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Fig. 1. Symptom induced by SW-1 on the leaves of Taiwan swallowwort(A)Mosaic
symptoms 1in the field. (B)The local lesion symptom of virus isolate on Chenopdium
amaranticolor isolated from Taiwan swallowwort leaf mosaic showing symptom.

[~ ~ SEEEA R SW-1 77 R S L ER R

o

Fig. 2. Electron micrographs of negatively

Virus particles extracted from from
Taiwan swallowwort showing mosaic

symptom (Bar = 100nm).
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Fig. 3. Disease severity index of virus disease of Taiwan swallowwort in different season
during 2007-2008.
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Table 1. Distribution of Cucumber mosaic virus in Taiwan swallowwort plant.

part of Plant Virus distribution”
Root +

Stem +
Leaves(mosaic) +4+++
Leaves(mosaic new leaf) +++

Control”

" The virus was detected by indirect ELISA.

— * negative reaction > A, <0.13

-+ Positive reaction > Ay =0.13-0.5 7 ++  Ay=0.5-1
4 A= 1155 5 Ay =152,

* The healthy Nicotiana tabacum cv. Hicks
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Table 2. Host range test of SW-1 1solate 1solated from Taiwan swallowwort showing mosaic
symptom by mechanical inoculation.

Back

Test plants Symptom' EM* . .
noculation

MalvaceaesfZ5
Abelmoschus esculentus L.Moench (EFKZ%) — — —
Amaranthaceae =}
Amaranthus viridis (57 &) - - -
Amaranthus spinosus (FI]&) — — —
Celosia argentea (¥57515) - - o
Gomphrena globosa (T H4L) SM + +
Aristolochiaceae B FE$5 7}
Aristolochia zollingeriana #5115 5155 (KAE) - - -
Asclepias curassavica (F5Ff7) SM + +
Asclepias fruticosa (JEHT) — — —
Asteraceac g
Chrysanthemum coronarium (5]75;) SCL

Cichorium endivia (5 E) SM

+ o+ o+
+ o+ o+

Lactuca sativa %1 (RTEFE) SM

Helianthus argophyllus (Ja] H 2%) - - -
ChenopodiaceacZ2F:

Chenopodium amaranticolor (4132 LL + +

Chenopodium murle (4%%2 LL

Chenopodium quinoa (ZE%2) LL
ConvolvulaceaeiEfEf}

Impatiens balsamina (BULAE) - - -
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Table 2. (Continued)

Test plants Symptom' EM* BaCk. ;

inoculation
Ipomoea reptans (GE5%) — _ _
Ipomoea batatas (F53E) — _ _
Ipomoea nil (ZEAAE) SM + +

Cucurbitaceae #HEf}

Benincasa hispida %)\ " B A4E SM + +
Cucumis melo &I\ " ¥ & | SM + +
Cucumis melo (W& J1\) SM + +
Momordica charantiap (75)[\) — — —
Cucumis sativus /INEFJI T 544 | SM + +
Cucurbita pepo (FgJ1\) — — —
Citrullus uulgaris 79)[\ " &8 5% SM + +

Luffa aegyptiaca (45J1\) — _ _
Leguminosae T}
Glycine max (K. — _ _
Phaseolus vulgaris (TUZE ) — — _
Trifolium pratense (2 5. - _ _
Vigna radiate (4% 5.) — _ _
Vigna unguiculata 515. " H 7 | — _ _
Lablab purpureus (85 — — _
Cruciferae +FAEFR}
Brassica botrytis ({ERI3%) — _ _
Brassica campestris ;=% (B4 FE) - - -
Brassica chinensis A3 " B R 25 — — _

Brassica chinensis (35 71.5%) - o -
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Table 2. (Continued)

Back

Test plants Symptom'  EM? | .
inoculation

Brassica juncea 7+3%(TE L EE) — — —

Brassica oleracea HEE T B | — — —

Brassica repea (¥&55) — — —

Capsella bursa-pastoris (F53%) — — —

Raphanus sativus (3£78]) — — —
Labiatac 'FHER

Ocimum basilicum (JUJEE) SM + +

Melissa officinalis (F1EE) — — —
Poaceae RAFE

Zea mays (FK) — — —

Cynodon dactylon (19 5E2E5) — — —
Solanaceae fiif}

Capsicum annuum FHH " R | SM + +

Datura metel = [C2E SM

Lycopersicon lycopersicum i " /7301 | — — —

Lycopersicon lycopersicum i " f&/2504 — - -

Lycopersicon lycopersicum i " /7933 | - - -

Nicotiana benthamiana SM

Nicotiana debneyii SM

+ o+ o+
+ o+ o+

Nicotiana glutinosa SM
Nicotiana tabacum var. Havana — - —
Nicotiana tabacum cv. Hicks (ZE{1-) SM

