10:55-64, 2001

1,2 1 1 1 1
1
2. :cachang@wufeng.tari.gov.tw :04-23331089
90 3 15
. 2001.
10:55-64.
(Strawberry latent ringspot virus, SLRSV)
1999
(cv. Stargazer) (Lily mottle virus, LiMV)
potyviruses O

(RT-PCR) 2.0kb 0.7
kb (P700) SLRSV RNA2 3 (non-

translated region, NTR) (X 75165, Everett et al., 1994) 90%
SLRSV  RNA2

RT-PCR DNA 2.7kb
2763 (Tw26) 870
(aa) 247-248  635-636
247 aa (UNP) 388 aa (LCP) 235aa
(SCP) 56 NTR SLRSV RNA2
NTR P700 Tw26
NTR  Tw-ntr3 Tw-ntr3  Tw26 3224 bp
(SLR-TW-R2) SLRSV RNA2 SLR-TW-R2

Everett et al. (1994) X75165 84%

96% SLR-TW-R2  Kreiah et al. (1994) X77466

70-78% LCP 96.4% SLR-
TW-R2 SLRSV
SLRSV
RNA2
(2,10) 12 (2,3,10)
(Lilium spp.)
(©)
© (Lily symptomless virus,
LSV) (Cucumber mosaic virus, CMV)
(Lily mottle virus, LiMV)
©9 (Tulip breaking virus, TBV) X (Lily virus X,
@3) LVX) (10 LVX

(2,3,4) 88
(cv. Stargazer)



56 10 2 2001
(Strawberry latent ringspot virus, SLRSV)
2.7kb
SLRSV  RNA2 @
1995 SLRSV
©
SLRSV
(cv. CasaBlanca) (cv. Stargazer)
(cv. Acapulco) (cv. Marcopolo)
(mottling) (mosaic)
1cn? 50% glycerol -20
LiMv @
Lsv®@ cmv®
(4,6,7,8
(ELISA)
(antigen-coating indirect ELISA)
7.9
405 nm (absorbance)
O (Reverse Transcription-
Polymerase Chain Reaction, RT-PCR)
0.15-0.2g
RNA (QIAGEN, GmbH, Germany)
RNA
Stratagene (Stratagene Inc., La Jolla, CA)
3ul  RNA (Reverse transcription)
cDNA 0 (PCR)
PCR 50p | 2u |

cDNA 5p 110 x PCR buffer 4pl2.5mM dNTP 05U
Ex-Taq polymerase (Takara Shuzo Co., Shiga, Japan)
25u120p M (GeneAmp model
2400, Perkin-Elmer Co., Norwalk, CT) 26 PCR

PCR

QIAquick Kit (QIAGEN GmbH, Germany)

DNA
pCRII-TOPO
CA)

(Taipei, Taiwan)
(Perkin-Elmer, CA, USA)

(Invitrogen Co., Carlsbad,

ABI PRISM 377-96 DNA

(ABI PRISM BioDye Terminator Cycle

Sequencing Ready Reaction Kit)
Scan DNASIS

(Hitachi

Software Engineering America, Ltd., California, USA)

RT-PCR
1999 ELISA
10 11
30 32 33 35 (mottle)
LSV CMV LiMV
LiMV
@ RT-PCR
800 bp @
LiMV Potyvirus
Pot1/Pot2 PCR
No.10 700 bp (Fig1
Lane 2) 700 bp pCRII-TOPO
(P700)
(P700)
P700
Genbank
3 440 bp SLRSV RNA
2 3 90%
(identity) P700 SLRSV
SLRSV
SLRSV Genbank SLRSV
SLRSV SLRSV-up (5'-

GTT TCA TGA GGA TTT GGT-3)
TCT GGG CCA GGG ATA-3)
RNA

RT-PCR (Fig. 1 Lane3)

SLRSV-dw (5'-CCA

No.10



2.7
1.8
1.2
1.0
Potyviruses (Pot1/Pot2)
(SLRSV) RNA2 (SLRSV-
up/SLRSV-dw) No.10 RT-PCR
Lanel, 100 bp DNA Lane 2,
Potl  Pot2 RT-PCR 0.7 Kb
(P700) Lane3, SLRSV-up SLRSV-dw
RT-PCR

