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Iris yellow spot virus (IYSV) {2 & % PV a7 (Eustoma grandiflorum)
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ABSTRACT

DOI, M.1:2* ZEN, S.8, OKUDA, M.4, NAKAMURA, H.* KATO, K.! and HANADA, K.*-® (2003). Leaf necrosis disease of
lisianthus (Eustoma grandiflorum) caused by Iris yellow spot virus. Jpn. ]J. Phytopathol. 69: 181-188.

Lisianthus plants [ Eustoma grandiflorum (Raf.) Shinn] with necrotic spots and rings on the leaves were found recently in
greenhouses in Shizuoka and Saga Prefectures. From diseased leaves collected in Shizuoka and Saga, we isolated four virus
isolates by the single-lesion isolation method. Some or all isolates had the following properties: (1) they reproduced necrotic
spots and rings on healthy lisianthus plants after mechanical inoculation, (2) their virion morphology was similar to the
tospovirus virion with irregular spherical particles with an average diameter of 85 nm, (3) they were serologically closely related
to Iris yellow spot virus (IYSV) but not to Tomato spotted wilt virus or to Impatiens necrotic spot virus in the genus Tospovirus, (4)
they were transmitted by Thrips tabaci but not by Frankliniella occidentalis, (5) their host ranges were narrow unlike Tomato
spotted wilt virus, and (6) nucleotide and deduced amino acid sequence analyses in the nucleocapsid protein genes revealed that
they are nearly identical to a Dutch isolate or to a Brazilian isolate of IYSV. These results indicate that the leaf necrosis disease
of lisianthus was caused by IYSV. This is the first report of [YSV disease on lisianthus in Japan.

(Received September 27, 2002; Accepted December 10, 2002)
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DRE LU, KIRBORREOHEE et L7258, RIR
V3 Iris yellow spot virus IYSV) TH 5 EE 2 bhic.

IYSVIZZ SV ADE v FT A URADLLEFOTHEEIN
TP ARTANWVABIZIBT S 7 ANVATH S (Cortes et
al., 1998). T O, KT AN ARFT S VINDRTHIF
(Pozzer et al, 1999) A4 AS TNV DO MV aFF a7
(Kritzman et al., 1999) THRAEHBRD SN/, HATII,
FEROTIVA I B AYTHAOERT A VABBHE ST
% (Okuda et al., 2001).

AP TIE, BRAREERICREL /P VaFFar
DFIREOREEZRET AL LI, R EEEL ST
OVTEE 5 v EEREO IYSV BE A A L 0T
G T 5.

HES L0

WEROSEE FHHERCHEER TRERIEO bLafs
g ISR U BB 2 Z RS0 2 FmiUER A U 7o kA
BE L 72, BRBEORFKED? B Chenopodium quinoa T 2
[l BB B A 1T - T 2 0 BiEbR (19984 IC#pRaTh CHREL
Tobk (EE BT EOH) K VSBE: T2 5B 19994
PR EETCREL ok (R : o5 F07) K05
B : T3 3 BERR) %18 C, Nicotiana benthamiana CHEFEL
Jo. iz, FEBROELETCORKH (W : Fo—FA
T—) 96 C. quinoa T 1 EBIRBI 5 HEA 1T > T SGl %
DHEL, ETEETTORRE (WfE : D LOB) bRk
IZ SGA %#77BEL T, N. benthamiana THEFAL 7o, BEYIHE
IZ10f5 8 (W/V) © 10 mM NaySOs &/ 0.1 M U VEEfE
R (pHT.0) =iz, KETAHHL - eH CRARE
TR L CHIMRAIFRL, A— RS VX LB L OHR
BT 7.