Nicotiana tabacum var. kentuckey SM

+ 4+ o+
+ o+ 4+

Nicotiana megalosiphon SM
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Table 2. (Continued)

Test plants Symptom' EM* BaCk. ;

inoculation
Nicotiana repanda SM + +
Nicotiana rustica — — -
Nicotiana tabacum var. Samsun SM + +
Nicotiana tabacum cv.vam Hicks (B&E{ 1) SM + +
Nicotiana tabacum var.White burley SM + +
Nicotiana tabacum var. Xxanthi — — -
Solanum incanum (F$55=7K700) SM + +
Solannum nigrum (FE%%) SM + +
Solanum melongena (FEINEL i) SM + +
Solanum melongena (i1 " HriE | ) SM + +
Solanum melongena " FEHEAN SM + +
Solanum melongena (ARFAGE70) SM + +
Petunia hybrida (3&EZE4F) SM + +
Physalis fioridana (F55%) — — —
Physalis ixocarpa (FE4%) — — —

Gesneriaceae 5 £ &2 1

Sinningia speciosa (R A1) SCL + +

Umbelliferac8E 15}

ke

Coriandrum sativum (5¢4%) - - B

Daucus carota (SHZEE]) - o a

"SCL: Systemic cholrotic lesions ; SM: Systemic mosaic LL * Local lesion ;
— © no reaction

? 4 @ {sometric virus particles were evidenced by electron microscopy

.— + no virus particle were observed by electron microscopy

 + ¢ successfully infecitng Chenopodium amaranticolor

.— - not successfully infecitng Chenopodium amaranticolor
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f&Et (Hitachi U-2001 spectrophotometer)
SHIECR 320 nmZE 220 nm&E 4R U El
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(extinction coefficient) = 1.7 5 & £ 1% »
BF50 7 B B L R EE AT S A B UL
B4 566.6 mg °

Ao b At A L7 i S 40 P T o 9 S I
RGBT H % 7- 10K B2 BRI S5
o AR BRI IUBCE T B

VY ~ o3 B IR SOH BRI 3 SW- 173 BEbR LI B 5 e [E] R P IR 2 B e e
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AEE (4) SW-1578bR O)ZAEUKOEFEERLER (7)8 HSW- 1R Btk
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Fig. 4. The Serological reaction of the produced antiserum against SW-1 virus isolate reacted

with the homologous antigen in double immunodiffusion . (1) The Taiwan swallowwort

mosaic leaf. (2) The purified SW-1 virus. (3) The Taiwan swallowwort field mosaic
leaf. (4) The Isolated SW-1. (5) Dist H,O. (6) The Healthy Nicotiana tabacum cv.vam
Hicks. (7) Antiserum to virus SW-1 1solate from Taiwan swallowwort.
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B 7~ AT B 2 BRI R 07 55 F 175 B L Y T ()R b IR 2 P e S [ S S » (1)
BEEFT cucumber mosaic virus TE¥HE (2) SW-1 s3EEFR&I LIRS O)HEHES
REEREE (4) SW-1773ERE (5)7&5887K (6) fREFFEELERE (71)EHFT046 cucumber

mosaic virus PLIE °

Fig. 5. The Serological reaction of the produced antiserum against CMV(ARI) reacted with

the homologous antigen in double immunodiffusion. (1) The mosaic leaf on Nicotiana
benthamiana NO.046 CMV control(ARI). (2) The purified SW-1 virus. (3) The Taiwan
swallowwort field mosaic leaf. (4) The Isolated SW-1. (5) Dist H,O. (6) The Healthy
Nicotiana tabacum cv.vam Hicks. (7) No.046 CMV antiserum to CMV (ARI).
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Fig. 6. The Serological reaction of the produced antiserum against CMV(NKNU) reacted with

the homologous antigen in double immunodiffusion. (1) The purified SW-1 virus. (2)

The Healthy Nicotiana tabacum cv.vam Hicks. (3) The Taiwan swallowwort field
mosaic leaf. (4) The Isolated SW-1 (5) Dist H,O. (6) The mosaic leaf on Petunia
liybrida CMV control(NKNU). (7) CMV antiserum to CMV (NKNU).
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Fig. 7. Enzyme-linked immounosorbent assay of plant extracts prepared from the diseased
Taiwan swallowwort .(NH: net house at Fengshan; F: field at Neimen in Kaohsiung;
SL: symptomless leaf; S: stolon; STR: skin of tuberous root; TF:tuberous flesh; TR:
tuberous root(whole); SW-1: SW-1 isolate: CK: healthy tobacco).
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The determination of molecular weight of viral coat proteins of purified Taiwan

swallowwort mosaic virus by western blotting analysis used No.046 antiserum to

Cucumber mosaic virus. Lane M , protein Markers; lane 1, the purified SW-1 virus;
lane 2, the Taiwan swallowwort field mosaic leaf ;lane 3,the Isolated SW-1; lane 4,No.
046CMV (ARI) control; lane 5,the Healthy Nicotiana tabacum cv.vam Hicks.
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Fig. 9. One step RT-PCR using a pair of CMV-CP primer was conducted and a 900 bp DNA
produce was amplified.result. The samples from left to right. Lane M, DNA markers

