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FUREEE - DR fE BERRAARLEE (Chenopodium amaranticolor) TeZ3%2 (C. quinoa Willd.) 3|
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AEALFT (Ixora duffii cv. 'Super King') 557 ERl
(Rubiaceae) * IFHEE (Ixora) ZH#HER » [HERTY
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(Cucumber mosaic virus * CMV) * #REE CMV 1UFT
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TR AR T BEUER W) DA - T B IR R AR
ZIRERLTAFAE » (BRI 23 4 i il - BERBE
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F*— ~ BARFANFT B 2 B/ htiiiUR 2 (Tomato mosaic virus) BNL 538k < & F eV &

Table 1. Host reactions of BNL isolate of Tomato mosaic virus isolated from Ixora (Super King)

Symptoms' Back inoculation®

Family and species of test plant

Aizoaceae (FHRD

Tetragonia tetragonioides (F&7) NL - + -
Amaranthaceae (Hf})

Amaranthus paniculatus (25 - - - -

Celosia argentea (Z57TAL) - - - )

Gomphrena globosa (- H#%L) NL D + +
Apocynaceae (F&77HkED

Vinca rosea (H H#&) - - - -
Asteraceae (%%}

Chrysanthemum coronarium (FS1/57) - - - -

Lactuca sativa (§5EK S E) - - - -
Balsaminaceae (BIITERF)

Impatiens wallerana (FEPEVINTE) - - - -
Caricaceae (FHAJIRD

Carica papaya (7RJIY) - - - -
Chenopodiaceae (%F})

Inoculated leaf ~ Systemic leaf Inoculated leaf  Systemic leaf

Chenopodium amaranticolor ($128) NL - + -
Chenopodium murle (#%%2) NL - + -
Chenopodium quinoa (ZE%2 NL - + -

Convolvulaceae (FE{ER})

Ipomoea reptans (#EZY) - - - -
Cruciferae (+F{ERD

Beta vulgaris (FHZ5) - - - -

Brassica campestris (JHZS) - M + +

Brassica chinensis Linn (F7L. 20 - - - -

Brassica chinensis HZ - -

Brassica juncea 725 (S {E) - M

Brassica oleracea var. botrytis ({Efi8Z5) - Y

Brassica oleracea var. capitata HEE (B ) - - - -

Raphanus sativus (&) - - - -
Cucurbitaceae (FHER})

Cucumis anguria (/|NER/IY) - - - .

Cucumis etuliferus ([T} - - - -

Cucumis melo (WL - - - -

Cucumis melo (F1/1V) - - - -

Cucumis melo L. (TE&/R) - - - -

Cucumis sativus (REHIL - - -

Cucurbita pepo L. (E /1)) - - - -

Cucurbita pepo a1\ (BH&H) - - - -

Luffa cylindrica (#£/1)) - - - -
Gesneriaceae (FHEERD

Sinningia speciosa ( X AH) - - - -
Labiaceae (/SEZTER)

Ocimum basilicum L. (ZE%)) - - - -

Saluia splendens (—E8341) - - - -

Schizonepeta tenuifolia Briq (F¥177) - - - -
Leguminosae (T £}

Phaseolus vulgaris L. GEVEZED) - - - -

Vigna unguiculata (51 5) - - - -
Nyctaginaceae (8K Ff})

Mirabilis jalapa (FZERAT) . ; - _
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Table 1. (Continued)

Symptoms'

Back inoculation®

Test plant

Inoculated leaf

Systemic leaf Inoculated leaf ~ Systemic leaf

Polygonaceae (Z2£)
Antigonon leptopus Hook & Am (HHR%) -
Rubiaceae (FE5iR)
Coffea arabica (WYE) -
Gardenia jasminoides (V& 1-1L) -
Pentas lanceolata Deflers (8% 21F) -
Solanaceae (Ffif})

Capsicum annuum (FH5) NL
Capsicum annuum (52 5HH) NL
Capsicum annuum var. grossum (GLEHH) NL
Datura stramonium (ZFCFE) NL
Lycopersicon esculentum (Z&7l) -

Nicotiana benthaminana NL
Nicotiana debneyii Y
Nicotiana glutinosa NL
Nicotiana megalosiphon NL
Nicotiana repanda NL
Nicotiana rustica NL
Nicotiana tabacum cv. Hicks (ZE L) NL
Nicotiana tabacum cv.Vam Hicks (& 1) NL
Nicotiana tabacum var. Havana NL
Nicotiana tabacum var. kentuckey Y
Nicotiana tabacum var. samsun -

Nicotiana tabacum var. TT5 NL
Nicotiana tabacum var. White Barley NL
Nicotiana tabacum var. Xanthi CL
Nicotiana tabacum L. NL
Petunia hybrida (3ZE4F) NL
Physalis angulata L. (T55%) CL

Physalis floridana (5% -

Solanum mammosum ( AFEE/KT) -

Solanum melongena (A1) -
Umbelliferae (#IEAERD

Daucus carota (5AEEE]) -
Zingiberaceae (Bf})

Alpinia speciosa ( A -

- —+ -
- + -
- —+ -
- + -
M + +
- + -
M + +
- + -
Y + +
M + +
M + +
M + +
M + +
M + +
M + +
M + +
- —+ -
- + -
M + +
- + -
Y + +
- + -

' Symptom expressed on inoculated and systemic leaves of test plants; CL: cholrotic local lesion; D: leaf distortion; M: mosaic; NL:

necrotic local lesions; Y: yellowing; -: no reaction.

