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ABSTRACT : Genomic RNA was extracted from Cy strain of odontoglossum ringspot tobamovirus
(ORSV-Cy) isolated from infected leaves of tobacco cv. Samsun. Size of the genomic RNA
was about 6.6kb in length. The genomic RNA was fractionated using Sephadex G-50 column
chromatography into 2 fractions. They were polyadenylated at their 3'-end using E. coli poly(A)
polymerase. Polyadenylated viral RNA was recovered by oligo (dT) cellulose column chromatogra-
phy and used as a template for the synthesis of complementary DNA (¢DNA). First-strand cDNA
synthesis was performed using the polyadenylated RNA, oligo (dT) primer adapter containing
Notl restriction site and Moloney murine leukemia virus SuperScript reverse transcriptase (RNase
H™). Second-strand cDNA was synthesized by using E. coli DNA ligase, E. coli DNA polymerase
I and E. coli RNase H. Recombinant plasmids containing cDNAs for ORSV-Cy RNA ranged
from about 800bp to 3,000 bp. Among the selected 238 recombinants, pPORCY-124 clone was
the largest one covering 3'-terminal half of the viral RNA. This clone contained two restriction
sites for EcoRI and Xbal and one site for Accl, Aval, Bglll, BsrXI, HindIll, Psfl, and.TthIll
1, respectively. The clone contained partial viral replicase, a full-length movement protein “and
a complete coat protein genes followed by a 3’ untranslated region of 414 nucleotidgs based
on restriction mapping and nucleotide sequencing analyses. Clones pORCY-028, -068, -072, -187
and -224 were overlapped with the pORCY-124. Clones pORCY-014 and -095 covered 5 half
upstream from the middle region of the viral RNA, which was estimated based on restriction
mapping and partial sequence analysis. Constructed ¢cDNA library covered more than 90% of
the viral genome.

Key words : Odontoglossum ringspot virus, Cymbidium goeringii, cDNA synthesis, restriction map-
ping, cDNA library.

Odontoglossum ringspot virus (ORSV) is a mem-
ber of tobamovirus group of plant viruses. The
ORSV, regarded by some virologists (4,12,13) as
an orchid strain of TMV (TMV-0), which was first
isolated from Rossioglossum grande (8), formerly cal-
led Odontoglossum grande (11). TMV is one of the
most characterized plant viruses (16) and has an
important position in the development of both viro-
logy and molecular biology. The genome of toba-
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moviruses is composed of a positive-sense single-st-
randed RNA of about 6400 nucleotides. 5'-terminus
of the genome is ‘capped’ with a 7-methylguano-
sine residue in a 5' to 5 triphosphate linkage to
a guanosine called cap structure (m’GpppG) and
the 3'-terminus formed tRNA-like structure (16). The
entire nucleotide sequence of the genomic RNA of
the vulgare strain of TMV has been determined
(6). Subsequenctly, the complete nucleotide sequen-
ces of other tobamoviruses, such as tomato mosaic
(TMV-L or ToMYV), tobacco mild green mosaic
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(TMGMYV), pepper mild mottle (PMMYV), cowpea
strain of TMV (Cc TMV or sunn-hemp mosaic;
SHMYV) and cucumber green mottle mosaic (CG-
MMV) have been determined (1,14, 15,23, 24).

Unlike fungal and bacterial diseases of plants,
chemical control of viral diseases have not been
developed yet. This reality demonstrates the magni-
tude of the importance of virus diseases of plants.
It is well known that it is difficult to diagnose spe-
cially and rapidly virus infection without conside-
ring the comparative biological, physicochemical,
immunological and molecular biological characteri-
stics of the virus.

ORSYV is the most prevalent virus infecting or-
chids in Korea (3,18,25) and has been found in
most regions of the world where orchids are culti-
vated (19,26). Orchid viruses of more than 25 spe-
cies infecting various orchids genera reduce severely
the quality and quantity of the plants (2, 3,26). Al-
though biological and immunological assays are
useful for virus identification, TMV, TMV-O and
ORSYV share several similarities and differences (17,
19, 20).