; lane 1, the Healthy Nicotiana tabacum cv.vam Hicks; lane 2, the mosaic leaf on

Nicotiana tabacum cv.vam Hicks ; lane 3 ,the Taiwan swallowwort mosaic virus leaf ;

lane 4, Health C. quinoa; lane 5, negative control.

HENFT O EE > T &% (accession
number Y10886)7%599% = AH[EI & Ky
5 AP HIRIESL CMV Tin ~ 113
(accession number AF523340) %4 H
100% ZHFEE (FR=) -

& W

2003472 /& HERA Y P40 58 2R e 35
ROHER L 2R EUER > £20055F
BiBmER % KA E R E HEH
T NEETEE WP E TS
H R IR R BT R MR AL R R
> 3~ 4K H IR A B S S BE
EBE » R FH TR EE - ALEEIRE BT 0 DA



HEEE4- 3% (Cynanchum taiwanianum Yamazaki) 4Bk sl KERESUR R TS 127

MDKSESTSAGRNIRRIRRPRTR RE
ATGGACAAATCTGAATCAACCAGTGCTGGTCGTAACCGTCGACGTCGTCCGCGTCGTGGT 60
S RSAPSSADANTFRVLSQ QL S
TCCCGCTCCGCTCCCTCCTCCGCGGATGCTAACTTTAGAGTCTTGTCGCAGCAACTTTCG 120
RLNKTLAAGRPTTINIHPT F VG
CGACTTAACAAGACGTTAGCAGCTGGTCGTCCAACTATTAACCACCCAACCTTTGTGGGT 180
SERCKPGYTTFTS STITTLZEKZP P K I
AGTGAACGCTGTAAACCTGGGTACACGTTCACATCTATTACCCTGAAGCCGCCGAAAATA 240
DRGSYYGKRTLTLTELPDSVT ETFD
GACCGCGGGTCTTATTATGGTAAAAGGTTGTTGCTACCTGATTCAGTCACGGAGTTCGAT 300
K KLVSRITQTITIRVNPLPIKTF DST
AAGAAGCTTGTTTCGCGCATTCAAATTCGAGTTAATCCTTTGCCGAAATTTGATTCTACC 360
vwvvTVRKYVYVPASSDLSUVA ATS
GTGTGGGTGACAGTCCGTAAAGTTCCTGCCTCCTCGGACTTATCCGTTGCCGCTATCTCT 420
AMFADGASPVLVYQYAA SGV
GCTATGTTTGCGGACGGAGCCTCACCGGTACTGGTTTATCAGTATGCTGCATCCGGCGTT 480
Q ANNKLILYDLG SAMRADTI GDWM
CAAGCCAACAACAAATTGTTGTACGATCTTTCGGCGATGCGCGCTGATATTGGCGACATG 540
R KYAVLVYSKDDALETTD ETLV
AGAAAGTACGCCGTCCTCGTGTATTCAAAAGACGATGCGCTCGAGACGGACGAGTTGGTA 600
LHVDIEHQRTITPTSG GV L P 218
CTTCATGTTGACATCGAGCACCAACGCATTCCCACATCTGGGGTGCTCCCAGTTTGAATC 660
CGTGTTTTCCCAGAATCCTCCCTCCGGTCCTGTGGCGGGAGCTGAGTTGGTAGTGTTGCT 720
ATAAACTACCTGAAGTCACTAAACGCTTTGCGGTGAACGGGTTGTCCATCCAGCTTACGG 780
CTAAAATGGTCAGTCCGTGGAGAAATAATCGAATTCCCGCGGCCGCCATGGCGGCCGGGA 840
GCATGCGACGTCGGGCCCAATTCGCCCTATAGTGAGTCGTATACAATC A 889
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Fig. 10. The nucleotides sequences and deduced amino acids sequences of the cloned region of
2-1 from SW-1 virus isolate of Taiwan swallowwort.
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=~ EHEA RN e 2 SW- 1R 2 2- 1 B8 TE M 2 B EE 0 RN BT 88 R 2 CMV 7
FIEL ¥
Table 3. Comparison of nucleotide and amino acid sequences identities of the coat protein
gene of SW-1 virus isolate obtained from Taiwan swallowort with other Cucumber
mosaic virus isolates available in GenBank.

