotic and necrotic spots

Viroid

Chrysanthemum stunt viroid Pospiviroid sap stunting, often symptomless

Chrysanthemum chlorotic mottle viroid Pelamoviroid sap chlorotic mottling, often symptomless




ANWARIFT, UANVARFNIZIEX 7 LA DT R (N) o _ 7 EICRESIILTZRNA &
RNA {&7F RNA G BERNHFIET H, N AR T A NV ZADORIEIREIL, 40~46C, 10457,
RIEFIE, 2x107~107, RIFRFIL, 2~5HMERBRETHD, FART AL AX, 354
D~A T AED 1 AKERNAZHELTEY, H\ D05 S (2.9kbp), M (4.8kbp), L(8.9kbp)
RNA EMETIN TS, S RNAITIE, VALV AEEICIEEEZ LNV BETHDH NSs & 308
Z, UANVAEFEHEICIX I LA TR (N) FonIEBEFE2a2—RFL TS, N ¥
RUBIX, UANVAT )N RNA EX T LA D TY REERL, UAVAKFOBERICE#R
LTWAEEZHILTWS (Whitfield et al., 2005), NSs # > /37 &%, HEW~D 7 A )V ARK
ZUAZPES EED RNA YA Lo 7 OMIEREZH L T % (Takeda et al., 2002), M RNA
21X, A NVABHICIEEES XV ETHD NSm X NI B, U A L ABREEIC A R RE
T H GNBLUGC # 7B ORIEREZ 72— L TWh, NSm # N7 EI1E, UA
IV ADFEM I EBITICEE L CEBY (Kormelinketal., 1994), —J5, GN # > /87 &%, 7
PIUVTEHII LD VAN AEE L ENTERSBEDL->TEY, T I UV~vHFBEZEE~DOEE
DRIBEN TS (Sinetal, 2005), Fx#% D LRNA IZ1E, 7 A /L AFEHHESHIC RNA K 7F RNA
ARkEESE (RARp) N — RENTEY, UA/LARNA OERAZH STV,

F AR T A NVADBFEICBNTIE, NZ X7 EBDOT 2 ) BEESOFEREPED 90%RE TH
FUERHBE (strain), 90%LLFCThIUE, N THFI v~ EFRHHEELZEEL T, HfEL S
NHZENRZN, RARUANRABOHX A TFEIZTSWV THLHH, BIETIE, NX 37 H
DIMEFRHEE B LOBEBETOOHESND T 2/ BESIOMEFREN O DESND 14 FER
FLE STV D (Table 2), #RiZ, XA 7 THD TSWV OfF E&FHIIMO TILL, F7F7
RF AR & H0T 500 FELL EOREMIC YT 5,

FNARTANZE, TH I U~ L o THEIER O KRS TE TEI 4 (Ullman et al.,
1993, Whijkamp et al., 1993, Tsuda et al., 1996), FHIEFE TIZ, D7 L 11 EDOTHF I T~<n
NARTANABERNT D Z EDNMEN TS (Table2), 7HIU~idk, 1Eshan v A
VA H WG L, i@ DPMICE DK 10 B ORI 2 R 721212, BLHRIZR - Thad Tt
NRENZRFET D, Thbb, FHENOEVIAENTZ Y A VAR, HEDRBAREZ
e L, AHRRN AR LS DRI ABIET D, T OHEERBRA~D U A )L ZADOBITH, R
WX DU A WA DRSS 2P E LTV % (Ullman et al., 1997, Whitfield et al., 2005), 7 % 3
UL ED NARTANVAOEA L, BENTHY, VA NVAFEZL> TN TZT7HFIY
~FIIER D, £, THIUVYEBTUANADENENELRY, RUTHIv~ED
BT, BB, RELHEIC K o THENZERNEZR D Z LA 5TV S (Sakurai et al., 2002) .
HARTIE, 1970 BRI b~ hE E—~2 T TSWV OHENTERL, TOH M HIZEL LT
HARXGAA T Y I~ (Thrips setosus) CTohoT-, ZDk, BEIEWREE OE R E
DILRIZHES T, BEE TIZ, AL BWIRAGBKEK T A VA (Watermelon silver mottle virus -
WSMoV) (Hanada et al., 1993), *wv #E{Lx % 7 A /WA (Melon yellow spot virus : MYSV)
(Kato et al., 2000), A > /NF = A FBEHY A /v A (Impatience necrotic spot virus : INSV)



(B4 6, 2001), 7A U REgELT A VA (Iris yellow spot virus 1YSV) (LFH 5, 2003), k
7 H T ARk T A VA (Capsicum chlorosis virus - CaCV) (BLH G, 2005) L TxX7 X 2%
7 A VA (Chrysanthemum stem necrosis virus : CSNV) O 7TFED N AR T A )VARFEAL, %
< DREEDIHELZRIFL TN D,

X2 D TSWV HE O IE, 1936 FI12# 5 (Ainsworth, 1936), F£7-, B F ¥ T
13X, 1940 £ 5 F 712 TSWV SFERR STz, BATIE, 1993 SEIZFRM R OFHE F 7 TH)
DT, RUANVAZE DX 7 2 TRNPFEAE L Ongk - 76M, 2000), D%, TSWV &5

Table 2 Recognized Tospovirus species and their vectors

Tospovirus species Thrips vectors

TSWYV serogroup

Groundnut ringspot virus GRSV Frankliniella occidentalis
F. schultzei

Tomato spotted wilt virus TSWV F. occidentalis
F. intonsa

F. schultzei

F. bispinosa

F. fusca

Thrips tabaci

T. setosus
Tomato chlorotic spot virus TCSV F. intonsa

F. occidentalis

F. schultzei

WSMoV serogroup
Groundnut bud necrosis virus GBNV F. schultzei
T. palmi
Scirtothrips dorsalis
Watermelon silver mottle virus WSMoV T. palmi
Watermelon bud necrosis virus WBNV T. palmi
Capsicum chlorosis virus CaCV ?
Serologically unrelated
Impatience necrotic spot virus INSV F. occidentalis
Peanut yellow spot virus PYSV S. dorsalis
Zucchini lethal chlorotic virus ZL.CV F. zucchini
Chrysanthemum stem necrosis virus CSNV F. occidentalis
F. schultzei
Peanut chlorotic fanspot virus PCFSV S. dorsalis
Iris yellow spot virus IYSV T. tabaci
Melon yellow spot virus MYSV T. palmi

Viruses and vectors which occurred in Japan are shaded.



RICENTHI DA a T YV U~ (Frankliniella occidentalis) DFEETLR E EDEE &N
ME->T, ZED X 7 FEH T TSWV OEENFEET D L 51278 > 7z, JRER TIE 1997 i,
BRHOILHETOX 7 EHTHIO THRAEL, Dk, RILEOLBEOEM THHEEN A
bILD X0 Te, TSWVIZK DX 7 2 LROWEIL, miEIC LV RR 505, —REIIE
BEDIRFKBE, BFRERAL, T, X LA, A7, 2D XL KB & T (Matteoni et al., 1989),
TREORBEERTICLD2EF LWRENKEL 7267, £72, TSWVICKT 2 ¥ 7 Sl o
PUEICITBRT N D 2 E MBI TS (Allen etal., 1990),

N AR T ANV ZDBLRIEICIE, %< OEW T A VA LFRER, BT RO RIEIC L5 (LFERI
b, WERROBSRR, BHEMIBGBRE L CRBEFIC L 2EMOBBRNZET 6D, RAKRTA LA
TiE, 7HFIUVYD 1N THRP VAN AZERL, ANENT 50T, WK EREZ
PUESERWDE WD ZENFROE L LS, LFEMREERICLDHRTIE, TSWV OEH
AR THLID A RTINS IX I Y Rloxrt=aF /4 NRZEBH
RLEME L AR A R EDOLZL QBRI A B T 5729 (Brodsgaard, 1994), [R5
B EROEENEANRAIR TH D, £FE, RERICHTIHIEDEEDO—DOTH
DAY Yy FOWGUEEEEE VB THRE S v7e (Bielza et al., 2007), #EEAIBSERIE L L
T, ENARBNERTHD 720, BAEVDOD/NSWEFR X v KRB OELR S FEM 27
HELTWBEMEL X OMICRET AL T, ERORANHLIEEHILTE S, £,
ORI N7 4NV A ERFICHKETHZ ETHLT I UYEHORABESRERH S, Lo
L, BEWO/NZWBGRER y MX, MEFERMNEEN LR T2 &0 BERH D, BHERIERE
DEEERE LT, BESREONANET NS, L, EaBYVIEOEEER
DHHHT, HORERSELRELFIEEILZ2EGRNEVIBRREH L, EWHIPHFRIET
X, EFEEANT ALY, VI RVADT XS BIIAT AT ) F =7 EOHEMERE
DIFREHHVITERLINTEY, ZOLIBREMEZRWTZEN R OBARRICL D N ART A
JL AR EOBIFIEMN b 8 S TW5 (Bennison et al., 2002a), LacL, FORRELY & - T
HTHERLR DTN, TNOOREWNEZTET 52 &2 GEMITHAG O THERT
LN, RARTANVADBHRIZE > TEEEWVWZ D,

TE, [LFAEREEROBEOHERAN GO LA OE~DRKEND, BENFRERE
HHOLWIIREMNEEEMERLRINDS VDWW D IPM (Integrated pest management) D&
DHEME X, STV 5, Smith and Reinolds (1966) (2 KiLiE, IPM ORAM S TH D
WEBBRENE, THLWAHEU)LEFEMEZMEEICTFELRWETHERAL, REMEELZELCS L
L (RIFEHIRRETFAKYE  EIL) ITICEEEMERBELZ B S, HhoZOEWnL~UL
ICHERF T A0 OFEEMBERBEEHE I AT L) LEESIN TS, LT, IPM 1%
DFEEHE, MEHOZENITHHICLTH, HRERBEDIREL LT LWV RFHEEMEL X
OBRE~OARRJ A B S 5HE & L TR@EREshcws, 2o 20X, EREDO
K7 BT, EEEEICH RO, REICEE LCEXEELRIET 56 E MPS (Milieu
Programma Sierteelt) 23 /GEAZ FLICFETEHRAINSOH 5,



X1, KEREFECHEET HZ 0L, NARUANVADRBENR—ER IS L, El
MOSERIZTUAINVADIBEREZEHERTHZ L1, RBELSOLIH 2/, £, NAFRTA
WARABBENTHT I UYHE, FICI D2/ a7 I <, BEEENPFEZL VD
TR, THFED L WITAZENTICG A TEET DO RIEDR DT L, D TRk
DELWVERTH D,

AWML, 1) ¥7OEBERETHD NARTANVZADOREGEEZ LR EY, #EU72xR
DI T LT DEFERDZWEIR ORI, 2) BELZGZOEL ORFELEGHIHAT
EHEICT DD, FKEEHEAZN LI RE LIRS KON TV I U~ I X DK BRIED
BRI E WO U A NV ADFEAZEROHEH, £L T, 3) BEOARIKEFLRWEREAR DD
ROBABRENRE LT, Ny 7Y E RWERERETD N AR Y AV AR OB 3E %
RATZHLDTH D,



I. ¥7ZAEROBEHRTOESRE

1. ILFTLY Y ART-PREEICKDFINOD FT FERZZVAILR (TSW) &X0D
LME 404 K (CSVd) D RIEFHRH

1) &

k< FEL 2 ZF T A VA (Tomato spotted wilt virus, TSWV) 1%, kD B0, 7= A
WARL R ARTANVABD S A THET, 2 OEFR, EEHIEEFLRIZTTEEYVALAT
bo, RUANAE, D &b 11BOT I U~EHTHEN S (Whitfield etal,, 2005),
RINThH, IHFA 0TI TOENERNFHEV (Wijkamp et al., 1995), ¥ 7 T,
EOXKICx 2, B2 EOMEREZZ L (Matteoni and Allen, 1989), ELWHREKTZH725
T, 1997 FLURE, REROX 7 EHTIE, IBEETEEAIZ, LFEH TBRIEMICHEN A
LTW5b,

X7 buMb A v A K (Chrysanthemum stunt viroid, CSVd)i%, RAE 7 A a4 KERAE Y
A uA RBD 356 X7 LAF Rinbed, @mEELH T 58K 1448 RNA T, fiE, O
TEAEZEIC PRV, AWERT 5, 7 T, 12 BEODWME, TEO/NEAL, BiER &N
Z» L (Flores etal., 2005), JABRTIL, WWEEOF 7 EHTHENREAEL TVDLH, T HD
UANA, gL A R ,Wﬁh%%&@ﬁgﬁif%@ KEETEAN L CHENOIEL
FEANLBRT D, - T, HELZREET S0, ERZEICESW T EBESHKORE,
BHBARFARTH S,

ZIVET, TSWV OZHri2iE, Enzyme-Linked Immuno Sorbent Assay (ELISA){EX RT-PCR

EN, —J5, CSVd OZWNIiE, R T 27 IV NANT I RYIVERKE), M7V A EB— 3
U1EZF LT RT-PCR ER EDTHNTWAR, T 5 ONFEMRZ R 9 2 B ims
ShTwien, w/LF 7L w27 ZART-PCR I, —OD PCR KIS TEBD T T4 ~—%{FHH

2 ML EOERBET %[RRI @m#&&mf I, BESFIZBWTHAAIN
DTN D (Uga and Tsuda, 2005, TJt * 779, 2006),

AT, BRIV EREZHBETLIEDOEE N OEBELR VA NVA, vAfaAf K&
%&ﬁ%%%?é_&%ﬁ%;,VW?7Vy7XRH@R&_i5#7#%@TMWI&
CSVd O [FIFRERE B i 2 1 &t L 72,

2) MR XOFHE

(1) R A 1%

R, EBERNOX 7 BFES T TSWV ((THE™) & CSvd (EFEH) B
HTFTENENEMERL, B2 ZBLI0bWEOR#EE E L% 7 B 5 L O
ZAE A Uiz, 3R O TSWV LT, N # VX7 B0 /) 7 v —F Lk (Tsudaetal., 1994)



IZ X % DAS-ELISA {£C, CSVd EHE, 5 (1993) 35 LU Hooftman et al. (1996) DF%E
L7277 A ~—% 7= RT-PCR ¥ ChERR L 7=,

(2) BENTF7A ~—DFE

TSWV OREI)T T 4 ~—1%, Fv b ETRARESNTWE T T A4 ~—iF Y 7 b Primer 3
(http://frodo.wi.mitedu/) % FI\» T, S RNA & N # > X7 E & x + O 15 & & %

(DDBJ/EMBL/GenBank 7 7 & v ¥ = >33 D13926) (ZF-SUNT, 324bp @ DNA W % 18
g9 2L 9ICRE L, —F, CSVdDTIFA4~—1%, B (727t v a &5 V01107)
DYFEFRFNC SN T, RIGREEBR A &Tr 243bp O DNA KA 245 Lk 9 1C3RkEF L7

(Table 3), Wi d, BEROMDO T A LR, WA 0 A REEOEIELES| L BAE L, 37 Ko
WCERZEFRWVWIOIT LT,

(3) V=25 v/« </LFFL v s ZRT-PCR i

A-FI5R % 30mg /> 5 SV Total RNA Isolation System (Promega f1)% FIVZC, 7'v h 2—/L{Z
> TERNA ZfiH L7-, Bl X ONES (1:1) @ RNA # 5ul ##5% & L C, Superscript
First-Strand Synthesis System for RT-PCR (Invitrogen )3 X OV 7 & LA~ ¥~ — (Sug/ml) %
HAWT, v ha—/LZfE-> T cDNA Z& A L7z, cDNA KD 2ul Z#% & L, Takara Ex Taq
(Takara #)iZ & W PCR #1T7 -7z, PCR Jinl%, &8 % 50ul TITV, 774 ~—DRKIEE
1%, 02uM & L, 94°C, 3 D&M, 94°C, 30 7, 54°C, 308, 72°C, 1 /5% 30 %1 7 /b,

%I 72°CT 10 RS EH7z, PCREWIX, 7Hr—A7 NV CERKEL, =Fv
AT~ A RQE LT,

TSWV B LU CSVA IZZENEA MG L, 3R Lo 7 miE LB 26, AR HE
T4 RNA ZHiH L, B2 LM L2 RNA T 10 FEEARL -, £FREZES L
7~ RNABAEHERIZL, FIEOHFETY —AT v 7« v VF 7L v 7 ART-PCR EZITH T2,

Table 3 Primers used in multiplex RT-PCR for detecting TSWV and CSVd in chrysanthemums
Length 7'm Expected size

Primer * Sequence (mer) (°C) Nucleotide position (Base pairs)
TSWV324F  5°-GCTTCCTTGGTGTCATACTT-3> 20 54 2247 to 2266 (v) > 324
TSWV324R  5°-AACTTCAGACAGGATTGGAG-3> 20 54 2551 to 2570 (vc)

CSVd243F  5-GTTAGCCCTTGGAACCTTAG-3> 20 56 326to 345 (v) 243
CSVd243R  5’-CCAGGAGAGGAAGGAAACTA-3* 20 56 193 to0 212 (vc)

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

v indicates virus (or viroid) sense. vc indicates virus (or viroid) complementary sense.