* Reaction of Chenopodium quinoa after inoculation with inoculated and systemic leaves of test plant; +: C. quinoa developed local
lesions after inoculation; -: C. quinoa did not react to the inoculation.

P LIANSE 2% F| (Freund's incomplete adjuvant) 21k -
e —REFREE 7 K& 14 Ko RIET R SERFIRSS
BRI > SCEREPUINE - [ R LIRS EvL % (Ring
interface precipition test) #1188 /I{H -

R E - RillE

2208 Laemmli " 2 5% » L 2R 55 B RLfit
S iR SRR TE R RS LDS buffer (0.125 M

Tris-HCI, pH 6.8 N& 10 % (w/w) SDS ~4 % (v/v)
2-mercaptoethnaol % 10 % (v/v) glycerol ) » 7K FEHE 3
o151 0 31T SDS-PAGE &k 1T -

7525 P

SDS #EHESE (SDS-immunodiffusion
test) : 2208 Purcifull and Batchelor " f&§3E> SDS #£
Al SR BIOEHIR R AT BNL 43 Bk EL 2. Al Ui



(Tomato mosaic virus, TOMV) ~ &H TG BEE0R &
(Cucumber green mottle mosaic virus, CGMMYV) K s
WP IREE (Odontoglossum ringspot virus, ORSV) &=
i tobamoviruses ZIMAKEA (% > FIAHTEE 5 BRI
BRE L E AR -

PG /7HE [ B (Western blotting test) : AG{E#z2
# Towbin "V ZEAR 583 Z P4 /AL IET AT oA
BNL SBfEARAE R A ENUF AN ERE R oz o i - dtlE]
I8l = Ff Tobamovirus [BiR &8 CGMMV ~ ToMV K&
ORSV Ll st -

5 e 3 1S SR 5 & (Indlirect enzyme-
linked immunosorbent assay, Indirect ELISA) : A
ABEAS 2005 £ 1 £ 6 AFHEHIRATL 17 EHEH
EREIRE KA EE R ROERER & > DL BNL Rk
PUaEETT Indirect ELISA Al o fonfIFE Fr @ ieE 2 frss
KT BEEIT? > (A FRE 6000 528 FRis & gk
#5 (enzyme-linked goat anti-rabbit IgG) 1ER RS
AAE © BEALSI L ToMV ~ CGMMV K ORSV 2 HiAsEd
BNL 7 BRI L T MG Z2RA (R EL¥ES -

i KL S ~ 8 PP B b
T re Al 2 ERNA ZEEGAEFHAEEY 0.1 g YR

#H#%H7.Z RNA (QIAGEN, GmbH, Hilden, Germany) » F§
LA one step RT-PCR kit (Stratagene Inc, La Jolla, CA,
USA) 1T BNL Rk S B 5 K2 s o HER e
BT 2 5| 7% 1225 Jan et al.” FE§3%.2 ToMV §
EEg = " B — M 50 F ¥ (P10113: 5'-
GCGAGCCATGGATTCTTACTCAAT TACT-3' KzP10114
:5'-ACTCTCGGATCCTTAAGATGCAGGTGCAGA-
3") ¢ RT-PCR [ JEMRFESELL 37 °C » 30 438% 5 93 °C »
59788 o EIT—EIEER s M1%LL93°C 5 15788 : 50°C »

15388 s 72°C > 2 o788 > SETT34 {EEIR + 1% LL72°C »

10 sy gl T —{EIEER « SMEASSRAILL 1.2 % EsRiBE
TTEK T - FTHENES PCR Y)Y 3505 pOSI-T #
e b BT ER ) E IR Rra A sR Z FE T LT o PiTET
238N B2 35S ErG LA ABI PRISM 377-96 DNA J£4|
57 Ki# (Perkin-Elmer, CA, USA) 1T HEE 3 47
MT o FEFERTISERILL Vector NTI Suite 8% (InforMax,
Inc. Wesconsin, USA) #7447 » Bl GenBank %]
< tobamoviruses FEYI3EITELET -