The purpose of this study is the cDNA synthesis
to construct library of ORSV RNA and compare
to the known other tobamoviruses for molecular
characterization of the ORSYV.

MATERIALS AND METHODS

Virus strain. The ORSV strain used in this study,
previously named ORSV-Cy was originally isolated
from naturally infected oriental cool-growing native
orchid, Cymbidium goeringii Reichenbach which are
popular in Korea (17). Its symptomatology, serology
and other properties were previously reported (17,
18). The virus was propagated in Nicotiana tabacum
cv. Samsun by mechanical inoculation. The virus-
inoculated tobacco leaves were harvested 2 weeks
after post-inoculation and stored at —70°C until pu-
rification.

Viral RNA isolation and poly(A) tailing. The virus
was purified by the method of Park et al. (18). Viral
RNA was extracted from purified virus particles by
using SDS/proteinase K disruption and phenol ext-
raction. After ethanol precipitation, the viral RNA
precipitate was rinsed with 80% ethanol. The RNA
was dried under vacuum desiccator, and then disso-
Ived in a 100 ul of TEN buffer (10 mM tris, pH 8.0,

1.0mM EDTA, 01M NaCl). The genomic RNA
was cluted by using Sephadex G-50 (Pharmacia)
mini-column chromatography into 2 fractions (in-
tact and fragmented forms). The viral RNAs were
polyadenylated at their 3'-end by using E. coli poly
(A) polymerase as following: The viral RNAs were
incubated at 75°C for 2 min and quickly chilled on
ice water. One pl of RNase ihibitor (40U, BM),
freshly prepared poly(A) polymerase buffer (10X
stock; 0.5 M tris, pH 8.0, 25 M NaCl, 25 mM MnC],,
100mM MgCl,, 10mM DTT, 10 mmol/l ATP) and
2ul of E. coli poly(A) polymerase (7 units, BRL)
were added to the reaction tubes. The in vitro poly-
merase reactions were performed at 37°C for 20 min
and terminated by the addition of EDTA to a final
concentration of 10 mM. The reactions were extrac-
ted by phenol and the polyadenylated RNAs were
precipitated by ethanol and ammonium acetate, res-
pectively. The native and polyadenylated viral
RNAs were separated on native agarose gel in TBE
buffer (89 mM tris, 89 mM boric acid, 2.0 mM
EDTA) at 30 volt after formamide and formaldeh-
yde treatment at 65°C for 10 min and quickly chilled
on ice-water. Sizes and integrity of the RNAs were
estimated using pepper strain of TMV (synonym
of pepper mild mottle virus, 6,355 bases in length)
provided by Professor J. K. Choi, Kangwon Natio-
nal University and 1 Kb DNA ladder (BRL) as mo-
lecular size standard markers.

Synthesis and cloning of ¢cDNA. Most of DNA
manipulations were performed essentially as descri-
bed by Sambrook er al. (22). First strand synthesis
was performed with the oligo (dT);s primer 5'-pGA-
CTAGTTCTAGATCGCGAGCGGCCGCCCTI15-3
", which contains an Nofl restriction site (underli-
ned), in a 20l reaction volume consisting of 3 g
polyadenylated RNA, 50 ng primer, 50 mM Tris-HCI
(pH80), 75 mM KCl, 30 mM MgCl, 10mM DTT,
0.5 mM dATP, 0.5mM dTTP, 0.5mM dCTP, 0.5
mM dGTP and 600 units of SuperScript RNase
H™ Moloney murine leukaemia virus reverse trans-
criptase (RT, BRL). The primer and the RNA tem-
plate were combined, incubated at 70°C for 10 min
to anneal the primer to the template and cooled
rapidly on ice for 5min. The remaining reagents
containing RT were then added and incubated at
37°C for 70 min. The reaction was terminated by
the placement of the reaction mixture on ice. Se-
cond-strand cDNAs were synthesized in a 150 ul
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reaction volume consisting of 20 ul first strand reac-
tion mixture, 25mM Tris-HCl (pH7.5), 100 mM
KCl, 50mM MgClL, 10mM (NH.:.SO, 0.15mM
B-NAD®, 1.2mM DTT, 025mM dATP, 025mM
dTTP, 025 mM dCTP, 025 mM dGTP, 10 units of
E. coli DNA ligase, 40 units of E. coli DNA polyme-
rase 1, and 2 units of E. coli RNase H. The reaction
was incubated at 16°C for 2hrs. Five units of T4
DNA polymerase was added to the reaction and
incubated at 16°C for an additional 5 min. The rea-
ction was terminated by addition of EDTA (10 mM)
and proteinase K (50 pg/ml), incubated at 42°C for
10 min. The reaction mixture was extracted once
with phenol/chloroform and cDNA was precipitated
with 0.5 volumes of 7.5M ammonium acetate and
2 volumes of cold absolute ethanol.

