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SHORT COMMUNICATION

Complete Genome Sequence of a Brome Mosaic Virus
Isolate from the Czech Republic

SEBASTIEN GADIOU and JiIBAN KumMAR KUNDU

Department of Virology, Division of Plant Health, Crop Research Institute,

Prague, Czech Republic

Abstract: An isolate of Brome mosaic virus (BMV) was originally isolated from Agropyron repens and maintained

in Hordeum vulgare. The full-length genome of this isolate (BMV-CZ) was sequenced. Phylogenetic analysis
revealed that BMV-CZ shared a minimum of 95.6% sequence identity, localized in the 5'-UTR of RNA-1 with the
other BMV isolates from the database, and a maximum of divergence of 30.8% with Broad bean mottle viruslocal-
ized in the 5'-UTR of RNA-3. This is the first sequence report of full-length BMV from the Czech Republic.
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The family Bromoviridae is composed of five gen-
era: Bromovirus, Alfamovirus, llarvirus, Cucumo-
virus and Oleavirus. Brome mosaic virus (BMV)
is a member of Bromovirus, a genus with single-
stranded positive RNA genome (ROOSSINCK et al.
2005). The BMV genome is mainly composed of
three RNA particles: RNA-1, RNA-2 and RNA-3.
The three RNAs are capped by 5’-end and 3'-end
sequences mimic tRNA structure. RNA-1 (3.2 kb)
encodes the 1a protein (109 kDa), which contains
both an N-proximal methyltransferase domain and
a C-proximal helicase-like domain. RNA-2 (2.9 kb)
encodes the 2a protein (94 kDa), a RNA-dependent
RNA polymerase responsible for replication of the
viral genome (SULLIVAN & AHLQUIST 1997). RNA-1
and RNA-2 are also involved in RNA replication.
RNA-3 is encoded for the coat protein (CP) and the
movement protein (MP) (AHLQUIST et al. 1990).
Here we describe a full-length genome sequence of a
BMV isolate originally collected by Dr. J. Vacke (CRI,
Prague) from couch grass (Agropyron repens) and
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maintained in barley (Hordeum vulgare) plants. The
sequence analysis showed a close relationship with
the other BMV isolates, the maximum divergence in
the coding region was localized in the open reading
frame (ORF)-3b coding for the coat protein.

The BMV isolate (BMV-CZ) was originally found
in A. repens from Ruzyné-Prague and mechanically
transmitted to H. vulgare by Dr. Vacke (CRI, Prague)
in 2002. cDNA was obtained by reverse transcrip-
tion using M-MLYV reverse transcriptase (Promega,
Madison, USA) according to the manufacturer’s
instructions using the specific reverse primer of each
fragment (Table 1). PCR conditions were as follows:
denaturation at 95°C for 3 min; followed by 35 cycles
of 95°C for 30's, 60°C for 30 s, and 72°C for 90 s; with
a final extension at 72°C for 10 min. PCR fragments
were obtained using the primer pairs: BromRev
antisense 5-TGGTCTCTTTTAGAGATTTACAG-
3 for RNA-1, RNA-2 and RNA-3; RNA1F1 sense
5-GTAGACCACGGAACGAGGTC-3 for RNA-1;
RNA2F1 sense 5-GTAAACCACGGAACGAGG-
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TTC-3 for RNA-2 and BromF1 sense 5-GTAAA-
ATACCAACTAATTCTCGTTCG-3 for RNA-3 and
cloned into the pGEM-T Easy Vector (Promega,
Madison, USA) to obtain the full sequence. Two
independent clones were sequenced for each frag-
ment (Macrogen, Korea). The final contigs were
edited with Sequencher 4.8 (Gene Codes Inc, Ann
Arbor, USA) and the full sequences of RNA seg-
ments (RNA-1, RNA-2 and RNA-3) were successfully
produced. Sequences of the virus isolate presented
here and those sequences from the GenBank da-
tabase (National Center for Biotechnology Infor-
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mation-NCBI, USA) were aligned using Clustal-X
(THOMPSON et al. 1997) and phylogenetic tree
was obtained by Neighbour-Joining (NJ) (SarTou
& NEI 1987) method implemented in Clustal-X.
Sequence identities were calculated by MEGA 3.1
software (KUMAR et al. 2004). The average number
of nucleotide substitutions per site between the
BMV-CZ and the three other isolates (Fescue, Rus-
sian and KU1) was calculated by DNAsp software
(NEI 1987) on full genome sequences. The genome
sequences of the BMV-CZ isolate were deposited in
the GenBank database under the following accession
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Figure 1. Phylogenetic tree constructed by NJ method of
complete genome sequences from Bromoviruses (Broad bean
mottle virus — BBMV, Brome mosaic virus — BMV, Cassia
yellow blotch virus — CYBV, Cowpea chlorotic mottle virus
— CCMV, Spring beauty latent virus — SBLV, Cowpea chlorotic
mottle virus — CCMV and Olive latent virus 2-OLV?2) isolates
of RNA-1 (A), RNA-2 (B), and RNA-3 (C); the isolate BMV-
CZ from the Czech Republic studied here is indicated in bold
type; bootstrap values obtained by NJ method are presented
as indicators of analysis reliability; the scale bar represents 0.1
substitutions per site
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numbers: RNA-1 (GU584131), RNA-2 (GU584130)
and RNA-3 (GU584129).

