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2003 RNA
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1992  Bio-tek 0.1g
1997
1998 2000 RNA
2001 50y |
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2 RT-PCR 3 nested PCR
RNase Free dH,0 4 pl 11.9u 1
25 mM MgCl, 2 pl 10x Ex Taq Buffer 2 pl
10x One Step RNA PCR Buffer 1 pl 20p M sense primer 2 pl
10 mM dNTP Mixture 1 pl 20p M antisense primer 2 pl
20p M sense primer 0.2u 1 2.5 mM dNTP Mixture 1.6p 1
20p M antisense primer 0.2p 1 5 U/p 1 TaKaRa Ex Taq HS 0.1p 1
40 U/p 1 RNase Inhibitor 0.2u 1 RT-PCR 0.4p 1
5 U/p I AMV Reverse Transcriptase XL 0.2p 1 20 pl
5 U/p 1 AMV-Optimized Taq 0.2u 1
RNA 1 pl
10 pl csvd
3-1
50 30 A 2 RT-PCR CsvC-1 Csvsl
94 58 72 30 30 1996 1
72 30 PCR nested PCR Oligo
nested PCR Ex Taq Hot Start Version National Bioscience
100p | CsSvC-4 Csvs4
20u | 3 Csvd
94 30 94 58 72
30 30 72 30 csvd RT-PCR
2 nested PCR
0.7 15 SYNERGEL 3-2
DIVERSIFIED BIOTECH 3-2-1
csvd RT-PCR 354 bp
nested PCR 280 bp
1 2 280 bp
GFX PCR DNA and Gel Band Purification Kit
Amersham Biosciences Dye csvd DDBJEMBL/GenBank
Terminator Cycle Sequencing Kit PE Biosystems ABI AF394452 100 3
PRISM 310 Genetic Analyzer PE Biosystems nested PCR  CSVd
522
3 241 csvd 130
1994 RT-PCR 111 nested
1994 csvd PCR csvd csvd
csvd nested PCR Ccsvd
nested PCR

CSVC-4 5-ACCACAGGAACCACAAGTAA-3' CSVS4 5-TGGAGGAAGTCCGACGAGAT-3

¢ CSVC4 < CSVC1 CSVSl> CSVS4>

177

354

1 csvd RT-PCR ( 1996) nested PCR
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csvd
1 2 3 4 5
M
3-2-2 522 183
1996 518 4 csvd
RT-PCR 60 4 29
csvd 55 57
3-2-3 5
1996 2005 10
4 25
1 30 60
CSVS4/CSVC4:CGCGGCTGGGGCTTAGGACCCCACTCCTGCGAGACAGGAGTAATCCTAAACAGGGTTTTC
AF394452  :* * * *
61 90 120
ACCCTTCCTTTAGTTTCCTTCCTCTCCTGGAGAGGTCTTCTGCCCTAGCCCGGTCTTCGA
121 150 180
AGCTTCCTTTGGCTACTACCCGGTGGAAACAACTGAAGCTTCAACGCCTTTTTTTCCAAT
181 210 240
CTTCTTTAGCACCGGGCTAGGGAGTAAGCCCGTGGAACCTTAGTTTTGTTCCCTCGGGAC
3 CSVS4/CSVC4 nested PCR ( 240 bp) csvd
(AF394452)
*
4 Csvd
2)
D 186[43]+2 245[89]+1 87[51] +1 518[183]+4
D 55[29] 136[52] 50[34] 241[115]
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4/ 4 9/ 18 ( 50)
40 8/ 9 74/178 ( 42)
4/ 4 92/174 ( 53)
20 2/ 2 20/ 38 ( 53)
26/30 241/522 ( 46)
0
1996 1999
2000 2001 2002 2003 2004 2005
30 26
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6 1996 2005 csvd
A 1996 1999 B 2000 2001 C 2002 2003 D 2004 2005 E 1996 2005
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D 13/ 25 (52) 35/ 45 (78) 6/ 9 (67) 54/ 79 (68)
2 28/ 53 (53) 56/ 72 (78) 34/ 41 (83)  118/166 (71)
D) 3/ 13 (23) 2/ 22 ( 9) 0/ 3 (0) 5/ 38 (13)
1) / ( ) 12 1
2)