Virus isolate Accession NO. Source Host Identity

nt (%) aa (%)

CMV (Ttfn) Y10886 Italy tomato 99 100
CMV(NT9) D28780 Taiwan tomato- 99 99
CMV VAL90/1 AJ829779 Spain tomato 99 99
CMV (Tfn) Y 16926 Italy tomato 98 100
CMV BAR92/1 AJ829778 Spain tomato 99 99
CMV VAL90 AJ829779 Spain tomato 99 99
CMV 113 AF523340 USA tomato 98 100
CMV AM183116 Spain tomato 97 98
CMV(cb7) EF216867 China tomato 97 98
CMV YN EF216865 China Makino 97 98
CMV JF DQ302720 Chian tomato 97 99
CMV SE DQ302721 Chain tomato 96 98
CMV BF DQ302714 Chain tomato 96 98
CMV SD ABO08777 Chain - 94 9
CMV 42CM AB368498 Japan — 94 98
CMV AB119091 Japan — 94 98

* _no information available.
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ABSTRACT

Yang , S. H. % Chen, T. H. "', Tzeng, J. ', Lee, W.L. ’, Tsao, L.Y. >, Chen, C.C. "’ .2014.
Characterization of Cucumber mosaic virus isolated from Taiwan swallowwort
(Cynanchum taiwanianum Yamazaki) in Taiwan. Plant Prot. Bull. 56(4); 109-136. (!
Department of Plant Medicine, National Pingtung University of Science and Technology,
Neipu 91201, Taiwan, R.O.C.; ? Fengshan Tropical Horticultural Experiment Branch, Taiwan
Agricultural Research Institute, Council of Agriculture, Fengshan, Kaohsiung, Taiwan, R.O.C.
? Plant Pathology Division of Taiwan Agricultural Research Institute, COA, Wufeng, Taichung
41362, Taiwan, R. O. C.)

Taiwan swallowwort (Cynanchum taiwanianum Yamazaki) is a native herbal plant in
Taiwan. It belongs to Asclepiadaceae and has economically cultivated at Neimen Township,
Kaohsiung County, Taiwan, due to its tuber 18 used as herbal medicine. Taiwan swallowwort
virus disease was first found at Neimen area in 2005. Isometric particles were observed in
diseased leaves showing mosaic symptom by electron microscopy. A disease incidence of 88%
was obtained in field survey at Neimen area. However, a fluctuation in disease symptoms relative
to temperature could be observed at net house cultivation. An apparently disease symptom
appeared during the low temperature period from January to April. While, mild disease
symptoms were observed during high temperature period from May to August. An isometric
viral particle of 28 nm in diameter was successfully 1solated by mechanical inoculation from a
diseased Taiwan swallowwort plant showing mosaic symptom to Chenopodium amaranticolor
and named as SW-1. The thermal inactivation point of SW-1 and the dilution end point was
107, The longevity in vitro of SW-1 was 96 hours at 24°C and more then 12 months at -80°C.
A purified viral preparation of 66.6 mg could be obtained from 50g SW-1 infected leaf tissue
of Nicotiana tabacum cv. vam Hicks. The host range tests indicated that SW-1 could infect
32 plant species in 7 families such as Cucurbitaceae ~ Chenopodiaceae ~ Solanaceae and etc.
among 74 plant species in 12 families inoculated mechanically. The molecular weight of coat

protein of the virus was estimated at 26 KDa by electrophoresis in sodium dodecyl sulfate

* Corresponding author. E-mail: thchen@mail.npust.edu.tw
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(SDS) polyacrylamide gel. An antiserum with a titer of 2048 was obtained by immunizing
a New Zealand white rabbit with the purified virions. In Western blotting, indirect enzyme-
linked immunosorbent assay and SDS-agar gel double diffusion test, the antiserum against
reacted strongly with its homologous antigens and Cucumber mosaic virus (CMV) control
antigen. Furthermore, the gene of viral coat protein was cloned and sequenced. A sequence of
889 nucleotides encoding an open reading frame of 218 amino acid residues was obtained. An
identity of 999% and 100% with CMV infecting tomato in nucleotide (D28780 ~ AJ829779 )
and amino acid (Y10886 ~ AF523340)levels respectively were evidenced. Based on these result
a conclusion could be drawn that the virus (SW-1) from diseased Taiwan swallowwort 1s a
1solated of Cucumber mosaic virus. To our knowledge, this is the first report of virus disease

occurring in Taiwan swallowwort.

(Key words: Taiwan swallowwort viral disease, Cucumber mosaic virus, virus identification)
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