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1 O R iR 2 (Odontoglossum ringspot virus, ORSV) » J& R BHEY ik BB BAR A2 — * 1F
T HA BB TR A EHRAUR R /8 (genus Tobamovirus) » j&—E RARRFRRR: - PR K/ IR R B2 300
nm > FE 18 nm > FEKL Al ATVE A S HEE AR o TEMEAY i _F B AR AT B 2 S FEIN ~ 5E
YH ~ T~ BRI ~ 636 FerE SEUH o AT e ak EEAE B A5 AR vl T T DFEIPS 7515 1B % A7 (ORSV-TW) HY 2
RN B AN ey » W8 s .2 ORSV-S1 (HTh) ~ ORSV-Cyl (HA) ~ ORSV-Cy (FEER) K
ORSV-U () F5 VU A1 F 2 R AL Tl FING S fe 51 A T EL #1850 AfF - ORSV-TW 2R JSEFL 11
P 9155 6612 {44 H 1% (accession number : AY571290) » Hrf1126/183 kDa RNA-dependent RNA
polymerase (RdRp) EE[KIH: 3336/4839 (&% 11 » A 7 RIMEHEERL 1112 {EfEL M » 77 & £3126 kDa 2
replicase protein F[11612 {[Ef 5Ll » 471 % 183 kDa .Z readthrough protein ~ movement protein (MP) %
[RIH: 912 {lEt% i » wIfdEERE 303 (R » 7> F #5533 kDa ~ coat protein 25K (CP) 477 {Et%
Mg » nJEAERY 158 {ENIEER » 4> T 5% 18kDa ~ 5' i EidiaE 5 63 (k% H s Fll 3' b EldiasE 5 414 {ERZH
M o RSB S1EEs ORSV A% H e F 91 RHIR] B e e e P 9 FEHUARE LSS SR EBER - Tl ] 2 2L KT
e SR AR EN 96 % LU L » SHn g Him R - B E SRR HER - BRI E Z A%

BRBERR © 65T PR AR ~ BRACEREALRE - KRS

o5

FEACIE A RIS (Orchidaceae) f& [ N 88 ZAYEIE AL
Frz— o HAE % % » {kE1H 800-900 J& 25,000 FHLL I »
FEREP) TP ER TR R A RH R KIR o 2 AL
W7 RCECE DA 25 1l > BN B A B LERE R S0
7 (Cymbidium mosaic virus; CymMV) ~ {5 75 BElm T iR 7
(Odontoglossum ringspot virus; ORSV) ~ ] IR £ 75
(Cucumber mosaic virus; CMV) LUk — AR E 41858
J} 7 (Rhabdovirus) % 4 1 » {138 4 FL.ZH - 35 Rk mHY
J& CymMV F1ORSV Fifd - ORSV #% /G2 F i AR LR
B 2imiL— » BHER CyMV BB ES - (RItkFa
o IRIEEREE s, o BEAEAHARES AR S2 ORSV {52
TEULER CyMV B EE - K] IR BT A e 5 1 I DA £ 3
E o BRI BRI A A i 2 B g Y o ORSV B H2
F Jensen & Gold"'"1951 4EAE £ Odontoglossum grande |

Fr 8 B » 9 (U2 Hw Bt (ringspot) » BEAL (mottle) » fRAL
(mosaic) * {EE{EEE (color breaking) » #EAl 155X (chlorotic
streak) » £ IEAY (necrosis) R EEIHFCHEES 1 - BELIAT
SERAE RS ORSV JEFSIEEL AR £ (Tobacco mosaic virus,
TMV) ZHEAGR (TMV-0) » (Bt fHE 2 2 25 BE
ORSV 4172 tobamovirus MIE@H TMV & —(ER#"
Do Feslt HACER % Tsomura 28 B H HIMIBEFE 31| 34T 2 3
P > I ORSV JHE[ TMV 27 fwaE" o H pij 25
SEZORSV 2 5844 fAREAE b5 3E .~ tobamovirus Jik &
9

ORSV &M H R 78 (Tobamovirus) Z—8& » JiEE
TERErs E MR IRFERT » FJ% 300 nm » ESE 18 nm » FEkzH
HIPIVEAE 7 HEE IR o T PRI AR BE R B R
7% 6.6 kb » FHEFHIFM (ssSRNA) RNA i o EHIEE—{ERH
A 2845 (ORF 1) KA 4.9 kb » w] 5 BIfdEE H R {18 73+
HFS 126 kDa/183 kDa W B 53 T  1& 54T HEMIE
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i (w7 VB0 & = (EDhRETERTA » BRI ERY N il
1 ELfH guanyltransferase Eil methyltransferase 54 (33 [ 1
% % 15 LB mRNA 9 capping B » REE A
nucleoside triphosphatase BZRNA 5'-triphosphatase 75/ Fl1fi#
WEHER 32 (helicase) ELA I Hlie < B AL BB B2 R it
T2 BRI KL SR ARCHA TS - AEaE 2 AR A%
RS ~ A ~ FRIK 2 - BIIEERLE o KPR hels
FIE TS EEAYA 6 —MAHE RNA iR 75
RS B R - IS 2 RNA iR el 5an 28 - 2 fe
SERTE B B o C U EIEHI 2 RNA polymerase {5
T o HEGm S R 18 E 3% B TN 7 BRI S A4 BB RNA
5' Uil capping S o [RILFSH AEAE BANE 32 o A R RS
5' Uit EL A cap HIHE & ATHE 2 (m'GpppG) > 3' S B AVE. &
polyA TERHIE (pseudo knot) XE{LL -RNA it » AERESZ
HEL e > Jpq 7 REAIE B IRIRH A7 AEPUAIE R A0S 224 (open
reading frames, ORFs) » 477/ RdRp (RNA-dependent
RNA polymerase) ~ MP (movement protein) & CP (coat
protein) FE[K > i F 5" dmFEHEEE N (5' non-translated region,
5' NTR) FlI 3' ¥ FE§# Z% % (3' non-translated region, 3'
NTR) - ORSV 3' NTR # H & > 9| 2 & & /& genus
Tobamovirus i 7 H Ix B W) » H & & % & H b
tobamoviruses [@AI1? o 5' §#55—(F ORF §#:% 126 kDa &
H o AR TAG » ] DAIGERE e —(E Ry &
#% 181 kDa"> Fl1 183 kDa #YZE " * ' » & (8WHAHE (1HY A
% 95 (k% e 55 = (f ORF &/ - 45 ={ ORF i#i3% 34
kDa"'? ~ 33 kDa #1131 kDa® 'V e Bh R [ - HIhAEEDIR A 5L
RIS [ SAEPR BE A T BB A BR - Z5PU(E ORF ##:% 18
kDa » #4f 5 FH D) RERT PR e A 5E K] 8 LB/ e E R
AR 7 R RR T 11 -

el AN 6] %47 ORSV Z RdRp ~MP ~ CP EL[RIK% 11
Bl B9 e 3' NTR K% HEFE 51 » wI{E F Pl E &
RS 2 22% > CP K 3' NTR Z K% 751 5@ AE
W FEAESEEED Y o KEEYE TR Y
ORSV-TW Jii7 RNA » 3&+ H—1EAY5] -+ » #¢H RT-PCR
HE % - AR RERH BEFFY - Jr AR AL - s
s ZHT I A £ ORSV-S1 (Singapore strain Type 1 3
accession number : U34586)7 ;: H A% ORSV-Cyl
(Japan strain Type 1 5 accession number : $83257)"% ; G
% i ORSV-Cy (Korea strain Type 1 ; accession number :
NC_001728)"* Kz £ % # ORSV-U (America strain :
accession number : ORU89894)® {2 o Jif Bl % 5L (R 2 K% 1
P LI e P 5 LG - 3 A It A ] g (R RS [B] SR I 7
FIRLEE b2 IR -