3)
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8 CcvB
CcvB
4-1
CvB Levay and
Zavriev 1991 CvBC1l
cvBC2 CvBSs1 8
CEQ2000XL BECKMAN
COULTER DTCS Kit BECKMAN COULTER
4-2
4-2-1
CVB-M Suastika 1997 Nicotiana
clevelandii RT-PCR
CVBS1 CVBC1l 400 bp
CVBS1 CvBC2 630 bp
CcvB
9
CVBS1 CvBC2 629 bp
193

Levay and Zavriev 1991

1

CVBC1

<-CV BC2 3

CVBC1 5-AGCCCATAGCCGACCAATCAGAAG-3
CVBC2 5-GTTGTGAATAGCCGGTCCTTGTCT-3'

RT-PCR
% 10
cvB
CVBSL CVBC1
4-2-2
1998
cvB

629 bp
405 bp
9 CVBSLCVBC2 (1 2)
CVBSI/CVBC1(3 4)
RT-PCR CvB
1 3 2 4 M
30 60

CVB - DPTNMYSQVSSDFLWKIKPQRISNNMATSEDMVKIQVALEGLGVPTESVKEVIIRLVLNC

CVBS1/CVBC2:**S T****R K

61

90 120

ANTSSSVYQDPKGV IEWDGGAI IADDVVGV I TKHSTLRKVCRLYAAVAWNYMHLQQTPPS

121

E
150 180

DWSAMGFHPNVKYAAFDFFDYVENGAAIRPSGG I VPKPTRAEYVAYNTYKMLALNKANNN

181 193
DTFGNFDSAITGG

10 CvB CVBSL/CVBC2

K

RT-PCR ( 581 bp)
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/
( )
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1/ 2 1/ 9 (11)
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1997 DIBA enzyme-
CvB linked immunosorbent assay ELISA 1997
5-1-3
CvB Csvd RT-PCR 1998 Tsuda 1994 Weekes
TSWV 1996 1998 A
B PCR 92 1 550 1
1979%b -72 3 35 72 5
Tsuda 1994 forward  reverse
CvB 20 PCR 94 1 37 1
15 72 2 40
1979a 5-2
5-2-1
1999
CvB N. benthamiana
RT-PCR
2000 2002
10
D
Chenopodium amaranticolor CS, NS/-
C. murale CS, NS/-
5 C. quinoa CS, NS/-
TSwv 1960 Datura stramonium NRS/M, Mal
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N. glutinosa NS/NS, M, Mal
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TSWv M Mal NRS
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12 TSWv
/ /
( )
0/ 1 0o/ 2 (0)
1/ 3 14/ 63 (22)
2/ 4 2/ 59 ( 3)
2/ 3 8/ 30 (27)
6/ 8 36/109 (33)
2/ 4 5/ 42 (12)
1/ 1 3/ 7 (43)
14/23 68/312 (22) 16 TSWV
A B
14 2000 2001 1999 TSWV
2 TSWV
15 2000 TSWV
2000 2001 2 9 2000 2001 TSWV
2002 2003
TSWV
7 23 6 2002
14 TSWV 15 E
12
5-2-3
13
TSWV
1999 TSWV
TSWV
TSWV
16 A 2003
16 B
5-3
TSWV
L oop-mediated isothermal amplification LAMP
RT-LAMP TSWV
1996
TSWV 2005
13 TSWV b
2)
3/ 37 ( 8) 0/14 ( 0) 1/12 ( 8) 0/27 ( 0) 4/ 90 ( 4)
3/ 20 (15) 7/15 (47) 1/ 8 (13) 11/ 43 (26)
2 35/110 (32) 15/57 (26) 1/ 8 (13) 2/ 4 (50) 53/179 (30)
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5 3
RNA2 TAVE> 4-'I'AVC
TAVS 5-ATCCCTTCAACATCCGACTT-3' TAVC 5-TCAGCACCGACATTAGACAT-3
17 TAV RT-PCR
TSWV 1999 TAVS TAVC 17
2003
1990 6-1-2
TSWV 1997
1990 6-1-3
DIBA 1997
1997 6-2
6-2-1
2003 18
‘ "2 RT-PCR
TSWV CSvd CVB TSWV
TAV Cucumovirus
Choi 1999 RT-PCR
970 bp
Hincll Xbal 820 150 bp
19 A
CMV TAV
Choi 1999 Chenopodium
quinoa
6
TAV
csvd CvB TsSwV
TAV 6-2-2
TAV TAVS TAVC
RT-PCR RT-PCR 375bp
TAV 19 B
6-1
6-1-1
RT-PCR-RFLP  Choi 1999
CPTALL-5 CPTALL-3 PCR
94 40 72 1 40 72 10
RT-PCR 5u | 10x M buffer 0.5
gl BSA 05p 32u | Xbal 0.8
po 37 60 Hincll
RT-PCR 5u | 10x H buffer 0.5u | 35
po 1y |
RT-PCR TAV DDBJEMBL/
GenBank AJ237849 AJ277268 L15335