FREOBR BN EEC L0187 T2, T3, SGI XU
SGA HEEEBATROIRIR TH 5 Z LR T H2, e
HEVaFF gy RE BTEOR T Ta—-x T
DETHREREL, 75 AREATH 1 2 A1TH7 DR
HEREL. ERIC3ANTNIKEHERAL, B ELT
X A3 . REAEE INIHE C quinoa ~REL
BAERATS & & HIC RT-PCR EIC & 0 RIR OIFAE & WEaR
L7z. RT-PCR %, RNeasy Plant Mini Kit (Qiagen) %
AWTHKEN? O RNA ##H L, OneStep RT-PCR Kit
(Qiagen) KL DfTo/c. I5A~—iF, X7 VAFxT
VERVR7E (N) BEFEE31 900bp 2 S RNA O
3 Ko HIIES 5 X512, BERO IYSV O S RNA Ok
FELF (Cortes ef al., 1998) %4 S ICFHEF L /BT A
<— (IY-NP-V : 5’-CTTAACTAACACAAATACTG-3")

& Okuda et al. (2001) 7+ AR AW ADS RNA D 3’
RIRFLFNCZED ZXFRET LM 7 54 ~— (3'T12) #H
W7z, PCRI 94°C 145, 48°C 14y, 72°C25% 194
TV ELTEHEFTY A 7 IV T 7z,

BEEHE T2 L T3HEEKOBEEHELRET S/
O, 13FREEOMMICHKEREL, 75 AREATHIL »
AER#E RE L 7. BRICIIMWEN-D 3~ 5 e
AL 7. WEOTHELRSESE, C quinoa ~DRLEE
%7213 RT-PCR IZ & O RS AFEZ L 7-.

2EBOTHIITICLDEH ERARICET2RU
SG1HBKEH, 7THFIIRBRFTTFITUR
(Thrips tabaci) * I HVFATTH IV (Frankliniella
occidentalis) HHER U 7-. T2 S Bk T IREREL, &8
BHRL P vaFF gy FEAZTFITDOINE L HIC
TS5AF v 7 Ve —VICARN, Fhw 25°C, 168FHREH
DAVF 2N=RIRF L7, TO%, BLL /oS BB
RIZEAFECOM PV OFF s VRFBELE & L Tkl
CEAXR LI XICL DA VAL ERRIT S 7. R
HIIHBRICRHBRL .. MERREREL, ThrEse
e PIVaFE gy 3RS0 SHHOEE THREL T, 28
MRBEERIT 7. HBE L CEEMLVaFF s VETH
BLAEZETYIU<ERAW Plafsa 7idEX 68
A L7, BEFEMIC LD T I mBRELE,
AT AREBEBRNTEREL, WErBEL 7. RBFEKERT-
PCR IZ & WRROHFHEE X MR L /2.

F£72, SGLIZ DWW T FbaFF a v ERKICY 5<
ATHE L&A T IR BEL CERNS, Bt
L 725 Huc 7 BEERRIT S ¥ 7. BFRk» 5 XD 2 g
HAEREL, BR4/-0 5T OESR MbaFE s TiThk
FL, TOT7TFITPIENE CERRT X7, Mo
FF 3 7d25°C, 16REEIRBHD A v/F o N—FITRFL
Jo. WBELTREY ST ATHEELIETYIv<2A
Weo PaFF g IR A RE 3 S R L.
DM, REEZI0AMICh» TBREL, &KL -k
RT-PCR IZ & - TRIR DAL A RERR L /2.

BFEMBEHE T2 =03 T3S EROBERICL DR
WL PIaFF s EES, 0.1 MY VEREER (pH
7.0) TERL 2% 7 WVEILVTIVFE FCREEKR, 2%V
VAT AT VR TR TE T A TR L.

MFESAYME T2 %7213 T3 58k IYSV (Agdia),
INSV (Agdia) &UTSWV (AAXEHEIZEHS) P
W ARG, BOBERD MV a¥E g v R EEES
WU DAS-ELISAMRIC K DKRET L 72, HHTWROFBREE
35065 (w/v) &L, FHMEOFRBEILF Y MCHHD
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JO 3= -7z, B E LTINSV (B4iEDH,
2001) XU TSWV (Tospo-C) (hufE - 7EMH, 2000) %
AL7:.

N BEFOEREMI OB RT-PCR OBIEEY % 1
KT HA—=Z7 ) TERIKE L T, #1900 bp DRI
BT 27 )V 60 ML 2. Zh % QlAquick Gel
Extraction Kit (Qiagen) Tk5#%%, pGEM-T Easy vector
(Promega) %71 EcoRV AL dT % 50 L 7z pBluescript
Hicrzva—=v717%. DNA¥HZEE%Z Dye Primer
Cycle Sequencing Kit (Perkin-Elmer) % i\ CHE L 7.
SREBSN O L GENETYX-MAC Y 7 b 27 (V7
P o TERE) X 0To 7.