RS VOYSEER

165 DA B v 7 AR

AN gerh pr{s 2 15 Tl D 7 (Odontoglossum
ringsport virus 5 ORSV) 1% 1 B B ik Bk & M 25 %
(Chenopodium quinoa) =R T Bt » MR EE
(Nicotiana benthamiana) * Wif& CyMV ~ ORSV FICMV $i
MIEE % i YL i o Pl DL 75 I 2 BRI ()
ZIRBENEE Rl BERE A BEER 2 RA R R b o 15 HOR
FFL - R L O -

i v LI < AEUBLFE VK 3B

SRR LR L AL - EUAE B2 £tk ORSV Jii 7
300 11(0.7 g/ n)M300 pl ZZ FEREfERR Bk (digestion
buffer) ¥Rz {H HIHZ)1% » A 1.5 1l Z proteinase K (10 p
g/ml) WERL37°C At - 7K 30 g AR SR Z
phenol/ chloroform/ isoamyl alcohol (25 : 24 : 1, pH 5.2) 2
BEWR » MRIZIEEEEEH 2Lb - 1A= T 2L 14,000 rpm
(Jouan, A14, Ttaly) .0 10 7384 o B EFEEUR » W53 BIAIA
[F]#&F4.~ chloroform : isoamyl alcohol (24 : 1) AWK » EIZ
Bt FREITLL 14,000 rpm BEL 5 38 5 BB
W RO 1/10 #8F4,2 3 M sodium acetate (pH 5.2) K% 2
fEHETE 2 100 % WAE - TR - TR Y B 2252 15
(Eyela CVE-100 Centrifugal Vaporizer, Japan) » FEIAHLL
FERXIE — 2B (diethyl pyrocarbonate ;s DEPC) JixFH i Y4
BRZKHR » J5 75 RNA IRIEFTEERS | ng/ 1] > BeiRERS -70 °C
FlRAEZD -

TR R EE VK B S M ¢ P A E P AR A 2 IR
RNA Z5e8eh: » BAGE KT8 A0 » TSRS 2 W
ARNAEST KB HFEVK LI 2 o A4 1]l L BEAEL
FRTEUR (glyoxal loading buffer) F12 11 ZEAVAJRZEE RNA (1
gl wl) REIE% - KEH 1.5 % PERS KT B K 0.5 X
TAE #&fE %6t > 1T /KT B E vk A > fERAL L8
(ethidium bromide) ¥t1% » BEIRNA markers (0.24-9.5 kb,
BRL) LL¥} > {FIORSV-TW fi5 & RNA 53 T- B A/ -

Ji 13 3 KR H R Fr 51 & S

Hi 3' NTR #5452 5' NTR J£51 » Hh s
ORSV-TW #FEH{EEL K #HH RdRp F£[K.Z replicase protein FlI
readthrough protein ~ MP [ CP LK% PU{EBH iz 40k o
ORSV-TW K FFyIEET G| 1 23%Et » &LLORSV-SI1
(accession number: U34586) " 254 K H w91 (E 5 22 %
Feall » PR BRFP 91 2 R 500-1000 bp K/ [HlE%
atH —fHE ] FH(FE—)i#T RT-PCR ° & 1A | T [T i#E 2
ELIK e 214 =4 41 (1 50-100 mers) LUER FAER ~ L
B AHE R o

S8 #30%  WiEEE [ FE (RT-PCR) » % Z5HYHY) ORSV-
TW HJRNA E& % > B 1 2 1(0.1 1 g) Bl FakET 2511



%} » FIJF] QIAGEN OneStep RT-PCR Kit (QIAGEN, USA)
AT RT-PCR [ > HI MRS FH SRPATE T - MR
VEF B2 E B IREE G B9 128 GeneAmp PCR system 2400
(Perkin Elmer, USA) H31T

Wist 5' NTR % i 51,2 8 m

] SMARTTM RACE ¢DNA Amplication Kit
(Clontech, USA) #17 /& » &3 5 NTR P42
cDNA ° LL3' 55| 7 ORSV-9R (F—) » AR &% cDNA
& 5 NTR F#51 o 55— cDNA 2 W3l {544k (58 FH 36 HA
FERAELT - LI E 5' NTR 25— cDNA {EREH » Wi

U5 7 ORSV-R10 AT Smart 2A ()T PCR H31iE S
(TaKaRa, Japan) °

WirE 3' NTR LTI Fr 51| Z

JHFERZ R 3" indifs poly(A) : HUAS B poly(A) i
ZORSV-TW Ji57&: RNA 1 1 117 poly(A) &85 » FIlF 3!
End Labeling Kit (Boehringer Mannheim, USA) /% poly(A)

W

o AR R 5 R AR B R PP R B A 99

S 2 ORSV-TW Ji5AE RNA ZJ2 U » LUE SR & 52k
Z3'NTR 25—l cDNA o

55— cDNA Z &R« B SR 5ERE poly(A) &
ORSV-TW RNA - fid & 5] F polyTl (% —) - fl A
SuperScript™ IIT RNase H-Transcriptase Kit (Invitrogen,
USA) &Rl — k& 56 %4 3' NTR . Z cDNA

SRETEHSA I [ (PCR) : 155 —1% cDNA {ESHET »
Bt & iS5 | - ORSV-R3NF I PolyT2 (£ )it 7 PCR HJiig
5 Jf& (TaKaRa, Japan) ©

RT-PCR Ff1PCR W2 FR ik B e 73 Bt

5 _Eatt,Z FEPIRE R 1.5 % PR IBEE 52 0.5X TAE #%&
{EAMHET TEVK T > 4 ethidium bromide Y4 (a{% 52 DNA
markers (0.05-2 kb, Novagen, Germany;0.1-1.5 kb, Promega,
USA) LL¥} » AifEEHEY) 1 8 A0 -

R H R 91 Z R
P9Il 2 AR RARYR Sanger (1977) Z ¥ K S RUNEIAIE

Fe— ~ B I THERBER 515 A 2 RT-PCR FlIPCR EK 3 &5 | T2
Table 1. Synthetic primers used in RT-PCR and PCR reactions for amplifying viral genes of ORSV-TW strain

