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Odontoglossum Ringspot Virus Isolated from Calanthe sp. in Japan

Jun-ichi MaTsumoTo, Takanori MAEDA and Narinobu INOUYE

A rod-shape virus isolated from Calanthe sp. showing chlorotic mottle
on the leaves, collected in Ibaraki Prefecture, was identified as odontoglos-
sum ringspot virus (ORSV). The isolate, designated as Cal. 92-1T, was
transmitted by sap-inoculation to 14 out of 40 species in 6 out of 12 families.
The virus particles were rod-shaped, about 310 nm long. In ultrathin
sections, the dispersed and aggregated virus particles were observed in the
cytoplasm of the cells of the infected leaves of Chenopodium quinoa. The
virus contained a single protein species of Mr 20,600. The Mr of the capsid
proteins (Cal. 92-1T) was similar to those of three other ORSV isolates (Cy
-1, Cy-46, Cy-Kei). Cal. 92-1T isolate and the other isolates reacted with
antiserum to the Cymbidium isolate (Cy-1), suggesting that Cal. 92-1T was
serologically very similar to the other ORSV isolates. Three species of
dsRNA were isolated from plants infected with Cal. 92-1T and they were
similar to those of three other ORSV isolates.

Key words : Odontoglossum ringspot virus, Calanthe sp.,
Identification
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PEE SN TN B85 AT - e T 8RB 7 4 )V ZAFEFRIC B VT, FiREH
WEBL 2R (Calanthe sp.) 7 LHER E VL RDOTA NZHPBBEN, FNLHD 5 bis
P74 WA % odontoglossum ringspot virus (ORSV) rREZEL 7. AR TIIARTI A L 2D
WEEP LR, MEFIEE, BRYEOMBBNATRE X U Cymbidium & ) TEES Lz
ORSV 3 5Btk & DR O # 7 Sz DWW Tk B,

AEBRLTIICHZ VB 2B B R T REICHELERT 5,

L% B SR A ¢ 3

1. #7140 REBRTHRAL 72 ORSV v 2458k (Cal. 92-1T) 13, 19924 3 A%
BWEROCIETHTHREL, FCBBEMAEZBL 2t X (Calanthe sp., Plate I-1) kW%
BEL 72, 7AW ZADGEEFEHORIESL0.05 M ) > BRR M (PB), pH 7.0 CBRM L TH 2T
W% Nicotiana glutinosa \ZHHE L, RS NI BEHBHD 5, N. glutinosa % Fv> TH—K
BEBES 2 MDD BT i & NETo 72, 74 VRl Chenopodium quinoa & %\~ i3 )L+
ERHOCTHEIEL 72, B zDIiz, ¥7 > Cymbidium L V) 5578EL 72 ORSV ) 2 43
Btk (Cy-1, Cy-46)>®, ZANG T > (KiET > Cymbidium, #H) L 078 72 ORSV 1
srEEkk (Cy-Kei)'™®, B & UF tobacco mosaic virus ¥5@2 (TMV-OM) % w7z,
2. EE TEERER C quinoa DEFERER0.00 M PB, pH 7.0 TE”L, #—KTF >
FEERCDEETT- 2, L 2HEWZIEENICE W CEES 3SAMEE TORBDE
R, REDBNL D - 728 DIZDOWTUL C. amaranticolor 2R U L TERDAF
SRR 72,
3. TANRDOFIE T A4 N ZADRALIZKIZIEN B FNETIT- 72, WL+ icBn sz C
quinoa DFFEREIZ 24580. 1M PB, pH7.0 (0.1%F 4 7)) a— B2 ET) 22 TEBR
L7z, 22 “EHF—ETHRITL 2148, 7,000 g TISSH&EOTEEL 72, FEREYD, 2
% Triton X-100% 0012 155/, Kic0.1MELF ) 74, 4%RYFL 7)) a—n
(PEG 6,000) 22 T & L2605 #7214, 7,000X g TLoG M08 L TR L
W20, 1MPB, pH7.0lcHEBEL 2. Zh£7,000%X g TI5AMELTEEL 72 BiE4E L&D
¥ [EBIC B Triton X-10008, PEG B #17- 721, £0RM%20%> a7 vz >
IZEBLT75,000X g TS0 BE LT 72, Bo N2k %£20.1M PB, pH7.0i FF&H
L, 7,000X g TI5A RGO ML, £20EFRELLS 7 4-2 s WERENRICER L
125,000X g T 3 ReflE Loy BE' L, 1350727 4 VR % BT 72,
4. SDS-RYZZYN7IFFNLERXE (SDS-PAGE) 74 WA s> 78D
SDS-PAGE (4 %ifas i, 15%508o ) 13 Laemmli® FHEICE L TT- 72,
5. MERIEHREE SHEOMBERIGRBICIZ ORSV - Cy-1 SHRNILME & AV 72, EX
VN EYLEEIR0.8% &K (Difco, Noble Agar, w/v), 1% 7 v1it+ U w7a (w/v),
0.85%¥E b+ LY VA (w/v) EMZl-r kA, BHE_CEBRGSVAKREDAS-
ELISA) I Clark and Adams®? H 2 & » T4T- 7=,
6. BEHE DN L3274 W 2RTHEFEHMSE (H H-7,000B) 883 2%) > %
> 725 % (PTA, pH7.0) »%\i3 2 %EEEY 7 =) (UA, pH7.0) THgd L 25K
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BHZDWTAT - 72, B C. quinoa HEBEYF DEFBEZIIREOMRE % 6% TNV —ILT
NTE FE1%URBLA 227 AT ERE]EL, £ /-y ) —XATHAKE, =R X8
JRICAE L 228K 2T A4 7 CHEYL, BB 7= E 7 T BT _EPHEL TT-
7z,