(4) Vo AT w7« <wVF 7L v ART-PCR %

TSWV & CSVd EEEYX 7 b0 Gt vV o A7 v 7 « /L F 7L w7 A2 RT-PCR
BIZEDmM ANV, UL RORFRHEEZRAT, 77206, CSVAIZEGE L7zF 7 HT
DI, TSWV 20 —RT U F A XD HHRERE L7, TSWVIZ XD F 27 2 TR OmEE
2 L7 BT O3 IR EE 25mg % 2500ul (100 f5&) @ TE #&& % (10mM Tris-HC1 pH 8.0, ImM
EDTA) TH43IZBEREL, 5000rpm, 5430 L7, & O L& %R CREENR C 10 (FEMEA
R U T2 S A RIRIL, 65°C, 5 wEVLEL L, ZD 95 6 1ul % VT, One-Step RNA PCR Kit (AMV)
(Takara tb) (kv 7 v ha—iliE-T, Vo AT v 7 « <w/LF 7L v 7 ART-PCR EH1T
ST, TTA~—IF, BKBE 04uM TEMA L, PCR OGSMIXRIR & FREE Lz,

3) R

TSWV B LN CSVA (CENEHEMEY L= 7 2> b i L7 RNA OBM, BEK% 8
BL LY —AT v 7+~ FF v ART-PCRIETIE, &bICTFRENDHFED DNA
Wr A D B, BEX 7 0LIERO Loz (Fig 1), CSVd BEEIEN G, THEX
% DNA W/ LAZMZ, 600bp fTITIZBARE 72 DNA W 7238 S 7228, BHEJO DNA Wi &
DTENPRKREL BRL70, HEOEEIZIIR LR o7z, HEIE DNA Wi a2 7 n 5810
H L, #E#47%, BigDye Terminator v3.1 Cycle Sequencing Kit (& & 0 ¥ EEEY| 2 E LTz & 2 5,
324bp HEIEWT FriE, TSWV O N & 37 EiE{n1 & 98.5%, 243bp HEIEWT X, CSVd & 97.0%
DEWAHREDNRD b, BROBRFHAEEBEINE I EPER SN, 774 ~—%F
TSWV324F/TSWV324R % FV 7= RT-PCR {£ T, A& BN OMOHIE THRE L =% 7 2 2R
IR 7 REELOR, KER, BoMBIO ez )5 b HOMEIE DNA BT 035 b,
TSWV 2D INSV ¢in9902 # (B4 &, 2001) (Z/EY: U 7= Nicotiana benthamiana 7> %
%, HEIEE IS R ol (F— 2B, £70, 77 A ~—%t CSVd243F/CSVd243R %
FAU 7z RT-PCR {E T, KRB RANOMOMIER TERE L% 7 DUVMBHERFE X 7 fitm 026 b
HEODOHEE DNA NG bz (F—2AMK), 20 XH, AFT7A4~—1%, ThENOFR
BICEWEREEZB L TEBY, 2o, BARHHIBITHEIRL 72X 7 O TSWV & CSVd B4 & H
TXHbDEHMEINT,

B2 HEE TIRA LM RNA 2RI LY — AT v 7« v /L F 7L v 7 2 RT-PCR
BT, CSVA X 1P #RE T, TSWV IR 100 FIRCThHT& 7 (Fig2), 20X H1g, #
B RNA BOLEREEZCYH, Y—AT v 7+ </VFF L v ART-PCR JEIZ L > T TSWV
L CSVd DRI MNFRE Th o7, T X bh~nFHh~v—2H NV —2F v 7« w)LFS
L'w 7 A RT-PCRIETIE, &AL cDNA A AWT, MORFEES B TE 5 aetEr o
D, SHROBFEET D,

TSWV & CSVd OEERGEF 7 O DT RERAWIC Y AT v 7 « vV F T Ly 7
RT-PCR ¥ Tl, TSWV (X 10°#FH R £ T, CSVd 1 10°FR* Tt c& 7= (Figl), %7,
—35C T 1 AR LZBR> LA L CHLRIUERNME LN (F— 2 4A18), B



324bp—
243bp—

Fig. 1. 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.

M1 2 3 4 5 6 7

324bp —
243bp —

Fig. 2. Two-step multiplex RT-PCR amplification products using a mixture of two
species of total RNAs extracted from chrysanthemum leaves infected with TSWV and
CSVd. Total RNAs were separately diluted with RNAs from healthy leaves and mixed
to create 10™ to 10~ dilutions of TSWV and CSVd. RT was performed using random
hexamer primers.

Lanes: M, 100-bp ladder marker; 1-3, 10~ to 10”-fold dilutions of CSVd with 10°-fold
dilution of TSWV, 4, 10°-fold dilution of TSWV and CSVd; 5-7, 10" to 107-fold
dilutions of TSWV with 10°-fold dilution of CSVd.
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M1 2 3 4 5 6 7 8 9

324bp —
243bp —

Fig. 3. Detection sensitivity by one-step multiplex RT-PCR using crude sap from
TSWYV and CSVd co-infected chrysanthemum leaves. A leaf sample (25 mg) was
ground with 2500 pl of extraction buffer (10 mM Tris-HCI, pH 8.0, 1 mM EDTA)
and the resultant crude sap was serially diluted up to 10”-fold with the same buffer.
Approximately, 11 of crude sap, centrifuged and heated at 65°C for 5 min, was
used as the template for one-step multiplex RT-PCR.

Lanes: M, 100-bp ladder marker; 1-8, 107 to 10”-fold dilutions; 9, healthy

chrysanthemum plant.

/) 51, 450bp & 900bp 1 ¥T 12 HEHE DNA W 4 23 H S 72728, BRIO S F B E B 570,
HEDOEEICIT R DR o T, REICL D TSWV OBHEE L, AUV 7z fni=t )/
7 1 —F VHURIZ & D DAS-ELISA EORRHIR R 10° TH - 7= Di2xt LT, #1000 {50+
NRES R L (T— XA,
4) BE

Uga (2005) 1%, &MY OMITIEE AW T 25 v 7 RI-PCR £ T, fEx O A
WANEREICBRHTEIZEHEL, TOEABALELT, FRICLD X \VE, SERY
@ PCR PLEWE OIKEE(, BEF v FEEOEEME DEELZ TIC WS 2R L
TW5, KEBRTYH, A 100 L L0 TE BER CEBR L -HitTEE Ay, VAT y
7w NVF Ty A RT-PCR EEITH 2 T, ¥V OMEWEOFELZTTIC, TSWV
& CSVd # B EICFRFRE T2 Z L NFAEETh o 7o, BICFHELIBHH, TSWV I, *
JHBNTRET L Z BN TS (Allenetal., 1990, Van de Wetering et al., 1999), #H
HiRAE AWTEARE T, EBREOREX 7 ME MO TSWV 2T 5 2 LR Th o7
N, ZOMWMRHEEIZ L0006, BEE TCORHTERWMENA N (F—44
B8), L7ehio T, BIRZET 2581, ERELHERL, BEL HMETLIRE, AL
ZADRIEMEHENT D ENRELEEX HILDH, —7F, CSVA X, RT-PCR & TR ATEE R
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iR L & Nested RT-PCR E TR N ERRHN TERUVMRIRERIENH D Z LN TEH
0 GRS, 2003), %< OMFEDNMEBERYE L TWD AREE LRI TV D, RIEICL D,
HRE OGS 7 LA N— « F—F 75 CSVd 2T 25 2 ENTERN (F—44
), (RIBEERR D & OB HIZ T T ey, L L, KBEREOEES, ¥FE CTICEH
MELELT L0, HULEZRAVD O EREE BT 29 EREE L WO EAICLTE, &
BEREOZAZEIC L TRBEITRWEB XD, TORNL, RETREELEZE LN,
UEDXHIZ, BHEREBORBREZITOT, BEREOHHRERAWZY VAT v 7 - < b
F7F L w7 ART-PCRIEIZE ST, 27O TSWV & CSVd #FRICEBRERE T 2 L3
BBTHY, KEIL, UIVTEAED D WITBREERAOF LEZEET 27200 (Bik)
DXV EERZEFEE LT, ANRBEERBECEESHZICBWTRIATEZ D EER
SY QS

2. RT-LAWP LIk 2%V ZELHEEYH oD TSW DR FEEH

1) &

JREBRTIE, TSWV IR 27D, Fv b, BE—< U R EORFEETORENBFERRLS
NTHY, —HTIIRELBREFOWEZ L L LTWS, BIRO LBY, X7 TIEHKEIS
DO LFEORME &\ ) KBERBEIELIT O 120, VA NVAFER Z 2 S WIBTERE L 72 B,
PRERRA OO U AV AR, BELEREZHS ETEETHDL, £, 270454
REFIZBWTE, ZORED SNNEFETANABRLT 2T VEYF A 7 A0 A (Cucumber
mosaic virus : CMV) DX D72 2L H2EIMD T A NV AJF{ LTV H 728, Bl TR
®KEHFHEL D LT, BEPORERBEIEDLETH D,

TSWV OZWHZ I, 7 A /v AHiE & A 7= ELISA #<° Dot immunobinding assay (DIBA) %,
U ANV AR Z AV . RT-PCR IEZEMTONTE Y, ZHHOFEE, W s mu b K
EExAL, WBOKEEOVANAZBHT LI ENFETHL, LrL, WTILb R
Bt & EBRIEBE NS VE TH L7720, REBEFFEEEI LIS O5ET T1T 2 IZ13Z < DFHIKR & 5,
—7J7, Tsudaetal. (1992) |ZJ - THI3E 417z Rapid Immunofilter Paper Assay (RIPA) 7513,
TRz E SHTABREHANT, U M~ ARBEICUA VA 22T 25T, £0%,
WRAMZ B, BETIIAL AN v IR EDERE L TUANVABKY — L L LT
FERIEINTWD, RiElE, O THEER R, MEERE L EBRELS, BETEHHIET
DN, FIBRICBITDEBERBED L O RMRBE VANV A E BT 5 Z I3 LW,

Loop-mediated isothermal amplification (LAMP) £i%, 6 f&pT O EES #5837 5 4 D
TIA =% AW, BARTHREISNIZEEFHEERINTTdH 5 (Notomi et al., 2000) , KiE(T,
ROt RER O TaE <, 3 CREDO—EIRE COXRIST, BIETHEBIEDOKILEIEYN THD
vrl VB IR LDOER  IBICE2BEIC LY, EXUKEIT S Z LR BB TFEER
DEEAZHETES (Morietal,2001), LAMP i, EWVEEM L @5 S, B s, &
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BN AP OICEAREEORBICHIA S TWA, 72, —EOEY ™Y A LA DREKIZE
WTHEREMAR SN TWS (Fukutaetal., 2003),
% 2T, LAMPYRIZ £ % TSWV OBWHEHT 2L 5 72012, F7 & & TR BEY )
50O, KEIZLD TSWV OBHICOWTHREL 72,

2) #MEks X0 HE

(1) LAMP 7’7 A4 ~— D3

LAMP 77 A ~—{%, Kormerink etal. (1992) 2345 L7 TSWV M Bz DR (7
7y vaFEE S48091) b, Xy h ETRABREINTWA T T4 ~—5%EF Y 7 + Primer
Explorer ZF|H L T6 v hZ&g&kit L7z, TOREE, NSmBRLRFEENORIINLCTTA~
—MRIEFRRIEH 2L, BE LICRERRENE O (F—2E1), F2 OFMiN 5 B2 D4t
Bl £ COHEIEMERIT 152bp & L, F3,F2,B2,B3 @ 3| 6 ¥5H: & Flc, Blc @ 5l 6 HEHI2I1%
Kellmann et al. (1996) DO#E L7-HEERS] (7 7ty a U FF X93603) LHEL, £R
MEENRNEDICEREI LTz (Fig 4), 723, HEIBEBKNICHIREERE YA & Hinf 1B IO
Bsml #&te ol LT,

(2) RT-LAMP {EIZ K2 B FEEY V> 7B D TSWV DOk

TA VAL, B X —RFO TSWV R B RILH T % 7 5BErk, FEET b~ N 2BERE,
HIRBHE—~ U452 N -, £7-, TSWV IO INSV ANIERRAZR G E L TH
HENRNZ L AFEFRT 572, INSV  Cin9902 # ([ 1L ER ) H4538) 2 iz,

661 gatgaacaac aclccagaaa actgttgtca gctgcatttg atgtgjagcc aagaatacaa
F3
721 gaaaggggtt tcttttggta gtgtcatgta ttcttggaca aaagagtttl gt{gattclacc
F2 Loop Fc¢ F1 Hinf 1

781 cagagctgat aaagacaaaa gttgtatggt tatacctcta aacagggcila ttagagetag

Blc Loop B
841 Itctca.gca ttclattgaag cctgcaagct gataattcct aaaggaaaca gtgagaagca

Bsm 1 B2c¢ B3c

901 ﬂtlaaaaaa cagcttaaag aaltgagctc aaatcttgag agatcagltg aagalgaaga

Fig. 4. Nucleotide sequence of TSWV NSm protein gene for designing the inner and
outer primers. RNA sequences used for primer design are shown by bold lines. Loop
primers are shown by thin lines. The restriction sites for Hinf I and Bsm I are
indicated by boxes. Mutation parts in which the different part between previous studies

(Kormelink et al. 1992; Kellmann et al. 1996) are indicated by shaded boxes.
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A 7L, BOBERR DBES NICEMICHIRERE L, FBEELTZbOE AN,
T7205H, TSWV X7 SBEROFR X 7 45", TSWV B —~ U BBk O R E—~ 6 <
S, TSWV h~ MoBERR D3R b~ FD ZHRER, INSV IR A »/XF = A A 2Ny
MBI OBEDOREIEL RV, & 7L, KIET, S80KE2Mx TERL, #EY
#HfE 15mg fH24 43 % SV RNA Isolation System (Promega #f) % FWT4L RNA ZHH L, K&
B 100pl DK T L=, fiH RNA 1%, 70°C, 5 5RELEE L 721%, RT-LAMP {EO#ER &
L7z, RT-LAMP K%, LAMP method DNA Amplification kit (Eiken #1:) % W\ TITV, 7
TA~—EEX, F3 & B3 % 02uM, FIP & BIP /% 1.6uM & L, 7.5U ® AMV reverse
transcriptase(Invitrogen #)% Il 2 72, il RNA & @ 2ul Z##82 250 ORJSIRT 63°C, 1
RFREIRIS X H 7,

(3) RT-LAMP g EEY) OFI[REZSEIZ K 5 TH b

TSWV ¥ 7 B L~ M ORI O G E B L, RT-LAMP {EIZ XV HBIEL /-
LAMP EE#N BRIDOBIR T ThDH I L 2B L=, T7bbh, HIREESE Bsm 1 & Hinf 112X
D, ¥EIE DNA %> hO7'm ha—/IiE-> THEkL7Z, Bsm 1 TlE, Eimlk, 228, 219,
210bp D7 T 7 A v " EE, 192, 51bp DT T 7 A2 "D, —75 Hinf 1 TiE, 159bp O
TITT A NINEEL, 126, 4Tbp DT T 7 AL SO EIEN D, HIREEEE(LEDIL, T
H— 2 7VERKENC K BE LT,

(4) RT-LAMP &2 X% %27 @O TSWV OFs HEE

LAMP JEIZ L5 TSWV OHERE %, £/ 7 a—F /L Hiik% H\ 7z DAS-ELISA ¥4 & Hig
L7z, TSWV 7 Z3BERRIC R, FIR L7577 B ORIFE 0.5g 2R T, EE20D/KTE
L, REEDOERIR ARV TEEARL 7o, SEBRY 70 (FEWHER 15Smg HHY) 22D,
SV RNA Isolation System % AV T, 4 RNA ZfiH L, 100ul O/KTEH L7z, #H RNA %
70°C, 5 RALE L=, 2ul 2 #8Z RT-LAMP %417 - 72, DNA g O F#E X, EHEE
#F LA-200 (Teramecs )T & - TEHAIL 7z, RIRFIC, ROV 7% 10 fFED PBST,
0.2%BSA, 2%PVP (Z8E L, TSWV &/ 7 72 —F/LHURIZ L D DAS-ELISA IEICHEER L 72,
ELISA 7 L — hiZi%, MaxisorpU A/ 7L — b (Nunc #t) Z2fFHL7=, TSWV O N %
NN HE 7 v —F VR (Anti-TSWV-0 IgG Hyb-277A; Tsuda et al., 1994) % 0.05M
FRIEFEER(pH 9.6)T 2pg/ml (2725 K O IZFHEE L, 1500 247 =/WZ4iEL T, 37CT 3
BRERRFE L7, 7 L — b % PBST C¥ei® L7z, 150ul OY > 7tz 7E L, 4CT—
BefRFF L 7o, BEXTRE LT, BERX 7 ME OELFERA L, TAVH IV T4 AT 74—
BPHEFL L 7= TSWV £ / 7 v —F ViK%, PBST, 2% PVP, 0.2%BSA (2 1000 {4 L7z = >
Va— MRE 7ER, 37°C T3 KEREF L7z, BERE, BEEE (NPP) % lmg/ml (27
H5E0210% Y ) =T 2RISR L, 2 BEMRIGS T, R 415nm (2B 5 00¢
ErA—r 7L —h )= —%HWTHE L,