Primers sense/antisense Corresponding Sequences Target gene
(+/-) position1

ORSV-F1 + 5911-5930 5" CTGCAGGCGCTGGTTACTTC 3 CP
ORSV-R1 - 6589-6609 5" TGGGCCTCTACCCGAGGTAA 3 CP
ORSV-F2 + 5251-5270 5" TACAGTGTCACCACTGCCGA 3 MP, CP
ORSV-R2 - 6011-6030 5" TCTGCGGATTTTCCACCTCG 3 MP
ORSV-F3 + 4611-4630 5" CATCATGACAGAGTTGCCAT 3 126/183 kDa RdRp, MP
ORSV-R3 - 5391-5410 5" TCTTCTCTCTCAGTCCGAGT 3 126/183 kDa RdRp, MP
ORSV-F4 + 4117-4136 5" TTTACACCCGGAAAACGCCC 3 126/183 kDa RdRp
ORSV-R4 - 4786-4805 5" TACTGCGGTCTTGTGGACCT 3 126/183 kDa RdRp
ORSV-F5 + 3381-3400 5" GTCGATGCCGGGATCTTATA 3 126/183 kDa RdRp
ORSV-R5 - 4163-4182 5" TTGGCACCGTCGAATCCAAA 3 126/183 kDa RdRp
ORSV-R4-5 - 4290-4309 5" CTTCCTATGTCCCTGTTTCC 3 126/183 kDa RdRp
ORSV-F6 + 2642-2661 5" GAGAGCTAATAAGTCTGGAC 3 126/183 kDa RdRp
ORSV-R6 - 3443-3462 5" CAGATTTAGGACATGGTACG 3 126/183 kDa RdRp
ORSV-F7 + 2016-2035 5' CCAAAGCAAAGCTACGGTGA 3 126/183 kDa RdRp
ORSV-R7 - 2793-2812 5" TCACGACAATGGGACAATGC 3 126/183 KDa RdRp
ORSV-F8 + 1201-1230 5" CCGTCACTTCAGGAAAGATG 3 126/183 kDa RdRp
ORSV-R8 - 1981-2000 5" GATGCGGACAGGTAATCCAT 3 126/183 kDa RdRp
ORSV-F9 + 451-470 5" TTGACATTCGCGATGTGGCT 3 126/183 kDa RdRp
ORSV-R9 - 1381-1340 5" CACAGACTTGTCTACATCCC 3"  126/183 kDa RdRp, 5'NTR
Smart2A’ + 5" CAGTGGTATCAACGCAGAGT 3" 126/183 kDa RdRp, 5S'NTR
ORSV-R10 - 539-559 5" GCTGATTGCTGAAAAACCGG 3" 126/183 kDa RdRp, 5'NTR
PolyT1 - 5" TGGTCATGTAGACAGCAGAC

TTTTTTTTTTTTTTT 3 3'NTR
ORSV-3NF + 6338-6357 5" TCCCGTTGTGTACACGATAG 3 3'NTR
PolyT2? 5" TGGTCATGTAGACAGCAGAC 3 3'NTR

! Corresponding positions referred to that of ORSV-S1(Acc. No. U34586).

% Sequence referred to Smart II oligo sequence (Clonteck, USA) and used for 5'-NTR amplification.

? Sequence referred to polyT1 and used for 3'-NTR amplification.
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BH#% 11 (dideoxy chain termination) J7{£"® » {8 ABI
PRISMTM Dye Terminator Cycle Sequencing Ready
Reaction Kit 2 ABI PRISM 377 DNA Sequencer (Applied
Biosystems » USA.) ¥4/ H8) € v #ET8% Bk R 912 3%
2% » I Hitachi software DNASIS for Windows (version
2.1 DNASIS, Hitachi Software Engineering America Ltd.
USA) $RES T RAAATFF S DIRE . — 2 G AL H BRI

I3 2 KT P 471 Bl S [6] el 8 & PLBE

#5 ORSV-TW B {[f H[A] #H 1 Fr 2% 126/183 kDa
RdRp ~ MP ~ CP ZEPY {lEGH hidiaE 22k < LR e 4] » FIIH
AAAREE S ARIAAITIRE > 3 HIEITA ST ~G ~C & a5y
B > WA Rl N BE B e 1) - Sl BT DI SR A ORSV-S1
(accession number: U34586) ~ H & Z#f ORSV-Cyl
(accession number: S83257) ; % & % #f ORSV-Cy
(accession number: NC_001728) k23 [5f % # ORSV-
U(accession number: ORU89894) . ZRdRp/readthrough
protein » RdRp/replicase » MP » CP 4 PU{[E G i 3% 204 2
FEDR R B AL MBS P9 ke 5 23" NTR &K JERLH R FF
Hl| » 1T EFPYI L%} (multiple sequence) » 73 HTANE R
IR ERFEYIRHIEI R ~ MLl e I REBUEE RIS A3 NTRA%
HER PP S AHE BE s B EBR 13 o

LTS
LI 2 KUK TR T

18 T R D 7515 18 AT ORSV-TW . Z RNA 77 #§
R > LLLS % PEZOKRIBREEYK T AT LAE BT -

VKIEH BB — oy 7 B - 3% BB 0.24-9.5 kb .Z RNA
markers (Sigma » USA) LL¥t 2% - {diE1 H RNA 7 F& K
NS 6.6kb ©

a3 KR H IR PP 41 < SR Ik B R S0

£ 3" 5" NTR ¥ HE#F41 » {1/ QIAGEN OneStep
RT-PCR Kit (QIAGEN , USA) » ifi LI +¥#15| 7317 RT-PCR
SELLHEE R K/ N2 B WIS EYIHELT 1.5 % TR
K BHEEVK 730 » #8EL 0.05-2 kb (Novagen, Germany) 5
0.1-1.5 kb (Promega, USA) DNA makers FL¥f » HEY) /75
%5 0.6~0.8~0.8~0.7 0.8 ~0.8~0.8 0.7 ~0.9 0.9
kb °

Wirt 5" NTR & H 2 Fr 41 2 Tk IEwE 0H

ORSV-TW RNA #& SMARTTM RACE cDNA
Amplication Kit LLORSV-R9 5| i#Ek 555 — % cDNA »
P55 — %% cDNA £H5EH » FIIF ORSV-R10 i Smart2A
—HH 51 F(FE—) » #HITPCR Hg0E K FE » A G (T 1.2
% [BEEEIKTHT » #6881 0.1-1.5 kb DNA markers (Promega,
USA) LL# 73 1K) » HAEYI £50.6kb e

W #E3" NTREZH ISR 51| < FEIKIE#E 7t

ORSV-TW RNA #& poly(A) # #% % - H &
PowerScript™ Reverse Transcriptase LA polyT1 5| 717X
HHER S5 — B cDNA © i bt 2 55— cDNA f3 A5 -
P F§ ORSV-3NF Ed polyT2 —#H 5 F(F£—) » 77 BIHELT
PCR HgMR S FE » R AEYIETT 1.2 % BREE KT B » #8Ed
0.1-1.5kb DNA markers (Promega, USA) EL¥153 T K/ » H
FEYIRIFS0.3Kkb ©

K~ BT THBRBLIN R 2 SR FE IR P SR H R SR I H 2 L

Table 2. Lengths in nucleotide (nt) and amino acid (aa) of genomic regions of Odontoglossum ringsport virus (ORSV)

Genomic regions”

RdRp RdRp CP
Fragments Strains' Full-length 5-NTR readthrough kDa replicase MP kDa 18kDa 3'-NTR
protein 126 kDa
nt ™ 6612 63 4839 3339 912 477 414
S1 6609 62 4839 3339 912 477 412
Cyl 6611 62 4839 3339 840 477 414
Cy 6611 69 4788 3339 912 477 414
U 6618 62 4839 3339 840 477 414
aa ™W 1612 183 1112 303 33 158
S1 1612 183 1112 303 33 158
Cyl 1612 183 1112 280 31 158
Cy 1595 181 1112 303 34 158
0] 1612 183 1112 280 31 158

' TW: Taiwan strain (Acc. No. AY571290); SI: Singapore strain (Acc. No. U34586); Cyl: Japan strain (Acc. No. S83257); Cy: Korea

strain (Acc. No. NC_001728); U: America strain (Acc. No. U89894).