7. 2AK$ RNA (dsRNA) DAt 74 VARG RERIY% dsRNA i3 Valverde ef al.*
DOH IR, Y C. quinoa »* L L 72, dsSRNA BB O5HTiE 6 %K) 7T 7Y NT 2 F
PVESIKE (6% PAGE) 12X 04T\, 7IUdEERIc L DAL 72,

5 #

1. FEMHEHECHR

A A N AR L 72 C. quinoa O JHERHRBESE & BeFEIE & L 12RO ORI A
k{72 k2, Table LIcRT LI ICTERBEND S # % (Calanthe discolor var. bicolor),
Cymbidium sp., N. benthamiana, N. clevelandii O 2 %} 4 OKWIZ & HBEHRL, 5FH10M
OREY PRI L 72, E 4 BRI OIRRIZ KD L BN Th - 72,

& # % (Calanthe discolor var. bicolor) : B:F& 1 » A1kIC, FEIRICIE-> GREBIEZ AL 12,
Lo Ui 2 283 A L h o 72,

Table 1. Host range of ORSV (Cal. 92-1T) isolated from Calanthe sp.

Systemic susceptible plant species
Orchidaceae Calanthe sp., Cymbidium sp.
Solanaceae Nicotiana benthamiana, N. clevelandii *

Local susceptible plant species

Solanaceae N. tabacum (Samsun*, Xanthi nc), N. glutinosa

Aizoaceae Tetragonia expansa

Amaranthaceae Gomphrena globosa, Celosia cristata

Chenopodiaceae  Chenopodium amaranticolor, C. quinoa, Beta vulgaris,
Spinacea oleracea

Compositae Zinnia elegans *

Non-susceptible plant specets

Solanaceae N. tabacum (White Burley, Samsun NN), N. rustica,
Hyoscyamus niger, Solanum melongena, Datura
stramonium, Lycopersicon esculentum