(5) W—TF T T4 ~—IZ LD RT-LAMP i D & L

LAMP GO EBHELE XD BT, V—7 7 T4 ~—%i&i L1, bbb, LICEEEL
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727 T A~ —DOEEERNIC, V—77 T A ~—LFc: 5-TGTCCAAGAATACAT-3" 1 X ' BF:
5-TTAGAGCTAGATCTCA-3 %% 5t L 7= (Fig. 4), TSWV ZJFx 7 ‘ME O 10mg 5,
AquaPure RNA Isolation Kit (Bio Rad #1) % i T4 RNA Z#iH L, H&&KAIC 50ul DK TEHEH
L7c, 20956 2ul #8802, V—7 774 ~—%x 7= RI-LAMP {£E51T>7=, V—"T77
TA 7 —DRAKEBEIL, 0.8uM & L, SUSITEERIER LA-200 TEHEIL 7=, 723, Lv—7
TIA—F M2V HEDERRE LT,
(6) RI-LAMPIEIC XD T7H I v~ b0 TSWV O H

IWrFAuTYI v (HESTHEER 2V 7~ A TRNAEHT (25°C, 16h L, 8h D)
L7c, YNRNXDOEHEEEL LT, FHFDOHE (1997) TIEZEREL -, RELLIER LS
H, TSWV TR L, R L7eX 7 DETHE Lz, 2 R EELZ AW TR A2 HE
L, B I AZHWCHEL, b, PHeRZREL, 35CTHRELL, &
pH % 1 BET D, 20ul @ TE FEER T+ 2B L, 5000rpm T 5 pRjEOHBEL 72, €D
B3 2ul & #ERNC, BIR O S5 T REELAMP 3EIC#3 L 7=, — 77, 781 18ul |2 132ul @ PBST,
0.2%BSA, 2%PVP %1%, TSWV OE / 7 u—F k% H L7- DAS-ELISA EIC 3 L
oo BEMRELE LT, YIVATHRABTLIEBEI I VAT I UvvkBEZHY, £0 3
U LEOWKEE R LI T EBEE LT,

3) MR

TSWV OSBRI L, BFRLZX7, b~ bBLOE—~2 05, RT-LAMP EICE
WT T X —IRDONN RO O bz, —FH, WITILOEYOREIEN G b3 NIETHR
ool IHIT, INSVIZEFLIEA VAT = AN A RIS
7= (Fig. 5). RT-LAMP #4ii§ DNA Wi 5 % Bsm I CH{L L7-4558E, ¥, b~ FEEZ TSWV 4y
BERE & BIT, 9210 38 LU 220bp (T ICEARR N RDZBINTZ, F£72, Hinf 1 TIEH{L L7o#E
F, 9 160bp HUTIZBARRZ2 /N R3EIL, 130bp ARV KB N72 (Fig 6), 2
Sixnwdhnt, HisEE —K L7, k2D, LAMP #iE DNA E#iX, TSWVMRNA &7
A2 kD NSm BI&F D BBYOFEB S EE S 72 b D &l Sz,

RT-LAMP RIEMOREZFA LIcmHHiE L, TSWV £ 7 e —F iz A
DAS-ELISA {E DR MR %, & 7 XYL ZERh HR % 38 (R CBERE AR L CHemaat L7z
fEER, /7 u—FHK A A2 DAS-ELISA 15 TlE, = 7 RYEWHERE D 0.75mg H824 £
THHETE7=01cx L, RT-LAMP # TiZ 0.03mg #824 £ THH TX, RT-LAMP ¥ O Hgk g
I%, DAS-ELISAEDZN LV b9 25 Fmh -7z (Fig. 7, 8),

FISRIZN—T T F A4 ~—% M2 IR, B0 16D 2 RN NG, 39 v L7, L—
T T IAT—EMAIRWGE LB LT, 9 14 S5 M5 S L7z(Fig. 9).

IH XA T HFI TSI TSWV EEELAR TS E T LR %, 1 BEET-
RT-LAMP %3 J O DAS-ELISA &3 U725 &, MERE & & 12 RT-LAMP #7% DAS-ELISA
EL LB EEED 3 EEL>7-, £7-, DAS-ELISA IEBMEAIL, 9T RT-LAMP



M12 34 56 738

Fig. 5. LAMP assay for TSWV in various crops. M, 100bp ladder marker; 1, TSWV
diseased chrysanthemum (cv. Jimba); 2, Healthy chrysanthemum (cv. Jimba); 3, TSWV
diseased tomato (cv. House-momotaro) ; 4, Healthy tomato (cv. House-momotaro); 5,
TSWYV diseased pepper (cv. chigusa) ; 6, Healthy pepper (cv. chigusa) ; 7, INSV isolate
Cin9902 diseased impatience (cv. Impact); 8, Healthy impatience (cv. Impact) .

M 1 2 3 MM 4 5 6

SRR

Fig. 6. Restriction analysis of TSWV NSm DNA amplified by RT-LAMP. M, 100bp
ladder make; 1, RT-LAMP product derived from TSWV  diseased tomato (cv.
House-momotaro); 2, LAMP product from infected tomato after digestion with Bsm I; 3,
LAMP product from infected tomato after digestion with Hinf I ; 4, RT-LAMP product
derived from TSWV diseased chrysanthemum (cv. Jimba); 5, LAMP product from
infected chrysanthemum after digestion with Bsm I; 6, LAMP product from infected

tomato after digestion with Hinf I .

15
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03

A 15

0.1 r

7.5mg
0.75mg
0.075mg
0.0075mg
0.00075mg
NC

Fig. 7. Sensitivity of DAS-ELISA using monoclonal antibody to detect TSWV from

serial diluted extracts from infected chrysanthemum. Numbers indicate weights of

infected plant tissue.

06 r
| —— 0.3mg
0.5 —®—003mg
04 —&— 0.003mg
' —o—0.0003mg
2 03 | | —O—000003mg
<~ —8—NC
0.2
0.1
01 s
0 20 40 60 80
min

Fig. 8. Sensitivity of RT-LAMP to detect TSWV from serial diluted extracts from

infected chrysanthemum. Numbers indicate weights of infected plant tissue.
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—@— Without loop primers
—O— With loop primers

0.5

A 650

0 10 20 30 40 50 60
Time (min)
Fig. 9. High speedization of the RT-LAMP reaction by loop primers using extracts
derived from TSWYV infected chrysanthemum.

Table 4 Comparison of frequency in detection of TSWYV in the
western flower thrips between RT-LAMP and DAS-ELISA

RT-LAMP

Female Male

positive negative  positive negative
positive 10 0 7 0
negative 3 12 3 6

DAS-ELISA

EBMETdH - 72 (Table 4),

4) BE

AIFFECTEREF L7 LAMP 77 A4 ~— % HW T R-LAMP 2T 72 fER, 7, b~ B
TR =~ ORBREMIZTSWY 2BHET25 2N TE, Eiz, %O INSV TR Sk
Motz, £io, BB > b & AV 7242 RNA i & RT-LAMP EO#MAEHEIE, HEK
BUVRHEEZET L, N ¥ 7Bk 5E /7 v—F ik % A7z DAS-ELISA &
I LT, R 25 EEVRHBEA R LT, L L, MHEEICEWT, LIV ATy
7« < /LF 7L w7 ART-PCR {7 DAS-ELISA % £ 0 £ 1000 @ W HERE 2R L7122
ELHERT D L, EFL > W, ZOHHBE LT, YU AT v 7 RT-PCRIEIZEBW T,
S X DM RT ORI 28T 2 Z LN TE 20, MHBEEEROBRN D205
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T ENEEREE 2 HIVD, TE FEIRIC L 5 BRI IR 2 85812 L 72 RT-LAMP B2 B0
T, RELEETOTIAY—TCRELLERNERDL Z LT TE ol (F—2EK),
I, MO LRI E, SEEH AW T = ) —VEER B, LAMP UG ZRLE LT
ZLILEBbDEEZOND, AEROKRKROFAIL, REELHSIICHD, KSBEED
HEMIE, VT T T A v —OFHATEB(ENER TE N, EBEOME - FRICEERM 232
D5 EICENE ST, —F, IAryFAMaT7HFIvensd TSWY OBRBIZEW T
EHROMHMHETREZHERICT 5 Z & T, RT-LAMP #i%, DAS-ELISA & XV & ERUE I TSWV
ERHTHZENFETHoT-, ZORRE LT, &R, BHEEOHITIKIC m\
TIL, LAMP RS ZBETAIMEN DR VDO TIZRWNEHEISN S, THI U<(C
TSWV OARHEEE/IE, TSWV IRE L FHEA H 2 729 (Inoue et al., 2004), HiH! ;#Hﬂi&f;#
ERLTYH, BRERKS2WEEDbNS, LirL, LAMP #1%, DAS-ELISA ik X 0 LfifE T
bbH D, RiEZ, TSWVREBT FIUVTOEFREDTZODOFENRFELLRVED &
Ezohb,

REOLEZA, LAMPEEZERTH7200F% v MIBETHD Z L, $BEIL e DEEED
FERINMLERZ LD, F7ICRETS TSWV O LAMP JEI2 & 2 G2 2 ANERLT 5
ZEIIREE L WR D, LarL, FEBR SHIITTIA v —ORFHIWRZM X, LAMP RIS
EWE DOIRBEAL EOTRIZE > T, LAMPIEIZ L 5% 27 O TSWV O &R 7o G 72 W 23
AEEICR D E B bbb,
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M. FVICRELEFRFRARIDSILADREE EZEHBMORR

1) &S

2006 £ 8 H, IKEBR=ZIRMORERFT 7 HEEF1F (10a) IZBWT, ‘HE BILOED
EFIC TSWV IZL DX 7 2 ZRICHELT 20 A NV AMREF L EZ X DILHIERNFEE LT,
FIRRRIL, 70%LL L, FBHEET, £30,000 4T, KER2RFOERE L6 Lz, HE
TIE, MLWED X ZRM EEDOBER, 220 L 0mis 2 L7z (Fig 10), FHEOE Tl
ERE O 2 T L EOBRZHE, BLE2 L2, Wb, RETF EMCEECALD, HH
2 LTEOMEBIIFRHAIT, TSWVIZLDF7 2 ERICELIL Tz, FFEIE, TSWV
LD X7 2 BRBEL bz lz®, RIPATE (AL AU v 7®, Agdia fh) THREL
7203, TSWV B XL OVINSV & bt Tholz, ZD7®), RREOREOEEE 2 a5t L
TRER, JWIRIX Chrysanthemum stem necrosis virus (CSNV) Toh 5 & & 2 Hiviz, ARBFZETI,
INBRTHRAELEXZ OFREOHRRZRET DL L HIZ, RYA /L AD RT-PCRIEIZLD
DA 2 B%E LT,

2) MEtB LU FHE

(1) JRIEOTHE L JFIR R

JRE B ORERRBIEF 7 IZRE LR RR AR LT, BRX V7 EL I —RT X L% FHn
C Nicotiana benthamiana ~HREFE L 7o, #FEIEICAE U BRBER OB —JREEZ TV B Y,
N. rustica CHEFEL7-, SONT= T A NVAGEENRARFORR TH D Z L 2 MRT 5720,
IR ME OF (5 5~6 FEH) OEEIIHREREL, U7 XRENTH L » AMRELE
217,

Fig. 10. Symptoms of chrysanthemum tospovirus on naturally infected

chryanthemums (cv. Jimba) in Hiroshima.
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(2) 75 F#upH

AIRIR T BEE OfE EEFAZRE T H 72D, FEEY~STHREE L=, AU ALV ZADOHEE
(2 L0 BRBEA A U 7o N rustica DHETEIEZ HFER & LU COHREFE L, 7 7 AIR=ETH 1 » A
MRS A TE Lz, #EICE, EYEH- 2~3 ket L, R L L, f~ b
N APEKRER, FAFWE 2 B, B~ 5K, Fav Uiy —7 1, N rustica, N.
benthamiana, N. Tabacum ‘Bright yellow’, Chenopodium qinoa 35 X OMRF 2 =T /3= )LD 6 J& 8
L L7, B, VAT X LEHANWDEIEIL>TTo T,

(3) MiEFAIEE

BESREE LT, ROBERICEYE, 5 L7257 B B IO TSWV X7 Bk I,
R LI ME EEA L, BEMBE LT, e B 2FEH L, TSWV E ./ 7
1 —FVHRR LU CSNV AR U 7 v —F VL HURIT 69 % Ot A2 DAS-ELISA {52 K 0 Rt L
72o ELISA 7' L — hMZi% MaxisorpU A &/ 7 L—F (Nunc ) ZfEH L7-, TSWV € /7
o —FLHE (Anti-TSWV-O IgG Hyb-277A, 1mg/ml) L NCSNV DR U 7 o —F Lk
(DSMZ #h)ZnZ % 0.05M [REEFEENR (pH 9.6)IZ 500 AR CRRE L=, 2B, 7
MHRICIE, BRX 7 34 10 {580 PBST, 2% PVP, 02%BSA TH+/3iCBEREL, =iL7-
FEEER LI TV YY) 74 27 7 2 —BIE# L7 TSWV B8 L TNCSNV Hif&1L, PBST, 2%
PVP, 0.2%BSA | 1000 AR L CTfER L=, Z£OMoFER, sk & FEEE L,

(4) BETFZWE NERLTFOEEESIFENT

BHFER X 7 ME B LOBOE 23 10 BRI L, 3HEL K L THH L 72 F.ekH T 100
& D TE f&ER CEM: L7z, 5000rpm, 5 ofELL, EEZ 65C, 5 oMEVLEL, 1u
Z§5% L L C, One-Step RNA PCR Kit (AMV) (Takara ft) 2k VW 7 v ha— W ZiE->C, VU
Y A7 w7 RT-PCR E%#1T- 72, £, Ugaetal. (20052383 L 7=, TSWV & INSV D% B
BRERTIA~—L, BETOFARTANAZHE L THEET 54 RNA 58O SRIO 8
EEFRA LT 7 A4 ~—Tos-R15 #H\7=T AT v+ w/LF 7L 7 A RT-PCR £
BiTolz, 7T=—V Y ZREIX, HEIHE- T 54°CTITV, PCR RIUGEIEKIE, 30 [EE Lz,
WKIZ, FRARTANADZ =N—H /LT T A ~—xF BR60/65 (Eiras et al., 2001) ZHW\ T,
RO FETY AT v P RIFPPCRIEZT T AR T TA~—I1%, RARTANVRABED S L,
TSWV, TCSV, GRSV, INSV 3 LN CSNV D N & /%7 B & (s F a0 & 453bp @ DNA
Wi 2R 5, ek, HEEEMIX, TR —AFVERIKEIZITV, HEIENFERD LN
YRIE, SO UER L%, YAV =T U R R T o T,

(5) CSNV #:EIy7 7 A ~—IZ X 5 RT-PCR & H

CSNV D N # v /37 EiBIR T B OBER O IEELS| (7 7 7 v a &S AF067068) %
HEWZ, Xy P ETARSNTWA T T4 ~—8&E Y7 b Primer3 Z HHWC3FFEDO T A
~—xtZakat L7z (Table 5), TSWV 27 7Bk, INSV Cin9902 #k, CSNV IR B 77 BERK 2 N.
rustica ~FNEYVHRERE L, WA ZERD 2 WITERHEEL 2 L7 EIZE (b5 W3
#£) 0.5g & 100 28D TE EEKE CEM: L, 5000rpm, 5 43fEE L%, 65°C, 5 45 REIEGLE L,
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Table 5 Primers used in RT-PCR for detecting Chrysanthemum stem necrosis virus (CSNV)
Length 7Tm
Primer * Sequence (mer) (°C) Nucleotide position
CSNV81v 5’-CGGAATACTCTGCACGACTT-3> 20 55 81 to 100 (v)°
CSNV88v 5’-CTCTGCACGACTTGTAAACC-3" 20 55 88 to 107 (v)
CSNV197v  5’-GACACAAGCTGGTGAAGTTG-3" 20 55 197 to116 (v)
CSNVS538¢c  5-GCCTGAACTAGAGGGTGAGA-3 20 57  519to 538 (ve)
CSNV617¢c  5-TGAAGCAATGAGAGGGAGAC-3" 20 55 598 to 617 (vc)

* All primers are designed from N protein gene of viral S RNA sequences.

® v indicates virus sense. vc indicates virus complementary sense.
Expected sizes were 458bp, 451bp and 421bp for primer pairs of CSNV81v/538c,
CSNV88v/538c and CSNV197v/617c¢ respectively.

