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Abstract The first complete genome sequence of an
Indian isolate (TRY) of Banana bract mosaic virus
(BBrMV) was determined following virus RNA extraction
from the French plantain cv. Nendran (AAB). The complete
genome was 9711 nucleotides excluding the poly(A) tail
and had a genome organization similar to that of a Philip-
pine (PHI) isolate characterized earlier. When compared to
BBrMV-PHI, the complete genome sequence of BBrMV-
TRY was 94% identical at the nucleotide level and its ten
mature proteins had amino acid sequence identities ranging
from 88 to 98%. Phylogenetic analysis suggests that the
BBrMV-TRY isolate is closely related to the BBrMV-PHI
isolate.

Banana bract mosaic virus (BBrMV), a member of the
genus Potyvirus, family Potyviridae, is the causal agent of
bract mosaic disease (BBrMD) [13], which causes serious
yield losses in banana and plantain in India [9, 10] and the
Philippines [6]. This disease was first reported in the
Philippines in 1979 [3] and subsequently has been reported
from several banana-growing countries [4-6, 13]. In India,
BBrMD was first reported in 1966 in plantain cv. Nendran
as Kokkan disease of unknown etiology in Kerala by
Samraj et al. [7]. Later the casual agent of Kokkan disease
was authentically confirmed as BBrMV [4, 10]. BBrMD
has now been recorded from several banana growing states
in India viz., Kerala, Tamil Nadu, Karnataka and Andhra
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Pradesh [4, 9, 10] and has been identified as a disease of
national importance in India.

BBrMV has flexuous filamentous particles (660-
760 x 12 nm) with a single stranded positive sense RNA
genome. The complete genome sequence of a BBrMV
isolate from the Philippines (BBrMV-PHI) is 9711 nucle-
otides long excluding the 3’ terminal poly(A) tail [2]. This
virus is transmitted by several aphid species in non-per-
sistent manner [3]. Partial and complete coat protein
sequences have been determined for some Indian isolates
[4, 5], but a complete genome sequence is lacking. Here,
we report the complete genome sequence of an isolate of
BBrMYV infecting the French plantain cultivar Nendran
(AAB), which is widely grown in Tamil Nadu and Kerala
states of India. This Indian isolate is designated BBrMV-
TRY and compared with other isolates.

The BBrMV-TRY isolate originated from a symptom-
atic plantain plant that was taken from the experimental
fields of the National Research Centre for Banana (NRCB),
Tiruchirapalli, and then maintained under insect-proof
glasshouse conditions. The complete genome of the
BBrMV-TRY isolate was generated from nine overlapping
fragments (nucleotide positions of each fragments are as fol-
lows: 1-1115; 951-2486; 2026-3686; 3651-5585; 5449-5744;
5586-6314; 6305-7043; 7001-8603; 8599-9711) using
primers based on the nucleotide sequence of the BBrMV-
PHI isolate (DQ851496). Total RNA from 100 mg of
infected leaf tissues was isolated using an RNeasy Plant
Mini Kit (QIAGEN Inc. Valencia, CA, USA) according to
the manufacturer’s instructions. First strand complemen-
tary DNA (cDNA) was synthesized using a RevertAid™
First Strand cDNA Synthesis Kit (Fermentas INC, Mary-
land, USA) with an oligo(dT) primer according to the
manufacturer’s instructions. The 20 pl reaction mixture
was incubated at 65°C for 5 min and 42°C for 60 min and
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subsequently incubated at 70°C for 10 min to inactivate the
RT enzyme. PCR was done using Taqg DNA polymerase
(Sigma-Aldrich, USA) with 10x PCR buffer. The reaction
volume of 50 pl contained 4.0 pl of cDNA, 1 ul of each
primer (each 20 mM), 4.0 ul dNTPs (10 mM) and 2.5 U of
enzyme. PCR amplification was performed in a Master-
cycler gradient PCR machine (Eppendorf, Germany).
Thermocycling parameters consisted of a single cycle of
94°C for 2 min; 30 cycles of denaturation at 94°C for 30 s,
annealing at 46-55°C for 1 min, elongation at 72°C for 2
min and a final elongation at 72°C for 10 min. The 5'-
terminal sequence was amplified using a primer designed
from 5’ end of the BBrMV- PHI isolate. The amplified RT-
PCR products were resolved by electrophoresis through
1.5% agarose gels, and DNA was purified from the gel
bands using a MinElute Gel Extraction Kit (QIAGEN Inc.
Valencia, CA, USA). The purified DNA was cloned into
pGEM-T Easy Vector (Promega, Madison, WI, USA)
according to the manufacturer’s instructions and intro-
duced by transformation into the competent Escherichia
coli strain DH5« using standard molecular biology methods
[8]. Plasmid DNA was isolated from an overnight culture
using a GenElute Plasmid Miniprep Kit (Sigma-Aldrich,
USA). The recombinant clones containing inserts were
confirmed by restriction digestion with EcoRI. Two clones
from each RT-PCR product were sequenced in both
directions using an ABI PRISM BigDye Terminator Kit at
Chromous Biotech Pvt Ltd, Bangalore, and the sequences
were aligned using CLUSTAL W [14]. Sequence identities
were calculated from the ‘‘Sequence Identity Matrix’’
using Bioedit program version 7.05 (http://www.mbio.
ncsu.edu/BioEdit/bioedit.html). The putative cleavage sites
on the BBrMV polyprotein and conserved domains of the
putative functional proteins were determined by compari-
son of its polyprotein sequence with those of other repre-
sentative potyviruses [1]. Phylogenetic trees were
generated by the neighbor-joining method using Molecular
Evolutionary Genetics Analysis (MEGA) software pro-
gram version 4.0 [12]. The BBrMV-TRY sequence deter-
mined here has been deposited in the NCBI GenBank
database under accession no. HM 131454.