IYSVICHTZ M LaFXFF a7 R@E0RSE o
F g VIMREDOEIC T2 LU T3 BHER & L 72
#®, BN T AREE TS ARZENTH 1 » ARICH2 D
B LSS0 3K BN 2T
7z,

i R

ot (OF k]

BIRHE T X 072 T2, T3, SG1 KU SGA 4Btk
RIVaFFs VICRLERL/CECH, 4 5BRE BIC
B4~ 7 ABICITEMEEIC 2 23 AR 2 FRRRUA4E L
7o RHBYYREIIERET ~208B0 bREL, D2 E

EPREDZ XS, 2 TR UESBESN, Th
SRBFERBICELIL Tz (Fig. 1-B). WEAHFHR I N
7obk% C. quinoa ~RLEREZTO L BT RENHES
N, EHIT, RT-PCRIC X 0 RFHRICH M2 900 bp
O DNA Wi} A BIE = 7= = kb (Fig. 2), Jemisfric
WRIEBREET ST BRI NI,

Detection of IYSV from infected leaves of lisianthus
by RT-PCR. Samples of the reaction mixture were
subjected to 1% agarose gel electrophoresis. Lane M,
DNA size markers (Takara); lane 1, lisianthus infected
with T2 isolate; lane 2, lisianthus infected with T
3 isolate; lane 3, lisianthus infected with TSWV; lane
4, lisianthus infected with INSV; lane 5, healthy lisianthus.
An arrowhead indicates expected size.

Fig. 2.

Fig. 1. Necrotic spots of Iris yellow spot virus (IYSV) on (A) naturally infected and (B) mechanically inoculated plant of lisianthus.
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T X #0E

T2 RO T3 HBROfE T #PHIIFA L /-&E TIERS
NTW/o. DB & AR L /2 13RI 5 O F T4 B R Y
L7-t#is, ™YV (T HTFR), N. benthamiana,
N. glutinosa (> AFD) RU RvaFFar (U ET7ED
D3FHLFEDATH -7z (Table 1). WzHErk & HiITxF
(OB WIS a5 /2. T2 2 BERRIZ Y B2 RO
U2 ATEBEICRDMBERSRD /s, T3 5Hk T
B LN 7.

THITYHEICL B

T2 R A2 7 I U< ERAROBER, 2F7T
FITIC Lo TP IVaFEa T 6kt 2 B TR BED
Hi/z (Table2). £7z, SGl FBEERIC W THRFTH
UKL - TH P 4R TR PR SN/, 25U,
RT-PCRIC & U 2 6DFFHFER TRIEOfFFESHERR S 1
Jo. TNHORRPORT ANV ARFETHFIU<ITED
ERHRENBTEAHBELE. —FH, IAVFELOTHIY

TR & b IR TR SN e b o 7e.

EFEMEEHR

T2 £/ T3 D EEOBEBICIDREF L /2 MV aFF
a7 EIEICIE, BEE60~100nm (F¥85nm) OHES
BORRKNTAEE SN/ (Fig. 8). ZORNT ORI
FARTANATHREIN T LD E L SEBL TW
7=

bl ik

DAS-ELISA #@EIC B \WT T2 KU T3 5Bk & 11T,
IYSVHLINTE & OAHELZRIEARD LN, INSVET
TSWV il L 3G L7 - 7z (Table 3). T DR
w5, WO EEREIYSV THh 50, MEFICIYSVIC
IR TAIWVATH AT -7,

N BLFOEEES| DR

RT-PCR IZ & D H#EIE X 117259 900 bp O DNA Wi i D
FEELF % R L 7o kG R, T2 RO TS D lfEkk & 122737 3
JBEVEANI VR ZBaA—FT5:E2bNb5

Table 1. Host range and symptomatology of test plants mechanically inoculated with one of two virus isolates: T2 and T3 from
diseased lisianthus
Plants Symptoms?
T2 T3

Amaranthaceae Gomphrena globosa NS/—D NS/—
Balsaminaceae Impatiens sultani NS/— NS/—
Chenopodiaceae Chenopodium quinoa NS/— NS/—