From an isolate of BMV maintained in our labo-
ratory, the full genomes of its three RNAs were
sequenced and genetic analyses were performed.
The three RNAs showed typical organization. The
RNA-1 (3234 bp) was organized in 3’- and 5’-UTR
with the ORF-1a coding for the replication protein 1a
with a start codon in nt position 75 and stop codon
in 2960. The replication protein la was character-
ized by a sequence of 961 amino acids previously
described and containing the methyltransferase- and
helicase-like domains (AHOLA & AHLQUIST 1999).
There was high homology at the amino acid level of
protein la (> 98.9%) with the other BMV isolates, and
greater variability in the 5’-UTR (Table 1). The RNA-2
(2866 bp) with the ORF-2a coded for polymerase 2a
(SMIRNYAGINA et al. 1996) showed high sequence
identities with the other BMV isolates. Two coding
proteins were identified on RNA-3 (2108 bp) as
already described in other records. The first, the
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movement protein 3a (912 bp long), was implicated
in long distance movement and cell-cell propagation
(TAKEDA et al. 2004) and the second was the coat
protein of the BMV 570 bp in length (CHO1 & RaO
2000). The sequence identities with the other isolates
of BMV (Fescue, Russian and KU1) were 97.9% and
96.8% on the amino acid level for the movement and
coat proteins, respectively (Table 1). The phylogenetic
analysis revealed that BMV-CZ was closely related to
the other BMV isolates and clearly separated from
the other Bromoviruses (Figure 1). The bootstrap
support for the branches indicated that BMV-CZ
might be considered a separate strain of BMV. The
NJ analysis strongly separated (> 90%) BMV-CZ from
the other isolates as did the Maximum Parsimony
analysis (not shown). The identities showed high
sequence homologies between the BMV isolates
(BMV-CZ, Fescue, Russian and KU1) in different
parts of the genome with ranges of 95.6-99.0%,
94.4-99.6% and 95.2-98.3% in RNA-1, RNA-2
and RNA-3, respectively (Table 1). In the coding
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Figure 2. Average number of nucleotide
substitutions per site between the isolate
BMV-CZ and the other three BMV isola-
tes available in the database, Dxy (y-axis);
calculated by DNAsp software on full
genome sequences of RNA-1 (A), RNA-2
(B) and RNA-3 (C); the UTR regions and
the open reading frame (ORF) are repre-
sented by coloured or dashed rectangles
and named according to the legend

ORF-
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region the highest amino acid homology was in the
replication protein la between BMV-CZ and the
Russian isolate (up to 99.9%) and the most divergent
was in the ORF-3b encoding for the coat protein
with a divergence of 4.3%. The precise comparison
of the BMV-CZ isolate with the other BMV isolates
highlighted that diversity was distributed along the
genomes of RNA-1 and RNA-2 (Table 1 and Figure 2).
In RNA-3 the coat protein region presented greater
diversity in the N-terminal region in comparison with
the C-terminal (Figure 2). In BMV, four RNA-interact-
ing domains (RID I-IV) were described (CALHOUN
& Rao 2008). Within these domains there were no
discrepancies between BMV-CZ and the previously
described isolates. Furthermore, an arginine-rich
RNA-binding motif (ARM) found at the N-terminal
region of BMV coat protein has been characterized;
it contains 25 amino acids and is highly basic due
to the presence of a conserved ARM characteristic
of RNA binding proteins (CHOI1 & Rao 2000). Our
isolate had the following amino acid sequence in this
region: STSGTGKMTRAQRRAAARRNPRAVK. The
bold characters represent the changes compared the
Russian isolate (Acc. No. J02042). Our study provided
a new full-length genome sequence of BMV from
the Czech Republic.
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