2 NTR: non-translated region; RdRp: RNA-dependent RNA polymerase; MP: movement protein; CP: coat protein.



GGT
ATTGTTCGATTACTACAATCACAACAAACAATTACAACAAAATTCACAATTCACATTAAC
ATGGCACACTTCCAACAAACAATGAACAACAAAGTTATTGAGGCTGGTATGGGCAGAAAC
MAHFQQTMNNIKVYIEAGMGTR RN

readthrough protein #2 replicase protein
AGCCTCATTAACGATTTGGCTCAGAGACGTGTTTACGATAACGCTGTCGAAGAGTTAAAC
SLINDLAQRRVYDNAVEETLN
CACCGTTCTAGACGCCCAAAGGTTAACTTTTCCAAGGTCATTTCTCAGGAACAGATTATT
HRSRRPKVNFSKVISQEH QTITI
CAAGCTACTAATGCGTACCCTGAGTTTGAAATCACCTTTTACAACACTCAACTCGCTGTC
QATNAYPEFETITFYNTAO QLAV
CACTCGATGGCGGGAGGTCTTCGAGCACTCGAGCTCGAGTATCTTATGATGCAAATCCCA
HSMAGGLRALELEYLMMOQTITP
TTTGGTTCTGTTACGTATGACATCGGGGGAAACTTTTCAGCGCACTTATATAAAGGACGA
FGSVTYDIGGNTFSAHLYZ KGR
GATTACGTCCATTGCTGTATGCCTAATCTTGACATTCGCGATGTGGCTCGTCACATCAAT
DYVHCCMPNLDTIRDVARIHTIN
CAACAAGATACTGTTTCTACTTATCTGGCTAGGCTCGAGAGAAGCAAGAGGGGTCTTCCG
QQDTVSTYLARLETRSIKRGLTP
GTTTTTCAGCAATCAGCTTTTAATAAATATATGAATGACCCTGATGCTGTGTGCTGCGAT
VFQQSAFNKYMNDPDAVCCD
AAAAGGTTTCAAGACTGTTCTTACTCCGTTGATCTTCCGGGAAAAACATACGCTGTGGCG
K RFQDCSYSVDLPGI KTYAVA
CTTCATAGTATCTATGATATTCCAGCGGATGAGTTCGGAGCTGCCTTATTACGAAAGGAT
LHSIYDTIPADETFGAALTLT RIKTD
GTTCACATATGTTATGCTGCTTTTCATTTTAGTGAGAATCTGCTTCTTGAGACTACGTCT
VHICYAAFHFSENLTLTLETTS
GCTCOGCTCGATGAGATTGGAGCGACGTTTTACAAGTCAGGGGATAGATTATCCTTTTTC
APLDETIGATFYKSGDRLSTFETF
TTTCAAAATGAGAGCACATTGAATTATGAACATTCTTATAAAAACGTAATTAAATATGTT
FQNESTLNYEHSYKNVIZKTYYV
TGCAAGACTTTTTTCCCAGCTTCAAATAGGTTTGTCTACCATAAGGAATTTATGTGCACC
CKTFFPASNRFVYHKETFMCT
AGAGTTAACACATGGTTTTGTAAGTTCACCAAGGTAGATACTTATTTCCTTTTCCGAGGG
RVNTWFCKTFTKVDTYFLTFRG G
GTGTATACTAGGGGAGAAGATTCTGAACAATTTTACACTGCTATGGATGAAGCATGGGAG

VYTRGEDS SEQFYTAMDEAWE
TATAAGAAAACTTTGGCAATGCTTAATAGCGAAAGGACGATCTTTCGCGATCGCGCTGCG
YKKTLAMLNSERTTIFRDRAA
GTTAACTTTTGGTTTCCTAAAGTTAAGGATATGGTTATTGTGCCGCTTTTTGATGGTTCC
VNFWFPKVKDMVYIVPLTFDG® GS
GTCACTTCAGGAAAGATGAAAAGAAGTGAAGTCATGGTTAACAAGGATTTTGTTTACACC
VTSGKMKRSEVMVNKDTFVYT
GTTTTAAATCACATCCGTACCTATCAAGACAAAGCCTTGACGTATAAAAACGTTCTTTCC
VLNHIRTYQDKALTYZKNVLS
TTTGTCGAGTCAATTAGGTCTCGTGTGATTATTAATGGTGTGACTGCAAGATCTGAGTGG
FVESIRSRVYIINGVTARSEHW
GATGTAGACAAGTCTGTGTTACAGGCGTTATCTATGACTTTTCTTTTACAGACGAAGTTG
DVDKSVLQALSMTT FLLAOQTEZ KL
GCTGAAGCAAAAGATCAAGTCGTACTTAAAAAATTTCAAAAATTTGACGATACAGTTACT
AEAKDQVVLKKFQKFDDTUVT
AATCTTTTCTGGAAACAGATTAGTGATGCTGTAGGCGATCTCTTCCCGTCGATTAAGGAA
NLFWKQISDAVGDLTFPSTIEKE
AGGCTCATTAGOGGTGGGTTTGTAAAAGTTGCTGAGCAATCTTTACAAATTAAAACGCCT
RLISGGFVKVAEQSLQIIKTP
GATGAGTATATCACCTTTGCAGATAAACTGGTTATGGAATATAAAGCAACTGAAGAGCTT
DEYITFADKTLVMEYZXATETEIL
CAACATCTAGACATTAGTAAGCCTCTTGAGAGAGCCGAGAAATATTATAACGCTTTATCG
QHLDISKPLERAEKYYNALS
GAACTATCGGTTCTCAAGGAATGTGACGAGTTTGATATAACGCAATTCAAGAATTTATGT
ELSVLKECDEFDITAQFIX KNLSC
GAAGAAAAGGACATTGATCCAGACGTCGTGGCGAAAGTGATCGTCGCCATCATGAAGAAC
EEKDIDPDVVAKVIVAIMMKN
GAACTCACACTGCCTTTTAAAAATCCAACGCCTGAAGCATTATCGGATGCTCTTTCACCG
ELTLPFXKNPTPEALSDALSTP

3
63
123
20

183
40
243
60
303
80
363
100
423
120
483
140
543
160
603
180
663
200
723
220
783
240
843
260
903
280
963
300
1023
320
1083

