Plant Pathology Bulletin 13: 291-298, 2004

B 62 & S T T & 29T o AR

MK RFR? ReR HmE
ETRBIEAT (TGS R A G AT AR
2 EEVEY > B : cachang@wufeng.tari.gov.tw
Pz HI - rhaERE] 93 4 8 H 26 H
i =
PRECER ~ SRIEZE ~ BB ~ BIREEE. 2004, /s E 2 F il il A FeIi 2R L o7 B ImyE henll. Mg er vl

13 : 291-298.

5 AU BB B B2 AE AR » EAFE A LAFT 40 2 B 77 2K 0 ol ZEGRE G037 109 TR ek
Yo o LRI FRAE M I Hh Fe il TS Ee i 72 (Tomato aspermy virus, i TAV) mlE RSz M4 {Eah 5
TEZ T S 2 0E L (B o AW SeARIE O A2 TAV B8R (5K (CP) 2 b il ket — 55|+
¥ (TAV-Up/TAV-dw) » 1A [ i 2 ol 32880 IOFE (RT-PCR) T » n] R s b ath s FriRee Z 26 { ek
d PR H— {7 5 7EEA 780 bp 2 DNA FEY) o I AEIRGERYE S A% 1 7 Fi o ke 8 H 22 Fo i 776 {ldk%
i - B gk GenBank 2 TAV CP £E[X] (D01015) A & 92 % ZAHIE - H IR Z Wi i S FHR]
FEIT g 93 % o MLAS A E TAV EAFTER G 44E B IESRL TAV B85 F DL 5 2= T
S AWFFRERER AR PR S0 5 2RI - ARIBAT 1S 2 TAV B8 &R F51E%E 5771 & & Neo
| Je Xho | BRI U2 FH—1E5 ] F%f (TAV-upl k2 TAV-dwl) » 5 TAV CP Z#EE 288 i AR M i
SRR RIS pET-28b (+) | » H%)i% HiE Al ;A Escherichia coli strain BL21(DE3) pLysS 2+ A3t
1TEREAERN  KIPTGFEAE RIGE]— 31 kDa z RILE - 875 /7 1538 & LA 1 n] B2p5 241k TAV
P8 (Agdia, Inc., Elkhart, IN, USA) ) » @5 TAV ZHEEH o IFIHE A E MLt rahE—E
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T KEOYITEVEY) » H RiHEFF(E 1,600 AtEAE A » F5
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Fig. 1. Amplification of Tomato aspermy virus (TAV) coat
protein (CP) gene by polymerase chain reaction (PCR). A 780
bp DNA product was amplified from field collected
chrysanthemum specimen using primer set (TAV-up/TAV-dw)
by reverse transcriptase PCR (lane 1). The product was
cloned into pCR II-TOPO plasmid which was subsequently
used as template for PCR amplification of open reading frame
of TAV CP by the use of primer set (TAV-upL/TAV-dwl). A
652 bp product was thus obtained (lane 2). Lane H is the RT-
PCR amplification from healthy chrysanthemum using the
former primers. Lane M is 100 bp DNA ladder markers.
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17 RT-PCR » 3 n]§3 & Mg JE15 (%0 780 bp Z 1%k E
Yy (18—, lane 1) ° #FILAEYEGERS pCR 1 kS5 21— g%
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TAV-up
ACACTCTAGAATGGCCCAAAACGGTACGGGAGGAGGAAGCCGACGTCCACGTCGTGGTCG 60
MAQNGTOGGGSZRRPRRGRI?
TCGCAATAATAACAACAACAATATCTCGACTGCTCGTGACAAAGCTCTTTTGGCTTTAAC 120
RNNNNNNTIOSTARDI KA ALTLATLTSZ37
ACAGCAAGTCAATCGCTTAGCGAATATAGCTTCCTCTAGTGCGCCATCCCTTCAACATCC 180
QQ VNRLANTIASSSAPSLAOQHPST
GACTTTTATTGCTAGCAAGAAGTGTCGTGCAGGTTATACTTACACTTCGTTGGATGTCCG 240
TFIASKKCRAGYTYTSLDVRT7
ACCGACTAGAACTGAGAAGGACAAGAGTTTCGGTCAAAGGTTAATTATCCCAGTACCCGT 300
PTRTEIKDI KU SFGOQRTLTITIPVPVYI
GTCTGAATACCCTAAGAAGAAGGTCTCATGTGTGCAAGTGAGGCTGAACCCATCCCCAAA 360
SEYPKKKVSCVQVRLNPSPKILI7
GTTTAATTCTACGATTTGGGTTTCGCTTCGTCGTCTGGACGAAACGACTCTTCTTACTTC 420
FNSTIWVSLRRLDETTTLTLT SI137
TGAAAACGTGTTTAAACTGTTCACCGACGGTCTCGCAGCCGTCCTTATTTATCAGCACGT 480
ENVFKLFTDGLAAVLTIYOQHVIS
TCCCACCGGTATCCAACCTAACAATAAGATCACCTTCGACATGTCTAATGTCGGTGCTGA 540
PTGIQPNNIKTITFEFDMSNVGAEILT
GATCGGCGATATGGGCAAATATGCCCTAATAGTCTATTCCAAAGACGATGTCCTCGAAGC 600
I GDMGKYALTIUVYSKDDVLEAIY
CGATGAAATGGTGATCCATATTGATATAGAGCACCAGCGTATTCCTTCCGCTTCAACGCT 660
DEMVYIHTIDTIEHOQRTIPSASTL217
CCCGGTGTGATTCGACACGCATGCACGACGTCCGAAGACGTTAAACTACGCTTGAACTGT 720
P Vv * 220
GTTCGAGTGTCTGAGTTGGTAGTATTGCTCTAAACTACCTGAAGTCACTAAATGCT 716
TAV-dw