Cucurbitaceae Cucumis sativus, Cucurbita maxima, C. pepo

Cruciferae Brassica campestris subsp. rapa, B. rapa nothovar.,
Raphanus sativus
Leguminosae Pisum sativum, Glycine max, Vicia faba, Vigna angularis,

V. radiata, V. sinensis, Trifolium repens, T. pratense,
T. incarnatum, Phaseolus vulgaris, Medicago sativa,
Cassia occidentalis, Astragalus sinicus

Caryophyllaceae Dianthus superbus

Gramineae Zea mays

Pedaliceae Sesamum indicum

Infection was confirmed by inoculation to C. amaranticolor.
*; Latent infection
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Cymbidium sp. . BFE 1 » A1Ric, ESKIBAMZEL -, BRSNS 2RV -HH
TEARMLICESLT, TLORBIT Z 2R L Tnkn,

N. benthamiana : &5 BG4, BiEf 2 A% FECETA 75410 72,

N. clevelandii . HRBEFERTH > 72 (LIEL L 74 N2 EE 1L72).

#s3a (Xanthinc) | B 1 AMBICEEEC 1 ~2mm OBHBDZ FHE2H L7, 4
BRER o 7,

N. glutinosa * #1E 1 BEZICERBECHGDI FRAEZEL 2, @By 2oh - 72,

Chenopodium amaranticolor, C. quinoa : ¥ 3 A BICHEBIICE 2 mmII &N 2 FHS
#4 U 72 (PlateI-2). C. amaranticolor TIZHHPRED EHMEIAEZ L YV E N ICHKE VW
— w2, ELHICEHBYPE hh o7z,

VOvh B 3 HARICEEEICH AR ABD 2 22 E L 72 (Plate-3), 45
Loz,

vy =F a7 g L HABRICEREEC RGO M E R E L, SRR Th o7,

AN B ARSI BRI BRRR E A U, 2FRREL o 7,

MoKty © 75>V 7 TiEZ ZHM, K7LV 7 TIRBEIE %2, FRFNOBEMEEC
AL 7z, #o82 (Samsun), b x 7 =F YV 7 3EMELEIC D A EPREEGL 72,

F R RONEWE &L T R8N ¢ ¥ 32 (White Burley, Samsun NN), N. rustica,
+ A, b=V, Datura stramonium, Hyoscyamus niger, X271, A4 377 RF 5,
KA RS, a=vt, 4 2>, Cassia occidentalis, £ > 7> =X, T2 v, VI
Ry IV za—oN Y5, F7Ta, bvEnal, TRRIBEERL -2, A
7 A I ADZTEREIC XS B G F Cymbidium > 578 & 1172 ORSV 4 48RRIz D\ T
KB 72 HE S PR R X kL, Table 212/RL 72,

Table 2. Symptoms on selected hosts inoculated with Cal. 92-1T and other four ORSV

isolates
Host Isolates of ORSV
species
Cal. 92-1T Cy-12 Cy-46% Cy-Kei® Cy-Kan®

Nicotiana benthamiana 1/M® /M /s 1/s /M
N. clevelandii /s /M 1/m 1/m /M
Datura stramonium /- -/- CS,NS/- -/- -/-
Chenopodium WNS/- 1/- WNS,WRS/m  WNSWRS/- WNSWRS/-
amaranticolor
Spinacea oleracea CS/- CS/m 1/- /- 1/-
Celosia argentea CRS/- WRS/- 1/- 1/- 1/-
Zinnia elegans 1/- CS/- 1/s 1/- CS/-

Infection was confirmed by back inoculation to C. amaranticolor.