Z® 9 H 1l 2T One-Step RNA PCR Kit (AMV) (Takara #£) (2X 0 7'v ha—izfE-
T, VUyA7 w7 RI-PCR {EXITo 70, 728, RBHEMRE L TRE: 7 ME OELEHL
72o PCR JSIE, &&% 50u TV, &7 74 v —DORMEREIX, 04uM & L, 94C, 30
¥, 55C, 30%, 72C, 155%30 %A 7VRIcE®Tz, PCREMIL, T Hue—XAF/VTE
R[IKENL, =F Vv LaT7a~vA REE L, E5I2, INLOEF LT T4 ~—xtZ2 A0,
CSNV ICBARRIE L= 7 L OB HIT - 7=,

(6) BFEEICHFETHTFIU~HE

BT CSNV TR L, R LI2ROFEZ LRI 10 TEBRE L, 70%T % 7 —/L TH#,
HHL, EERBEHET CEFET VI VYHEORIE LT 72,

3) R

HIRBE B L VS0 A NV AR 2 X 7 ~RELEE L L 2 A, B 2 BR%ICII8E
FEIE IR, 2 FEmil, ZENRZ S, B3 EMBICIIEZCRMNPBE SN, T b
IERIR IR L T,

SBERZ 6 B 8 DMWY ~ TR L 75 R % Table 6 (TR L7z, #FE L - fEOH T2
B UM, b~ b, BE—~ 2B XN benthamiana DI T > 7=, RTBERRIX, N
benthamiana ® FATZEICEERFE L%, NF 2 =7 OFEEEICZ ZHAZEL L5722 L, CSNV &
EL U778 X4 L A R~ L7z (Fig 11), b~ AT ABCKER TIIM L WE 22, AL
Oz ZHA, B, EIRZEE24AT (Fig 11), =~ T, EZEOERHES, Wis
U7, b= b, BE—=~ 2 TITHEDEODOVENFRD B, —EHOMIX, LT,

KA IVAICBIREG L= %7 BIFELZ TSWV T/ 7 0 —F LHAEB L OCSNV R Y 7 1
— T VHURIZ X 5 DAS-ELISA {EIZHEE U 725 5, CSNV HUiRISxt L TR RIS 2338 0 6
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Table 6 Host range and symptomatology as determined for chrysanthemum tospovirus isolate in
Hiroshima and Chrysanthemum stem necrosis virus (CSNV)

Chrysanthemum virus CSNV™
Plants Local Systemic Local Systemic
Chenopodiaceae
Chenopodium quinoa NS - NS -
Cucurbitaceae
Cucumis sativus NS - CL -
Solanaceae
Lycopersicon esculentum ~ NS, NR, CS, CR NS, NR, CS, CR, VN NS, NR CS, VN
Nicotiana benthamiana CS VC, M CS VC, M, LD
Nicotiana glutinosa NS, NR - NS -
Nicotiana rustica CS, CR - CS VC,M
Capsicum annuum CS, CR CS, CR, M
Petunia hybrida NS - NS -

NS, necrotic spots; CL, chlorotic lesion; NR, necrotic rings; CS, chlorotic spots; CR, chlorotic rings;
VN, vein necrosis; VC, vein clearing; M, mosaic; LD, leaf deformation; -, no symptoms.
* Bezerra et al. 1999

Fig. 11.  Symptoms of chrysanthemum tospovirus on tomato and petunia by

mechanical inoculation.
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09 - E TSWV antibody
08 O CSNYV antibody
0.7
2 06 1
~ 05
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0 L L J
TSWYV infected Chrysanthemum Healthy
chrysanthemum tospovirus-infected chrysanthmum
chrysanthemum

Fig. 12. Serological reaction of TSWV and chrysanthemum tospovirus-infected
chrysanthemums in DAS-ELISA format with TSWV and CSNV antibodies.

*u, TSWV HLEIZK L THWARERKISRFBO Hiviz, —77, TSWV EYLEF 71X, CSNV Hifk
WCRZER G & LT (Fig. 12),

BT 7 026, TSWV & INSV ORI T A ~—Z2 AW T~/ F 7L v 7 X2 RT-PCR
BIZL DM U ANV ADEZIT o TofE R, BREND, TNOUANVANLTERIND HF
B0V o HIER A L& LN o7z (Fig 13), —F, FARTANLADZ=R—H )L
7 A4 ~—7T RI-PCR {EZIToTZfER, FARTANLZABIZTEINDHK) 450bp OIEIE DNA
W SRR X7z (Fig. 14), Z OEEWT 24 A L7 by —/7 U A LTRER, BE#O CSNV
DX VAR T TR (N) XXV EERTEKE 98.1%DFEFEMES MR X7 (Fig. 15),

BHD X 7 BIFHEOILICTFA L TWETF I U ~EHIL, KEBSNRI A rFurFIiy~
THY, RWTE 7 AT Y I v~ (Frankliniella intonsa) 732 < 338 HiL7- (5 — 2 Bl .

BEH D CSNV O N # X7 BEE T OEERSNCESWTRHRENT 74 ~— %3R5 L, N
rustica JEGLEE S RT-PCR EIC K 2 BHEEZIToT2ER, WIno7 74 ~v—xtZ2H\ T,
CSNV BEN S TR EIND D FEDO /N RBBH S, TSWV, INSV LR L OMEe S
JEMNOAY RIS o7 (Fig 16), £z, 260774 ~—%, &£ T CSNV
R L= 7 Db UA VA ERBETE - (F—24E1K),
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Fig. 13. Tospovirus multiplex RT-PCR amplification products using a TSWV and
INSV specific primer sets in total RNAs extracted from chrysanthemum leaves.
Lanes: 1, Healthy chrysanthemum; 2-3, Chrysanthemum tospovirus-infected

chrysanthemums; 4-5, TSW V-infected chrysanthemums; M, 100-bp ladder marker.

1 2 3 4 5 M

Fig. 14. RT-PCR amplification products using a tospoviral universal primer pair
BR60/65 in total RNAs extracted from chrysanthemum leaves.
Lanes: 1, Healthy chrysanthemum; 2-3, Chrysanthemum tospovirus-infected

chrysanthemums; 4-5, TSWV infected chrysanthemums; M, 100-bp ladder marker.
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CSNv
CLUSTAL W {1.83) multiple sequence &ligment
Hi roshima COAGCARTTGTETCAAT TTTATTCAAMACCTCAGCACT CAGT AAGATATATATCACATTA
CSNY AGAGCARTTETETCAAT TTTATTCAAMACCTCAGCACT CAGTAAGATATATATCACATTA

D e T T T L T
Hiroshima GGACAACCAANGAGCEACT GCGRAAT ACTCTGCACGACTTET AMACCCTAMMCCAAATTC

CSNY GGACAATCAAMGAGDEACT GOGGAATACT CTGCACGACTTETAMCCCTAAMCCAMATTC
Hapiopy riomEpiEropi i b

Hiroshima ATTBAMGCAMCTAAACTCTAT TTAATCATCATGTCT AMAGTTAAGCT TACAARGGEAAA

SNV ATTEAMGCAMCTAAACTCTATTTAATCATCATGTCT AMMGTTARGCT TACAAREGAMA
R e e e T e e e Tl

Hi roshima ACATTGTTECTTTGCT GACGCANGCT GEAGANGT TGAATTTGAGGAAGAACAGAACCAAL

CSNY H:MTEHEEHTE:TWT{}ETMETTEMTHW

]

Hi roshi TTGCAT TGARCT TOGAAAET TTCT GLAATGATANCCTGGAT GAGATCANAMMCATEANGT
o TTGCATTCARCTTOCAAAGT TTCTCCAATGACAACCT GGATCAGATCAAMAACATGAACT

Hiroshima TAATATCATGCT TGACATTTCTTAAGAAT CETCAAMGCATAATGAAGET TETAAAACAAA
SNy TAATATCATGTTTGACATTTCTTAAGAAT CETCAAMGCATAATGAAAGT TGTAARACAAA

Hiroshima GTEATTTCACTTTTGECAMATCACTATCAAMANGAACTCTGAT AGEATTGGACCARATG
(5N GTEATTTCACTTTTGECAARATCACT ACCAAMAAGAATTCTEATAGEATTESACCAAATE

Hiroshima ACATGACTTTAA-
SNV ACATGACTTTCAGGABATTGAATAGCTTGATAAGAGTCANGCTTATTGRAAGANCTANGA
e

Fig. 15. Sequence of alignment of partial N gene of chrysanthemum tospovirus

isolate in Hiroshima and CSN'V.

4) EBE
REBEREZRMCRAELL, F7ITERMOEXZ2E L HREIL, TOHRED S TSWV IZ
L% 7 2 ZWITEELL L0, ARICHT 25 RIPA I CRERIG 2R LIz, TSWV ICH
#%03?4’/1/%*?&)5 EEZONT, EZT, RUANVAESBEL C, ZORMEZBRT LT,
DIBERIY, XTF 2 =TI ZHMAEEL D%, PAR ANV ARBITRHFEFEEEL,
20, TOEEFFAIT, BEHRO CSNV OZ 4L (Bezerraetal., 1999) IZHEEIL Tz, F7z,
AGTBERRIL, DAS-ELISA 7£T CSNV ik L5 < )KS L, TSWV Pl & 55V =S Z R L
2o ZNUHDFERMNE, AT AV AT TSWV TIEZ2 <, CSNV 2, ZIUTT#FAR T A VAT
HHLEZ LN, BHTORFEXZ 1L, TSWV BLWINSV O~ /LF 7L v 7 A RT-PCR
B CRETH ST E0D, ZTRHD YA NVRAIZEBREEL TWRNWEE X b, =
=N—H T T A ~—% = RT-PCR JEIZ L D N BB T OHEIE DNA W7 O EELS]1X
BEER D CSNV OELF & D CEWHERIMEZ R Lz, U EORERND, F7IGBFHESCEZ T
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Fig. 16. RT-PCR amplification products from several tospoviral infected Nicotiana
rustica and healthy chrysanthemum plant using CSNV specific primer pairs designed

based on the N protein gene. M, 100-bp ladder marker.

FEORERZR ZJIHR T A /L AL, CSNV L EE SiL7e, 27 TO CSNV OFRAEREIL, D
METHO TCTHLDT, AFx [FI7EXLWR L L,

CSNV I, 1994 27 T P NDF 7 b THD THEN TR S (Bezerra et al., 1999),
FLZA, 70BN TYH, RIEOHENRD 7= (Verhoevenetal., 1996), £72, 7
FUNLTIE, v P~BEERER LT, £0%, KVALRE, A X)) 2BL0ATR=
T DX 7B THWENIA Lz (Mumford et al., 2003)

TITUNMIEBWNWT, KRUANVAE, I HhorXAuT7 VI vBIOREED Frankliniella
schultzei (A ARFEANT & > THBITHES Sh, Th b 2 i EEBAT ETh 2 FTREE E
L S (Nagataetal, 2000), ABFZRICENT, BHBEFEX 7 0BT 2HFET IV~
X, XA uT7 I o~vTholz, o T, IRBEROF ViR T IRERE L5 L
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TS HRIE, I XA T IV ThDL EHEIND, RUANLVRE, 2FXFTHFI T~
ko TN SN2 NWZ ERERINTVDA (Nagataetal., 2000), S F A a7H Iy
v REBOE T ANFTTHIOENENNIRFATHL, E TANFTHFIv~E, EIZ
X7 ORTERICRKEFBAT 720, EEEENMEE LCHBEICZL Z 2 i3bnEBbh s
BN, T OREBEREYMTHLHAIND Z RS D720, REBRD CSNV BEATEES 2B 500
THUERD D,

ZIVET,CSNVIZREN R T T4 ~—DOHEIT R, KVA NV A ZBIEF2ET 5258,
WEESIZHRE L, EOMEMEDN LW T 2N FER 2ol 22T, BHEORRNT
TA~—%&E L, RI-PCRIEZITAL/ER, WThDT T4 ~— CSNV 2 RRAIZH T
L, #rkx® TSWV, INSV BEOMEEX7 051k, ERRONKIGEZED, W7 HEEE R
b SR ole, 2O X DI, F7 O EAWIZY A7 v 7 RT-PCREEICE - T,
X7 0 BRERAIC CSNV ORI FIRRIZ /2 0, REANIE, BHFEFKOZME X O RE
RIBICBIT22WES BV CHIATEEESZ BN D,

KT ANVAE, BIRO LY TSWVIZ LD X7 229/ EREMBEELIL T D725, TSWV
ELTRBIENTWDr—ANENE PRI, T TICAAENTELS BEL TS ATHE
HHEZ LD, FHE, 2007 FLEREEMIE A F 012, W< D20 BIRER TARFOIRE B3
ATEFBREHRPIER SN, ¥713, REBHEEW TH L7720, —EEHICT A VAR
PREAT D E, RIETHDIMMO TEZELET HZ &1L TSWV OFEFINRFRT LB Th D,
Sk, RUANAZEMICESESET, RIETLHDICHREREZLILERDH D, FFRIZ,
BARTORFOFRAERE, FERGL— b, RYRE, MEORZER ERBFRENZ N0,
INOZEZHALNIL, TOMRICESWIPRAREAEET L LNBHLEZLLND,



28

N. EERICETA2FVZAERODAELEER

1. BEGKROEE -F 7 8% ofF LI~ O REHRE-

1) 3

2703, BROAEFOMEFN O LB RIET 2 REBEFEIEZ L > THIET L 2 &0
ST, UA VARG LB O OEELRIRIL, EEQRUVA NV AOFE - RBGERIZR S
EEZDND, TSWV IITETERG Lo 7 B o1 LE~OREEIE 2 L o n ez
Eﬁ%?ﬁ)ﬂ?‘é*ki AROFE—RBREREFET L EVIRENLEETH L, /2, K
52 FRIT 2 7o DI, IEIERGSBR ORURE R BT DWW RE L EHRITEE L EX 6D,
B, (REHITI i, UANVARRRG LT 7 BRI, REE RS0 L% <, EHELEK
BYDOBWT DT DI, VANADREMMLEZFHFET LI ENEETHD,

AAFGE T, EREORBISRRIZI T 5 TSWV OFTEMEE, 7 A )V ARBTEICE R T 5 Ry
OB LBE~O A NV ADOBEEGRERLZFE LT,

2) MEks X FHIE

(1) REYAEY

2001 £ 9 AR L N2002 £ 9 HIZ, IKBRITHBTH OX 7 EEH T, 7 2 TR BRI,
IR LT RO, M & 6 REREL, i EE 30cm LR DU FREAR Z L 1/2000a ¥V 7
IRy b (F&F: N—=ZHE=1 : 1, IBALRR 2g/1 M) ~BiE L, ENEDT T AE=
NT, BIfRE LTHEEELE, THPIv~EHOFEZBOIC, SEMII—2 (BAW
112um : NBC A ¥ 2 h U —ft) THE-o/, ThbOmiEld, B TORIFRED 10~20%
E R W O R AT & e LT,

2) FLFE, RO

2002 H35 LN 2003 D 1~5 H £ T, Bk B DE ISR ET HARZE 6 L OHAIZEXEE
ERELEE LT, B0 2~4 kL2 T U X MR LT, £72, FHEORE JiK TH
HEt, Bd7e v 2~4 EFTOR (0.1g BAL) ZEEL -, BREL 724 LFEIE, TE3F, kA (k
AL 1~2%), P (BAL3~438), TAL (EAZ5~6%) ZEEREIIHEIL, —30CTHRFL,
LB OEENLIZI T D TSWV DN X 87 B OEFERE %, DAS-ELISA IEIC L VFRE L 7=,
ELISA 7' L — hMZiX Maxisorp U &/ 7L — bk (Nunc #f) Z{EA L, EEROBIEEIC
DD EEEMZTAEEB TV 7 /V(EEE T 0.020, HRTIE0.022) %k E Lz,
(3) 8 LFEN D DOEKE A L A H

2003 4F 4 IR L 78 LY, RIBEDO Y A VA ERHT 572912, DAS-ELISA £D
filz, MU 7% L0 BHEEEDOE RT-PCR £ & HE1E DNA O N, TV XA B— 3
VEOMABEDRICHR LT, bbb, BLEZ2ESEOKTERE T CHOICERL, ik
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50mg 8 2% &7)> 5 RNeasy Plant Mini Kit(Qiagen #:)(Z X W 7' h =2— /L ZHE > TERNA % fli
L7z, ¢cDNA D&KL, AMV #EEEEFR (Gibeo )& AW T, 42°C, 1B TIiTo 7z, =D
#, 1ag DNA polymerase ( Gibco ft) Z VT PCR #1T7->72, 77 A ~¥—I%, TSWV ® M RNA
? NSm E5FREEOEERFNZESNT, S (1998) BNREF LTI ~— 2R LT,
PCR tn i, 96°C, 3 3 DEM%, 96°C, 143, 52°C, 143, 72°C, 2 43% 35 %A 7 VATV,
%I T72°C, 10 3B E G S 72, 8l L 72 PCR EE# O 1ul 2 = b v & /L v — A fE (Boehringer
) ARy ML, Ry hTmry hNAT I E A B =2 3 U EZTTo72, GFXPCR DNA and
Gel Band Purification kit (Amersham #f) % W CHRELL 72 TSWV @ NSmDNA W & 7' 1 —
7 & L, Dig DNA labeling kit (Boehringer 1) Z AW T ax = Ei# L=, LA 7
VEAB—=2arBIUONATIEAE—2a 0, 68CTF, M7 UHFAE—Ta Ny
77— (0.02% SDS, 5xSSC, 0.5% blocking reagent, 0.1% N-lauroylsarcosine-Na) 9 TIT\>, g
#%, CPSD®ZHEE L LT, 3RRIEN LT,

(4) RRYuss LREOHRE

2003 4 BT, BYBRD HERFE L 728 LB D 5 b, DAS-ELISA {£3#5 & O RT-PCR 1% H
WER Lo e LBEEZ A X on U TRIRE, 77 % (60cmx20cm>15cm) ([ZFAE L
2o BRRHET, 73U~ T7 U —OEINESN 7 AE CTEEHO 9 A £ THHE L, Mattoni et al.