C. amaranticolor NS/— NS/—

Spinacia oleracea (cv. Titan) NS/M, NS NS/M, NS
Compositae Lactuca sativa (cv. Gokuwaseshisuko) NS/— —/—
Cruciferae Brassica campestris: pekinensis group (cv. Seikai) —/— —/—

Brassica oleracea: capitata group —/— —/—

Raphanus sativus var. hortensis (cv. Keitoku) —/— —/—
Cucurbitaceae Cucumis sativus (cv. Shimoshirazujibai) —/— —/—

Cucurbita pepo (cv. Butternuts) —/— —/—
Gentianaceae Eustoma grandiflorum NS/RSn, NS, Str NS/RSn, NS, Str
Labiatae Perilla ocymoides —/— —/—
Liliaceae Allium fistulosum: porrum group (cv. Ishikurahutonegi) —/— —/—
Leguminosae Vicia faba N) /— N) /—

Vigna unguiculata NS/— —/—
Pedallaceae Sesamum indicum NS/— NS/—
Solanaceae Datura stramonium —/— —/—

Lycopersicon esculentum (cv. Zuiken) —/— —/—

Nicotiana benthamiana (CS)/M,N, Y (CS/M,N, Y

N. glutinosa —/M —/ (M)

N. rustica NS/— (NS)/—

N. tabacum —/— —/—

Petunia X hybrida NS/— NS/—
Umbelliferae Daucus carota var. sativus (cv. Ogatagosun) —/— —/—

a) N, necrosis; RSn, necrotic ringspot; NS, necrotic spot; Str, streak; CS, chlorotic spot; M, mosaic; Y, yellowing; —, no symptom.

Parentheses indicate occasional infection.
b) Inoculated/upper leaves.
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Table 2. Transmission tests of T2 and SG1 isolates by Thrips tabaci and Frankliniella occidentalis® ®
Expt I using T2 Expt II using SG1
Thrips AC&luel s;ﬁ%r; of Transmission Thrips AC&IES;E;(I)JI; of Transmission
) . + 2/6) . . + 4/59
Thrips tabaci B 0/6 Thrips tabaci _ 0/5
+ +
Frankliniella occidentalis _ 8;2 Frankliniella occidentalis B g;g

a) Five adults of T' tabaci or F. occidentalis were transferred to three healthy lisianthus plants for Experiment I, and five larvae of

each species were moved to a healthy plant for Experiment II.

b) For Experiment I, eggs were placed with infected lisianthus leaves in a petri dish. Larvae after hatching were reared on infected
leaves for acquisition access, and subsequent adults were moved to healthy lisianthus. Inoculation access period was 14 days. For
Experiment II, adults were moved to infected lisianthus plants to lay eggs and larvae allowed to acquire virus for 7 days. Then
2nd instar larvae were transferred to healthy lisianthus plants for inoculation access and allowed to transmit virus until they died.

c) Number of infected/tested plants.

Table 3. Serological reactions of two virus isolates: T2 and T3 from diseased lisianthus in double-
antibody sandwich enzyme-linked immunosorbent assay with Iris yellow spot virus (IYSV),
Impatiens necrotic spot virus (INSV) and Tomato spotted wilt virus (TSWV) antibodies

. Antigen®
Antibody®
T2 T3 INSV TSWV Healthy
IYSV 1.3579 1.192 0.014 0.009 0.013
INSV 0.010 0.013 1.383 0.012 0.014
TSWV 0.005 0.010 0.011 1.484 0.011

a) Antibodies against IYSV and INSV were purchased from Agdia and an antibody against TSWV from
Japan Plant Protection Association. Each antibody was used according to the Kit protocol.
b) A 1:50 dilution of sap prepared from each sample was tested.

c) Absorbance value at 405 nm.

Electron microscopy of infected leaves of lisianthus.
Quasi-spherical particles with envelopes were abundant
in a dip preparation. The average diameter of particles
was 85 nm. Bar represents 500 nm.

Fig. 3.