#: Data from Kondo ef al. (1992)

»: CS: chlorotic spot, CRS : chlorotic ringspot, 1: latent,

M : mosaic, NS : necrotic spot,

s: latent systemic infection, WNS : white necrotic spot, WRS : white ringspot, - : no infection
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2. T4 AKF

i DN 386 2 EBHBE L 2 L 25, #HBRET7HERZ SN (Platel-4), 299
BEMMENKRFEZRAEL 2 & 25, £KD#79.1%57250-350 nm OEHIZH Y, B— 7138
310 nm T&h - 72 (Fig. 1A). &z o iz kEHC#I%E L 72 ORSV - Cy-1 Bk DRI T
Entr—7 $#310nm T - 72 (Fig. 1B)

60

N w P (&3]
o [} (en) [en]
L L L L

Number of particles

—_
o

QMalal 2 as .||I| || |||I| 1a s o M‘I|l \lhhl

100 200 300 400 100 200 300 400
Particle length (nm)

Fig. 1. Particle length distributions of two isolates of ORSV.
A : the isolate of Cal. 92-1T, B: the isolate of Cy-1.

3. YAINAAEI o0 BORFE

SDS-PAGE iz £ 9 Cal. 2-1T oM s > 7 Eos TR EZHAN, TN EFET >~
Cymbidium 7 & @ ORSV 2 - Bi#k (Cy-1, Cy-46), [  HE T > Cymbidium 7 & D
ORSV 1478tk (Cy-Kei) & 8 %475 72, ZOFEE, Cal. 92-1T 3 1N I > <7 E»
L0, FO5TFEIIRH20,600TH 72, ZOfEiE Cy-46, Cy-Kei LR L TH - 7225 Cy-1
T12#920,900T, Moo 348 E D bTrickE -7 (Platel-6).

4, MERERER

ORSV il i (Cy-1 5r8ekk) % F v 72 5@ BB ¢, Cal. 92-1T 7 4 L ZRFIC L
R T35 438 b7z (Plate - 4). 8L ORSV $ililig % AV Ti1» 2 ER 7 VN ZEILEK
BTl Cal. 92-1T % &6 723~ T ORSV srBebk BB e M 2 TR L, % DWW IE
FARTOSERE TCHEVICES L 72, La L TMV-OM 256 L %2 - 72 (Plate 1I-1). &
512 ORSV-Cy-1 s8kkic 3¢ 2 IgG # 72 DAS-ELISA T, 3XT? ORSV Sy BiERE
BRI L, FRLEDIGHEBEICENR LN LD - 12h, TMV-OM & iZ KL Zed - 72
(Fig. 2).

5. BHEHDOMIAANAR

C. quinoa FEQEIENEEYI F TIRMIVE NI ZE OV T HBAED 5 WIZERL T3
DBBEINT, T2 T7ANZKRTFORKEE BN D AKXy FROBED BRI 17z (Plate
-2~4).

Vol. 3 167



IEADL5HEE 1L120RSY

3
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Fig. 2. Serological comparison of four isolates of ORSV (Cal. and Cymb.) by DAS-ELISA
using anti-Cy-1-IgG.

6. dsRNA 44

7 AV AR R R 7 dsSRNA ZHlH L, 6 % PAGE Tik#L 72 & 2 5, Cal. 92-1T T
32D AY o=V FETERDA F—_2 FHRD LN, 2D 3IEKD N FiLERIC
UkEIL 72 ORSV3 B CLRD LN, FTEDIRIKE W XY »—s32 F dsRNA-19
BEEIZTXTH ORSV SR TR TH D, 4.0X100EHESI N2, F-oBEkRBT
dsRNA-2 D E 7 b N2 dsRNA-3 OB EEICHE T DOES S L e (Plate 1-7),

% =

bOEOIEXBHBCRET B 74 LA E L TiE, Z#F TIZ cymbidium mosaic
virus(CyMV)”?, ORSV™, cucumber mosaic virus?, clover yellow vein virus®, bean yellow
mosaic virus®, turnip mosaic virus'®7% EMH L TS, 19924FIC KR TIREI N2 FE
IBRHRE R L 2T ERA D SBRHINEBRT A V2, RFoOREE, S, RHHE
BoMiaNrR, mEREL D ORSV tEES L7z,