& — ~ {585 it 2 7 s F A2 7 (Tomato aspermy
virus, TAV) RNA 3 2 3' 1% 11 e fi ki /e 1) o B2 5|
FH TAV-up J2 TAV-dw 51 -F%f (FP9Il T EfRE) DA B
A IR HEE S F PR B R IR 250 1ERR ST MR 1
oo () EREBOEEEHS LR -

Fig 2. Nucleotide and deduced amino acid sequences
amplified from 3'-terminal region of RNA 3 of Tomato
aspermy virus (TAV) isolated from Taiwan. The sequence
was obtained by RT-PCR amplification using TAV-up and
TAV-dw primers (underlined). Symbol of * indicates
translation stop codon.
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i* E. coli DH5 @ EPkH o s@tHkEE 24 (EAIRE T - #8
PCR fifi ;&% 28 8 Horh 12 ~ 14 ~ 19 J% 23 BEidin ik B A 7
AR/ INZ iR A B o I LY B BRFR &2 pET-28b (+)
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(DE3) pLysS FLUGEITEREE 2 RKE K o ik <
HY AR 5l o o TR HE 17 8 N BT o

. . 31 kDa (224 aa
hdvacme R

translated
Ncol ﬁ Xhol
5" ‘ TAV CP (651bp) 3’
/ N ~ r ™
Ncol Xhol His-Tag
ACACTCTACCATGGCCCAAAACGGT..... TTCAACGCTCGAGCACCACCACCACCACCACTGA
M A Q N G S T L E H H H H H H *

[ = ~ ST AR A2 95 2 (Tomato aspermy virus, TAV) 5EEEATE (1 (CP) £L[KIfR R EEE pET-28b (+) 2 b FifFFHRANGL
B SRR 2 B o TAV CP Se#EIER 202 651 bp #8HT E R iiE.Z Neo | ke Xho | BRAIERUI(IAS 255 % B bl -

FITE FEEREEAATS Neo | . Z ATG R » #R IR RITERT. 2 TGA IiE » H C i /N EE R 2RI 2 Histidine &4 e —
{E/@H> Xho | FP9.ZE » 7 FE{&FHF 31 kDa e

Fig. 3. Schematic representation of the construction of full-length coat protein gene of Tomato aspermy virus (TAV) in the
expression vector pET-28b (+). The upper map shows the detail sequence linkage between TAV CP and pET-28b (+). Protein
trandation starts from the ATG codon of the Nco | site and terminates at the TGA codon provided by the expression vector. The
expressed protein contains TAV CP and another 7 amino acid residues including 6 repeated histidine from pET-28b (+) and one
glutamic acid encoded by Xho | sequence. The lower map indicates the relative size of the translated protein with an molecular
weight of 31 kDa calculated by Scan DNASIS program.
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DY ~ I 2255 5 A R 756279 7% (Tomato aspermy virus, TAV) B87E FI3E0E 2 5047 © [ A » RIRBERIHEE 1 2 512 SDS-
PAGE® VK I HT - M 17 » BRHEN I - 1 E8 1TSS R A TAV #8E AN P 2@ hmik 12-1, 12-2, 14-1, 14-2, 19-
1, 19-2, 23-1 [ 23-2 ZEHARBIHT < 179 BAEIRA TAV BRI KT 2 SRR PR - BB - BA ZFEKE LLTAV
Pits (Agdialnc., Elkhart, IN, USA) #1775 /78 (western blotting) 2 7t ©