The complete genome of the BBrIMV-TRY isolate from
India is 9711 nucleotides (nt) long excluding the 3’ poly
(A) tail. The 5 untranslated region (UTR) has a G + C
content of 42.2% and A + T content of 57.8%. The 5UTR
is assumed to be 128 nt and the 3'UTR (without the poly
(A) tail) is 208 nt. The 5’UTR of BBrMV-TRY shared high
sequence identity with that of BBrMV-PHI (98%), while
the 3'UTR sequence shared 94% identity with the 3’ UTR
of BBrMV-PHI. The genome consists of a single large
open reading frame (ORF) of 9378 nucleotides. Similar to
the BBrMV-PHI isolate, a pyrimidine residue (C) was
present at the -3 position rather than a purine. However, the
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fact that the first few amino acids translated from this
putative start codon were highly conserved when compared
to many other potyviruses suggests that the first in-frame
ATG triplet in this viral genome is the correct initiation
codon. The AUG start codon was located at nucleotide
positions 128-130, and the termination codon (UAG) at
positions 9504-9506, translating into a polyprotein of 3125
amino acids with a molecular mass (Mr) of 354.43 kDa.
Nine putative protease cleavage sites were identified in the
BBrMV-TRY polyprotein. The serine protease catalytic
residues H-X8-E-X30-GWSG are perfectly conserved in
the C-terminal part of the P1 protein. The resulting P1
protein is 329 aa long and shares about 88% aa sequence
identity with that of the BBrMV-PHI isolate. The cleavage
site at the C-terminus of P1 occurs at the dipeptide Y/S.
The HC-Pro cleavage site at the C-terminal G/G dipeptide
is part of the conserved motif of the potyvirus amino acid
sequence YLVG/G. The remaining seven protease recog-
nition sites are putatively cleaved by the NIa-Pro at
dipeptides Q/S, Q/N, Q/N, E/G, E/G, Q/H and Q/S, which
are also found in other potyviruses. The putative cleavage
sites of BBrMV-TRY are very similar to BBrMV-PHI [2].