ORSV 13 CyMV & & HiIcHFHR TLZLED 7 » R A RD 5N T 3 EE KR
TANATHBLEO, TERBREMCBTLLYEZITTEL, 589 A FRLT0,
HEVTLRAEPFZDLN TS, LPLENSLIERBHEBICEET S ORSVIZDWTD
EHERBFLIANLN T 5

A7 AN 2T N. clevelandii (= & FRERET 5 5, BRMTH 5 A5 ORSVET ~
Cymbidium sr#tk (Cy-1, Cy-46), RIU K KET > Cymbidium 78# (Cy-Kei) B
5Tz, ZOROMEMIIT 5 KIBIZOWTIE, REOBLNFHICETOEVSRLNS
LODIITEL TH - 72,

A ANZDORFEIZHNIONM TH Y, ORSV HE T > Cymbidium 2 53 8ERR (#9320
nm) ¥ L N R, ORSV #T > Cymbidium 2 28Rk (#1300 nm) 513 L 1) o0& CHlE
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27z, ORSV ORI FRIC DV Ti2300 nm*>**?Y, 314 nm, 317 nm?Y, 325 nm?? & DFEHT
H 5, KEFFETIE ORSV =t A 5Btk & FIEFIC ORSV - Cy-1 Bk DRI FRIZ DWW T H #l
EL722D, ZHCy-1DRTELMNI0ONm THh-72. DT Lh 6 ORSV DR FEI13#300
-320nm B TH ), BETHFHEOHEBESLKRBOERNFTEL EIC L > TELDRENE
LiznTldhwhr bFEZ Lnrl:,

ORSV-Cy-1 HuiiiFE % AW T, YNV _&EhifkE: & DAS-ELISA 2 L D AR 4 v 2 s Mo
ORSV 3478tk & DB G2 B L 72 & 2 5, 3 L 22 TN C ook T o i Fe %
ERIEIAR NG -2, FEERCHRAL 72 TMV-OM 2T EA ERIB L h -7z, Tk
Ri3 Paul ef a2V, HEY, FEHELPOME L L, A2 L582 172 ORSV {1l
BRI TMV SR ERENT.

SDS-PAGE i k 254458 v 275 F&l3 Cy-1 TREMRDMB O 5 BERR L D D b T

KEZ(E (#20,900) 2R L 72oicxt LT, & 2o#itk e Cy-46, Cy-Kei 7 #ErkiI3ITTH
— N5y (#920,600) TH -7z, =B R 5HERUSN D ORSV D4 FRICOWTILITHES 7
WEE BT R 205, FEORKEIBS L, S S o X 7 BLRIB T OE RS b BN X
7z ORSV - Cy-1 Btk D4 F 813 4#917,000'V & % » TE Y, SDS-PAGE b2l s
KESCRL BD, Zhid SDS-PAGE THHZIN G FEP RPITDOLDITHEE LW LT
ErbnEFEz L, FLERESIR, WS DT BHEDRT A Fey B2 7B L UM
¥ > %7 7 subgenomic dsRNA # fjv»7z RNase protection assay i & V), Cy-1 4Btk
A o2 BT 2 VBB B L U DBIRTF OBV~ LT H M EERR & B
STnBZE, 512 Cymbidium 23T DRBEMETLMOTHER E B > Tnb I E52H
HL TV B KIFETIE LD 2 DDRBEEAT> T, Mk s > oy 7 G onsrFa2ir
5 AT, Bt 72 ORSV L& A 48i#kiZ Cy-1 LAt ORSV 4rBikk & ZR v X 518
bz,

ORSV 3 &R EN 7 > FHEMH CREIBRESINTB Y, Cymbidium & Cattleya TIITED
BEA N (flower color breaking) MDFRIK & 7Zc 231222 Cy-1 4Hifk & Cy-4657BERR & Tl
Cymbidium 12 BT BHFHICETOENHEL B2 E0WEEN T 55, KR TIE
ORSV DN T EADIRIC EN L ) G Be 52 23R A CiENEEL R
POLBETLTFETH L, 72 Cy- 10BN L ) LRHPZERCLREL TS0 %
AETLIVELSH D,