B IR o0 Bt B AL B e fE

#f Ailstt RT-PCR 2 ¥ .2 BE vk FB 88 £l FH & i
(capillary transfer) FEJEZI|EFERE (Millipore Crop.,
Bedford, MA, USA) F - FLIXL-1000 UV-crosslink
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(1200 X 100 wj/cm’) BEEH » {3 DNA EiJERERR.Z B2
ERE G s AR DIEMaT AR ad B4 (BrightStar™
Psoralen-Biotin, Ambion Inc. Texas, USA) {ERarEE#H
R EEATER ST 2 B A& IE » FFLL AVIDX-AP G
B4 (Tropix Inc., MA, USA) #5384 H — ST 2
RT-PCR EVIE TIEN] » ATSEZ #55R L CDP-star ZA]
#H (Tropix Inc., MA, USA)&f T Yeg it X-ray JER
E o

TS

PH Rl 12 B s s ot 5 Al

H 2002 £ 10 A#E%E 2004 &£ 10 Hik - & 3 {EHH
TEH LR BE R S SEs T~ 5 e R R 5
HiulaR 2 REANFY » HETERE 6492 &2 - REET L= (]
R ENNFY H BLEE LR B Bk B 248 51Al R 70 %
85 % F2 80 % o At I Z BLUH B RS N B RS A ~
ARt ~ Bk ol (&l —) -

KEAUPHR AR AR LA

H 2002 410 AZE 2005 F 3 A 17 BT HEE
FEEE BB ~ MRAk ~ i B SR S S O R S 4
FE » FAE= T LIEIS 95 RERERENE » B HNE
JEAEs ML > 38R A % H g rTBARER R - (L 4 - 8 A
TR ZEE HAR P AR 2 BE A R R AR S A H
{hZREAT#T A 2 TR R R R AR R -

WiREZ o1k

fREY b 2P RRRA B K AN FIEE B R 4R -
DSR2 o) BB S R L R 82 TE - %9 10-14 H
BB R MR REE - #8 7 KB S — AR
TRERTHEE - IFHE4 S BNL -

A HE A

A5 BNL S8Ry HIEEARRS 19 £} 69 MY -
EFA T B34 MEEZEIRG . Hib 18 M 2R
G0 16 FEESE ARG () o FEE TR RIS AFHER
KRG A2 R - T AR HE ) 2 B e Bl i 1)
RITE I H 2BRM MR S o B B SCRA FrRcE 2
FEHH AN (ToMV) BEFEE(LL - #EtBgrb tes: BNL
SR ERAFTHTR (T 2 ToMV Fhilisr 8k (TARI) ¥}
FEHZIRRVE - 851 TARL BRI M ERE - Bl 1k
5-6 HRNAT Bt BRARARGUREY 5 T BNL Sk
R EiEl% 7-8 HA BB RS Z HGEURT -
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" {85% (in vitro) PIFRLPEE HIE

LIE#EE A YR E ST E 70T BNL Zrifiik 2 &IE &
RSV 388 - HECIEIIRE R 65-70 °C - fit#h
B S 10°-107" » HEYRTWRPER 24 °C) Kia
(-70 °C) THEE 14 {8 A (JREMERF RSN -

LL2 % Pl shke gL @i BNL stk 2 KA
JETTIE - nJEZEREREF S 250-300 nm 2RI E T
HJFZRE K /Nl tobamoviruses & HARVBARTTLL o Ho4EH
ﬁ\r’ﬁmt{ﬁz BNL JrfeikiCRl » 7Ra] FAHIR] A8 2 i A2
ARSI ERERT (8 ) - AR 100 {ES FRkLs KREE

A B

BfbEt AV 275-325 X 18 nm ©

IR Ry i & B i

#5F BNL Bk AR 2 DB LR - Hafib s
*ﬂru/ TYEEER 5 (Hitachi U-2001 spectrophotometer) i
THEESE 220nm £ 320 nm 2R HTER (adsorptlon
spectrum) » FEEHAE 260 nm [ 247 nm [R5 I HER &%
B AR ulg: o B An/Agy LB RS 1.19 » 1K DleStfa
and de Jager” FR#RZITIEHERBINE > & 100 &
To4s BB R AL 74 mg IRE o B LR
SRR VR 4077 VAR b G S B AR THRE Bt > RIS PL
MIBRERTZ I ERERITS 2 TR 2048 1 ©

[ — ~ EH R AP SE AR iR 1] PUREE (LU A R T8 ALHRAY 5 BUARA% 5 C. 3 5 D. Bl -

Fig. 1. Four different virus like symptoms observed in the fields on Ixora duffii cv. 'Super King' leaves. A. mosaic; B. vein

banding; C. rugose; and D. ringspot.