Fig. 4. Analyses of Tomato aspermy virus (TAV) coat protein (CP) expressed by selected bacteria clones in Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (A) and western blotting (B) with antiserum against TAV (Agdia Inc.,
Elkhart, IN, USA). Lane M, protein standard markers; Lane 1-8, IPTG induced bacteria lysate of bacteria clones 12-1, 12-2, 14-
1, 14-2, 19-1, 19-2, 23-1 and 23-2 containing TAV CP gene inserted expression vector pET-28b (+); Lane 9 : IPTG induced
bacteria lysate without TAV CP gene inserted pET-28b (+).
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B 71~ RIS PET | T 1T S SR A S5 38 S B (RT-PCR) R4S A0 (DNA probe hybridization) g5 % i
fEFAF2R 7 (Tomato aspermy virus, TAV) BT zE0R A (Cucumber mosaic virus, CMV) - [&E A » fEF TAV EH—E5|F
#} (TAV-Up/TAV-dw) 31T RT-PCR {5 © M 17 » #524E 100 bp DNA FBFEAFRE - T, H, C-m K C-b 1773 BIFRES TAV (255 4E ~
PRERZGAE ~ Y CMV 2 I 5186 ke i CMV 2Pk KL © [ B » JEH CMV B —1E5| ¥ (CMV-up k5 CMV-dw) 317 RT-
PCRfEHR o #AT 2hkmm[AlE A o @ C - J’FE A ZFEVKIE DL TAV SR EREHE T RENC S IE Z A5 2R - [8 D - JiS[E B 2 #vk
B LLCMV B VEPRB T THENC S 2 At 2R -

Fig. 5. Differentiation of Tomato aspermy virus (TAV) from Cucumber mosaic virus (CMV) by reverse-transcription polymerase
chain reaction (RT-PCR) and DNA probe hybridization. (A), Result of RT-PCR using TAV specific primer set (TAV-up/TAV-dw).
(B), Result of RT-PCR using CMV specific primer set (CMV-up/ CMV-dw). (C), Southern blot hybridization result of the same
samples from figure (A) using biotin-labeled DNA probe specific to TAV. (D), Southern blot hybridization result of the same
samples from figure (B) using biotin-labeled DNA prabe specific to CMV. Lane M, 100 bp DNA ladder markers; Lane T, H, C-
m, C-b are TAV-infected chrysanthemum, healthy chrysanthemum, CMV-infected Aristolochia zolligeriana and CMV-infected

Nicotiana benthamiana, respectively.

TAV R R 2 KRBT

15 Btk S 37°C K58 3.5 /[\IF > fIIA 100 ppm
Z PTG FEE 1 2 KEFR » 30 8% 1A 200 ppm
Z rifampicin DUINGIFESR — PR (2 B4 - FrEhssE 3 /)
1% S BE B9y 15 22 18 Wt 1T SDS-PAGE EEVK /0 # o fili B
12 ~ 19 Jr 23 55 = {EEHER L LL R S R AT 912 SR PR
% ([ 31 kDa 2 5 54 ([EPY A) » #8057 A bn
7 R AT B TAV Hia8 S8 ([EPY B) » F8 8 H AR 2R
FEZ TAV BHEE o H#4 BEEIRER 250 f5 R PIEr - 12 5%
B IR AE 2S8R i S 15 5 VTR b P L b B ik 18 52 ([ PY -
lanes 1-2) » HOEAVHAE F44E TAV BRE KRR 21
AR R o 5 BLETRR K S #0250 mil 2 O b » AT
SRR Frads SR R 2880 i DASY i YRR ik A Bt 31
kDa TAV #E FIILIHAL o {&iF3 MK HLR2 F5E 100 ml A 5%
EWRH AT H#E1S 1.5 mg Z TAV S8E T -

TAV $iifin i o B it 6 FE H

ALz B 2% B TAV BT 9 G4 PO RE 1 e L
PG - g 2P (TAV-CP Ab) /£ SDS-
immunodiffusion test Hr 8L .~ MHE 2RI TAV §8EH A ZE
ARV IR TE > (B BILRYE TAV 2% {655 SR A% R i e g