AR AV ISR Sz, W EERO N E{R
FREBOEERINROHEET I/ BES % ERDO IYSV
EHEG L Fo i, T2 ABERRIE A S X CRAEL A2 TYSV

(Cortes et al., 1998) EHEHFELFITIT.1%, 7 I/ BEELT
TIT.8% DIEFMTH - 7= (Tabled). —J7, T3 7Bk
75 VNV THRAELIYSV (Pozzer ef al., 1999) k383
BlFNC97.2%, 73 JBRECFITCIT. 4% DERM:TH - 7.
T2 & T3 ErkE OB RIMITIEZERFIRT T X/ BELF
EHITHI0% TH - 7=,

F7z, EEED SGL KU SGA FHERKIZ o \WTh ERED
T 2AT > 7ofE R, SGL o BERRIS A Z v/ X THREL
IYSV (Cortes et al., 1998) »I¥5ZEEFITI6.5%, 73/
BARCETIT. 1% OMEETH - 7= (Table4). —H, SGA
BRI T S5 VI CHE L 72 TYSV (Pozzer ef al., 1999)
EHEFFNTIT.6%, 7 I/ BEELFTIT.8% DHEEMETH
o7z, SG1ArBERRIS T2 D BERk &, £72, SGA D BERRIT
T3 Bk &7 2/ BRECFIOMEFEDIIWGUE E & T
m <, FREICTRTH D I EAHBIL

IYSV [Cd 2 MlLaFFa v aEORSM

T2 RO T3 bk A RERE L 2 FbaFF g U2l
FOTNTT, FEREICIT 2 LB 2 FiilEOE RN
T L7, &HREC SOW T MEMESRD LN
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Table 4. Comparison of nucleotide (above diagonal) and derived amino acid (below diagonal) sequences
of nucleocapsid proteins of the viruses isolated from diseased lisianthus with those of two iso-
lates of Iris vellow spot virus (IYSV)
T2 T3 SG1 SGA IYSVn IYSVgr
T2 — 88.7 98.8 88.8 97.1 89.4
T3 91.2 — 88.2 99.6 88.8 97.2
SG1 99.3 90.5 — 88.3 96.5 88.9
SGA 91.6 99.6 90.8 — 88.9 97.6
IYSVnL 97.8 90.1 97.1 90.5 — 89.7
I[YSVgr 91.6 97.4 90.8 97.8 90.5 —

IYSVyr, IYSV from the Netherlands (accession no. AF001387); IYSVgg, IYSV from Brazil (accession

no. AF067070).

Table 5. Symptomatology of lisianthus cultivars mechanically inoculated with two virus isolates: T2 and
T3 from diseased lisianthus
i Symptoms® ) .
Cultivar Date of inoculation
T2 T3
Cute Pink NS/NS, Str, CB? NS/— 26 Aug
Cute White NS/NS NS/— 26 Aug
Cute Blue Picotee NS/NS, Str, CB NS/— 26 Aug
Cute Pink Picotee NS/NS, Str NS/— 26 Aug
Lination Blue NS/NS, Str, CB NS/— 26 Aug
Lination Pink NS/NS, Str, CB NS/— 26 Aug
Tukushinokaori NS/— NS/— 26 Aug
Tukushinoyuki NS/— CS/— 26 Aug
King of Snow NS/N, NS, Str NS/N, NS, Str 13 Jan
Azumanoshirabe NS/(NS) NS/N, NS, Str 13 Jan
Azumanonami NS/(NS) NS/N, NS 13 Jan
Ayanonami NS/NS, N NS/N 13 Jan
Ayanonami NS, RSn/NS, Str NS, RSn/NS, N, CB 6 Sept
Ayanomurasaki NS, RSn/N, Str, CB RSn/NS 6 Sept
Ayanoyosooi RSn/RSn, N, NS, Str  NS/NS, RSn, Str, CB 6 Sept
Ayanoharu NS, RSn/NS, N, Str NS, RSn/NS 6 Sept
Hamanoyosooi RSn/RSn, NS RSn/NS, RSn 6 Sept
Hamanoyki NS, RSn/RSn, NS, Str RSn/NS, RSn, Str 6 Sept
Azumanokaori NS, RSn/RSn, NS, Str NS, RSn/— 6 Sept
Azumanoshirabe2gou NS, RSn/RSn, NS, Str  RSn/NS, RSn, Str, CB 6 Sept
Azumanonagi2gou NS, RSn/RSn, NS, Str  RSn/NS, RSn, Str, CB 6 Sept
Asukanoibuki NS, RSn/RSn, NS RSn/NS, N, Str 6 Sept

a) N, necrosis; RSn, necrotic ringspot; NS, necrotic spot; Str, streak; CS, chlorotic spot; CB, petal color-
breaking; —, no symptom. Parentheses indicate occasional infection.

b) Inoculated/upper leaves.