(1989) O TSWV WLk 2252, BHROFELME L, EBRAKICOVTE, 9 A
bR TAEZKRSTZ D F 9 FEERRL, 9 #EAIRSE L T TSWV O DAS-ELISA EIZH#EEA L 72,

3) R

TSWV GRS BRI L 7298 LEEOERALBI O TSWV B HEsR 1%, i fhfE, maEL big, T8
FCERSHEZL, TMNEECTIESHER T 2Bm 2R LFig 17), 78I L7ZEXED D2 L
EH 1 7L EOEANLTY A L A0 H S = B LFEO L ERIT, 2002 O FE DAE T 25.0
~38.5%, 2003 FEDHEDEE> T 16.7~39.1%% L T 2003 FED1HE° T 36.8~47.1% ThH > 7=, 4
AL (EH5IE 13°C, 3 #HAUE L), 5~10%0E LENEEAE 2 L (Fig 17), B
PEERD 7 A VAN X X EERBEIT, WThOME, F£E LI, EFECTEIHEERTD
B ZR LD, E~TMEERCTITHARLE LEEETRBO bR ho 7 (Fig 18), —F, #
RO T, 1T A EORIBEHT, 50%LL EDOE W TSWV Bt %2~ L7z (Fig. 19),
2003 4 4 AIZEABE L 738 LBE% DAS-ELISA IEB L O'RT-PCREENA TV XA E— 3
EDOHABEDEITHR LR, TSWV OF4EE LEOR S, MFES bICERI—H
L7z (Table7), F7=, R UREHNCHE CHMED DIMNLICERFE L7218 LAEZRIR L, 5 L7
F, WfEE S, 300%DOHENEEMNETICHBL, X0 ORI, EFICESR, BELE,
£7-, IR HODOIE#ERIE, DAS-ELISA HEDFEE, 3T TSWV EETH-7-, # LFED
R REIC L DGR LER L RIEZIC L 2RBFRRICEEEZITRD 5> 7= (Table
7)o
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Fig. 17. Seasonal change in percentage of each part of rootless cuttings, collected from
infected stock plants, that tested positive by DAS-ELISA for TSWV. Cuttings were
collected from infected stock plants and divided into four parts. Localization of TSWV
was determined in each part of the cuttings by DAS-ELISA and detection rate is
indicated as a percentage. Columns represent the percentage of cuttings in which TSWV
was detected in at least one part of the cutting. The numbers in parentheses represent the

numbers of cuttings showing symptoms at collection time.
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Fig. 18. Seasonal virus contents in ELISA positive individuals of sections of cuttings
collected from infected stock plants.

Four parts of each cutting were determined by DAS-ELISA and average of N protein
titer is displayed. Mean value and standard error of absorbance readings by
DAS-ELISA are also given.
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Fig. 19. Seasonal change in percentage of roots, collected from infected stock plants,
that gave positive ELISA. Samples were collected from infected stock plants and
determined by DAS-ELISA.
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Table 7 Comparative frequency of symptom expression by cultivation and detection of TSWV in
cuttings collected from infected stock plants

Detection frequency b

Symptom expression RT-PCR combined with dot
Cultivars frequency by cultivation® DAS-ELISA blot hybridization
Seinoyakata 6/20°a ¢ 3/18°a 3/18
Jimba 6/20 a 7/19 a 7/19

 Third generation cuttings, except those subjected to DAS-ELISA and RT-PCR, were rooted and
cultivated.

® The same cutting samples were subjected to DAS-ELISA and RT-PCR combined with dot blot
hybridization.

¢ The number of cuttings which expressed symptoms after transplanting/The number of cuttings
cultivated.

4 Percentages in the same line that are followed by same letters are not significantly different
according to 2x2 contingency table test (p > 0.3 for cv. Seinoyakata, p > 0.6 for cv. Jimba.).

¢ The number of cuttings in which TSWV was detected/The number of cuttings tested.

4) BE

ZIET, ®7HEMERNICEIT S TSWV OFTEMICEI L TiX, Allenetal. (1990) & Vande
Wetering et al. (1999) |Z L DHWF%ERH D, LiL, 7B LOEN» LB L /25 LE
2B D TSWV DRTEMES KLY A )V ZEEBIRD O LEE~DO U A )V 2RI R 2 A
L72EBNIE R, REBRND, XI7BEBIOEN N ORE L LIV T, TSWV I
FRHANCBIEL T D Z ENHIBA L=, TSWV BB LEICEBIT 5 N &% vy EEEEIT,
BREOGAEThbEN 2T, 2O s, BERELZHEEN, THIvHhRIzEks
TSWV ORI/ D 152 FIREMEDNRIBE S LD, F7ICBIT 2R EEROFELT VI U~
HHBIZ LD U A N ABENRICEET LO00ENE, 7Y I U~ OMENC X 5 R UG
MHD T AN ABEEREIT, OLDDIVLERDHDL, VA NVABEBF PO L L
FECIE, TAZEZEICBIT D TSWV ORBHERR, ZOMOERNL & thEe LT, f LEOHN, #
FERFHAICBT D O TEVVEBNRD bz, ZOREIT, LAV LD U A L ZE
%, EORHINIAT o THRIBEIX WV, BRERMEHIEZET 2720121, TAELZFOICER
AR, RAL, METHILENBEYITHDL I LEZRBLTWS, —J, BHEORTIL,
TSWV & BN RR e <, I ERZELVEWZ Lhbhrole, LEER-T, #
BRIZEIT 2 TSWV OBTEREZRET 256, EPELZIENICRE T 2 Z LR AIReRGE
X, BARETAONREEEEZ HND,

ZIET, RT-PCREE PCR EMD A TV XA B— 2 B2 KD, BLISAIELY 5
WEETUA NV ARHNBARETH D Z ERHE SN TS (BED, 1998 ; BHE S, 2005), L
o T, AE, HLENORIRE Y A VADFEELZHERT 5 HHT, RI-PCR & NA 7
VAAEB—va EOHAEDRIZEIIREICHRA L, TOFEER, £/ 7u—F ks
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FAU 72 DAS-ELISA {#EB X OV RT-PCR EENA T U XA B—2 a VIEOMAEDEIZL > T
TSWV OGRS Z R LI LY 7 UE, B2lIc—H Lz, £, ZNODOFEICLD
AN ABHE L EEOREIC L IBBROBICAEBEZIIR D b hoTn, ThbDMER
ME, T 7 a—FAHiEZ - 4E LI D DAS-ELISA JE(2 K 5 TSWV #7E D@ 115
<, BB OB L LI TY, ELISA RO, YA NVAT Y —ThoEh, b
72 EBLZOUFEHRIZB VT, BRIIEIESRWVIFEDRKBEDO 7 A VA LDEE LR
WHDLEHEIND,

AEER D, UMM, REEREICED LT, TSWV EYX 7 k) CRE L -4 LHE
~ORYNRIT, KI20~50%TH D Z EMRHA L, ZOEERRIT, FHRICT VI v ~<n
FELTWVWHRETTIE, SHICEELZELTHISND, Ochoa et al. (1996) 1%, 7 A /v
A7) —REEE B X VB LA ARBICEMT 2 Z & T, TSWV O ENER T 5 &
W]ELTWD, REBROERIL, 7A/VARLEEEOORMED, RBEICKIT D TSWV OE
BERE-RERFEE 2D 2R LTEY, BYEEREDORE X OB AR OBLRIZB W
THEETODLI I LERBL TN,

2. KEEWDHEHRE - HIEES T OREHRE-

1) &

JRE R OFTHF 7 FIE TIX, BIEOREZDOU) THREBKKRSMRE Z A, BEALAFTD
AEIFELHRL, BkET 5, £io, REZAKBEZEKE L, HERAENLEETS
FXELBEETL2HE LD, BHAKY 7 BIEESG TIL, EFHHNOLEEHZ A1 TSWV D
WENLHETDHILENE, TIT, BHMX I HERS TOY ANV ARWEREDOER %A
LNZTH T LB, BEDO TSWV BERZFAEL, S HIZ, RKEEMEEZDO I FA
BT IVYORARBLOX 7 2T RELEEZREICHEE L,

2) MEHs L OHE

(1) EFED TSWV REYeR

2000 4, JRBRIBEEOILHAETO X 7 AERFES CRHEZIT o7, X7 BKES» S
ORI, R LS O LIE (BBEEN 3 /) 2ThThi 50 EFREEICEREL,
—20CTRAFE LT, &1 LEIL, 10 [FEOMEAEEE (PBST, 02%BSA, 2%PVP) T+
SYCEEREL, £ D5 5 150ul & TSWV £/ 7 1 —F/LHURIC & %5 DAS-ELISA I #at L7z,
B, BEX 7 NER ZERMEFNBE LT, 010 EUEORKE LR LY TV E2 B
E L7, Fz, KO LEEIX, DAS-ELISA {ELIAMZ, RT-PCR JEICHHERH L=, T742b
H, fLEY T rO—E () 25mg) 725, RNeasy plant mini kit(Qiagen #f:) T4 RNA % #fi
H L7z, cDNA |Z, M-MLV ##rEEEF L HV, 71 ha—|IhE-> Tak L7z, PCR Kt
1L, Ex-taq (Takara 1) Z VY, 7’1 h a3 — V> T T 72, 774 ~—IL, TSWV ® M RNA
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? NSm EEFEEEINCESNT, S (1998) Nl 74 ~—%FHLEZ, 7=
— U U ZIREX, 52CTITYY, 35 %14 Z LV TRIN S E 72, PCR EMIX, 7 Tn—ZA 7 VEX
VKENL, 457bp DFFER/ NN REfi L,

(2) THYIU~ERE

FE 3 SEOHEMAE R L OAERBE (FEHIT 100m L EIZEEN TV D) B EBICSRED -
D200 TEZE A T X MIREL, 10%T ¥ ) —/LTT VI U~EEBE, B L-, ER
BEMET CT VI UEEZFEE LN LR KL, ZOR, ARBIO2S4HIZ—-80CT
RIFLTc, (RFLIZE TV I U~IE, 1EET D 150pl Offi AEE R CERL, TSWV OE
J 7 a—FAPRIZ X D DAS-ELISA {EICHER L, RBRBREZITo, 0B, Y I~ AT
A LEERI X/ nTFIvvrz@aEdsl L,

(3) X7 2 EHRBEIHRAE

FRF 3 MEOBMAR L LOERBIZEWT, EHBICY 7 2 ZRORBELEE BHREK - K
200 Bk, AH : #72000~5000 £k) (22T, Matteoni et al. (1989) DJFHGEH ICE ST,
BRI X VFHE L7,

3) R

X7 KI OFR HERE L1 LEO TSWV [5ME2R1T, DAS-ELISA %3 L O'RT-PCR %,
WPFNOFEEZFNTY 6.0% (3/50) L& Lo7-, £72, MFEICLYBHERISE T L
B UREE AL, 22— L7z (Table8),

JRERIR R OB 7 OF SFEICBIT 2 BED TSWV BT, 0~82% Th -7
(Table 9), BHIFKX 7 L TIX, I FA BT IU~, ETANFTTHFIUBLOR
X7V I U~ (Thrips tabaci) DFENHERINTZ, I T7H I Ui, BEEN
BHI% <, TSWV RERLBD NN, BT ANFTHFIVBIRRET I I v~id,
I T 3 58/100 FHFLAT LA 72 <, RERORO 72> 72 (Table9),

Table 8 Comparative frequency of detection of TSWV in
chrysanthemum cuttings cv. Hyozan collected from stock plant
field using RT-PCR and DAS-ELISA

RT-PCR
Positive Negative
DAS-ELISA Positive 3 0
Negative 0 47

Fifty cuttings were collected from asymptomatic stock plants of cv.
Hyozan in stock plant field in Hiroshima Prefecture.

Leaves of cuttings were homogenized and subjected to RNA
extraction RT-PCR and DAS-ELISA using monoclonal antibody.
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Table 9 Effects of latent infection with TSWV in stock plants and the abundance of vector thrips on the
incidence of disease in chrysanthemum production fields in 2000

Stock plant fields Production fields

4 Apr. 26 Apr. 16-May 31-May 15-Jun 13-Jul 8 Aug. 1 Sept. 12 Oct.

Cultivar Hyozan
Infected stock plants * 3/50

Adult I occidentalis ® 2 8 0 9 8 48 0
Adult F. intonsa " 2 0 0 1 1 0
Adult 7. tabaci " 3 3 0 3 1 1 0
Larval thrips " 0 6 15 59 139 6 1
ELISA-positive thrips © in
Adult . occidentalis 0/1 0/4 0/17 0/9 3/85
2" instar larval thrips 129 0/25
Incidence of disease 0 0 0 0.3 7 254 431
Cultivar Jimba
Infected stock plants 0/35
Adult /7. occidentalis 0 0 0 5 23 27
Adult F. intonsa 0 0 0 0 0
Adult 7. tabaci 0 0 2 0
Larval thrips 0 0 0 76 5 86
ELISA-positive thrips in
Adult F'. occidentalis 0/9 0/79  1/52
2™ instar larval thrips 0/28 0/13 0/16
Incidence of disease 0 0 0 0 0.1 0.3 2.3
Cultivar Eikan
Infected stock plants 4/49
Adult F'. occidentalis 0 0 0 1 1 1 2
Adult . intonsa 0 0 0 1 0 0 0
Adult 7. tabaci 0 0 0 6 0 0 0
Larval thrips 0 0 2 1 6 0 2
ELISA-positive thrips in
Adult F'. occidentalis 0/2 0/3 0/1 0/3
2™ instar larval thrips 01 0/2 0/1
Incidence of disease 0 0 0 0 0 0 0.7 1

a

No. of cuttings with positive DAS-ELISA/no. of cuttings from asymptomatic stock plants tested.
" No. of adult thrips of /. occidentalis , F. intonsa, T. tabaci and larval thrips per 100 buds.
¢ No. of ELISA-positive thrips/No. of thrips tested.
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KL TIE, BRRD TSWV IBTERYLR N 6.0% & LS <, KBTI, S v ur7 )
JUSBREEBE (KK 48 FH/100 3, HAMRFRE3S%) THBE LT, TO/BE, KBETO
X7 ZXROBERRIT, 7T HREANLEHE L, FEEHO I A LA, 43.1%EFE L8N
L7z, F£72, ‘ME T, BEREHEKIIBEINR o720, REICBWTENANEE
BE (BoRAR A H 27 BE/100 2F, HARRFERE 1.9%) THER L7-, &K, BESEAN TR
2% 7 2 ZIRDFEAE LT (RIS 2.3%) , 58 ClX, Bk D TSWV IEBTERRYLRIL 8.2%
LRI E DN o T2, REFIHI D OEFEARICLY, I oA n T VI v~ IHREE (&
KB E 2 §8/100 2F, RFHRE 0%) CTHRB LZ, TOMKE, KBECTORKHNLRX 7 2R
DIEEREIL, 1.0%EE Y, K-> 7- (Table9),

4) BE

XI7EHZICBNT, 2B L TROLEOFENRLNLET I UL, I VxA
BT ITTTHY, ETANFTTHIVTBILORXF TV I U~vORETD RN, Z
DI END, FENBRORTESNBI DA aT7HFIv~vTholo b HEIND, £z, 8
AU, %27 2ZROBEIMIEST, S HFA 0T Y IU~OEFRNK 3%EREOE S
THRHINT, ThOOFERET, EERBEMOBMEKY 7 HETIE, IhrFMm7 ¥
U~ NTSWV OFEFBEN B TH D Z & E2REBLTND,