PURIIAS FE 4B IFE (K5 SR AR 7R) o {H7E ELISA K FE T
TAV-CP Ab n]Eiljd&s TAV & FH 8146 1 EA dtae A= HAEE S FE
M EAEE]—FMiFRRE T TAV-CP Ab B14g % i 2 X FE(iE )
A E Agdia lnc. .2 TAV H1#8 (TAV-Ab) Frifll{5 2 B »
177 LB {45 4 IR U DR 2 S e 7R BAREEC S TAV-Ab 1
REFTIHIS 2 B (2% —) o Dbl SR 78 IR A 28302 TAV
B AT B0 2 BUESE E ] FEFH S ELISA LUE B4 166
fn A Tl 57 TAV &G o SRS SRl Agdia .z TAV-Ab
AN B AT 2 AT B i o AT B 2520 TAV BB 1 SO (36— »
PEIR SRER A 3% HTHE rTRE AT L2 S A RN S A A - K
ANELHE SDS Jsii HH i AHER A X FE -

A TAV BAR A EE34: 2 CMV [&]£ Cucumovirus
B & 0 BASFRaIEL B 2 ML R R VIR 48
% ZAHIEE o 5 T iR AG BT R i .2 TAV M 2800 &
FHiiE (TAV-CP Ab) & &AW1 I 95 2 2 B0R > Bl
1T ELISA 52 Wit Es » 455 %550 TAV-CP Ab %l Agdia &2
TAV-Ab 558l CMV $T R 7 AL HHRASE Y () - BfESR
T TAV g H PR TAV $15E (homologous TAV
antigen) .z I & (& 35 BH BE & 2 B 2 Y7 CMV FL R
(heterologous CMV antigen) 2 ) FEAiE » {H HAS SR R~ E A
TAV HTEE E{EHE] CMV 2R (£—) « K2 » KEEg
AP E CMV S LR 3 2 PRSI B TAV Z A
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I 2SI BH AR SR 4 Rk s AT AT R > RERIE
CMV Hif&{halHARENS CMV BLTAV JILLUER]

FEH 53 1 haflliL I TAV 81 CMV 2 Rk

L HLi TAV BilCMV 2887 £ FEr 1 »

LU 6 By 7t 2 2% ARG BRLLAGR . TAV #H—
TG ¥ (TAV-up/TAV-dw) Sl 2 s 2 CMV B—1
31 F#t (CMV-up/CMV-dw) @ 2 » SRR YL TAV 2 4 {E 8
&Y CMV 2 5 SR B fPE B34 T RT-PCR Ebii fHIES 5 5
TAV 5| 7% HAEERY: TAV Z45(E S FE » Hamg T 780
bp ZEY) » T ELCMV Z —{EEIR B RHIASE AT X
(B A) ° )z » CMV 5|1 S HIREH B TAV 2% {ErF
Jeb b Mg H—{1E 600 bp 2 &Y (& B) » {HH A/ NETHEIE
HEY CMV 2 B yuga B bkl 2 500 bp AP A AR
oo ASEAELL CMV 2 500 bp FEVIRTSIVE Z ZREHET THE &
SFERR - LIRS HE RE B B I FETM A ELHEME H TAV .2 600
bp EVEsAHE S ([E 11 B) » 3E CMV 5| T HHfEAE Bl TAV
Fr3l| 2 [ ZE 4= PCR Y » {HRTHEIRZ TAV FR3lEL CMV &
HAREANE]

Fe— ~ P HFE R B R B F AR 7 N2 W 7 Tomato
aspermy virus (TAV) {2 H.Z HiigEd g H Agdia Inc. Z
TAV HifiEf CMV Hi#EEH S ELISA Ht I { Lk dh.Z
S

Table 1. Reactivities in indirect ELISA of the antiserum
against bacteria expressed Tomato aspermy virus (TAV) coat
protein (TAV-CP Ab) compared to commercialized (Agdia
Inc.) TAV antiserum (TAV-Ab) and Cucumber mosaic virus
(CMV) antiserum produced in our laboratory *

Sample number Antisera
TAV-CPAb TAV-Ab CMV
1 0.795° 0700 0.162
2 0.906 0.801 0.168
3 0.782 0.391 0.183
4 1.683 0.646 0.170
5 0.785 0.497 0.157
6 1.428 0.480 0.121
7 0.253 0.215 0.165
8 0.288 0.218 0.146
Bacteria-expressed 2.396 0.198 0.037

TAV coat protein

CMV-infected tobacco 0.939 0.335 3.308
Healthy chrysanthemum  0.057 0.123 0.106

! Antigen-coating type of indirect ELISA as described previously ™
was conducted to compare the reavtivitites of antiserum against
bacteria expressed TAV CP with those of antisera to TAV
antisrum purchased from Agdia Inc. and CMV antiserum
produced in our laboratory.