340
1143
360
1203
380
1263
400
1323
420
1383
440
1443
460
1503
480
1563
500
1623
520
1683
540
1743
560
1803
580
1863
600
1923
620
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TTACCCAAAGACTTGGATATGAGATTTGATCTGCTTAAATTAAGTACGTGTGCACCCTTT 1983
LPKDLDMREFDLLIKLT STTCAPTF 640
CCAAGCGTTAAAACTTTAGATAGTGGTTTATTACCAAAGCAAAGCTACGGTGACGAAAGA 2043
PSVKTLDSGLLPKOQSYOGDETR 660
CAATTTGAGAGTCAATCTGTCGTGTCTGTATCTGATTTTCATCTTAAGAGCGTCGAGTCA 2103
QFESQSVVSVSDFHLIKSVES 68
GTAAAAATGAAAAACATGTCGTCAGCGGTCTACACAGGTCCCCTCAAAGTTCAACAGATG 2163
VKMKNMSSAVYTGPLIKVQQM 700
AAGAACTATATGGATTACCTGTCCGCATCGATTTCGGCTACTGTTTCAAATTTATGCAAG 2223
KNYMDYLSASISATVSNLTCEK 720
GTGCTAAAGGATGTCTATGGTGCCGACCCAGAGTCTGCAGAAAAGTCTGGAGTCTACGAT 2283
VLKDVYGADPETSAEIKTSGV YD 740
GTAGTGAAAGGCAAATGGTTATTAAAACCAAAGGATAAATGTCACGCTTGGGGTGTTGCC 2343
VVKGKWLLKPKDI KT CHAWGYV A 760
GAACTTAACAATGGCGAGAAAGTCATCGTATTACTCGAATGGGCTGATGGATTCCCTATT 2403
ELNNGEIXKVIVLLEWADGTFTPTI 78
TGTGGTGATTGGCGACGAGTGGCCGTCTCTTCAGATTCCCTTATTTATTCAGATATGGGA 2463
CGDWRRVAVSSDSLTIYSDMG 800
AAACTTCAGACGTTGTTAAGCTGCTTAAAGGACGGTGAGCCCGTACCTTCGGATGCGAAA 2523
KLQTLLUSCLIKDGETPVPSDAZK 820
GTCACGTTGGTAGATGGCGTTCCTGGTTGTGGAAAAACAAAGGAAATTCTTGAAACTGTG 2583
VT LVDGVPGCGKTI KETILETV 840
AATTTTGATGAGGACTTAATACTTGTTCCTGGTAAAGAAGCTTGTAAAATGATTATCAAG 2643
NFDEDLTILVPGKEACKMTITIZK 860
AGAGCCAATAAGTCTGGACATGTAAGAGCGACAAAGGATAATGTAAGAACTGTGGATTCG 2703
RANKSGHVRATKDNVRTVDS 880
TTCTTAATGCATCTGAAGCCTAAGACTTATAACAAACTGTTTATCGATGAAGGTTTGATG 2763
FLMHLKPKTYNZKLTFTIDETGTLM 90
TTACATACTGGTTGTGTCAACTTTCTGATAGCATTGTCCCATTGTCGTGAGGCGATGGTT 2823
LHETGCVNFLTIALSHCREAMV 920
TTTGGTGATACTGAACAAATTCCCTTTATAAACAGAGTGGCAAATTTCCCTTATCCGAAA 2883
FGDTEQIPFINRVANTFPYPK 90
CATTTTGCTACACTTGTTTATGATCATAGGGAGGTTAGGAGGTTATCACTTAGATGCCCG 2943
HFATLVYDHREVRRLSILRCP 90
GCAGATGTTACGCATTTTATGAACTCCAAATATGACGGGAAAGTTTTATGTACGAGTGAT 3003
ADVTHFMNSIKYDGIKVLCTSD 98
GTGATTCGCTCAGTTGATGCTGAAGTGGTTAGAGGGAAAGGGGTTTTTAACCCGAAAAGC 3063
VIRSVDAEVVRGKGVFNPZK S 1000
AAACCGCTTAAAGGGAAAATTATCACCTTCACTCAAAGTGACAAAGCCGAACTGAAGGAG 3123
KPLKGKTITITFTAOQSDZ KA AETLZKE 1020
CGTGGTTATGAAGAAGTTTCAACTTTTGGTGAAGTTAACACCGTACACGAAATCCAAGGT 3183
RGYEEVSTFGEVNTVHETIAQG 1040
GAGACCTTTGAAGACGTATCGGTTGTTCGTTTGACACCAACTCCATTGGAGCTTATATCA 3243
ETFEDVSVVRLTPTPLETLTIS 1060
AAGAGTTCACCGCACGTTCTTGTTGCATTGACAAGACATACTAAAAGCTTCAAATATTAC 3303
KSSPHVLVALTRHTZI KT SEFIKTYY 1080
TCTGTGGTTCTCGATCCTCTCGTCAAAGTTTGCTCTGATTTAAGCAAGGTGTCAGACTTT 3363
SVVLDPLVKVCSDLSZKVYSDF 1100
ATACTGGATATGTATAAGGTOGATGCOGGGATCTTATAGCAATTACAGGTAGGGAGTATC 3423
I LDMYKXKVDAGIL®*QLQVGS I 112
replicase protein —T
TTCAAAGGCGAAAATCTATTCGTACCATGTCCTAAATCTGGTTATATTTCTGATATGCAA 3483
FXGENLFVPCPKSGYTISDMQ 1140
TTTTATTATGACACTTTGTTACCTGGAAACAGCACTATTTTAAACGAGTATGATGCAGTG 3543
FYYDTLLPGNSTTILNEYTDAYV 1160
ACTATGAATCTTCGTGAAAATAATCTTAATGTCAAGGATTGCACGATAGATTTTTCTAAA 3603
TMNLPRENNLNVEKDCTTIDTFS K 118
TCTGTTAGTGTCCOGAGACAACAACAAGAGTTTTTCACACCAGTCATTCGAACTGCTGCT 3663
SVSVPRQQQEFFTPVIRTAA 120
GAACGTCCACGTAGTGCTGGTCTCCTTGAAAACCTTGTGGCAATGATAAAAAGAAATTTT 3723
ERPRSAGLLENLVAMIZKTERNTF 1220
AACTCTCCAGATTTAACGGGTATATTAGATATTGAAGATACTGCCGAACTTGTAGTTAAT 3783
NSPDLTGILDIEDTAETLVVN 1240
AAGTTTTGGGATGCTTACATTATTGACGAACTTTCTGGTGGAAATGTTACACCGATGACT 3843
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AAGTTTTGGGATGCTTACATTATTGACGAACTTTCTGGTGGAAATGTTACACCGATGACT 3843
K FWDAYIIDELSGGNVYVTPMT 120
TCAGATGCCTTTCACAGGTGGATGGCTAAGCAGGAGAAAAGTACTATTGGTCAATTAGCT 3903
SDAFHRWMAKOQEIKSTTIGA QL A 128
GATTTTGACTTTGTTGATTTACCCGCTATTGATCAATACAAACATATGATTAAGGCGCAA 3963
DFDFVDLPAIDQYKHMTIZKAQ 1300
CCTAAACAGAAGCTTGATCTCAGTCCTCAAGATGAGTATGCTGCACTTCAGACTATTGIT 4023
PKQKLDLSPQDEYAALQTTIV 1320
TATCACTCAAAGCAGATAAATGCAATTTTCGGTCCTCTTTTTTCCGAATTAACTAGACAG 4083
YHSKQINAIFGPLFSELTRQ 1340
CTTTTAGAGAGGATAGACAGTAGCAAATTTTTGTTTTACACCCGGAAAACGCCCGAACAG 4143
LLERIDSSKFLFYTRIKTPEQ 1360
ATTGAAGAGTTTTTCTCAGATTTGGATTCGACGGTGCCAATGGAAGTTCTAGAGTTAGAC 4203
I EEFFSDLDSTVPMEVLETLTD I30
ATTTCAAAGTATGACAAATCCCAGAACGAATTCCATTGTGCTGTTGAGTACTTGATTTGG 4263
I SKYDKSQNEFHCAVEYLTIW 1400
GAGAAACTTGGTCTTAATGGCTTTCTCGAAGAAGTTTGGAAACAGGGACATAGGAAGACA 4323
EKLGLNGPFLEEVWKOQGHTRZKT 1420
TCCTTGAAGGATTACACCGCAGGAATAAAGACTTGTTTATGGTATCAAAGGAAAAGCGGA 4383
SLKDYTAGIZ KT CLWYQREKS G 1440
GATGTAACTACATTTATTGGCAATACAGTTATTATAGCTGCTTGTCTTGCGTCGATGATA 4443

DVTTFIGNTVIIAACLASMTI 1460
CCTATGGATAAGGTAATTAAAGCTGCGTTTTGTGGAGATGATAGTATTCTATACATTCCA 4503

PMDEKVIKAAFCGDDS STITLYTIP 1480
AAGGGACTTGATCTTCCTGATATCCAATCTGGAGCGAATTTGATGTGGAACTTCGAGGCA 4563
KGLDLPDIQSGANLMMWNTFE A 150
AAATTATATCGTAAGCGTTACGGATATTTTTGCGGAAGGTATATTATTCATCATGACAGA 4623
KLYRKPRYGYFCGRYTITIHHTDR 150
GGTGCCATTGTGTATTACGACCCTCTTAAATTAATTTCTAAGTTAGGTTGTAAACACATC 4683
GAIVYYDPLIKTLTISI KLGT CTZ KHT 1540
AAATCTTTGGATCATTTGGAAGAATTTAGAATCTCGCTGTGTGACGTAAGCTCTTCTTTA 4743
K SLDHLEETFRTISLCDVS S S L 150
AATAATTGTGOGTATTTTGGTCAATTGAATGATGCAATTGCTGAGGTCCACAAGACCGCA 4803
NNCAYFGQLNDATIAEVHI KT A 1580
GTAAATGGGTCGTTTGCGTTTTGTAGTATTGTTAAGTATCTTTCCGATAAAAACCTTTTC 4863
VNGSFAFCSIVKYLSDIKNTLF 1600
MP—»M GRLRFVVLLSIFPIIKTTES 2
AGAACCTTGTTCTACAATGGCTCTAGTACTAAGGGATAGCATCAAAATCTCTGAATTTAT 4923
RTLFYNGSSTEI KSG =X readthrough 1612
i protein