] B

19924EICHRE L 7B 2 R T 2 E R SRV A LR E VO LR A VAH KR S 1,
Z R 4 L A0 F DM 5 odontoglossum ringspot virus (ORSV) & [l & 17z,
A7 A VAL EREIC £ D R L 2 128H0ED 5 B, 6 BH4REICEEY L 72, DN IR0 E
SIS TRESHII0ONm D7 4 L AR THIBREI N, KT A )WADEY Chenopodium
quinoa FNEHIZ IZBALD BV IZKERL 27 A VAR THBEEI NIz, T A VRIS > o<

7N FBITH20,600TH Y, Cymbidium 75> ORSV 2 G S IZIZTRE TH - 72
b, Moo 1> Cymbidium 7 5 0 Cy-1 537BERRIZ FERODBERR L D b T lckEL -7 (B
20,900), &7 4 )L 2 &ty ORSV Gltkkiz V¢ L BRSOV T EIL#E:, B8 ERERA

Vol. 3 169



IE LD Lo HEE L72ORSY

AditkE: (DAS-ELISA) T Cy-1 58tk dimiE & & G L 7255 R UHMFEICNL T
tobacco mosaic virus iEHR S 3 KIG L %d - 72, ORSV =& 248K 7 A4 L 2 Bz
BH) 7 A RNA D BELKKE T LMo ORSV & D KE) 5 —> 2RL 72, UL,
ORSV =t A5 BERRIZBEH ) ORSV @itk & MEFHICH L TH D, F5 &Moo R
EEFEZ LN,

*—7—F : odontoglossum ringspot virus, It REHY, [EI%E.
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1.

Plate

2-4.
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Explanation of plates
I.
Symptoms in Calanthe sp. naturally infected with odontoglossum ringspot virus (ORSV/Cal. 92
-1T), and cymbidium mosaic virus showing chlorotic mottle.
Necrotic local lesions in Tetragonia expansa inoculated with ORSV (Cal. 92-1T).
Chlorotic local lesions in Chenopodium quinoa inoculated with ORSV (Cal. 92-1T).
ORSV (Cal. 92-1T) particles stained with in UA leaf dip preparation from infected plants. Scale
bar represents 100 nm.
Particles of ORSV (Cal. 92-1T) decorated with ORSV-antiserum (Cy-1) at a 1/100 dilution for 30
min before negative staining.
SDS-polyacrylamide gel electrophoresis of coat protein subunit of ORSV. Lane M : molecular
weight marker proteins containing (from top) phosphorylase b (97,400), bovine serum albumin
(66,200),ovalumin (45,000), carbonic anhydrase (31,000), soybean trypsin inhibitor (21,500), and «
-lactalbumin (14,000). Lane 1: ORSV Cy-1, lane 2: Cal. 92-1T, lane 3 : Cy-46, lane 4 : Cy-Kei coat
proteins.
Polyacrylamide gel electrophoresis of double-stranded RNAs (dsRNA) of ORSV and other
viruses. Lane 1: arabis mosaic virus, lane 2 : cucumber mosaic virus Y strain, lane 3: Cy-1, lane
4: Cal. 92-1T, lane 5: Cy-46, lane 6 : Cy-Kei.

I.
Gel-diffusion serological tests. Relationship among ORSV isolates of Cal. 92-1T (17T), Cy-1 (1),
Cy-46 (46), Cy-Kei (K), and tobacco mosaic virus OM strain (OM). Center well contains
antiserum to ORSV (Cy-1, AS).

Thin section of leaf cells of C. quinoa infected with ORSV (Cal. 92-1T), showing dispersed and
aggregated virus particles.
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Plate 1.

Vol. 3 173



IEAHL55EESE N72ORSV

Plate II.
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