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Complete Nucleotide Sequence of RNA2 of
Cucumber Mosaic Virus Y Strain

Jiro KaTAaokA*, Chikara MASUTA* and Yoichi TAKANAMI*

Abstract

cDNA clones covering full-length of cucumber mosaic virus Y strain (CMV-Y) RNA2
were synthesized and the complete nucleotide sequence of the RNA was determined. Spe-
cific restriction sites, PstI and NotI, wer eadded to the 5’ and 3’ end of cDNAs, respectively.
Tt consisted of 3,051 nucleotides and contained a long single open reading frame of 2,571
nucleotides. GDD consensus sequence, which is thought to be a “polymerase site”, and
a common motif surrounding it was found in the amino acid sequence deduced from the
RNA. There was almost complete sequence homology between CMV-Y and Fny-CMV
RNA2s (98.4% sequence homology at the nucleotide level and 99.5% at the amino acid
level). By contrast, lower degree of sequence homology was observed between CMV-Y
and CMV-Q RNA2s (71.4% sequence homology at the nucleotide level and 74.4% at the
amino acid level). These results suggest that CMV-Y belongs to Subgroup 1.

(Received January 5, 1990)
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INTRODUCTION

Cucumber mosaic virus (CMV) is a positive-sense RNA plant virus with a tripartite genome
consisting of single-stranded RNAs, designated RNAI, 2 and 3 in decreasing order of molecular
weight (Mr)!19; subgenomic RNA4 encoding the coat protein is generated from RNA3 during
replication® 2. We have already reported the complete nucleotide sequence of RNA3 of Japa-
nese CMV-Y strain'®, which contains two open reading frames (ORFs) for 3A protein and
coat protein. It was demonstrated that inoculation with a mixture of RNA1 and RNA2 was
sufficient to induce viral RNA replicase activity and that full-length positive-sense RNA1 and
RNA2 were actually produced in tobacco mesophyll protoplasts’®. These observations sug-
gest that the virus replicase would be encoded by either RNA1 or RNA2 or possibly by both
RNAs. The first nucleotide sequence of RNA2 of CMV was published on CMV-Q'®, followed
by the sequence of Fny-CMV RNA2%. After nucleotide sequence analysis, significant sequence
homology was found among the RNA2s of CMYV, alfalfa mosaic virus® and brome mosaic
virus?, suggesting that RN A2 encodes the viral replicase. However, to clarify whether putative
protein from RNA2 contains replicase activity, it is important that the replicase should be purely
isolated and subsequently characterized. Toward this purpose, we first synthesized cDNA
clones covering full-length CMV-Y RNA2 and report here the nucleotide sequence of the RNA
and compare it with the other known RNA2s of CMYV,
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MATERIALS AND METHODS

RNA purification. CMV-Y?» was propagated in tobacco plants (Nicotiana tabacum
L. cv. Xanthi nc) and viral RNA was extracted as described?®. CMV RNAs were electrophoresed
in a 1.47; agarose gel, and RNA2 was recovered by electroelution from the gel.

c¢DNA cloning. The cDNAs were synthesized according to Gubler and Hoffman?
using a primer complementary to the 3’-terminal 17 nucleotides of CMV-Y RNA39, since the
extreme 3’-terminal sequences of RNAs 1, 2, 3 and 4 from each three bromoviruses and also
from CMV-Q were shown to have extensive intraviral homology in addition to interviral ho-
mologyY. The synthesized cDNAs were ligated in EcoRI site of AZAP (Stratagene) and packaged
using Gigapack (Stratagene) in vitro. cDNAs inserted into the recombinant phages were se-
quenced and cDNA clones containing sequences having homology with that of CMV-Q RNA2
were selected. Two specific primers (positions 2219-2235 and 937-953) containing unique
restriction sites and complementary to the 5’ terminus of the obtained cDNAs were synthesized
and used for extension of cDNAs toward 5" end of the RNA2 (Fig. 1). Specific primers used
in this study were synthesized by a DNA synthesizer (ABI) and purified by HPLC.

Sequencing. The cDNAs inserted in pBluescript (Stratagene) were deleted by a com-
bination of Exonuclease IIT and Mung bean nuclease using a deletion kit (Takara Shuzo), which
was based on the methods of Henikoff® and Yanisch-Perron?®, in order to obtain deletion mutants
with various lengths suitable for sequencing. The nucleotide sequence of the RNA was deter-
mined on both strands of the cDNAs by dideoxy chain termination methods'?-29, The 5 ter-
minal nucleotide sequence of the RNA was determined by direct RNA sequencingV.

Synthesis of 3' and 5' terminal cDNAs. To construct a full-length cDNA clone
of CMV-Y RNA?2 in future and use in various experiments, cDNAs complementary to the ter-
minal regions of the RNA were synthesized as follows to contain specific restriction sites at the
both ends. First strand cDNA synthesis was primed with a synthetic oligonucleotide which
was complementary to the 3’ region of the RNA and was designed to create a NotI site (Fig.
1). After synthesis of first strand cDNA containing 5' region of RNA2 sequence, template

5 CMV-Y RENA2 3
[ ———
0 1000 2000 3051
Clal
e—
Kpnl EcoRV Clal pBCY21 E
11 l_l]
Kpnl EcoRV pBCY22 FP.
pBCY23 5
RNA sequence CY3C1S 3 end of CMV-Y RNA2
EP. P CCTCCAAAAGGAGACCAGGGGCCGE
RP. Xhol - Notl
Pstl F.P.
* PCY2NS  xkol FP.
CTGCABTTTATTTACAAGAGCG