EPCSTMALVLRDI STIIKTISETFTI 40
TAATTTATCAGCCTCTGAAAAACTACTACCGTCAGCTCTAACGGCTGTCAAGTCGGTACG 4983
NLSASEZKLTLPSALTAVKSVR 60
TATTTCAAAGGTTGATAAAATTATAAGTTACGAGAATGATACTTTGTCTGATATTGATTT 5043
I SKVDKIISYENDTLS SDTIDL 8
GCTTAAAGGTGTGAAGTTAGTAGAGAATGGGTATGTGTGCCTTGCCGGCCTCGTCGTCAC 5103
LXKGVKLVENGYUVCLAGLVVTI00
TGGTGAATGGAATTTGCOGGACAATTGCAAAGGTGGTGTGAGTATCTGTCTTGTAGACAA 5163
GEWNLPDNCKGGVSICLUVDEKI2
ACGCATGAAAAGAGCTAATGAAGCAACACTTGGCTCTTATCATACATCTGCTTGCAAGAA 5223
RMKRANEATLGSYHTSACEKK 140
GAGATTCACCTTTAAAATTATCCCGAACTACAGTGTCACCACTGCCGACGCTCTTAAAGG 5283

RFTFKIIPNYSVTTADALTZKG G 160
AATATGGCAAGTTATGACAAATATTAGAGGTGTGGAAATGGAAAAGGGTTTTTGCCCATT 5343
WQVMTNIRGVEMEIKGEFCPLS 18
ATCTTTGGAGTTTGTTTCTATTTGCATAGTGTATTTAAATAATATAAAACTCGGACTGAG 5403
ILEFVSICIVYLNNTIKLGTLTR 20
AGAGAAGATTTTGAACGTAACAGAAGGAGGGCCCACCGAACTTACTGAAGCAGTTGTTGA 5463
EKILNVTEGGPTETLTEA AV VD20
TGAGTTCGTGGAGAAAGTTCCTATGGCTGCTAGGCTCAAGTCTTTTCGCTCTGTCAACAA 5523
EFVEKVPMAARLIKSTFRSVNK 240
AAAGAAACCTAGTAACAGTTCTAAGTTTGTTAATGGAAAATCTAGACTTAATAGTCGTAA 5583
K KPSNSSKFVNGKSRLNSRN 20
TAAATTAAATTATGAAAATGGTGATAGTGATGTTGGTACTAGTGTTGTAGATGATATTGT 5643
KLNYENGDSDVGTSVVDDTIV 280
GGTTAGTAATGGTGTTAGTGATATTCGTATTGATGATGATTGTGAGTCATTTGACGCACA 5703
VSNGVSDIRIDDDCESTFTDAQ 300
ATCTGATTCGTATTGAATATGTCTTACACTATTACAGACCCGTCTAAGCTGGCTTATTTA 5763
SDSY * « M 305
CP—+»MSYTITDPSKLAYL 14
AGCTCGGCTTGGGCTGACCCCAATTCACTAATCAACCTTTGTACCAATTCTCTGGGTAAT 5823
SSAWADPNSLINLCTNSLGN 34
CAGTTCCAAACACAACAAGCTCGAACAACTGTTCAACAGCAGTTTGCTGATGTTTGGCAG 5883
QFQTQQARTTVQQQFADVWAQ 54
CCGGTTCCTACTTTGACCAGTAGGTTCCCTGCAGGCGCTGGTTACTTCAGAGTTTATCGC 5943
PVPTLTSRFPAGAGYFRVYR 74
TATGATCCTATATTAGATCCTTTAATAACTTTCTTAATGGGTACTTTTGATACTCGTAAT 6003
YDPILDPLTITFLMGTTFDTI RN %
AGAATAATCGAGGTAGAAAATCCGCAGAATCCGACAACTACGGAAACATTAGATGCAACT 6063
RIIEVENPQNPTTTETLDAT 114
OGTAGAGTTGATGATGCAACTGTAGCAATAAGATCTGCAATAAATAATCTATTAAATGAG 6123
RRVDDATVAIRSAINNLLNE 134
TTAGTTAGGGGAACTGGTATGTACAATCAAGTCTCATTTGAGACGATGTCTGGACTTACT 6183
LVRGTGMYNQVSFETMSGLT 154
TGGACCTCTTCCTAATCATATTTAGGAAAATAACGTTGATAGTGTTGAACTATCCGTGGT 6243
W TS S * «CP 159
GCATACGATAATGCATAGTGGTTATCCCTCCACTTAAATCGAAGGGTTTTTCACTGCGGA 6303
TATGTAGGTTTCCTACGGTGAATATAAAACTTATATCCCGTTGTGTACACGATAGTACAT 6363
AGTGTTTATCCCTCCACTTAAATCGAAGGGTTTTGTGTCACACGCGTGTAAGGAGTGGTC 6423
AACCTTACGACACATTTAAAATAATGCGTCCGTGGTGCATACGATAATGCATAGTGTTTG 6483
TCCCTCCACTTAAATCGAAGGGTTGTGTATATGGATCATGCGGATAAAGTTATACTGGTG 6453
CAGTATAACOCGTTATACACGTAAAATTATGAGGGATTCGAATTCCCCCTTACCTCGGGT 6603
AGAGGCCCA

el — ~ i o Bl B 7 5 SRR (ORS V-TW) 2 % A%
1 e iz 3L > 91| (accession number @ AY571290)

Fig.1. The full-length cDNA nucleotide and amino acid
sequences of ORSV-TW RNA(accession number :
AY571290). RdRp ~MP and CP represent RNA-dependent
RNA polymerase, movement protein, and coat protein,
respectively. Arrows indicate the start and stop positions of
each region.

4902

4808 5719

5'NTR
(1-63)

3'NTR
(6199-6612)

B~ ~ BT PR 75 4 A (ORS V-TW) 2 LRI 7 K4

Fig. 2. Genome organization of Odontoglossum ringspot virus (ORSV-TW). NTR ~ RdRp ~MP and CP represent the non-
translated region, RNA-dependent RNA polymerase, movement protein, and coat protein, respectively. Numbers indicate the
start and stop positions of each region.
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ORSV-TW . Z RNA % Hltf7-5Z%38 5707 » HL5epk 3' 2|
5' NTR 2REHIETY > £56612 HfZHE - Hhad
RdRp ~MP FlICP %[X - 5' NTR H:5EFH 63 {Ek% g » 3'
NTR A 414 @ o 1E4 {H5 HoEEEZE M » RdRp
R 4839 EELH I - $EEERL 1612 LT
readthrough protein » AU {5 (L% 5 T (stop codon) £
TAG » 43 {5 1% 183 kDa » 13339 (k% H 1 - ##E%AK 1112
(B FL LAY replicase protein * ARUiiS 1L &S 115 TAG » 47
T8 126 kDa s MP BE[KIHA 912 {lEf% H 1 - #8355 303
(R I - Rim % IS T TGA » /> T =533 kDa » CP
HR A 477 (B HE: - A 158 (ERERE - Rimis1E%
M55 TAA » 43 7 5f% 18 kDa e [fiF RdRp F£[K&l MP J&
KIEIHEA 95 {E%H S B2 (overlapping) » MP Ei CP LK
A 2 ERHEERIB (intercistron) J& B2 JEHEAE W% HER
1] o o T i DR 75 1 VA SR A A R B M B g s 5971
QfE— ~ AR PR e