[l ~ PR R A RGRUR B BNL 208k 28 B2 Fr Ko L gl o i1

RS B ¢ AU AR, -

et et B
Al AT IR R RE - A

Fig. 2. Electron micrograph of negatively stained virus particles observed from A. leaf-dip preparation of Chenopodium
quinoa inoculated with BNL isolate of Tomato mosaic virus (ToMV-BNL) and B. purified virions of ToMV-BNL.
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BNL Jygfitk < i itk SDS-PAGE &k ke ih /7
IR T R EN % > S H A MR ENEA
BE{i] (coat protein subunit) » {fE+ H A FEHIES 17.5 kDa
(& =) -

M TEE S FE

LIAHZERn 8445 2 BNL S Bk 2 PLinys #1T SDS
RIS RRI FE 5% B E B[R]y i R 28 #ETE Ry iR
fili{bz BNL Ji &kl B s ToMV 2 Z5 8885 ikt
AIFEA: FHREVLIR [ IE - {H Byt ORSV &8 dE vt
WRAEH B 55 ] IE » T8 CGMMYV 3§ A AT A i
([EPY) o L SR RA A 8 5 KU FHZ BNL 5
Bk e L3 AT B A Al T 47 B 2 TOMV-TARI SyEftkEL A
fii F 3T o VA RS BAGR  tb—H#ESR TEFIIF ToM V-
TARI sk BiinyE S T MEAEE (reciprocal test) %
IREISFEE - FPIMIEE BNL Bkl Ls S dags
R VTR IR AT e AR 5B L B E ([RIPT) » AN SEAE Itha
B bt $rafm vl A~ B R 2 B U Bz KAl
L TE B SRR REAR 2 AR VRIS FE o N SRt I AT Bl

REMPIEDREORERE 149

REANFHRER AR 2R R AR o bt —HE iR EisiE
Z P58 E L K Indirect ELISA A8 &S5 E - FIA
BNL 43 .2 HTRE vl A AN HS R 5 K SRR AR
PRNEI A E 1 8 1 e s e o3 & (17.5 kDa) FHIE
ZAETE (Bl F) » B3R 2 iR B B BRI S e ke
BNL 2 Z=#E80 pTiEAS% (I8l 7)) - TAE Indirect ELISA X
JlEF BNL 4HfEik 2 51 St AEEE K AT 2 ZE 56
MRESFEARPTIR R IE - (B R R r i S (&
) BEAEFHEEAEE SH ToMV HiR{ERE
fK - 544 Indirect ELISA AIFSSR1Z5E BNL 4
PREL ToMV [EHURMAEMREEGE » T ToMV g2 ORSV
CGMMV B H %552 IMERF -

¥R OIE R ~ € P b

FIFH Jan et al.” Fig§#.2 ToMV 848 3R H—
517 (P10113/P10114) 3#1T RT-PCR <& » "I JIEFI]
FH/EZ: ToMV-TARI 58k 2 258258 R ARk e — ER
FIETEEAAR/NZ 0.5 kb HERREY) (Bl7<A) © fEMIEZ K
JEMEAHT > [Bl—5 | F¥77F AT FH R ToMV-BNL 53 #fEfk
ZZSEEAA Y ~ Wbz ToMV-BNL JiaEatkl RERE H AR

kDa M 1 2 3 5 6 7
75
S0 - -
‘;? '
25
20
-_— - - —
& <+ 17.5kDa
1) e - —

—

[l = ~ FI R POMRRRAZEEIE R vkiE o AT B GEUR 22 BNL SYBbk < BE 0 78 - 1T M RfEdER s 171 £ 3
YRR 2R ~ RLE R (Nicotiana tabacum var. Xanthi) ##% EFrt{l.2 BNL SRR R s 17 4 £ 6 B
FEBNL itk 2EUEYEDE < 2582 ~ {8 Ror B BE PRI 5 177 Pt IR e =gty -

Fig. 3. Analyses of molecular weight of coat protein subunit of BNL isolate of Tomato mosaic virus (ToMV-BNL) isolated
from Ixora (Super King) by SDS-polyacrylamide gel electrophoresis (SDS-PAGE). Lane M, marker proteins; Lanes 1-3,
purified virus samples obtained from Chenopodium quinoa, C. amaranticolor, and Nicotiana tabacum var. Xanthi,
respectively; Lanes 4-6, crude saps extracted from the leaves of C. quinoa, C. murale, and C. amaranticolor inoculated
with TOMV-BNL; Lane 7, crude sap extracted from healthy C. quinoa.
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(& 7Y ~ FIF SDS- G0f% s AU FE LU SR AP Z G HGEURAE BNL SrfEREL HiAth tobamoviruses < 175 XE#5RH
7 o L OARINRE SR EAIFHZ B GHGEUR S BNL S38ERR (ToMV-BNL) ZHUME (A) K ToMV-TARI 8RR
PUME (B) 5 FEFL/ AN (1) #5758 ToMV-TARI Stk 2 2828 A4l 5 (2) ToMV-BNL ZA{LIRERRKL 5 (3) Bl
CGMMV Z ZEEEFHUR 5 (4) 7 ToOMV-BNL ZZEZER U 5 (5) M ORSV ZZHR Y ; (6) HERRZEEE
TERPUS -