Fig. 1. Result of reverse-transcription polymerase chain
reaction (RT-PCR) using a pair of Potyvirus-specific
degenerate primer (Pot1/Pot2) and a primer pair designed for
specific amplification of Strawberry latent ringspot virus
(SLRSV) RNA-2 (SLRSV-up/SLRSV-dw) to react with
Stargazer lily sample No. 10. Lane 1, 100 bp DNA ladder
markers; Lane 2, a0.7 Kb DNA product (P700) amplified by
Pot1/Pot2 primersin RT-PCR; Lane 3, four DNA products
(2.7, 1.8, 1.2, and 1.0 Kb) were amplified by SLRSV-
up/SLRSV-dw primersin RT-PCR.
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Fig. 2. Electrophoresis analyses of four bacterial clones
transformed with pCRII-TOPO plasmid separately inserted
by four different products amplified by Strawberry latent
ringspot virus (SLRSV) RNA-2-specific primers (SLRSV-
up/SLRSV-dw) from a Stargazer lily plant in Taiwan. Inserted
plasmids were separately purified and digested with
restriction enzyme EcoRI before analyzing by
electrophoresis. Lane 1, 100 bp DNA ladder markers; Lane 2-
5, analysis of bacteriaclone no. Tw 26, Tw 55, Tw 39 and Tw
62, respectively; Lane 6, control pCRII-TOPO plasmid
without inserted sequence.
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Fig. 3. Electrophoresis analyses of DNA products amplified by SLRSV-up2/SLRSV-dw3 primers designed for obtaining
compl ete sequence of non-translated region. Total RNA extracted from No. 10 sample of Stargazer lily was used as RNA
template in the RT-PCR reaction. The two PCR products (lane 2) were separately cloned into pCRII-TOPO plasmid and
transformed in E. coli, and two clones (Tw-ntr3, Tw-ntr9) were obtained. Inserted plasmids were separately purified and digested
with restriction enzyme EcoRI before analyzing in electrophoresis. Lane 1, 100 bp DNA ladder markers; Lane 2, PCR products
amplified by SLRSV-up2/SLRSV-dw3 primers; Lane 3 and 4 are analyses of the inserted sequence in bacteria clones of Tw-ntr3
and Tw-ntr9, respectively.
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Fig. 4. Schematic demonstration of genome organization and relative length of SLR-TW-R2 sequence. Sequence of SLR-TW-R2
was a combination of the sequence of three PCR products (i.e. Tw26, P700 and Tw-ntr3) amplified from No. 10 sample of
Stargazer lily. The no. of nucleotide and its relative position in the SLR-TW-R2 sequence is shown on the top of the boxes. The
identities of genesin SLR-TW-R2 are shown inside the boxes as NTR (non-translated region), UPN (unknown protein), LCP
(large coat protein), and SCP (small coat protein). Arrows indicate the orientation and relative position in SLR-TW-R2 genome
of the primers used in this study. The identities of the primers are given on the bottom of the arrows.
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Fig. 5-1. Nucleotide and deduced amino acid sequences of SLR-TW-R2. The figures shown on the right of each line are the
number of nucleotide or amino acid in the sequence. The start and termination codons for protein translation are underlined. The
putative protein cleavage sites between unknown protein (UPN) and large coat protein (LCP) and between LCP and small coat
protein (SCP) are indicated by bold letters. The translation stop signal is indicated by an asterisk.
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Fig. 5-2. Nucleotide and deduced amino acid sequences of SLR-TW-R2. The figures shown on the right of each line are the
number of nucleotide or amino acid in the sequence. The start and termination codons for protein translation are underlined. The
putative protein cleavage sites between unknown protein (UPN) and large coat protein (LCP) and between LCP and small coat
protein (SCP) are indicated by bold letters. The translation stop signal is indicated by an asterisk.
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(SLRSV-upl/SLRSV-dw1) No.10 RT-PCR
SLR-TW-R2 1.8Kb Lane 1, 100 bp DNA Lane 2,
No.10 RNA PCR Lane 3, No.10 RNA
PCR Lane4, Tw55 DNA PCR