Double-stranded cDNAs (ds-cDNA) were annea-
led with Sall adapter using T4 DNA ligase at 16°C
for 12 hrs. The ds-cDNAs were then digested with
Notl by completion to generate different terminal
sites for orientation. The ds-cDNA fragments were
passed through Sephacryl S-500 HR chromatogra-
phy column (BRL) for size fractionation. The resul-
ting ds-cDNAs were ligated to pSPORT1 (BRL) ve-
ctor using T4 DNA ligase at 16°C for 16 hrs. Reco-
mbinant plasmids were transformed into competent
E. coli strain JM109 cells by the CaCl, method (22)
and selected on McConkey agar (Difco) plates con-
taining ampicillin (100 yg/ml) or Luria-Bertani agar
media containing ampicillin, 20l of 50 mg/ml 5-
bromo-4-chloro-3-indolyl-8-D-galactopyranoside  (X-
gal, BRL) and 100 il of 100 mM isopropyl-B-D-thio-
galactopyranoside (IPTG, BRL). Ligation Expres-
sion Kit (Clontech Lab.) was used to increase the
ligation and transformation efficiencies by the ma-
nufacture’s instruction.

Restriction endonuclease mapping. Small-scale
plasmid DNA isolation was carried out by alkaline-
lysis extraction procedure and large-scale prepara-
tion was done by alkaline-lysis plus polyethylene
glycol method (22). The ¢cDNA lengths of selected
recombinant clones of the viral genome were deter-
mined by restriction endonuclease (Notl/Sall) diges-
tion. In order to construct the restriction map, the
clones were digested to completion with several res-
triction endonucleases singly or doubly. Restriction
endonucleases (BM, Pharmacia) used were as fol-
lows; Aarll, Accl, Aval, BamHI, Bglll, Clal, EcoRlI,
HindIll, Kpnl, Ncol, Pstl, Sacl, Smal, Sphl, TthIll

1, and Xbal. The DNA fragments were separated
by size using an agarose gel electrophoresis (1.2%
agarose) in TAE buffer (40 mM Tris-acetate, 1.0 mM
EDTA, pH80) at 50 volts. They were visualized
with ultraviolet light after staining gels for 3 min
in freshly prepared ethidium bromide solution (100
ng/ml) followed by destaining in running water for
5min. Photographs of the gels were taken using
a red filter with Polaroid films (Type 667, Kodak).
Sizes of all DNA restriction endonuclease fragments
were estimated using 1 Kb DNA ladder (BRL) as
a molecular size marker.

RESULTS

¢DNA cloning. Viral genomic RNA was extrac-
ted from purified Cy strain of odontoglossum rings-
pot virus (ORSV-Cy). Size of the genomic RNA of
ORSV-Cy was about 6.6Kb in length (Fig. 1). Two