Fig. 4. SDS-immunodiffusion tests on the serological reactivities of antiserum against BNL isolate of Tomato mosaic virus
infecting Ixora spp. to the antigens of some tobamoviruses. The center wells were charaged with crude antisera against
ToMV-BNL (A) and ToMV-TARI (B) as a control. The peripheral wells were filled with antigens of (1) Chenopodium
quinoa leaves inoculated with ToMV-TARI; (2) purified virions of TOMV-BNL; C. quinoa leaves inoculated with
CGMMV (3), ToMV-BNL (4) and ORSV (5), repectively; (6) healthy leaf of C. quinoa.

kDa M 1 2 3 4 5 6 7 8 9

118 . 1 ' [_ ‘h. 4 « ‘ :

41
L —
27
20
E— - — - & 175
13

& F. ~ FAVE T8 SO AT il UR & BNL J78fER (ToMV-BNL) F2KFE AP EEFr st SSRER A 2 0 ffi = 17
M FSAFECE 5 17 1 5 ToMV-BNL Z# LML 5 172 ~ 4 & 8 RMEHREETER 17 3 f585E ToMV-BNL 2=
BIER 5 1T S BIRELIENIFT (xora X williamsii 'Sunkist') £ 5 17 6 K 7 70l 2 B ERBURELZ K EAFEER
FSHRARRR 5 17 9 S #AE ToMV-TARI Jyifbik < 22838 Fy » AABgRAT (A < HTME FFEE 1000 5.2 ToMV-BNL 1
T

Fig. 5. Analyses of distribution of BNL isolate of Tomato mosaic virus (ToMV-BNL) in the leaf and root tissues of Ixora
spp. by western blotting test using antiserum against TOMV-BNL. Lane M : protein markers ; Lane 1, purified virus of
ToMV-BNL ; Lanes 2 ~ 4 and 8, non-inoculated leaf tissue of Chenopodium quinoa ; Lane 3, leaf tissue of C. quinoa
inoculated with TOMV-BNL ; Lane 5, healthy leaf tissue of Ixora X williamsii 'Sunkist' ; Lanes 6 and 7, leaf and root
tissue, respectively, collected from Ixora (Super King) with mosaic symptoms ; Lane 9, leaf tissue of C. quinoa inoculated
with TOMV-TARI. A 1000x diluted antiserum against TOMV-BNL was used in this test as primary antibody.
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KNzl (Bl7SA) » 388 3 e MRS ARy
HEFAE ToMV Jii5EE o FIFSER 77 FHRSTER an A iz 2
VIR RA BRI A I SO SRR o - R A i &
Yk oy Al HR R R AT R A 3R - (H3E ek st —
5 LA TOMV-TARI $85 3R 2 BT T TR
J& (hybridization) IRFRIISEE REHHE —MEAE (E7<B) »
RH 7 HH ] 2 B AUR 1L K T AW 7 RE A8 A B e e e
ToMV » T BN BRI BB E EAFAE -

#5% ExitEs BNL B Rkpang 2% ey —0 &
JES pOSI-T #As b o FHISHHE ik LU B 8 i
FEH BT o FER A X2 EREARZ R A T A
483 bp L% H#EFY (El+) o LA NCBI Z BLAST
program 7HTZASRFE I - P& M — 5 2 AR
1 (open reading frame) B 160 {EEIEMEAL o £
GenBank _FVA1Z tobamoviruses B8 3L L o347
fhoR - thRYlEL ToMV SEHERBEA 97.7-99.0 % £
K FEYHIEE (nucleotide sequence identity) 3 THE
H Ry A6 (amino acid sequence identity) 7T /&%
97.5-98.8 % (=) o HA 8l ToMV AYE 7 EERR
ToMV-OM " ¥iEEEFEKEA 98.8 % ZIZHERFYIH
[l Fe 98.1 % Ry MR 5 T ed a3t P oo Bt
Z ToMV-TARI 77 B2 B 8 P B IR R R N
HIFHR BB AIEE 99.9 % K 100 % (F=) « BIA
e B (8§32 M B R B (Tobacco mosaic virus,
TMV) ZEAE AR H e 2 Bt F2
TR 71.7-74.6 % K2 77.5-83.1 % ° i~ BNL 775
PR EEL TMV (eI E8 5t » TEL ToMV #%¢