Fig. 6. Result of reverse-transcription polymerase chain reaction (RT-PCR) using a pair of primer (SLRSV-upl/SLRSV-dw1)
designed for specific detection of an estimated 1.8 Kb product from Strawberry latent ringspot virus (SLRSV) RNA2. Lane 1,
100 bp DNA ladder markers; Lane 2, result of RT-PCR using the same RNA template originally used in the detection of P700
sequence asin Fig. 1; Lane 3, result of RT-PCR using the RNA template re-extracted from the same No. 10 lily tissue; Lane 4,
result of PCR using the cloned DNA from Tw55 as template. Besides the 1.8 Kb product, an unexpected 1.3 Kb, presumably a
miss-pairing product, was aso consistently detected.
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Fig. 7. Nucleotide and amino acid identities between SLR-TW-R2 and two Strawberry latent ringspot virus (SLRSV) RNA2
sequences documented in Genebank. Number of nucleotide and amino acid residues of unknown protein (UPN), large coat
protein (LCP), small coat protein (SCP) and non-translated region (NTR) in each sequence are indicated inside the related

blocks. Percent identities of nucleotide (underlined) and amino acid are shown in the space between related genes or sequence
fragments.
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ABSTRACT

Chang, C. A.*? Lin, M. J.*, Chen, C. C. %, Deng, T. C.*, Liao, J. Y.* 2001. Molecular evidence for the
infection of Strawberry latent ringspot virus in lily. Plant Pathol. Bull. 10:55-64. (* Department of Plant
Pathology, Taiwan Agricultural Research Institute; % Corresponding author, Email:
cachang@wufeng.tari.gov.tw; Fax:04-23331089)

Strawberry latent ringspot virus (SLRSV), a tentative species of the Genus Nepovirus in Comoviridae,
has never been reported in Taiwan. In 1998, our laboratory detected a 0.7 kb PCR product with SLRSV-
related sequence from one of the oriental lily plants (cv. Stargazer), which was grown from lily bulbs
imported from the Netherland, by polymerase chain reaction. The 0.7 kb PCR product (P700) was
subsequently sequenced and found that it had 90% of nucleotide identities with the 3'-terminal including
part of the non-translated region of SLRSV RNA-2. To further confirm the existence of SLRSV sequencein
lily, we designed a primer pair to amplify the entire coat protein gene region based on the reported RNA-2
sequence of SLRSV and obtained a PCR product (Tw26) corresponding to the estimated size of 2.7 kb.
Tw26 was later cloned and sequenced and found that it comprised of 2763 base pairs encoding a single
polyprotein sequence of 870 amino acid (aa) residues, which could be processed into three mature proteins,
i.e. 247 aa unknown protein (UNP) 388 aalarge coat protein (LCP) and 235 aa small coat protein (SCP).
Downstream the polyprotein, there was a 56 nucleotide non-translated region (NTR), which was shorter
than the previously known SLRSV RNA2 sequence. By combining the sequence information of P700 and
Tw26, a complete 3224 bp sequence (SLR-TW-R2) with presumably full length of NTR was obtained after
PCR cloning and sequencing. After analyzing in Scan DNASIS program, the nucleotide and amino acid
sequences of SLR-TW-R2 were found closely resembling to two known sequences of SLRSV (X75165,
X77466) from the Genbank. It had 84% and 96% of identity with the nucleotide and amino acid sequences
of the coat protein of X75165, respectively. On the other hand, SLR-TW-R2 showed only 70-78% of
identity with the nucleotide sequence of X77466, but they shared over 96.4% of identity in the amino acid
sequence of LCP. These results strongly suggest that the sequence of SLR-TW-R2 is originated from avirus
identical to SLRSV or at least from a closely related strain. In 1995, the same virus was identified by
immunological meansin Israel to infect Stargazer lily plants imported from the Netherlands. To our
knowledge, this report provided for the first time the molecular evidence showing the infection of SLRSV in
lily plants.

Key words: Lily, Strawberry latent ringspot vir us, RNA2, sequence analyses