Consistent with other potyviruses, the polyprotein of
BBrMV-TRY is predicted to give rise to ten putative
mature proteins. The amino acid sequence positions of each
predicted protein are as follows: P1,1-329; HC-Pro,
330-786; P3, 787-1133; 6K1, 1134-1185; CI, 1186-1819;
6K2, 1820-1872; VPg, 1873-2062; Nla-Pro, 2063-2305;
NIb, 2306-2825 and CP, 2826-3125. These proteins contain
almost all of the conserved motifs, such as H-8X-E-30X-
GWSG in the P1 protein, KITC, present as RISC, and PTK,
present as PSA, in the HC-Pro region for aphid transmis-
sion, FRNK in the HC-Pro region for symptomatology and
gene silencing, AVGSGKST in the CI region for helicase
function, NMYG in the VPg for viral RNA attachment
function, GDD in the NIb for replicase activity, and DAG
in the CP region for aphid transmission [11, 15]. Most of
these motifs are highly conserved in comparison with other
reported potyviruses, with the exception that the T and K
residues of the PTK motif in the HC-Pro-coding region of
BBrMV were replaced by S and A, respectively. These
replacements were unexpected because this motif is iden-
tical in all potyviruses with fully sequenced genomes.
Similarly, the K and T residues of the KITC motif in HC-
Pro are replaced with R and S. As this change is also
observed in the BBrMV-PHI isolate, the significance of
this change in this motif on aphid transmission is not
known. The sequence was verified, however, by PCR using
specific primers to amplify across this region [2]. In the
VPg protein, the N residue of the NMYG motif of the
BBrMV-PHI isolate was replaced by an S residue in
BBrMV-TRY. The coat protein gene potentially codes for
a protein of 33.4 kDa.
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Fig. 1 Neighbor-joining tree based on the deduced amino acid
sequences of the BBIMV-TRY (HM131454) coat protein with other
BBrMYV isolates. Bootstrap analysis was applied using 1000 repli-
cates. The scale bar represents a genetic distance of 0.05. The
phylogenetic tree was generated using MEGA4 and the neighbor-
joining algorithm. The distances computed using the Poisson
correction method were derived from a multiple alignment using
ClustalW. The abbreviations of the names of the isolates included in
the analysis and their corresponding accession numbers (in parenthe-
ses) are as follows. PHI-1, Philippines (AFO71590); PHI-2, Philip-
pines (AFO71585); PHI-3, Philippines (AFO71586); PHI-4,
Philippines (EU414267); PHI-5, Philippines (DQ851496); WS-1,
WesternSamoa (AFO71587); VT-1, Vietnam (AFO71588);, TH-1,
Thailand (AFO71589); IND-1, India, Coimbatore (AFO71582); IND-
2, India, Coimbatore (AFO71583); IND-3, India, Tiruchchirappalli
(AFO71584); IND-4, India (EU699770); IND-5, India, Tiruchchirap-
palli (EU009210); IND-6, India, Coimbatore (AY494979); IND-7,
India, Andhra Pradesh (AY953427); IND-8, India, Andhra Pradesh
(HM348778); IND-9, India, Andhra Pradesh (HM348779); IND-10,
India, Andhra Pradesh (HM348780); IND-11, India, Andhra Pradesh
(HM348781); IND-12, India, Andhra Pradesh (HM348782); IND-13,
India, Karnataka (EF654655). The tree was rooted to potato virus Y
(PVY; NC001616)

BBrMV-TRY shared the highest polyprotein amino acid
sequence identity with the BBrMV-PHI isolate (96%). For
the individual proteins, the two geographically distinct
BBrMV isolates shared the following amino acid sequence
identities: P1, 88%; HC-Pro, 98%; P3, 95%; 6K1, 98%; CI,
98%; 6K2, 96%; VPg, 97%; Nla, 98%; NIb, 97%; and CP,
98%. The nucleotide sequences of the complete genomes

of the two isolates were 94% identical, and the CPs were
95% identical at the nucleotide level. Phylogenetic analysis
for the amino acid sequences of coat protein gene was
performed for 21 isolates of BBrMV, using PVY as an
outgroup (Fig. 1). The consensus tree from the bootstrap
analysis confirmed that the BBrMV-TRY isolate was clo-
sely related to isolates IND 5 and IND 12 and clustered
with most of the BBrMV isolates, including the BBrMV-
PHI isolate. The IND 2 isolate from the Coimbatore region
of Tamil Nadu state was distinctly placed compared to
other BBrMV isolates. This study provides the first report
of the complete nucleotide sequence of BBrMV from India.
This information will assist in the development of molec-
ular diagnostic tests and effective disease control strategies.
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