IR IR %
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B A

1994 FEAMNSEE B ERRE BRAEAT 35 K0
FHA SRR B 2R Fik o 882 ORI FIbE teidzer 75
A B R ool i O HAth AR T R RERR D) -
SRR TRAGAER 2B 2245 R — B eAH fSrb A AR AR
ZIREEFARAFAT » BAR IR E i 25 o HIRR AT
REELREE P AR T 2R E R SRS A
AIRE & H B3%¥E (phenols) ~ BL5E (tannins) B{ELEE SR
(oxidases) EHIFREEE 2E """ - GEALL
2002 4F10 HEEEFEREL oy Bt AR ERRNC 7T > W BRER
BRI E 5 A S TRt i 2 SRS > AR AT 2004 4
3 AR s 22 T R A A R AR - i H A8
LR FA0 P 2 1R &R e A 5 8 55 7y 25 5 o0 Bl B9
> PHEHI R CRIBR A28 nRlC 77 FTRe B RIISR B 258 E
4t > IR RTRERARE R &R SIS B 8 DATEL -

oy BT .2 BNL B BEoy BERR A — % 9IRS 1 65T
% > B IR » HRE A/ 275-325
X 18 nm Ed Tobamovirus JBREFFIE—E o A THEFE
BREG BE I o0l ORAE S5 MEME R AES i E A A R
A0 At B I > 1 B ML pt B P e PIEST B R
B MR EUR B R SR o S HAERES) (in
vitro) EETEEE QMR ~ i AR B R AT 14 7T I
158 Tobamovirus [BIREFFIERTS o 2RO IETEIFBRR
ZECERS SR NEFI A SDS-immunodiffusion test 88
ELISA {TE#E » 298~ BNL JrBfREd N 5842
AR 2 (ToMV) Iz B EST - T 8 HAh A1y
Tobamovirus JEREW FBHEE © DAL B — B A0
FEEA LA S 5782 BNL AIEERNESR AN <

#%— ~ FIIA Indirect ELISA FLBI@EEE A F ST Z Tt th0m EBNL S s ik B Hth —ff 5 L #1~ tobamoviruses 2

Table 2. Comparison of serological relatedness between three tobamoviruses reported in Taiwan with BNL isolate of

Tomato mosaic virus infecting Ixora spp in indirect ELISA tests

Antigen' Antisera’
ToMV-BNL ToMV-TARI CGMMV ORSV

Symptomatic Ixora leaf 0.40° 0.28 0.09 0.10
Symptomatic Ixora root 0.23 0.04 0.02 0.00
Purified virions of TOMV-BNL 3.18 2.19 0.19 0.28
ToMV-BNL infected C. quinoa 3.91 2.00 0.27 0.27
ToMV-TARI infected C. quinoa 0.43 2.08 0.22 0.30
CGMMYV infected C. quinoa 0.08 0.10 0.72 0.02
ORSYV infected C. quinoa 0.20 0.20 0.09 3.41
Healthy leaves of C. quinoa (CK) 0.07 0.10 0.07 0.03

' One gram of fresh tissue of infected plant was ground in 30 ml of coating buffer for the reaction with different antisera as listed on

the table.

* A 1/1000 of dilution of immunoglobulin G (1 mg/ml of stock solution) of each antisera were used as primary antibodies in the

ELISA.

* Averages of EIA absorbance readings at 405 nm of two replicate experiments.
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—{E ST EERR o HEMEER B EFF A ToMV 2B — 4|
FEEHEIR ENFHRAEBE R #% BNL S BfERT
HE1TZ RT-PCR 3B » fEEREXESFHEAA B9 FEFT
ZEEER B EBEE-DIEE HRENER
M AR E— DR BNL Bk 2 S AR RS T
fEFEor i i EEE T ERE E 8 ToMV B A
97 % LA Rz FRHFIRIEE -

Ad\ B 2T A R A B K AILFH R ToMV
ZRAREE £ o fRIRVE77190E - RT-PCR KT I
JEZ#55 > ToMV fEK EAIFH 2 B B ARES AR 2
IR BEARRAR - (BRE S (7 70 AR A I S R
B BE o TOBIIEAS R K AL R ToMV
LR EFE o B MR BELN[R] HoAth iR} FF E —iseRT LA
{2t ToMV RAfBHIEIR IR - AIRE (SRR 1E H RS
FhE B AR 2 B A IR 2R B R o L ERAfR
AIRER H AR R 244 (parasite) BEHZFTF (host) i
1t (coevolution) BJ—1E% HiEFE (common process) © &
FHER - TRE (LR AR B AR R 8%
WTEL P AEAY REY A L AR ROE ERE R 0 —E R H
FAEER 2 B2 88 (contact) B2 H #) (interaction) * 7] FH-TEH
& (incompatible) & i /88 &F £ 8 47 #1 & (partial
compatible) » & £ & & B ¢ 2 8B & (highly
compatible) FYZFAERHF o LAHAT ToMV A Al FHY
RATRE K » IRATHERR S partial compatible FIREER - J57E
BER BEFS RHAR AR B%0H - B CRENEF] 705 /)& 1
T o RS A MR R 8 Bl > AT e L Y
A DUE R BAUFHK B3 T8ATR 557 Btk 26 2 T L
1§ TOMV K =B ERY ZE 58 hEk -