OKIPIZBNTIE, £ 6%DFEED TSWV ICEERG L T, RE~OBHEE, I
XAOTHFIVYOLEEEICLY, FEEPE CORBERITH 7ML, 202 L
5, BROBTERGC L2 KB~ OREYGAH LD HIARNE —RIGREIR L 720, KBTI
XA THFITTDEFRIIILD IREBPEORER, X7 2ZRBERLE-LOLEEILN
Do MEITBWTIE, BETO TSWV BRIE, BRHIehoTo, REGFEIZEIT 2 AKBE T
DIBXARTHITYORAER, HBHZNo720, R 23%DFFIKE CIEE K
T L7, ZORFE BEEIMNGRICREMPIZEEL TERBY, MoOBEE S OREROREVA
HNEER ThHolz L HEIND, TOXIIE, BROBERERMEVES, KB TID
YXATYIVTOEFEAEZITTCH, F—REBEEFEE LTOY ANV ADRLIALEND
W, X7 ZFRPBRBICEL RN EHEIND, KREITEBWTIE, £ 8%DEW
BRI R TH 7212 b 00 b 6T, FEHORBRERIX, K 1%EDRhole, 2O E
L, BIRROBERERENELS TH, KETOI /a7 VI vvREENDRVGEE,
A NAFERNIEENL LIS WI L ARB LTS, KABICBITA2&KHRF 7 22RO
FRERIL, B COBERERIYD LHODITE o2, O L%, TSWV ISR
LTWTH, ZBRETERICELRWVKENPFEL W EnEXbND, £7, I U*
AT I TTDFENT A NVADERN D72 57, TSWV OFFIZH LR L TV 5 ATEEME
HLIRBENTZ, TOEICONTIE, TA L ABRERRA~OREAERR SICLY, S%ERTS
VENRHD, I ARTHFI TR, BIEKROXZE0 T, BEOIFESCIER I T
HHDLWVIHBEOREAT -V THAL, BFEOFELRBERLR->THSH EHRESH T
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% (A - #E, 1995), £70, BEOF 7 EFHKT, BRICF 7 X ZROBRBMER SN, T
S8 TSWV BRBET I USREDRKER>TNDL I ENRENTWS (IS, 2000),
DX, BBRERTTTRI N FAmT7 I UICL D ZREBENPIERL TWVWDE 7 —RA
LERBIZANDLER DD,

PLEDN G, TSWV BEGLSELED b OBARIC X 5 B E ORBA~OFHAL Z 5 — IR & L
T, RETOI D XA T HFIUYOLEHFEIILD ZREBGYEN, BEHEE TCOXI 2%
FRORFEEEZLEOTER LIRS TNDIERHLMNER ST, ZOZ LXK, F72FHE
BikRd % EC, RERBFE2HEERTHIZENEETHY, £, BRI OREIZEWT,
IAXRAT IV EBREEICEERT LI LN, ZRBEGIEICRARTHD Z L &R
L CTW5,
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V. FSyTEMERVEFXI 2 TROBBREROBRS

1. ERRIAVFAATHFIIVIERT HEDEOERR

1) &8

T, (CWFEMBREOLIEAIC L 2#REOE, T772bh, EFEFUEEROHE, Kl
FROREIZHE S FELRME (VY —V = R), BEREB I OHAEEN~OBEREEDORKE
N, \LFERE—DEOFROWENRRD LTS, BIEOLUKTF LR Wk E L
TIL, miRo L B0, WEBAER, HHEMRE L CEx REEOF A Z &0 EmHIB RS
ZEIT b, 29 Liced, BIROMEEL BT HHEMES, £ OIS ZTHHAIHA L
TEREZRETIRADIED LN TND, TOEREE L7225 D0, IPMFHfFO—>E LT
FEPE X 7= Push-pull 8BS T&H 5 (Cook et al., 2007), Tk, 1EM O BlEEMZE2FIH L
T, EREEVNVHT (Fyva) HRE, NI yTHEMEICLVEREZETFEDL (T)
R ZEHICHAEDED Z LT, W EDERZINBEICEHET I TH D, EERIC
X, 4 XU AD Cook et al. (2007) N7 =TIZBWTIToT=FFINEL THDH, hUER
VICHETDHAA TR HEOEXZAMEREZET BRI T A, NXREHEY: L % SlEEY)
LT, —F, TR IARRA—HX I I3 R NIy TmEL, huEray (HoHW
XYV L) M~OEABIESE (Intercropping) CH/MNE ~DOFELEDOEEZ1TH 2 & THERT 5
LB LTz, BRZ, ET BRI AIZBWAX, Fa VEBERORZEOMIZ, FEEZD
AvaANFEEFZSTHIENHALNCINTE, EBIL, NI vTHEMTHLA—X T T
A (YN LOFFRE) b REBRICKESEE (N —) IREFELTNWDL 2 ERbho
7o BAEIL, 7 7V HIZBWTETOERN, 26 Push-pull Bifg 2 EE L T\ 5, 20D
ENEFNL, 77V A OREELEICET 2 EMEBELZBATOIRBORVERERE T
EWVI) MIROFER, BB AIZES7-DREN, BARD LD REEERICEWNTY, (LFEEHE
BOLAICKRK T 2EEORE, BORE~DOFR, SOLICRBEHRE VST HEND,
SKEFICEE RTINS LN TFREND, - T, THIv~ LN EEN 45 F A
R ANVAIFOBABRIZB N TS, 20O XD 2RI SI U 72BN 2 BT 5 2 L IXEE
EREbD,

INFET, RFa2=TR2ENONOREWENI I FA a7 I U~ e RAICHES 7
5 ENEHEINTWS (Allen and Matteoni, 1991), F7-, ‘B 737 =’/ EOR—F
(Verbena x hybrida) 1%, I FA a7 I v~&EFE5IL, TOEAEEL L T—F7E
OEEERMEME CTH D, VAR Fu— A X RET /A4 ROBETHEWVFEFIER N
LTV LHEINTWD (Bennison et al., 1998, Hopper et al., 1999), % 7=, ¥4, Warnock
et al. (2000) 1%, FET IR =R EDEEDNS—_XFRENI T XA T HFIT
~EFHESIL, NIy THEWE L CHIAARETHL EHREL TWD, ZDXHIT, N—FF
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IHXARTFIVYOFESHEREZREFEL WD, —FHT, Iy ar7¥FIv~wn
HIE LT VWE T H D720, NIy TEME L TRIAT272012iE, N—_XFTOTH
IS OEBEEIHE SELEMBRARERD, LIER-T, 7HIU~EHDOFESIZRIT,
N=_F LREFENENLL T, 230, T I U~ LIS < WEDRED o0 XA
BWThsb, £2C, NIy THEMEFIRALIZX 7 ZEROEREN 2T H2EMT, I
YRART I UYOFESEICENTEDEEL, ST 2R OHEOEEEHOF N LIRR
L7,

2) Mtk X FIE

BRI 2 —AND1la O8ENT AL, IAFA T FIu~vOFESHWEREFET S
N=_FTNRBET D7~V TR ZFROC, 78, NTR EORZL MY E 17 7 (Table
10) 77 % (60cm>x20cmx15cm) (2 4T OBMEL, T ¥ LCEE LHEE L., 2B,
| EMFESHT-D 7T 21T 2 e Lic, 2EWITH EE2 —EOV R L%, 1ZEAEOH
REMENBEIEH 2D 2729 A TEIIL, YIVATHEBELEI I VXM uT I Uv~vOfEE
Rr—ADZFEZBFRT CTHEFEN 6 EATICEE L, iR % B BICBE ik S 87, k[ 7 B&IC,
KW OIS D WNTEFEZ 1048 (fEFE) 7 v X LICERIL, 70%T% /) — /L CTr#FI U~
A, WML, EREMRET CEARELRNOFE L, 2B, E7ANTTHIv~
IXBERFAESRME LT,

3) R

R LEMED I L, N—RJ T 7o —RT NI rF A a7 I T pHEN
10 fEEY 7= 6 BERH S, RLFEHENEZ-72, LL, TOMOEHREICI VT,
T AT TIEBREINZUN, @< Enenolz, —F, B ZANTT7THI v,
W=} T 7o =T 2 TI0REEHZY 100 E K HLE BB Sh, 7V —T14 0 —¢
IN—=_FHZ T O HIEE 13 B & Z IR\ TS o Tz, i Em DS 5, ~— T L
v Mg 8N DL, EEET I Uv~EITHRH S 7- (Table 10),

4) BE

NP, I F AT I~ EFST LT TR EMCOIVEETL Z &,
BEMENDHZLRRE, INRN—rnyF L LTHLERATHD, TNHDI LG, N—F
M7y THME LT, IHUFA TP ITORGRICHATE 2 AREMESRE I T
5, LL, —FHT, N=_FL, I AhFA TV IUv~vOBRFOEESHTFcLH S, L
ZRo T, N—=_FLEFOFFIDEEZEFL, Lird, 7Y I U~ 38850 LRV ED RN
bITEENTH D, 5F, XN—_XFLRAELLIVITENEZ LEIAFESINEOH L EDEE
BRI HEMTEREZToT, LL, BROLIA, LIV T I U~ E2HT
L7HEIE, N—_F T 7= T7 2 Th Y, TRUSMIEERFHSIERA R 5 E
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Table 10 Attraction of thrips to various ornamentals.

Flower dwelling thrips
: Common name or Frankliniella .
Plant species . , , F. intonsa
cultivar name occidentalis
Asteraceae
Asteriscus maritimus Gold coin 0 2
Chrysanthemum frutescens Margaret 0 0
Felicia amelloides Blue daisy 0 13
Gamolepis chrysanthemoides  African bush-daisy 0 7
Inula spiroefolia - 0 0
Helianthus helianthoide Himehimawari 0 0
Cleomaceae
Cleome spinosa Cleome 0 3
Convolvulaceae
Evolvulus pilosus American blue 0 0
Goodeniaceae
Scaevola aemula Scaebola 0 3
Onagraceae
Fuchsia hybrida 0 0
Plumbaginaceae
Ceratostigma plumbaginoides 0 0
Rosaceae
Alchemilla molis Lady's Mantle 0 0
Scrophulariaceae
Otacanthus caeruleus Blue cat's eye 0 0
Verbanaceae
Verbena hybrida cv. Fancy parfait 6 100
Lantana camala Lantana 1 6
Verbena hybrida cv. Tapian 0 13
Duranta repens Duranta 0 5

The number of thrips/10 flower clusters
Plant species in which flower dwelling thrips were detected were listed.

MFIIRO b roTlz, SEIOERT, XFa2=T 3R L o7 n, KEWIL, IH
VX AT IUEFESITDH (Allenetal, 1991) & [RIEFIC, ZIEITHMEO W NFTE L
TWB DR OFEN DL, BHEENMENEEZOND, LIEBR->T, 5%iEFa=
TONTyTHEME L CORBEMEEZFMT 2 HENH D, REBRICEBWT, N—_F T 5
Ve NT PRIV FART I TYOFEENLL, AEMEN I XA v T Y
U E TN T D NARTANADREEEZMGEITHELR T v TR LRV D D FEE
PEDRIB S HLT,
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2. N—ARFDIhFAOT7HFIVTHEIKEOHERA

1) H&E

N=_XFL, XA uTFIVEFEFNTDHI LG, FTyTHEmE L TORMAN
Prrshd, ﬁ BT, I W I AT I v~z BRGFHEGTHEMELZIRR LIZKERE,
N=_FOFEBINRP Kb &N 2T, ZNETIE, N—_"TOEELREREME TH L A
Y Fa—nNFdx FET A RPFSIBEO—EELHE -~ TWD L& 7z (Pow et al,
1998), L2~L, F5ERDRW T o AR LAEELRWAA—"FT RETH I F a7
PIUV~OFEFMETFROONTEY, REFHALRADIKIND, €I T, N="T Ty
—NRNT 2DINFRARTFIVEFIRELMER T D BT, FEOERMEWE O 5T 217
DEEBIT, MHSNTEEWEDI D XA T I U~FHFSIE) 25 L7,

2) MR X OHE

(1) N—=_FHERMEYE D5

BEHNTE LY —NOT T ABETT T U FZFEE LT NN—_T T 7 o —RT = OJEE
Z 100ml D EZEED, T D~y RAR—2AH X% SPME (B~ 1 7 vffitt) ([C%E S,
GC-MS 34T (Agilent 6890N gas chromatograph, Agilent 5973N Mass Selective Detector, 7 7
2 DB-WAX (60mx0.25mm) NI L7z, #REMEMEIX, DB-WAX 77 7 LA THREL, fREF
REfE 3 LUV GC-MS 7 — 4 L OERIC LV [FIE L7z, IREFREIL, 3°C/HDHE T 60~230C
L, HEARERIOMHIEEIL250CE Lz,

(2) FEREME LI XA 0TI U~DFHS

GC-MS TN T, MEHEENEN>T2WE (E— 7 ' 2% E) Ico2WnWTlE, 20
ANLEBEGZRNWTI I XA a7 I y~vOFSERICERA L, T72bb, 17 XE
FEN (bmxbm) (7T AT 4 v 78O a5 F (25emx25cm=37cm) & 25 EECEL, R~k
ONTT ABRKER A 9 AICEME L, #EE L=, 10 A EAIZ, YIATHELEZI DA 1
THIUv~ELSEREL, HHRICh VI E, BEDO3 AL, IhrFArTH
RUNEBENTSICELS RoTOEERL, TT7ARED 4 FHOBERGO RS 1.8m OLE
iz, BEEN T T (KU NA—®, TVAZTA TH AT AHE) v b5 0.5mBEL
TRELE, & 87 v 70O EMICEEEREME D 1% B % 2ml AT A7 Y 2a—A47T
NWEBRELE, P77, 1 BZEIZERL, EUERFRCEH - N7 v 2R E LT,
FEREWEOREIL, 1 B ICEHEIDLVICEEGRSE T, 433 RELRD X HICER
L7, 7, #EREEWEERE, #i22ml 2255511 BZLICmB Lz, L LT,
KEANTZAT Y 2= AT NVEFRE LT, BIRL7E N7 v 71X, EERBEHET I F
AT I UHERBERAE L,

3) fER
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N=_FFEN LR SN EBELREREWEX, N7 AR Fr—LdFs RE T )
A RTHY, YARY Fa—LFXL RET /A NE, O 15 EBETH-T2, RWT,
ANEFTEI AR A48-VAFINV-137-7 T M) e png mlishiz, £, VEXxy, £
VAV, y=TIVER Y E VS TREE D b % < R H ST (Table 11),

FHEFEEMEICL DI A n TP IV~ OFEDRELME L 2ERE Fig 20 TR L
oo AV T HENIY AT — EBMENCTMEZ R THERAARONTZHOD, IHF Ao
THI U OFEREE, TRTOEREREDE IS O THBR L FEETRD bR -
7=

4) B

Bennison etal. (1998) (%X, N"—_XFIZIh>F AT VI UHESHERANDH L Z L 2 HE
L, Z20%, ANVT 77 MA—=ZERNTI XA 0TI U~ BOREEERND,
IN=_FIETEEINDIRTOFDOL ALY Fa— 4% N5 A RIZESHEARH Y,
Z U ARICITIEE A ERNT ERHE I L7 (Powetal., 1998, Hooper etal., 1999), Z D Z
UL, IR AuT I T OMBICEMEEREZR T OZBEDFETH L ERELT
Wh, TLTEBIZ, YARDEFEEDDIRWN—NFTDZET B 7RY TN

Table 11 Volatiles produced by flower of verbena cv. Fancy Parfait
according to gas chromatography-mass spectrometry

Compound Retention time (min) Peak area (%)
Limonene 11.8 1.0
Ocimene 13.0 0.5
y-Terpinene 13.7 0.2
4,8-Dimethyl-1,3,7-nonatriene 159 8.7
Pentadecane 23.9 3.7
Linalool 259 0.2
cis -Linalool oxide pyran 29.1 5.5
trans -linalool oxide pyran 342 26.8
Dodecyl acetate 38.5 0.9
Isopropyl myristate 43.5 1.2
cis -3-Hexenyl benzoate 46.3 1.1
Hexadecenal 47.9 10.0
Benzyl benzoate 60.7 0.7

Only conpounds with a peal area > 0.2% are listed.
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Fig. 20. Mean number (#=3) of adult western flower thrips caught in blue sticky traps

with volatile chemicals originating from verbena flower.