18 TAV ( )
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100 100
1X 2X 3X M 1H 2H 3H
A
820 bp 80 ] 1 80
60 | ] 160 ~
150 bp -
40 1 40
B 20 1 20
Al el
875bp 98 99 00 01 02 03 04 05
 —  m—| —{0—
19 RT-PCR-RFLP(A)  RT-PCR (B) 20 1998 2005 TAV
TAV
1 2 3 CMV 4 M
A X H Xbal Hincll 2003
20
6 18 3 4
15 21
DDBJEMBL/GenBank 6-2-4
AB201716 TAV 99 16
TAV 25 4
RT-PCR TAV TSWV
1 1
6-2-3 2 TAV
1998 1999 2001 2005 226 86
221 5 1998
1999 28 DIBA TAV
2001 RT-PCR 2001 15 TAV
2002 RNA / /
8 TAV 14 ( )
TAV 0/ 2 0/ 37 (0)
4 3 CSvd CVB TSwWV 1/ 5 5/ 76 (7)
8 1 0/ 2 0/ 11 (0)
1/ 5 1/ 61 (2)
TAV 8 2/ 3 2/ 39 (5)
6 0/ 1 0/ 2 (0)
4/18 8/226 (4)
14 TAV
D 90[21]+2 93[41]+3 38[24] 221[86]+5
D 7T 21 [ 1] o[ 0] 8[ 3]
) 8 1 0 4
() 10 2 0 3

D [ 1+
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D

16 TAV
1733 ( 3) 0/33 (0) 0/19 (0) 1/85 (1)
4/16 (25) 0/32 (0) 0/15 (0) 4/63 (6)
2 2/43 ( 5) 1731 (3) 0/ 4 (0) 3/78 (4)
1 / ( )
2)
86 )
2
csvd
TAV
1993
TAV
21 1998 2005 TAV TAV
7
6-3 cChmMmvd
Cucumovirus TAV 197%
1970 TAV CMV
Chrysanthemum CChmvd
mild mottle virus CMMV
CMV 2 5 CChmMmvd
CMV TAV Hosokawa 2005
1995
TAV CChmvd
TAV
7-1
TAV CchmMmvd P
Pena 1999 RT-PCR
94 30 -68 1 35
72 30 P
Pena 1999 semi-nested PCR
94 40 60 30 72
1970 72 10
TAV 2002
2004 2005 TAV RT-PCR pGEM-T
TAV Promega JM109
2003 ) ’ 4
20
CcChmvd
2 RT-PCR-RFLP De la Pena 1999
TAV P RT-PCR Hind