I
5"end of CMV-Y RNA2

Fig. 1. Schematic representation of the cloning and sequencing strategies for CMV-Y RNAZ2.
CMV-Y RNA2, the first set of overlapping cDNA clones used for sequencing and the
second set of overlapping cDNA clones covering full-length RNA2 are indicated by
broad, thin and middle lines, respectively. Specific primers used for the synthesis of
first strand ¢cDNA (F.P.) and second strand cDNA (R.P.) are represented by dotted
area. The nucleotide sequences of 5" and 3’ terminal primers are shown.
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v 1] v . . v . ' ' ' . '

AGUCACUAAACACAUUGUGGUGAACGGGUUGUCCAUCCAGCUUACGGCUAAAAUGGUCAGUCGUAGAGAAARUCUACGCCAGCAGACUUACAAGUCUCUGAGGCACCUUUGAAACCAUCU
. . . ' . v ' ' ' . ' '

CCUAGGUUUCUUCGGAAGGACUUCGGUCCGUGUACUUCUAGCACAACGUGCUAGUUUCAGGGUACGGGUGCCCCCCACUUUCGUGGGGCCUCCAAAAGGAGACCA
. v v v v v v . . ' '

Fig. 2.

Nucleotide sequence of CMV-Y RNA2 and amino acid sequence of the protein en-
“Polymerase site” (GDD and TGxxxTxxxNT consensus sequznces)

coded by the RNA.
are boxed by heavy line.
are underlined by (+++).
are indicated by (===).

Hydrophobic residues flanking to the

¢

‘polymerase site”

Amino acid replacements found in CMV-Fny RNA2
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Fig. 3. Alignment of the nucleotide sequences of three CMV RNA2s, CMV-Q RNA2 (upper
line), CMV-Y RNA2 (middle line) and CMV-Fny RNA2 (lower line). Nucleotides
identical to CMV-Y RNA2 are indicated by (—). Deletions are indicated by (*).
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RNA was digested by RNaseH. Second strand ¢cDNA was synthesized using the Klenow
fragment in the presence of a specific primer which was complementary to the 3’ region of the
first strand and contained additional nucleotides to create a unique restriction site, Pst1 (Fig.
1).

Computer analysis. The Microgenie sequence analysis program (Beckman) was
used in the analysis of the CMV-Y RNA2.

RESULTS AND DISCUSSION

The cloning and sequencing strategies for CMV-Y RNA2 were shown in Fig. 1. The first
set of overlapping cDNA clones, designated pBCY21, pBCY22 and pBCY23, were used for
the determination of the nucleotide sequence for the RNA. Last four nucleotides at the 3’
terminus, 5-ACCAopm, were lost in pBCY21, possibly excised by the exonuclease activity of E.
coli DNA polymerase I used for the synthesis of a second strand cDNA, and pBCY23 was shown
to lack about 150 nucleotides at the 5 terminus of the RNA by sequence determination. There-
fore, the second set of overlapping clones, designated pCY2N5 and pCY2Cl15, were synthesized
to create a full-length clones of RNA2. These two clones would facilitate any future reengineer-
ing of the inserts, such as the transfer of them to transcription vectors, pUTI118 or pUT118-
GG?, for the precise start of in vitro transcription after these clones were connected at the posi-
tion of Xhol (Fig. 1).

The complete nucleotide sequence of CMV-Y RNA2 is shown in Fig. 2. It consisted of
3,051 nucleotides long and contained a long ORF of 2,571 nucleotides encoding a 96,720 Mr
protein (857 amino acids). It is known that there is a GDD consensus amino acid sequence
flanked by hydrophobic residues and preceded by the sequence TGxxxTxxxNT, so called “poly-
merase site””, in deduced protein sequences from both animal and plant viruses'®. This common
sequence are also found in the protein encoded by CMV-Y RNA2 and the conserved amino
acids are boxed in Fig. 2. This fact suggests that the protein encoded by CMV-Y RNA2 would
be involved in virus RNA replication.

Nucleotide sequence alignment of three CMV RNA2s is shown in Fig. 3. Variations found
among these CMV RNA2s were summarized in Table 1 in nucleotides and amino acids. Com-
paring Y-RNA2 with Fny-RNA2, homologies are calculated to be 98.49% at the nucleotides
and 99.59% at the amino acids of the protein. The amino acid replacements are found at only
4 positions, which are also mapped by underlines in Fig. 2, and only one nucleotide deletion
is found in the 5’ non-coding region of Fny-RNA2. By contrast, many variations are found
between Y-RNA2 and Q-RNA2, and the nucleotide sequences and corresponding translation
products of the RNAs of the both strains have overall homologies of 71.4%; and 74.4 %, respec-

Table 1. Differences found in the RNA2s of CMV-Fny and CMV-Q compared to that of CMV-Y

Region 5’ non-coding ORF 3’ non-coding Total
Length®> 87 2571 393 3051
CMYV strain Fny Q Fny Q Fny Q Fny Q
Length b> 86 92 2571 2517 393 426 3050 3035
Insertion 0 5 0 4 0 53 0 62
Deletion 1 0 0 58 0 20 1 78
Base Change 2 23 38 669 4 105 44 797
A.A. Rep.® — — 4 201 — — 4 201

a) Number of nucleotides in CMV-Y RNA2.
b) Number of nucleotides in RNA2s of CMV-Fny (Fny) and -Q (Q) strains.
¢) Amino acid replacement.
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tively. The strains of CMV are reported to fall into two Subgroups I and II on the basis of
serology? and nucleic acid hybridization®!?, and CMV-Fny and CMV-Q have been grouped
to Subgroups I and II, respectively'®. From the nucleotide sequence homology, CMV-Y is
considered to belong to Subgroup 1.

We are now constructing a full-length cDNA using the clones of pCY2NS5 and pCY2Cl15,
in order to produce biologically-active RNAs in vitro. This construct will be useful for under-
standing the function(s) of CMV RNA2.
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