1234

Fig. 1. Electrophoretic pattern of viral RNAs on 1.5%
agarose gel. Lane 1:RNA of pepper strain of TMV,
2:native RNA of ORSV-Cy, 3:polyadenylated RNA
of ORSV-Cy, 4:1Kb DNA ladder (BRL) as a standard
size marker.
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Fig. 2. Agarose gel electrophoresis (1.2%) for restriction
pattern of pORCY-072 clone from ORSV-Cy RNA.
Lane 1:Aafll, 2:Accl, 3:Aval, 4:BamHI, S:Bq4lll, 6:
Clal, 7:EcoRl, 8:Hindlll, 9:Kpnl, 10:Ncol, 11:Pst,
12 :Sacl, 13:Smal, 14:Sphl, 15:Tthlll 1, 16 : Xbal, and
M :1Kb DNA Ladder (BRL) as a standard size mar-
ker.
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Fig. 3. Agarose gel electrophoresis (1.2%) for restriction
pattern of pORCY-095 clone from ORSV-Cy RNA.
Lane 1:Aarll, 2:Accl, 3:Aval, 4:BamHI, 5:Bqlll, 6:
Clal, 7:EcoRl, &:HindIll, 9:Kpnl, 10:Ncol, 11:Pst,
12:Sacl, 13:Smal, 14:Sphl, 15:Tth1ll 1, 16 : Xbal, and
M :1Kb DNA Ladder (BRL) as a standard size mar-
ker.

hundred and thirty eight recombinant clones for
ORSV-Cy RNA were generated. The ¢cDNAs for
ORSV-Cy contained the recombinant plasmids ra-
nged from about 800 bp to 3,000 bp. Among the se-
lected transformants, pORCY-124 (3.0 Kb), pORCY-
095, 072, -187 and -224 (24Kb), pORCY-014 and
<068 (1.8Kb) and pORCY-028 (1.6Kb) were used
in this study.

Restriction mapping. The restriction fragments of
recombinant clones are illustrated in Fig.2,3,4 and
5. Among the selected 238 recombinants, clone pO-
RCY-124 was the largest one covering 3'-terminal
half of the viral RNA. It contained two sites for

Fig. 4. Agarose gel electrophoresis (1.2%) for restriction
pattern of pORCY-124 clone from ORSV-Cy RNA.
Lane 1:Accl, 2:Aval, 3:BamHl, 4:Bglll, 5:BstXI, 6:
Clal, 7: EcoRl, 8 : Hincll, 9 : Hindlll, 10:Kprl, 11 : Ncol,
12 : Pstl, 13 :Sacl, 14:Smal, 15:Tehlll 1, 16: Xbal, and
M:1Kb DNA Ladder (BRL) as a standard size mar-
ker.
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Fig. 5. Agarose gel electrophoresis (1.2%) for restriction
pattern of pORCY-187 clone from ORSV-Cy RNA
Lane 1:A4atll, 2:Accl, 3:A4val, 4:BamH], 5:Bglll, 6:
Clal, 7:EcoRl, 8: HindIll, 9: Kpnl, 10:Ncol, 11: Pstl, 12
:Sacl, 13:Smal, 14:Sphl, 15:Tthlll 1, 16:Xbal, and
M:1Kb DNA Ladder (BRL) as a standard size mar-
ker.

EcoRI and Xbal, and one site for Accl, Aval, Bglll,
BstXI1, HindIll, Pstl, and TtAIIT 1, respectively (Fig. 4).
The clone pORCY-124 contained genes partial viral
replicase, a full-length movement protein and a co-
mplete coat protein followed by 3’ untranslated re-
gion of 414 nucleotides (21). Clones pORCY-028,
-068, 072, -187 and -224 were overlapped with the
pORCY-124. Clones pORCY-014 and -095 covered
5' half upstream from the middle region of the viral
RNA based on restriction mapping and partial se-
quence analysis. Restriction map of ORSV-Cy is
shown in Fig. 6. Constructed cDNA library covered
more than 90% of the viral genome (Fig 7).
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Fig. 6. Restriction endonuclease map of cDNA clones
of odontoglossum ringspot virus Cy strain. Restriction
endonucleases used are abbreviated as follows; Aafl
(Aa), Aval (Av), EcoRl (E), HindIll (H), Pstl (P) and
Xbal (X). 5' and 3’ sides of, lines (M) indicate Sall
adapter and Norl vector clining site, respectively.