Ji 3 3 [KI P 1 Bl S [6] Bl 8 & PLBE

K| B & 4 48 Hitachi software of the DNASIS for
windows (version 2.1 DNASIS) » 3#{7 ORSV-S1 ~-Cyl ~-
Cy ~-UFI-TW [ #%#%.2 RdRp/readthrough ~ RdRp
/replicase ~ MP ~ CP EE[RIFGRL 1 ~ ML i ol fe 5' Fl 3!
NTR #% Hll P92 oAb - fiRENED hEZRE R
¥ B 41 AHTE] FE i 99.3-96.7 % s RdRp/readthrough %
DRI 1t FH (511 5053 99.0-97.1 % » g FLife FH AL i 5
98.8-94.4 % ; RdRp/replicase H:[KE%HEEFHEEE BEiE 99.0-
96.9 % » WEEEEFHALIEE R 32 99.1-94.3 % s MP FL[RIR He
FHIEE =g 99.1-97.5 % » WELER LU /=2 98.5-95.5 %
CP B ARZ H I AHIA] 2 55z 100.0-97.6 % » N ELI AEDUEE /5
2 99.3-94.9 % ; 5' NTR £ HEEFHIE] = Al =552 100-80.9 %

K=~ 1T R DT 5 R 15 T e B fth PO AN [ 5 A
DRI H I A 5] o2 L

Table 3. Nucleotide identity (%) of the genes between ORSV-
TW and other ORSV strains

RdRp RdRp
Strains' Full-length readthrough replicase MP CP
protein
S1 98.4° 98.3 98.2 983 997
Cyl 99.3 99.0 99.0 991 995
Cy 96.9 97.5 969 983 98.1
U 98.6 98.9 98.6 975 100

' S1: Singapore strain (Acc. No. U34586); Cyl: Japan strain (Acc.
No. S83257); Cy: Korea strain (Acc. No. NC_001728); U:
America strain (Acc. No. U89894).

2 Nucleotide identity (%).

B T PRV DL 7 1 TR BRI e 81 SRR B oA 103

3' NTR % HEgFHIE I 15558 99.8-95.3 % o CP LK HAL H
FekH A » LLORSV-U g2 ORSV-TW A MHIR] B i i 5
100 % » H:Z & ORSV-Cyl ~ ORSV-U il ORSV-TW #ff.2
FHIE 5 99.5% » ORSV-U £ ORSV-Cy Z#f% 2 #HIE 5
98.1 % » ORSV-Cy 1 ORSV-S1 %42 tHIE S 97.9 % »
M . LL ORSV-Cy1 Eil ORSV-Cy Z#5ZHIFEE 97.6 % fohx
K o 35 bk CP 3[Rl B g AHLLEE » FIILL ORSV-TW ~
ORSV-U B ORSV-S1 3 & FELUE e 15 99.3 % » Hk 2
ORSV-S1 ~ ORSV-Cyl ~ ORSV-U 81 ORSV-TW % <4
{LUFE 5 98.7 % » ORSV-Cy ~ ORSV-U il ORSV-TW H#ff.&
FRALLEE £ 95.5 % - Tii{)s LLORSV-Cy1 B ORSV-Cy AffiZ
FELLEE 94.9 % iR o 50 5' NTR K HEEMHEIE - DL
ORSV-S1 ElORSV-Cy 1 3## < FH [F] f s 100 % » 1Ll
ORSV-Cy1 and ORSV-Cy %< 6 FEEHAK S 83.0 % o 45
Frige3' NTR £ HgAHIE £E 79 LA ORSV-TW EZORSV-Cyl %
.2 MG i 3 99.2 % » [T L ORSV-S1 £l ORSV-Cy %
72 FHIE AR5 95.3 % ©

1] ORSV-TW #4581 ORSV-S1 ~ -Cyl ~-Cy #lI
-U Y i % f% b #& - ¥ & B 5 B F % ~ RdRp/
Readthrough ~ RdRp/ Replicase ~ MP ~ CP E:[RIA%H BBk
FEEFF YRI5 K 3" NTR B HEEFF 9 5 » #5 RN
ORSV-TW Ei -Cyl afft Z AR K2 -S1 ~ -U FlI-Cy %

mf il

e e TE BT A 2 i 7 Tl B 72 7 R4 Z RNA
R HEAT RNA > BOBAEL TS Z RNA SEI TR B #E 8k
AT o FEHLEGEEL 0.2-10 kb 2 RNA markers FL$12 1% » 15
HIHSY T8 R/ NEIES 6.6 kb » K@K% H 751 73 HFORS V-
TW HH 6612 {E #% H % - ORSV & H Al & #1#Y
tobamoviruses RNA HYRE K » [RHORSV .2 3' NTR
KB » Ei HoAth tobamoviruses HE % Hi 200
7 o ORSV-TW ZIZHERFES AT » #£3' %] 5 NTR —H:3%
AE7EAK ¢ 5' NTR H 63 {Ef%ZH 1 » L ORSV-S1 ~-Cyl ~-U
Z 62 (AR » % —(EkZ "' s mkk -Cy 2 69 {Ek%
Hil D 6 (EREHEE" » RAE{SHEZAYE ORSV-TW 5' 5y
A Al L EA A PORR R 2 —18 G - AT 72 5 Y F
I SMART™ RACE ¢DNA Amplication Kit (Clontech ,
USA) &5 —/K cDNA » F5 55—/’ cDNA FEHEHGETT
PCR X3 1% S 5 T ORSV-Cy Fl1-Cyl » HIILU% 7 RNA
polyadenylated 575 i e cDNA » &5 28 Notl-Sall-
linerarized Psportl > PG % E. coli NM522 » HHAE R /T
EHERER » {H2Z SMART™ RACE cDNA &R —
cDNA » ffRH [ fEREH] - n] LR D) EIE T HE 5" b Ik%
HEER 5 » i ORSV-TW i fij i B9 — 1 G FEa] £R {3 °
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ORSV-TW 2 5' NTR 1% HEF413L 63 {[# » 1fi CAA ~ ACA
% triplet 437l &7 7 Fl18 ZX s ORSV-S1 ~ -Cyl f1-UZ 5
NTR ¥ B 5 62 [ » CAA ~ ACA #9y BIEHE S X ;
ORSV-Cy .Z5' NTR #H W43 69 i » CAA ~ ACA 15
RIEE 11 X » LR ORSV-Cy FEB XN S » #)
H 5" NTR IR H BEFP Y I HA R #E R » ACA triplet /£
TMV 5% C 38 & /3 IKF1Y enhancer » EL7E tobamovirus
f15' NTR #9745 AUU S ribosome HI#G &A1 19 » 1
ORSV-TW EH/SMH AUU ZEEFFH © [FlIFF ORSV-TW {E
5'NTR &H 4 [ G-residues B H 1E S {HAHHFHEIR S -