R AW g2 0 - 2BBABURELZ KA H
TR AR B A YR (% > =il AR 5
HARE - It EARS BE AR KR AT 2 » R AIIF A fideed 22
FZAREEBIEE A AR Ethltsss 2
B BUREL o B K EANFHE A 2 YY)
LB S5 M VA NE I 2IRE 8 S5 2 (IUFT A (it e 3
Bo o DAECAI 52 B Ai{EREEHA B EBURELZ KA
FHHHEEH ToMV 171E > e AFE R BaURE0L Y
ToMV A il E—MwE » BLE I ARiRE < E
ERTTRERETE o SR 0 AR BUEE A B ToMV &7+ #i[E .2
SRR TARA (T ToMV EH KA Zhddk » AHT
FE EEE R AT sER R B fE s ToMV 2 —
MEFTRCER T £ o AR EEE i fed EE o B
Tl —FF FHE ARG LIRUES ToMV e &

RLfEE -

Kh ™M 1 2 3 4 5 6 7 8 9

m 11 12

o

[ 75~ FIRH S i e o 9% SR i B8 € (RT-PCR)
(A) Fere JTFERCIE (B) S AT R EANFHERAE AR AU
ZE(ToMV) 2157 » i#1T RT-PCR %5 Jan et al.
(2003) Fr5&FET# ToMV BEHEEA (CP gene) 33T <
H 5| ¥ (P10113/P10114) " o M1 TR J55EAC I
K5 TSR AR 7 b rb A A B E ToMV-TARI
SYBEIR.Z CP gene Bl —VERZIRERS! - 17 M : £24E DNA
BREEAREEE s 1T 1 : B2f# ToMV-TARI Stk o =88R
FEAK 5 17 2 @ (k. Z ToOMV-BNL & # R KELR 5 17
3 : 2 ToMV-BNL 2 ZEF2RE S R0 5 174 - SRERE
ZRENPHESEER AR 5 175 « BTRERFZAK T
HORURIRSIERAER 5 17 6-11 @ B B[R [EZ K FA
FHERAER s 17 12: RSN ZE 2 TE R -

Fig. 6. Detection of Tomato mosaic virus (ToMV) in Ixora
spp- by reverse transcription-polymerase chain reaction
(RT-PCR) (A) followed by Southern hybridization test
(B). RT-PCR was done using a primer pair
(P10113/P10114) specific to TOMV coat protein (CP) gene
(Jan et. al., 2003) and Southern hybridization was
performed with a biotin-labeled DNA probe specific to
ToMV CP which was synthesized by the procedures
described in the text. Lane M : Kb DNA ladder markers ;

Lane 1 : Chenopodium quinoa leaves inoculated with
ToMV-TARI; Lane 2 : purified virions of ToMV-BNL ;

Lane 3 : C. quinoa leaves inoculated with TOMV-BNL ;

Lane 4 : leaf tissue of Ixora spp. with mosaic symptom
collected form Pingtung ; Lane5 : root tissue of Ixora
spp. with mosaic symptom collected form Pingtung ;

Lanes 6-11 :leaf tissues of Ixora spp. collected from
various locations ; Lane 12 : healthy leaf tissue of C.
quinoa as control.
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MmbDSY SIT SPS QFVEF LSS VWA
I ATGGATTCTT ACTCAATTAC TTCTCCATCG CAATTTGTGT TTTTGTCATC TGTATGGGCT

DPIELLNVCT NSLGNOQF QTAQ
61  GACCCTATAG AATTGTITAAA CGITTGTACG AATTCGTTAG GTAACCAGTIT TCAAACACAG

QART TVQ QQF SEVW KPF P QS
121 CAAGCAAGAA CTACTGTTCA ACAGCAGTTC AGCGAGGTGT GGAAACCTTT CCCTCAGAGC

T VR F pP6GD VYK VYRY NAV LDP

181  ACCGTCAGAT TTCCTGGCGA TGTTTATAAG GTGTACAGGT ACAATGCAGT TTTAGATCCT
LI TALLG AFD TRNRTTE VEN
241 CTAATTACTG CGTTGCTGGG GGCTTTCGAT ACTAGGAATA GAATAATCGA AGTAGAAAAC
QQSP TTA ETL DATR RVD DAT
301 CAGCAGAGTC CGACAACAGC TGAAACGTTA GATGCTACCC GCAGGGTAGA CGACGCTACG
VAIR SAIT NNL VNEL VRG TGL
361  GTTGCAATTC GGTCTGCTAT AAATAATTTA GTTAATGAAC TAGTAAGAGG TACTGGACTG
YNQN TFE SMS GLVW TS A P AS
421 TACAATCAGA ATACTTTTGA AAGTATGTCT GGGTTGGTCT GGACCTCTGC ACCTGCATCT

481  TAA
[ ~ FATERURAE BNL J)EER 2 B BRI HIR PP 21 Ko HEEE 2 MR P2 o * SRR 517 (1Al o

Fig. 7. Nucleotide and deduced amino acid sequences of BNL isolate of Tomato mosaic virus. *represents stop
codon of the reading frame.