(Table 5). %7z, T2 & T3 BEkk%x L4 % & T2 75pf
DT HED % ORFEICEHEGLEL /. MSEikO &b
LHBEHLTH DL LOE & 2K LK 025
BEFBIFE ARSI G L2 b, 202 BEIR
IYSV TR L TR 2 o et SR & e

% £
AR LROEER TREL 2 MVaFF 3 VI 2 2R

RERUAE L BREE, ORI L OBERORE LI
BB rEZON .. (NREFMETHAZ ELETA
WAL L BIRETH D LB L 2. MEOFFHE» S
% 2007 A ) A5 HEE (T2 & T3, SGL & SGA) %
Bt T, FlaFFa B RBEREEYEL B
LR ERR, TN OOEM R L CEEROT A VA S
L.

CNODOGHKIITRIERTRET, RFT7HFIT~ICK
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DEIHREN, IAVFAOTYITRICL > TIEHRS N
o tz. TOEPHEIXIYSV O3S (Cortes et
al, 1998) LRA—TH5. £/, THOLOLEEOMETE
B TSWV & Hig LT <, BERO IYSV O h D (Cortes
et al., 1998; Kritzman ef al., 1999; Pozzer et al., 1999) Z$H
LTz, 51T, BTEEME THE I N/ AV AL
FTOBMIIYSVAETL R ARTIAIVABD LD & —
U7z, %7z, AOBEEFKIE DAS-ELISA TIYSV fi &
EDBELKIGL, INSV XU TSWV HLiE & 3 RIEH
BODNEole, TNHLOF/ERNL, KT IV AT
IYSV 2 ZNICmD Tl 7 ANVATH D EEZ DN
7o TOTERILICHERT A0, TAINWADNE
ETOEERINZREL T, BERO AR A )V A L g
L7z, ZOfER, T2 & SGL H#kkiE A 5 v X TRE L
IYSV (Cortes et al., 1998) &, 7= T3 & SGA 7Bk
TS5V THAEL 72 IYSV (Pozzer ef al., 1999) 73/
MEFIOMHAMERFNFNITB L ETH ST LB L
7z

DLEDORRM D, FIbadE g VI 2 Zie 2 2B S
ZOFERER TR T AV ZILIYSY EREI N/,
FIVaFE g TOIYSY DREBRFEIDOBETHD T
THLHDOT, AR FIVaAFF a7 2 2HmiUREw%T 5
CEERRELAV. DBETIRIYSVIZF TFEROT VA
FRADTHbEHEINTW52, RELERIZIZRDL T
W\ (Okuda ef al., 2001). 65T, pABAETIYSVIC
FBRELMBELICOBARRRNTCHS. £ T
IYSVOREZET A VAL T O—ARy b T AV ALES
ZE L7z,

AFRIC LD, NEETOEERTIOHERMESH90%
TH5H 2 DODR L RO IYSV H3ER R F OB O I
TRAEL TWAHI EBW LML 5 7. Pozzer et al
(1999) F o> F AR A )V ADORMENC 351 5 N EET
DT X/ BEHIOMEME & LT, 5oV eEdF5sUH
THERAL-IYSV O 2 RFEEOHEBEESENC &0 5,
AR AN AN 75 > T—HOBE P M NEB -7z &
FEz20NEWVWEEBL NS, £z, IYSV OFRAHHE
BINTUBHEICREWT, B—ERNTO 2 ZFEDOFRAED
WEIN TRy, BEENLILAZ WS, Thool e
NG, HARTHRELZ 2 RJRFILZNFNHOESLHIE ) G
BOBRICBALEEZONS. —F, HWIHICR -7
B IR S IE T 2 /A PV aFF 5 7 CIRIERFFICSH
EL/Z DD, RABROERERPIVIAFF s 7HLH 0T
L OFFE DN ER L ABINCITRET 5 Z LIZ L DIRD
STz bHERHIEINS. DD, KIVAINAT T TICAKRE

WTIES EEL TV ARBEERE 2 ONLDT, K74 )L
A KB HEFEREL LEEHHB T, SHBEMTHLELD
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