2 Reactivities of the antisera are shown as the absorbance readings
(A40snm) taken 40 min after the addition of enzyme substrate
solution. The figures shown are averaged value of four replicate
wells. Absorbance readings of test samples higher than two
times of healthy control chrysanthemum readings are considered
to be positive reaction.
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fror Ll EE S - MRS 2 Agdia Z TAV-Ab g%
il 2/ N6 A IE X B2 fidfk - BRI HES TAV 5%
F3E K PRk a1 2 85— ML 5| ¥ the] DI EE TAV $iis
1E I 256G AU R e A7 & TR N2 )« k3%
FEYIFE 91| 2 e it SR B GenBank 41 TAV #5781 £ [K
FPEEE] 92 % LI ZAHIEEE - ZEHH AWFIERT 5.2 26 1E
TR Gh i E O A2 TAV f9 RS o fRIE T MAgEEsE - 1LY
TAV B4R EEEY) 2w TR -

IRPEAN I 232 - TAV RSB N EABR S K25 B
17 256 T0RE 5 Rz ot R T R vh 2 R AS ] 1700 A8 3 i
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LR WA o BRI SR RE SR B N 4 E Ak B 2
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ABSTRACT

Lin, M. J.}, Chang, C. A.>2 Chen C. C.}, and Cheng, Y. H.* 2004. Molecular and serological detection of
Tomato aspermy virus infecting chrysanthemum in Taiwan. Plant Pathol. Bull. 13: 291-298. (> Division of
Plant Pathology, Taiwan Agricultural Research Institute, Wu-Feng, Taichung 413, Taiwan, R. O. C., >
Corresponding author, E-mail: cachang@wufeng.tari.gov.tw)

Chrysanthemum is an ornamental crop with significant international importance. Tomato aspermy virus
(TAV) is known to induce malformation of floral parts on sensitive chrysanthemum cultivars jeopardizing
the quality and yield. We designed a set of primer (TAV-up/TAV-dw) according to TAV's coat protein (CP)
gene sequence documented in the GenBank (accession No. D01015) and successfully amplified a 780 bp
DNA product by Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR) from chrysanthemum
specimens collected from Chang-Hua County, the major chrysanthemum production area in Taiwan. The
product was cloned and sequenced. It was found to consist of 776 nucleotides (nts) corresponding to the
genome organization of the 3'-terminal region of RNA 3 of cucumoviruses. The only open reading frame
deducing in this sequence contains 220 amino acid residues coinciding to the size of reported TAV CP.
Comparing with the known sequence of TAV CP (D01015), the percent identity of nucleotide and amino
acid sequences are 92% and 93%, respectively. This result indicates the sequence amplified from
chrysanthemum is originated from a strain of TAV. To our knowledge, this is the first report of the
occurrence of TAV in Taiwan. In order to produce antiserum against TAV for the purpose of virus
identification, we took the approach of cloning and expressing the TAV CP gene in bacteria and using the
bacteria expressed CP as immunogen for antiserum preparation. By the use of directional cloning
techniques, a 31 kDa fusion protein containing entire TAV CP sequence was highly expressed and purified
from E. coli cell cultures. An antiserum (TAV-CP Ab) was prepared against the expressed TAV CP and
shown to be useful in ELISA for the detection of TAV in chrysanthemum plants. By comparing with
commercialized TAV antiserum (Agdia Inc. Elkhart, IN, USA), the reactivity in terms of EIA readings of
TAV-CP Ab to the same dilution of infected chrysanthemum tissue was aways higher than that of Agdia's
TAV antiserum. Our results also showed TAV-CP Ab, as well as Agdia's TAV antiserum, cross reacted with
Cucumber mosaic virus (CMV), another commonly found species of Cucumovirus. However, no cross
reactivity to TAV was found using antiserum to CMV in a reciprocal ELISA test, showing that it is
necessary to perform reciprocal ELISA tests to distinguish TAV from CMV correctly. On the other hand, our
study showed TAV could be readily differentiated from CMV by RT-PCR using the aforementioned primer
set (TAV-up/TAV-dw). This primer set does not amplify any product from the RNA template of CMV but
consistently obtains a 780 bp product from TAV.

Key words : chrysanthemum, TAV, expression vector, CMV, PCR, RT-PCR, serology, bacteria expressed
virus coat protein
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