K=~ BREREANFT ZFE AR EE (Tomato mosaic virus, ToMV) BNL Sk Z B £ R E O 5 g e
ToMV B BRHRE: (Tomato mosaic virus, TMV) FE3I[ 2 LL#&

Table 3. Coat protein gene sequence identities of BNL isolate of Tomato mosaic virus (ToMV) obtained from Ixora (Super
King) to some other ToMV and Tobacco mosaic virus (TMV) isolates available in the GenBank

Identities (%)

Virus isolate Assession No. Source - : :
nucleotide amino acid
ToMV (TARI) Taiwan 99.9 100
ToMV Queensland AF332868 Australia 99.0 98.8
ToMV OM X02144 98.8 98.1
ToMV L11A-Fukushima ABO083196 Japan 98.8 98.8
ToMV AJ011934 China 98.8 98.1
ToMV Lisianthus AY383730 Taiwan 98.8 98.8
ToMV AJ429083 Germany 97.7 98.1
ToMV Camellia AJ417701 China 97.7 97.5
T™MV AF516913 China 74.6 81.9
TMV Fujian AF395127 China 74.2 83.1
TMV AF27321 USA 74.0 82.5
T™MV AF165190 China 74.0 82.5
TMYV Potato 4 AF318218 South Korea 73.3 81.3
TMV Potato 3-4 AF318217 South Korea 72.7 82.5
TMYV Tomato AF126505 India 71.7 71.5
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ABSTRACT

Tsai, J. C.', Chen, T. H.*?, and Chang, C. A."” 2008. Identification and characterization of a Tomato
mosaic virus isolate infecting Ixora (Ixora duffii cv. 'Super King'). Plant Pathol. Bull. 17: 143-155
(' Division of Plant Pathology, Agricultural Research Institute, Wufeng, Taichung, Taiwan, R.O.C.;
* Department of Plant Protection, National Pingtung University of Science and Technology, Taiwan,
R.O.C.; *Corresponding author, E-mail: cachang@cyut.edu.tw; Fax: +886-4-2330-4921 ; E-mail :
thchen@mail.npust.edu.tw; Fax: +886-8-774-0293)

Ixora (Ixora duffii cv. 'Super King'), originated from west pacific Caroline Islands, is now widely
cultivated as ornamental shrubs in Taiwan. A virus-like disease exhibiting mosaic symptom on the
leaves of Ixora plants was first observed in 1994 at Nei Pu, Pingtung County, but its etiology
remained unclear until 2004 that we successfully transferred the mosaic Ixora tissue to Chenopodium
quinoa by mechanical inoculation. After seven successive single lesion transfers, a virus isolate
designated as BNL was obtained. Rigid rod shaped virus particles approximately 300 nm in length
were observed in BNL-infected tissue under electron microscopy. Physical properties of BNL were
characterized as thermal inactivation point, 65-70 °C; dilution end point, 10°-10"; and longevity in
vitro at both 24 and -70 °C, more than 14 months. Host range tests of BNL isolate revealed that it
could infect at least 34 species among 7 plant families by mechanical inoculation. Most tobacco
species and tomato were infected inducing systemic mosaic symptoms by this isolate . Virus particles
of BNL isolate was successfully purified from infected C. quinoa leaves and used for antiserum
production. Analysis of the purified virion in SDS-polyacrylamide gel electrophoresis showed that it
contained a protein subunit with a relative molecular mass of 17.5 kDa. Antiserum produced against
BNL reacted strongly with its homologous antigen and to Tomato mosaic virus (ToOMV), but weakly
with two other tobamoviruses, i.e. Odontoglosum ringspot virus and Cucumber green mottle mosaic
virus in indirect ELISA and SDS-immunodiffusion test. By the use of a ToMV-specific primer pair
reported by Jan et al., an expected 483 bp of DNA fragment was consistently amplified from BNL-
inoculated C. quinoa and purified virions in reverse transcription polymerase chain reaction (RT-
PCR). Sequence analyses confirmed that the amplicon shared 97.7-99.0 % and 97.5-98.8 % identity to
those of published ToMV CP gene in nucleotide and amino acid sequences, respectively, indicating
BNL isolate is a strain of ToOMV. In the experiments of RT-PCR, Southern and Western blotting tests,
BNL was found residing in the leaf and root tissues of Ixora but with relatively low concentrations,
confirming that Ixora is a natural host for TOoMV. To our knowledge, this represents the first record for

the natural infection of TOMV in Ixora spp.

Keywords:  Ixora, Virus identification, Tomato mosaic virus
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