173 NTR EFFHF - IR RT-PCR 2 EFiff51 1 - 1%
BEFNI A IR &R - LB RE R 5e il 2 K% HIRFr
GIASE IERENE » i fiEEE 3' NTR 45 » DL 3" igiEss
poly(A) Z5ERILIE TAF o FFLA 3" i CAEEL poly(T) 7%
At NUFHIF polyT1 » #15# RNA #1728 /K cDNA &
X o FFERBE polyT1 &7y CAIFFHIERET MiFH | (polyT2) »
B LG R 3' i 55— % cDNA £ 154 B polyT2 3]+ ~
ORSV-3NF {5 | F3#£1T PCR HJiE S5 » 5E/% ORSV-TW 3'
NTR 7€ » B2 ORSV-Cyl ~-S1 ~ -Cy FlIFf:##E poly(A) 2
JizAHLL - ORSV-TW .2 3' NTR FZHEF511 3% 414 {# » A
HA poly(A) W » R B HAMAY tobamoviruses & > H.
fE£3' NTR (6199-6258) 45 60 {[EF% HERIFZAL 1 -RNA &2
REEHE(E =) » BIt— t-RNA RSB EE —(E GTG
(histdine anticodon) HINHEF poly(A) FHE » AIHIHITmRNA
WIRRE T B B = R34 BE - 3l 5 ORSV-TW.Z 3' NTR H
— &l tobamoviruses EH 1 24 {# £ H £ & & (5
TCCCTCCACTTAAATCGAAGGGTT 3', 6268-6291) o
ORSV-S1 ;23" NTR 60 % el At B A Wi loops Ed
ORSV-TW H—{[loop f Lz g 1019 ¢

RdRp fI & readthrough protein Fl] replicase - RdRp/
replicase LK M 3339 {[E% M/ 21| » ] i AE AL i
1112 {[ERZ LAY replicase FR T 5 ARIBEMER replicase HR R
R VEMEL# 4] (motif) FITFALE » HEMHI RARp replicase %E[X
fEE% 2 T H Y N Ui 0] GE Bl 5 FH ELl% 22 (methyltransferase)
ZAEVE > FREE 03 AT BE BLA R IRHE Y 32 (helicase) ZIE
> C imH A RE B H B &/ 3% (RNA-dependent RNA
polymerase, RdRp) ZiEME » [KHLHEER L — 126 kDa YR H
AJHERS — B2 (replicase) » BUH B TR 3L KRS 5' Ui
capping UL R FE RIS #E BT 5 183 kDa fi¥ readthrough &
F > AREE 4 (S ERE PRI ELR e o1 S > HEH BE m R &
EHERZR 773 1 RNA #EBI3 - RdRp/replicase
LRI I el fie Bz e 9] - 15 1SR4 ORSV-TW ~ -S1 ~ -
Cyl ~-U flI-Cy fHIFIEE 3E 97.3 % FREREME IS5 126
kDa » Z=E2VEARUN > HEEDRIAZ 1 P 9 R IR SE i 471
THIEI I 2 95 % LI b -

RdRp/readthrough protein K45 4839 ([t HEEH>
A » alidRE AL 1612 {[Ef LR < readthrough protin » 4[]

A7 ORSV-Cy 7371l 15 4788 {EAZH I ~ 1595 [k S il
181 kDa * FIIORSV-TW ~-S1 ~-Cyl flI-U R H T ~
Vi EEIEe e 9| BRSO 2R 1 77 1) £ 4839 {8 HlEE ~ 1612 {iF
[ Bl Bl 183 kDa HHARER: 52 o {HELIRIRL Hie i FlI5E [KIf%
ez e I FHIR IR 95 % LAk -

MP B[R 912 % HER R4 » AL 303 {J ek
W 5 BEEEAY FEE) IR 1 T RE Bl 75 BE IR ST /AR S
TTRRE)VERM 5 PR S 3 MP L KR 1 Bl BL05% v
41l » ORSV-TW il -S1 Z A% e Bl iz Fle 21| $5 7% 912 {
KA E A 303 [ e £ » B8 3% 58 (/5 /5 33 kDa
ORSV-Cy1 HI-U 2% H e B e £Llve e 51125 175 840 {IEE% ik
FI280 AL - H i#aErY 5 A 31kDa ;s ORSV-Cy 2
K B i s 415 912 (IR H B AL 303 {REIflcEmse - e
AEHYER I f5 34 kDa (3R ) © (K MP K4 H R B i 5L e 1 AH
(5] G 15 18 R 58 ORSV-TW BT I 4% ORS V-S1 #5AH
T HASR#HE ORSV-Cy 1 FIIZER] %A ORSV-U #AHVT 5 1M
R[] RAE ORS V-Cy B HAh PU{E A7 72 TR K -

FiiE Btz CP LK ¥ 477 (K HEE » #EEERL 158
I Ll - TEERAVERER 1 - BRGNS RNA BEPERF +
MR 5 T CP 2[R K 3' NTR K% H RS0 5 /2 #7758
FEA2HEBEREIRS > P o R A BRI E TR R
AR AEE CP BEIRIRL T I B i BLie F 91| AHIR] SRy ELET
i S BE ORSV AN[a] F2ffE » A4 FE K b 2 FH IR i 97
% LA H(FR=) -

RIS 7 AR 2 & RER Hlgf7 5] ~ RdRp/
readthrough ~ RdRp/replicase ~ MP ~ CP HE[RIA% H i Fl1% 5
ML A SR - BRI R HIENR A Z AN FIRAE © A5 R
IRATER P BE S RS 2 2% o RiEZBRE RS 2

T—A
c C
A G
T T
A A
T—A
T T
T AGCAT A
A A [ 11+
AGG TGGTG ¢
A | G
TAA C
A C
G+TA C
T CT
T—A
G A
A G
T T
A T

[ = ~ o T B B A R ) M 2 3" S A I
AR e

Fig. 3. The predicted secondary structure of the origin of
assembly in the 3' NTR of ORSV-TW.
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ABSTRACT

Wang, H. L."?, Wang, J. N.!, and Chang, C. A.> 2004. Molecular sequencing and analysis of the viral
genome of Odontoglossum ringspot virus Taiwan strain. Plant Pathol. Bull. 13: 97-106. (* Graduate Institute
of Biological Science, National Kaohsiung Normal University, Kaohsiung, 800, Taiwan, 2 Taiwan
Agricultural Research Institute, Council of Agriculture, Taichung, 413, Taiwan, 3 Corresponding author,
E-mail: hlwang@nknucc.nknu.edu.tw; Fax: +886-7-7169030 )

Odontoglossum ringspot virus (ORSV) is a member of Tobamovirus genus in the family of
Tobamoviridae. 1t is an important virus infecting orchid plants and occurring worldwide. The purpose of this
study is to sequence the genomic regions of ORSV Taiwan strain (ORSV-TW), and to compare its
nucleotide and amino acid sequences with that of four reported ORSV strains of various origins, i.e. ORSV-
S1 (Singapore), ORSV-Cy1 (Japan), ORSV-Cy (Korea) and ORSV-U (America). The full length genomic
RNA of ORSV-TW were 6,612 bp (accession number : AY571290) . The length of nucleotide sequences
for 126/183 kDa RNA-dependent RNA polymerase (RdRp) genes were 3,336 and 4,839 bp and encoded
RdRp replicase and readthrough protein, respectively. Genes of movement protein (MP) and coat protein
(CP) consisted of 909 and 474 nucleotides and encoded proteins of MW of 33 and 18 kDa, respectively. The
nucleotide sequences of 5' and 3' non-translated regions (NTR) were 63 and 414 bp, respectively. The
results of comparison between nucleotide and amino acid sequences of ORSV-TW with that of those
reported ORSV strains showed more than 96% identity and similarity indicating that they are different

strains of the same virus.

Key words : Odontoglossum ringspot virus, open reading frame, nucleotide sequence