DISCUSSION

In this paper, we have described synthesis and
cloning of cDNA of ORSV-Cy genomic RNA. The
library constructed in this study was near full-le-
ngth, lacking about 10% of the genome size from
the 5 terminus based on restriction mapping and
sequencing analysis. In order to study the functions
of the various gene products as well as the interac-
tions between viral proteins and their target RNA
sequences, it is necessary to produce a full-length
cDNA clone of the genomic RNA. Previous attempt
to obtain full-length cDNA clone of the genomic
or mRNA has relied on deoxy cytosine (dC)-deoxy
guanine (dG) tailing method (7). In the novel me-
thod reported here, poly(A) tail is synthesized to
fractionate different sizes of the native virus geno-
mic RNAs that were originally polyadenylated or
not.

Nucleotide and amino acid sequences compari-
sons among tobamoviruses revealed some interviral
relationships within a genus but not between viruses
in different genera (5,6,14,15,16,23,24). The ge-
nome organization of TMV is well known (16). It
is generally agreed that single-stranded, plus-sense
RNA encodes four proteins, two of which, the 126 K
viral replicase, and the rest is 30 K movement pro-
tein and 17 K coat protein (16). It has been propo-
sed that a fifth protein, 54K, is also encoded by
TMV (6.16). Recently, partial nucleotide sequences

Fig. 7. Schematic representation of corresponding sites
of recombinant clones of odontoglossum ringspot virus-
Cy strain RNA. The numbers correspond to the pO-
RCY cDNA clones. Restriction endonucleases used are
abbreviated as follows; Aarl (Aa), Aval (Av), EcoRI (E),
HindlIT (H), Pst1 (P) and Xbal (X). 5 and 3' sides of
lines (m) indicate Sall adapter and Notl vector cloning
site, respectively. The locations of the coding and non-
coding regions of the 183K viral replicase (REPLI-
CASE). 34 K movement protein (MP), 18 K coat protein
(CP) genes and 5 and 3' untranslated (UT) regions
are presented.

of German type strain, Japanese isolate and Korean
isolate of ORSV were reported by Dubs and Van
Regenmortel (5), Isomura ez al (10) and Ryu et al
(21), respectively. They suggested that the differences
were found in the nucleotide and amino acid se-
quences of movement and coat proteins genes and
3' non-coding regions of ORSV and other tobamo-
viruses.

The genomic organizations of the TMV-L and
TMGMYV are similar to that of TMV-vulgare, while
the SHMV and the CGMMV are distinguished
from the TMV-vulgare by the overlapped regions
(10~20 nucleotides) between 30K movement and
17K coat proteins as well as by the origin of virion
assembly in the capsid protein gene (5,6, 14,15, 16,
23,24). Sub-genomic mRNAs are used to produce
the 30K and 17K proteins. The mRNA for the
30K protein is encapsidated and found in the inter-
mediate (I) length particles which are present in
purified virion particles of all known tobamoviruses.
The mRNA for 17K coat protein is not encapsida-
ted by most TMV strains, but SHMV and CGMMV
encapsidate the subgenomic mRNA in short (S) pa-
rticles. The 3’ terminal adenosine of the vulgare st-
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rain of TMV and most other tobamoviruses can
be aminoacylated in vitro with histidine, while
SHMYV with valine. The nucleotide length of 3" unt-
ranslated regions of tobamoviruses is variable.
Recently, the nucleotide sequence analysis of the
3’ terminal region containing movement and coat
proteins genes and 3’ untranslated regions of
ORSV-Cy has been determined (unpublished data).
ORSV-Cy is distinguished from SHMV and CG-
MMV, and but close to TMV-L, TMV-vulgare and
TMGMV. Interestingly, 3’ untranslated region of
ORSV-Cy RNA includes nine - pseudoknots and
tRNA-like structures, which is the longest compared
with those of other tobamoviruses or even tripartite
plant viruses. Jensen and Gold (11) and Inouye (9)
isolated ORSV from R. grande and Cymbidium, res-
pectively, and Kado er al. (12), Corbett (4) and Law-
son (13) isolated TMV-O from various orchids. The
distinction between ORSV and TMV-O is still not
clear. Our presumed structural model and sequence
analysis data suggests that ORSV is the distinct to-

bamovirus. Therefore, comparison of molecular

characteristics of the two viruses should be done
in the future.
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