— AN BRBEEFEETHZ LD, TNUSNOFESIWE bEEE L TV 5 ATEEMEN RIR
EN7= (Hooperetal., 1999), AFEBRT, N—_F 757 —_T7 2 ODIEENSEESND
FELREREWEIX, V- AFT RET /A KTHY, BEHE—FH L=, LirL, %
DYA, hTUVARIFR1:5THY, IHFA T I U~vOFSERAORN R T o 2 A
DA LMNZENST, £, 48V AFN-13,7-/F b T b~ T — /LR Ei)%
K ENT, IAFAuTHFIVYOFEIHEREZF T2V ABIND N1 Z L b,
KEEFEIZBWTC, THLSNOFESME LI WA a7 ¥ I U< IEH L TV A ATEEMEDSR
e X7,

WX T 7 = NI 2D IV AEINDEREWED S b, HHBREHED L) >
Toply BN KEE N T v T EABE DR FIET, I XART VI U~OFHESRENE
P L 72RESR, Ve — AR REELWTIWOBEREME L BEELRF I RIT R I 20
of, T, IAUXA TV IV L THEIERRESNTNDE p-T=AT /LTt K
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(Teulon etal., 1993) b %R L FEZEIT LD o7, RERICEBWT, Ve —LF X NEDH
BIENRI DX AT I T~EZHESI Lo KRKE LT, 1) Powetal. (1998) 7%,
FNT 77 N A—=H LW IR FIEZ WO L, KHENIERBIRBFIETH-T-
e, BERMENBRNRN-T2Z L, 2) VIR —FXRT FET /A ROVA, T~
Az 11l LieZ l, 3) EREMEOMRI LIS, KMENT v 7OEREOEENR I
TLELTZE, REBRBILND, FFIZ, 3) IT2WWT, #H (1998) 1L, IhrFAm
T U T A EREME OFESIRIL, BRICLDIFIDRELIVLHALMNIL ST
HEHRELTWD, 5%, ANVT 77 MA—ZREOBRFIEIZL ST, £F VSO
FHEIRBNZFHMT 2 MENH D, Fiz, REBRICEWT, B I A—_F OEFEEYE
X, ZEAEDREBRR O TIERL, RSHEMREICHFET 52— K2 DI ThoTe /e
WD, IAFXATHITOFHEEEICIL, WEBEMTIIRL, BROWENESHIIE
ALTWAAEELEZOND, LEENo T, SERMEME LIRS LB ADOHESIRENIC
WTHRHMELASLETH D EEZHND,

3. N—RITDEEEHBIEICL DXV ZTRDHBRHE

1) &8

N7y TR EE, FIOEREZFESTLHI LT, (EMOHELEET2HEMTHY,
FNEFIA LIZBBBREMIL, IPMERO—>& L TEEARRICBWTEHAE (Hemiptera)
HHWITHEEBEEB (Coleoptera) % H LMW DD RENEFI A 41TV %  (Hokkanen,
1991), 42, TOREEY) OFHE & 75 7= Push-pull BRIZIZIHWT, 77 U BITHBIT 5 B
vER Y, VILITLATORDEFIIRIEO LB THDH, o, ERZFHESIL, BEREL
TENUDNEN T DIRFERZIE LB, A RicBWT, E#BHE LA RICLD,
Nephotetti virescens #5195 2 & TARY 7 a7 A )V ZAOHEZMH L7 Z & (Saxena et
al., 1988), F7-, THETIX, P~ FNOREBICART v 2 ETHZ L THRNaa I II%
FIIL, TABENT D b~ PEIEERF T A LA (TYLCV) OFFEIH TEZ L)
E21&H 5 (Schuster, 2004)

NP, IS A T I v~E2FEITLHIL00, VT T EHE L TRHIATE
2 A[REMEN RIZ X T % (Bennison et al., 1998, Warnock et al., 2004) , AAFZEIZRB VT, N
—RXF Ty = RT DN I N X AT IS EFETHIENHALNICRY, KE
BRI T 5% 7 ZEWRBROT-DD T v TR & U THIA T 2 AIREMNS AR ST,
2T, MEKERX ZHEZICEBNT, Ry THEME L TA—_T2HETHLET, IH
YXARTHIVIOHFRELENDENT DX X ZROBAELZME T H02ET /VHIC
FIET 2 EBT, ¥ 7 OBMAIEIZS— T 28l L TR EZ1To 72, M7 v 7Y %220 R,
RFE CHACHERESELODEE LW EFEHEIL, dREFRICLVELRY, —HHICIEE
ZTRVDS, FEETE D 10%RRE N EY) L8 S T2 (Hokkanen, 1991), £ 2T, #R0D
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HEZAMICT 720, EHR 10%2EEL LSS, M7y THEMEXF 712 LT 17
~25% &\ ) PRESHY R R I L CEBR AT o 7,

2) Mtk X FIE

(1) ZEB&1

FEBRIL, 2003~2004 FI2, BEFEMTE L X —NOEEIZ Sm B CHET 2@ E02<FH
L 09a OINEEEE E =/ N7 A (6mx15m) 2 L TITo7-, KT ADOHFREBIZ, 1.5mx5m
DMERE LT, 7 WE O LA EELBR» OB L, BIR L TH % %H L 7z, 2003
9 H 16 BIZ, BMEXH7-D 96 BEEAME (BKM 20cm, 4 £EX) L7-, MEE&ElE, TET
NP:K=25,20,23kg/a & L, VEKIZTTNA—T 0—TITo7=, EBRFICIFEREEITEA L
mirolo, 71X, B 14 BRICHEOL, 0%, REFEERER (PM10:00~AM2:00)
EiTo7, WIRIZ15CE L, 12 A 25 BICERZIT B2, ZORER, FEHB L OB
HIZNZ4 2004 F0 1 AFAFB LU 2 A ERE o7,

N R T 7 o= RT7 2 BIOE 787 2% 1 %t 1 OEET, IBALKEEZ 2g/L
ﬁ’@ﬁELkitﬁ (F&t: N~ HE=1:1) 28T 77 % (60cmx20cmx15cm) Z 8 H 27

B L, X705 0.5m BENBEIOMEIL, B> T, 24552 % 7 OB 4
H% CEE Lz, Thbb, %7&A~A%@%ﬁm¢i,¢1kbt<mgm%

TSWV %7 53BEE & N. rustica \ZHHRERE L, TORREL AN T TAT 4 v 7 r—XA
I rRA a7V I TR EHREAL, 25°C, 16 BERBIET CHE L=, Bk Lk

BEHR 100 A EEL AT 9em Ay M CHEEE L@ ex 7 ME ~KAE Lz, 20X
&Ry NTE, 2003410 A 1 BICEERRKOFREA~FHEL, VA /LA LESN hOBERE
JBe L, 20k, F2BAMOMRT, £X1bH, X 7TEFE24EEZ T X LIERELL, 70%
TH )=V TINrFX AT FI T~ L8, L, EERBEMEE T Clsh BN L 72,
TSWV (2 X % & 7 2 ZfFDFEFRIL, Matteoni et al. (1989) DOJF HFLH It > THRBIZE L /-,
(2) EB&2

2004~2005 i, RMELFEIRONT A TEREZToTZ, BNV AOFRLICMEZRE L,
4 XENZHEIL7 (11X3.75m% 1.5mx2.5m), 9 A 15 B, &XIZF 7 1B 48 HiA2BE L 7=,
11 A1 BICHOL, Z20% 3 RICHESL T, MRS, 2003 FLFEkE L, ERTHEIY
IX12 A27 BE Lz, ZO/ER, EEMBIORMLEHE ZEFh1 AFABSIO2 A$H
Erlpotz, EBRATANIBEBALIZE AT T IvBIORXX TV IUv~2HRT5
721, 200411 A29 BB X W12 A 21 BIZA I ¥ 7 a7 ) RAKMAZ2XITEAM LTz,
EB1 T, N—_F I N7 2 T TSWV R L 2R E 2 Liz72, 2004 1%, 7
TR T 2 DB EER L, N—R_RF Ty —RXT % 8§ H 10 BITT T X
(6OCmX2OcmX15cm) N2RRTOBME LT, 9 A 24 BIZX 7 O 5 0.5m B 7= RIOAL
B, BUCIh > TRY 7D ST X 4BERE LTz, 7 &EN—_TOFMHRIT, 6:1 &
L7, 10 A1 H, EXOFRDF7 2KRIC TSWV ZHIEERE L=, 10 A 12 BIZHRBEHEL
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Fig. 21. Trap crop experiment in 2003-2004. A: untreated control plot, B: trap crop plot.
Verbena cv. Pink Parfait and Fancy Parfait were grown alongside chrysanthemum (cv.

Jimba) plants at a ratio of 1 : 4 in trap crop plot.

ToHEFERRIZEE 200 BH (MERELL 9 0 1) DI XA v T ¥ I v~ RAMEE L, WAL R
WHET S 10 ATAET 2 #BEAT—X (HEW 112um) HEBZ1T-7c, D%, #HEZEKR
EL, T¥Iv~zBHIIBEOBMI T,

XN, K2 ARERET, F7IEF R2ELZ7 X NTRRLEZ, £, EEDO/A—X
FTI0REEEZBAVIRIZIZEE /L, SACFA T FIVBELZERL, BONIH L&D
BT ~R LTz, £ OMOREIL, i & RRICITo 7,

3) R

2003~2004 4, N—_F IS TEE b HRICEEIND Z R BE LT, N—F DTt
BEIE, TV U~ 30 BRI, BREZ0 20 EFE LY, 60~120 HEICITHRYS -V
24~59 TEETHRE LTz, MAUEKIZB TSIy a7 v~vadikix, b se B#
MBEEINL, 97 BAICITTEZES-9 050 BBICE L=, —FF, 7 v THEHXRICBW L,
XA BT I UL, A 111 B E TRV TEIEH D 0.08 BHLLT THER L 7=,
2004 4E 2 H BAIO X 7 BITER (B 120~130 BH%) (2B AEL 7= I hrF a7 ¥
U ACEENS, BAEXB IO N T v HEYX T, FRENXZIEHETZD 0.65 FEFS LN 0.68
FHLIZIERE CThH o7 (Fig. 22A), 7T H I UV~ BPIIELEX B IO N7 v 7HEHX TT
P U~ 56 BLIE, THENTEZHEY-D 1.4~42 BB L 0.1~1.0 58 CTHER L 7= (Fig.
22B), MERX LG, ¥7 2 EFHORIFIL, FEREFLE»OInE o7, BOUEKIZEIT 5 X
7 ZFROFFREIL, A S6 BRI VML, —JF, b7y THEHRKIZEVN T, &K
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T E CEREFIFICRRIIE E o7, &KW, 2 A RAOBIEHO X 7 2 ZRFEEE
FIx, BAHEXTILT%, b7 v THEPHXT12.5%E 72> 7=(Fig.23), ki 60 BEIZHBW\ T,
H) 25%D/N—_F T RT 2 PRIRFRBERCER AR & D TSWV BRIZ K DEREZE L T2(T
— 28,

I —&— Control l

—O—Trap crop

e
LN AN 3 ©
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Fig. 22. Mean number of thrips per terminal bud on chrysanthemums grown in a plot of
the trap crop and untreated control in 2003-2004. A Adult western flower thrips. B
Larval thrips. The ratio of verbena plants to chrysanthemum plants was 1: 4. Arrow

indicates time of chrysanthemum flowering.
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Verbena cv. Fancy Parfait . Plant latently infected with TSWV

Fig. 23. Spatial patterns of TSWYV spread on chrysanthemums in plots of the trap crop

and untreated control in 2003-2004 at various times after the release of viruliferous

western flower thrips.

2004~2005 4, 7Y I U~ A 20 BRI AT IHEERIL, Y720 31 B Lo T-,
HER 80 H4£ D 2005 4E 1 BIZIE, #4709 116 fERICE L, BUHKICIHBNT, 703
ArFARTHITRBHEIL, B 69 BENOHEMLIAD, 98 BEOEEMNE T, THHF
WD 04~12BHTHB LI, —F, M7 v THPMRICBWTIE, FEME THEFLY 0.2
BALLT CHERS L 72, 2005 4R 2 AHEOF 7 BAEH (ke 110~120 A%) (CRBIT 2465720
IHUHRA BT F IV BT, BABEKBSEO Ty TEHK TERENF ST Y
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14BERB L N08BETH -7 (Fig 24A), HUHEXICEBIT D X7 07 ¥ I v ~shBEkL, K
20 HLDARRIZHEIN L, Jficfd 98 A% £ CIEZEY - 09~28 BETHR L=, N7 v 7THEHIXIC
BWTIE, M o8 B £ CIEZHY-0 0.1~1.0 ECTHR L= (Fig24B), N—_FIZBIT 5
AR ARTFI VR BREIE, HE ST BUREEML, 98 BZICIXERE Y- 26 ELL E

A 6 -
| | =O— Trap crop
—@— Control

Number of thrips

20 30 40 50 60 70 80 90 100 110 120 130

oo)

—O— Trap crop
2.5 | —e—Control

Number of thrips

20 30 40 50 60 70 80 90 100 110 120 130

Days after release of thrips

Fig. 24. Mean number of thrips per terminal bud on chrysanthemums grown in plots of
the trap crop and untreated control in 2004-2005. A Adult western flower thrips. B Larval

thrips. The ratio of verbena plants to chrysanthemum plants was 1: 6. Arrow indicates

chrysanthemum flowering.
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Fig. 25. Mean number of adult western flower thrips per flower cluster on the

verbena trap crop besides chrysanthemum plants in 2004-2005.

80 r
70 L —O— Trap crop
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50 |
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Fig. 26. Incidence of TSWV symptomatic chrysanthemum plants in plots of the
trap crop and untreated control in 2004-2005.
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& 725 7=(Fig. 25), BALE XKIZH 1T 5 7 2 2R OFIFRERRIL, fifd 48 B LA SN L,
98 AL DEBEHIZE VT, 69%DHFHRE LR o7, —F, b7 v THEMXTIE, EFEKE
IR HERE L, 98 HARITIX 12.0% Th - 7=(Fig. 26), £7=, 7 2 ZIRFEFLEOBESNZEM
AL, 2003 EDERERLIZIEFRBETH -T2 (F—2AEWE),

4) BE

INETIE, S$EAFEIZ7ICBNT, N Uy v IN—RA N R AT
VYD ERBEWETHIET, IXFARTYIUv~EFHEIIL, NIy THHE L TRIATE
% AREME NV RIZ STV 5 (Bennison et al., 1998), F7-, N—_F| X T TR HZ—")N
MLV LI I UrFA T I v~vE2FESTHrLEVOIHMENH D (Warnock et al.,
2004), LnL, N"—=_FZ T o THEME L TEHEL, ¥7~OFEKZBDO ST LI
IV, IhrXAaT VI BB T S TSWV OMEIRE2FE L-REITR, RER
T, M7y THEMRIZBNT, F7O0I BT/ v T I UvORAET, HREICHANEE
METORIHERL, BRELT, KERPENTHX 7 2 EHROFEAEIL, T v TEHX
THTEH E CTHRX D 13~18%IZHf| Shiz, I VXA a7 H I U~Ic LD TSWV O
BREERITEL, SHOBRECHLRLEETH L tHRESN TS (Wijkamp et al,, 1996), =
DZENE, FIRETIMELEEI DI A a7 I U~ AR E, HEHREWVEET
N=RFABH L TNDHEEZLND, N7 Yy THYXOXI7RIZEBTHI XA a7
SUNEEY, XUBRERICAEE L, 2, N—_TRRETHEBELET I U0 —&
BEAER O X VIR 72720 L #HEH| S5, Bennisonetal.  (2002b) 1%, 7 AA T XA
LDENRI D FA 0T FI T~ L TRWVESHERZRF LTV LHEL TEY, F
LT X I BRI D XA T IV o THWFESIDREZET LI ENEZONLD, L
oo T, 5%, N—_T R ETEANBR T I U3 8l LW FIEERFNTOLERS S,
UEND, MERERY 7 HEEICB T 2EBEDON—"THEIL, F7O0IDFA a7
RUNEBEEMECTHESIL, TORBRLLT, RANENTDHX7 2 ZHROFEAELZ B E
THHITEZ D ZBBHELMNER ST,

4. N—RTDEZEBIEICEDFI ZTRDOHFRIE

1) #&8

AIEICRBWNT, N—=_F %2 X7 Ok > TEEBEEICKETHZ LT, /7% ELEOI D
XAaTHFIVIRFEI SN, TORE, X7 I2ZROBENMEINDE ZLEHLNIL
oo N7 v THEYOE S EEEEIL, —RICITFHEEDO 10%RELZEZILLTND
(Hokkanen, 1991), ~ 7 v 7HEMOFIEEIEIL, D72 W ERFEEEMEITEMNT 5, K,
JREWIRFEE O X 7 MO X O IZHERRWVEM TS T 25 8ICB W TUIEETHS, L
2L, b7y THEMOFMEEENEIIE, HREOMELIKTTLETFHEIND, 22T,
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BEAERTICB O CERTEARIERE T, ¥/ 2 2HOBELMFTE 0L 0 &N
ST DL EANT, FTy SO EFR10%EEEL LGS, Thi) b
[REE TON—~THAEN, HRERF 7 BT LINFA 0T FIVT LRI ZZHO
BAECRIETREEAE L,

2) #MEks X0 HE
%%m kLT BERRE 2 — W®097%w®ﬁﬂﬂﬁxzﬁ%%wto%m

+FRNC 4 pEIL, BEAC =V TREELZRT, BET 5 RKA~N—_FOERMER D 73>¢f“%5z
?‘Zo@ﬂﬁwto B X OHERIT 1.3m*4m @mﬂvz XE L72, 2005410 A 4 H, &£XICx 7 f#
B> D % 2= 20cm, £ 20cm @ 4 SHET, 80 kA EMW L=, 7 v 7HEMXIZIL, 77
AT 4w 78O a7 F— (25cmx25cm*37cm) [ZN—_F T 7 =T 2 HBAEL, 10
A4 B, 70800 ImBENTAAEICK Y- 6 BREZELE LT, ¥7 & —_XFDHE
1%, 133:1 L7, N"—_T2EELLVWREBOLEX E Lz, EBRRIZ Fig. 27 1R L
7. WiRIE, 15CE L, ®KHEFHBER (PM10:00~AM2:00) THh: L7z, EBRIL, ?‘/&“A
BLEIC KD 4 &R TITo72, 10 A7 BIZ, FRFEROF 7 28RO L7 3 FEIZ TSWV £ 743
BERR 2 IR U 7o, B EEIC X 7 2 R OR B BT 10 A 24 BT, BFERRIZ 200 B (it
B 91) OIBrFAaTHFIvvEKEL, 11 H4BETI—2 (112um HE&V) #7E

Fig. 27. Chrysanthemum growing in 2005-2006. Verbena cv. Fancy Parfait was grown
alongside chrysanthemum plants at a ratio of 1: 13.3. Experiment was carried out in a

randomized block design with four replications.