1993
TAV

TAV

2003

P

P

Dela
PCR
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IS NS 1 2 3 4
22
7-2 ? 399 bp
7-2-1 ? 347bp
2003 7 ) ’
2 22 RT-PCR-RFLP CChmvd
23 A
NS 2 4 S
150 cm
1995
4
TSWV
RT-PCR
TSWV
RT-PCR
TAV CvB csvd
1993 A
CChmMmvd
3
400 bp 24 1 400 bp
P P P
semi-nested PCR 240 bp Frogis
160 bp
cchmvd 24 RT-PCR (1) semi-nested PCR (2 3)
4 CchMVd
DDBJEMBL/GenBank AB181857 2 P /P 3 P /P M
AB181860 398 399
25
S CChMVd Navarro and Flores 1997 954 975  7-2-2
NS CChMVd De la Pena 1999 940 96.7 2002 2005 94
223 2002 RNA
82 85 uuuc RT-PCR 21 46 CChmvd
S CChMvd 21 22
17 CChmvd
D 62[22]+1 122[51]+3 35[21] 219[94]+4
D 10[ 3]+1 27[13] 8[ 51 45[21]+1
S 7[ 21+1 21[ 91 41 3] 32[14]+1
NS 3[ 1] 6[ 5] 4[ 3] 13[ 9]
() 16 22 23 21
() 14 25 24 22
D [ 1+
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2/ 3

19

3/5

6/ 16 (38)

3/ 66 ( 5)
46/223 (21)

1/ 4
1/ 2

Ccchmvd

12/20

n

CChmvd

19

46

21

Ccchmvd

NS
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Abstract
Field Surveys of Chrysanthemume-infecting Virusesand Viroidsin Akita Prefecture, Japan

Hideki YAMAMOTO
Agricultural Experiment Station, Akita Prefectural Agriculture, Forestry and Fisheries Research Center

A study to check for virus and viroid was conducted on a total of 709 chrysanthemums
(Dendranthema grandiflorum) from chrysanthemum fields in Akita Prefecture, Japan during the
1996-2005 growing seasons. This revealed the epidemic characteristics of five chrysanthemum-
infecting viruses and viroids in the prefecture as follows. In 1996, an RT-PCR assay identified
Chrysanthemum stunt viroid (CSVd) as the causal agent in chrysanthemums with stunting symptoms,
which have been a problem from before. After constructing nested PCR primers to make the CSvVd
assay more sensitive, an outbreak monitoring of the viroid was conducted. It revealed that CSVd
occurs continuously and is distributed throughout chrysanthemum fields, and infected plants were
detected in about 60% of tested cultivars. It is believed that the viroid is more del eterious than the other
four viruses and viroid toward producing chrysanthemums. An RT-PCR assay was designed to detect
part of the gene for the coat protein of Chrysanthemum virus B (CVB), and the virus was detected in
1998. Though CVB causes amost no symptoms, it cannot be ignored, as this assay revealed that
approximately 20% of chrysanthemum cultivars harbor the virus. Tomato spotted wilt virus (TSWV),
whose outbreak had received attention in the prefecture, was detected in chrysanthemum plantsin 1999
and occurred considerably in the following two years. However, occurrence of TSWV has decreased
and has not spread since that time. At present, TSWV occurs only occasionally, but because TSWV is
difficult to detect, there is a possibility that it is being overlooked. Since Tomato aspermy virus (TAV)
was isolated from a chrysanthemum cultivar in 2003, a primer pair was designed for an RT-PCR to
detect the virus. A survey of TAV revealed that the virus occurs in only a few cultivars and districts,
which differs from cases of the other four viruses and viroids. Although Japan had long been alarmed
about the invasion of Chrysanthemum chlorotic mottle viroid (CChMVd) from overseas, the viroid was
first detected in the prefecture in 2003. A field survey of the viroid in various chrysanthemums
revealed that CChMVd had invaded by 2002 and approximately 20% of cultivars harbored CChMVd,
including more symptomatic type than nonsymptomatic. Large-flowered cultivars were less frequently
infected than small-flowered and spray-type ones. CChMVd-infected chrysanthemums are increasing
and have spread throughout major chrysanthemum-producing districts. Hereafter, it must continue to
take great precaution against occurrence of new virus and viroid infecting chrysanthemum in the
prefecture.
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