54

L7z, 11 A TAE»L 1 ARRET, H2EMBEIC, EXNOLXZHEFEZ T X L2 20 E
BEL, 70%T% =L TT7 ¥ I~z ML, L7 VI v~id, sz
AT TERBEMET CHE L, NIy THMICBIT LI XA a7 FIUORAER
X, EBEON—_F10MHEEEZAVRIZEZEHL, ARVFAELE, $7 2 2HROERKRIT
ERRIZOWTETRD L BV IZHE LTz, FLBXRIZBITLI AT ¥ ?vﬁigk
FOF 7 2 BIRFRERIT, +#RE THE L 72,

3) fER

WABXICBT2I DA a7 VI U~ORARR, MEAT72 B%RE T, THFEHSZD 0.2
~039FTHR Lz, —F, F7 vy 7HEHXIZBNTL, 0%~msﬁf%%Lkomﬁn
HEDOI D XA T FIUVYRERICKB THEENR O biLe (p<0.05,Fig 28),
NFHELEDOI D FA 0T HFI U~ BB, Al 56 BLUEEML, 72 BR&RICITHEREY
720 0.7 BRIZ 72 > 7=(Fig. 29), EAFRXIZIIT 5 X7 2 LR ORAEKERIT, ki 32 B LRER
HL, 96 BRITIE 80.1%ICELT-, —JF, M7 v THEWRICE T, RS 32 BN D
ML=, EOREIIRETHY, 96 HEITIT41.7% L e >7-, %k 85 Hikds LM 96 H
BRICZKE CRFEERICEEZDRD O (85 H%, p<0.05;96 H%, p<0.01) (Fig. 30),

08 r
07 L —O— Trap crop
—@— Control

06 r
05 r
04 r *
03 r
02 r
0.1

Number of thrips/terminal bud

20 30 40 50 60 70 80
days after release of thrips

Fig. 28. Mean number of thrips per terminal bud on chrysanthemums grown in plots of
the trap crop and untreated control in 2005-2006. The ratio of verbena plants to
chrysanthemum plants was 1: 13.3. Bars indicate the standard error of four

replications. Asterisk indicate a significant difference at p <0.05 (*) in Student's ¢-test.
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Fig. 29. Mean number of adult western flower thrips per flower cluster on the verbena

trap crop besides chrysanthemum plants in 2005-2006.

100 r
90 | | —O— Trap crop
80 F | —e— Control
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3k
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Fig. 30. Incidence of TSWV-symptomatic chrysanthemum plants in plots of the trap
crop and untreated control in 2005-2006. Bars indicate the standard error of four
replications. Asterisks indicate a significant difference at p < 0.05(*) and p <0.01(**) in
Student's #-test.
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4) BE

N7y TN REECHIET DI LT, ¥70OI /a7 I v~voRELERE
B USE X O 15~40%(ZPH L7z, *7 TOFEBENNH SNER, N7 v 7Y
KIZBITD X7 2 FHROFEAET, ELFX D 40~52%I2HH Sz, ZOMmEREL, &%
ECN—_F 230l L7256 LR L TR, ZOREIR, BN RRAEZEOMFIRE) D
LY 2D Thotz, BIfiE Rk, REBRTHLAA—_FTHETCI DT aTHF I~
WA RO bivlc, 5%, N—_"FT~ORBEEZIIREOEALRE, N7 v 7Y ETO
B B OWETE A MH T AN OB N LE L E X bND, RERTIE, N7 v 7HYOEE
FECTORMEEROSZE LFEE, 7L b7 v 7 HEMOERITIT<, JBIE (Intercropping) (2T
WHAEBLE & L7z, b7 v T E R OFEE THREZFE I 2 72 OFAERERER K O
BHIEZOWT, ELICHRFTBPLETHD, £77, TNETO LI RET VEERTIIZ <,
BH OGS 5 7 BB/ ~N—_FE2RIE L, 7V IUHESDIRBLOX 7 2 2R
REFILETLHILENRS D,
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VI. BEEE

IE, FI7HEICEBNT, BxD U ANV (UAuA R) JWREAEL, BEL > TS,
BRl, THI U~ THENEIND TSWV 72 ED F AR T AV ABIE, JERNBE L &
BHIHENRKE WV, BRI, I 7ICHBETD NAR VANV AOHEL, #HiELZH & %4
BRICESBHBRICE D, BB TE2 LT HILEZEMICEM L, LT, FkDE
FILOFREMNEEL RIEZ T, BEAMODLRWEIRENE LT, b7 v 7l E AV T-BhikkrE
it DBRFE AR AT,

X7 T, HLBEICLDRBERBEIEAIT) 2NN, BERXZ 2ZHb D 0TS
JEZTHRITBG L TWDLEE, MLBESUAVANERERLRT 2 2N TFRIN, FLE
FOBRLEEER R ORI BEE) O 7 A L ZFRBWHICE S - BB O, BHI,
LR ZBG LT 2 ECTHRO CTEETHD, £/, ZOL 9 RBRORYEE, KBEY AL
A DEEFRBURYL S AR S 40, FIREZR R 0 M HEE O | W B I FIENER S 5, RIFZETIT,
MEFREZENERE LVEGTR2W 285 L L2027, $7 TiE, koL
BY, BROBEERELRET LI E0, F—RELEFEORELVWOIRANLERELR D,
I T, v VFFL v ART-PCR # =, TSWV BLOF27 DH ) —DOEBEERFAT
bor¥rDWME A nA K (CSVd) DRFE®EHENMTOMFE AT o7, T OFER, TE MEER
IZ K DHEMEN S OEBOB ML, TNEHRICLEY ATy T - VT TSy 7 A
RT-PCR EIC KD, —EIORISTEREELZBEHT 52 &4 ERIC LTc, £, £ OB
BEVE, M RAE SRR S L THWSIZHED 5T, DAS-ELISA {EOH) 1000 fF &5 +5
IZEWHDTh o7, REL, BWVBRHEELZGL WD, X7 TEELE 2D EBERYE
B OBREBEEROBHICHIATEZbDOLEEZOND, TFE, VAL ROBREIZBWT,
ST #1952 AV T RNA Z R SR BT 4 A L7 b RT-PCR IEBR% S, FIIA
SN TW% (Hosokawa et al., 2006), Z D kX 9 72l 5 I BEMH SN ST 2 LT, &
DI E DRERFEMENFIRE L 70 5 LB 2 b, BINFHESLIZANT 725 % ORST 2 BT 5, Btk
D \WVITE LEMEBENICB O T, TSWV X7 VX ACRET S, LER->T, L0 IEfkARD
24T D 720, FE—HR»EHEOY T VERRL, BRAEL TRETDH I LT, AR
EXERETLZMNENSH S, TSWV, CSVd 1L& bi2, MIEKBE TR VICEETLHI I ENmMD
TCEY (RO, 1998, #H)IID, 2003), RIET, ZNOOEBERREFELZRETELH0ED
DIIFRATH D, LrL, EWIIE, RNAVA LY T DX R A VA2 FiRS &
50 HEOFENM BN TEY (Takedaetal., 2002), TDO X I RBKIEEDO A NV ADH 5
VT A B NI LR LEED, FERUITERSE IR PICRIFICE L DN E S Ndbr-o
TV, D7 &b ARER, RERFELBEOAFTRICRFZ 5 S 27 UL OJRR R
EThuE, VA NVAORERZEE LN ORET S I LT, ERICHRRY 22T
XHbDEEZLND,
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LAMP %1%, F—IRE CENBELRTZEE L, BEXUKEIT 712 DNA HBIgIZ O &I EY O
B (BYy) CHIEOFEAHE TX, ZOMEINLEFER SN TV D BEFHEIBEIN
D—DTh b, RFETIE, LOEE, POFKERY I X EHODWEINEZHE T &
EHMC, AIEICLD TSWV ORBHERT L7z, TORE, LAMPIEIC LD, 70, #
FEREEHN D TSWV ZREMICHEHTE 2, £72, LAMPIEIZLS2F 270060 TSWV D%
HEE 1T, DAS-ELISAVEL D 25 @m0 o7, SBIL, V=T 7 IA4~—%MzxbH L
T, RICO@E#EbnNEBRTE 7z, L, EfEX 7 AMOMTKREZ#H5 & Lz R-LLAMP &
TlE, BELTMEBRIIEONT, EMRREDTDITIE, L7025 RNA ORFRNTR
AR CTholz, LIEN-T, KEMREZ LV ERNRLDOICTH0I121E, L0 E< OFERM
ORI 74~ —OBRE, oI, BEEMHHROBRERE L5 LEICLD,
LAMP RS EME OB 2 ERET 5 FIEICOWTE LICHRETAILERDH S, b DR
BEADNRR L, 3k, ¥ v hOKa X MEAER UL, REML, +2I85G TRHIATE
LZH0EEZ NS, —F, LAMPIEEZ AW REI VA a7 HFI U~ 1END TSWV
FEEEICRET 22N TEZ, 20K, BBEREHTHZ L, 7THIv~vOERM
HRAEZEHFLLE L THHomWEE TR TE, 7HIU~IZLD AR YA L ADH
RN T B 720121, +07RED T A )V AR PNERIR~ZE L2 T uEe 5720, L
NoTC, RBREZBRETIHE, BEBICBIZ2VANVAOEELFHARDL ZLNEET, T
PIVYEANSIKBEDO A NV AZBHT L ZLIEHEVEBERER IV, fF3k, v
FME = A MESh 72354, ELISA EL D bE{ERAREL, TSWV REROES 1 OEBE
DEFZHFAEIFHATEZ D EEZ LD,

LED X1z, 27O TSWV HEICEB T 2 ZFEEOEL FRZE N, $hbb~rF 7
L w27 Z RT-PCR £ & RI-LAMP iEDICHZRETL, WINb—EDOMREELRD, I, ~
NFT w7 A RT-PCRIBIZERAMOEWERE L THNY T2 2R TE e, 5%, AFIE
AT O L7 SPREE SR 7 OFEMAR ETHASND Z L 28T 5,

X7 EEZ KFT B AR T A VA, TSWV & CSNV 7215 T, INSV IZHRED L Z A,
NTLHFEIZ L2 FIR O TR DA T, BRI E S 41T 72 0 (Daughtrey et al., 1997) , 2006
FOE, TSWV DRI 74 ~—THRH IR\ F 7 2 BERED RS RN O X 7 £ FE
RCHAELL, FRELIREEOFEEREZREFTLCRER, BRATRELED NAR YA ILAT
HDCSNV THDH I LEHLNC LT, CSNV I, BAOFEEX 7 TUD THERSN, £0
e, = y/NIZHWENIER LT, RUANVAZEDX7 OERITHELLS, 5%, %<0
FEEM CHENBEEIT HAREERH D, KRUANVRE, I AoFAnT7HFITvBLNE
schultzei CEZRIZES &b EHRE SN TS (Nagata et al., 2000), F schulizei 1%, HAT
RREETHDLI LMD, BRTORYANVAOEEHRABRL, I oI/ a7 I v~Th
L EWRIND AT ANVAL, MEFHINCTSWY LiTETH Y, F 27 TORAELREIT, TSWV
CEPLIEbD L HBEINDD, KEBEEN LI RELEIRSRME, BROLERZR, BR
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R, BEBBRNO ORBEICLD VANV AMBRYER, FERFE —REBLEFE L >TNDH I L
EHERET DD LWV D, —F, TSWVIERBROR 5L, BRERREICBEGRR <, # B
L0 LEHEEICTSWY MEH SN, 202 &5, BEBREICBWTIL, AR 42 ERS
L ET, i EHYXY HIRE ELISARET 2P EL TS EEX DD, M EEEELBRE
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Summary

Studies on diagnosis, occurrence factor and control by trap crop of tospoviruses in

chrysanthemums

Multiplex RT-PCR method was developed for detecting 7omato 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 TSWV at dilutions of up to 10™®-fold and CSVd up to
10°-fold, respectively. 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.

LAMP primers was designed on the basis of nucleotide sequence of NSm protein gene and
RT-coupled LAMP was carried out using total RNA extracted from several crops. As the result, the
amplification product was detected in the electrophoresis from chrysanthemum, tomato and pepper
infected with TSWYV. The amplification product was not detected from each healthy crop and INSV
infected Impatience. The sensitivity of TSWYV detection by the turbidity of the RT-coupled LAMP
by-product and DAS-ELISA by monoclonal antibody was compared using serial diluted plant tissue
of infected chrysanthemum. As a result, RT-coupled LAMP permitted the detection of a lower
concentration of TSWV than DAS-ELISA. It seemed to be possible to carry out sensitive and quick
diagnosis of TSWV from several crops by the nucleic acid amplification using RT-coupled LAMP.

In August 2006, necrotic streaks on stems, chlorotic and necrotic spots and rings on leaves, and
leaf distortions were observed on chrysanthemum cvs. Jimba and Seinotama in greenhouses of one
grower in Hiroshima Prefecture. As determined by mechanical inoculation, host range and
symptomatology of the isolate were similar to those described previously for Chrysanthemum stem
necrosis virus (CSNV), including necrotic spots on Petunia hybrida. This virus reacted strongly with
CSNV antiserum (DSMZ, Braunschweig, Germany) by indirect DIBA, and cross-reacted weakly with
a monoclonal antibody of TSWV using DAS-ELISA. No amplification was observed from extracts of
symptomatic plants by multiplex RT-PCR using TSWV and /mpatiens necrotic spot virus specific
primer sets, indicating that the diseased chrysanthemums were not doubly infected with these viruses.
However, a DNA fragment of approximately 450 bp was amplified in samples by RT-PCR using

tospovirus universal primers, BR60/65. The nucleotide sequence of the amplified fragment had 98.1%
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identity with the corresponding region of the CSNV nucleocapsid protein gene. The above results
indicate that the virus associated with a stem necrosis disease of chrysanthemums in Hiroshima is an
isolate of CSNV. To our knowledge, this is the first report of CSNV in Japan.

Localization of TSWV in susceptible chrysanthemum stock plants and transmission efficiency of
TSWYV from latently infected stock plants to cuttings under thrips-free conditions were investigated
using DAS-ELISA, RT-PCR combined with dot blot hybridization, and by cultivation. TSWV
localized in symptomless stock plants and cuttings taken from them, and its detection frequency, was
relatively high in the lower leaves and stems, but low in terminal buds of cuttings. The detection rate
of TSWV in cuttings taken from infected stock plants ranged from ca. 20 - 50%. The detection rate of
TSWYV in the roots of stock plants was greater than 50% in most periods. These results indicate that
transmission efficiency from infected chrysanthemum stock plants to cuttings is fairly high and thus
may become a major source of secondary infection in production fields or glasshouses. Our results
also suggest that several lower leaves should be subjected to ELISA to detect infection in stock plants

and cuttings.

A high density of Frankliniella occidentalis, the predominant vector, in the presence of latently
infected stock plants resulted in a high incidence of TSWV disease in the chrysanthemum production
field. The incidence of disease was low when the vector thrips were not abundant in spite of the
presence of latently infected stock plants. These results suggest that an infestation of the vector thrips
causes severe secondary spread of TSWV originating from latently infected stock plants in

chrysanthemum production fields.

The effect of verbena as a trap crop on the occurrence of western flower thrips, Frankliniella
occidentalis, and the incidence of Tomato spotted wilt virus (TSWV) in chrysanthemums were
investigated. Verbena cvs. Pink Parfait and/or Fancy Parfait were cultivated alongside chrysanthemum
cv. Jimba in a greenhouse. Verbena plants attracted vector thrips, reducing western flower thrips
colonization of chrysanthemum until flower bud initiation, and markedly suppressing TSWV
incidence on chrysanthemums until flowering. Significant quantities of linalool oxide pyran were
produced by the flower of cv. Fancy Parfait; and the ratio of cis-linalool oxide pyran, an attractant for
vector thrips, to the trans-type was approximately 1:5. Our results suggest that cultivation of verbena
as a trap crop may be useful in integrated pest management programs as a control for

thrips-transmitted TSWV in chrysanthemums.
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