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Abstract
The leaf streakviral disease inbanana plants iscaused by a species complex known as Banana Streak virus(BSV). In Brazil, there have been few
studies concerningthese species, Butcharacterizing them is necessary to determine which species are endemicin the field. To this end, banana leaf
samples were collected from different producing regions of Brazil. Their total extracted DNA was then subjected to Polymerase Chain Reaction
(PCR)employing theBadna-FP/-RP primers to amplify a 540-base-pair (bp) fragment located in the gene that encodesRT/Rnase H, which is
usedto differentiate Badnavirus species.The positive samples were confirmed by Rolling Circle Amplification (RCA) using the Illustra TempliPhi
100 Amplification Kit. The 540-bp genome fragment wassequenced and the results analyzed and compared with the Badnavirus species available
inthe GenBank database. The nucleotide sequence of the isolate designated MGJAPI, when compared to the GenBank BSGFV isolates, showed
the lowest identity percentage,91%, with the Uganda isolate (AJ968435). When compared to other isolates, the identities ranged from 97% to
99%.Thus, according to the International Committee on the Taxonomy of Viruses (ICTV) classification criteria, the isolate MGJAPI belongs to the
species Banana streak Goldfinger virus (BSGFV) and this is the first reportof the occurrence of this species in the state of Minas Gerais, Brazil..
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Introduction
Brazil is the fourth-largest producer of bananas in the world,
cultivatingabout seven million tons overan area of approximately
500,000 hectares.The favorable Brazilian climate enables the
productionof fruit year-round (FAO, 2012). As favorable as the
climate is for producing bananas, it is also favorable forthe
development of several pathogens, which increasethe cost of
production and constitute a serious challenge for Brazilian
farmers. The propagation of healthy seedlings has been one
of the most important phytosanitary measuresfor controlling
these diseases, especially when it comes to viral diseases [1].
This is because once infected,plants cannot be cured and must
be eliminated from the crop, causing undesirable losses.
There are two viral diseasesfound in the banana tree in
Brazil:infectious chlorosis of banana, caused by the Cucumber
Mosaic Virus (CMV), and the other is banana leaf streak, caused
by the Badnavirus species [2]. However, the process of indexing
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seedlings to a diagnosis of Badnavirus is quite complicated, since
in addition to presenting high genetic variability, Badnavirus
species associated with banana streak are able to integratesome
or all of their DNA into the banana plant’s genome, compromising
the efficiency of serological and molecular testing techniques [36].

In addition to the Banana streak virus (BSV), other species
of Badnavirus associated with banana streak, such as Banana
streak Mysore virus (BSMyV), Banana streak OL virus (BSOLV),
and Banana streak GF virus (BSGFV) have already been well
characterized [7,8]. However, as the genomes of the different
isolates that have been found are sequenced, new species
appear, such as Banana streak acuminata Vietnam virus
(BSAcVNV) [9], Banana streak Cavendish virus (BSCavV) [10],
Banana streak Imové virus (BSImV),Banana streak Uganda A-M
virus(BSUgBV) [11,8], and many others. This has hampered the
taxonomic classification of this virus, and sometimes the isolates
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are identified asBSV species but, in fact, the BSV was only the
first species of the genus Badnavirus described in banana. The
main vectors that disseminate these species in the field are the
mealybugs Planococcus citriand Saccharicoccus sacchari, but it
has not been ruled out that they can also be transmitted by other
species of mealybug [12, 13].
In Brazil, the Badnavirus species associated withbanana
streakthat have been described so far areBanana streak Uganda
virus (BSUgBV) [14, 15] and Banana streak OL virus(BSOLV).
Other genetic variants, called BRSV-BR1, BRSV-BR2, BRSV-BR3,
and BRSV-BR4, have also been described by Figueiredo et al. [16],
but have not been characterized genetically.This study describes
a species of Badnavirus not previously reported in Brazil.

Materials and Methods

Virus isolates: origin and maintenance
Samples of banana plants suspected of being infected with
BSV were collected in different regions of the countryduring visits
to fields, tissue culture laboratories, and with the collaboration
of professionals working in banana production whosent them by
mail or other appropriate transport.

PCR, sequencing, sequence analysis

After extracting the total DNA from samples of the
potentiallyinfected leaves, the remaining leaves were stored
in a freezer at -80 °C anddesiccated for future use. Samples of
bananaleaves that were cultivated in a controlled greenhouse
environmentat the Federal University of Lavras (UFLA), and
which proved to be virus-free, were used as negative controls.

Total DNA from the healthy and infected leaves was extracted,
following the manufacturer’s instructions for the Extract-N-Amp
Plant PCR kit (Sigma Aldrich)and stored at -80 °C for later use.
The DNA samples were submitted to PCR (polymerase chain
reaction) and the positive samples were again analyzed by
RCA (rolling circle amplification)following the methodology
described by James et al. [6], to verify if the amplified sequences
were episomal. PCR was performed using the primers Badna
FP and Badna RP [17], which amplify a fragment of 540 base
pairs, corresponding to part of the encoding region RT/RnaseH
of Badnavirus.After confirmation of DNA amplification by
conventional PCR, the samples were submitted to RCA, following
the recommendations of the manufacturer’s manualfor the
Illustra TempliPhi 100 Amplification Kit (GE Healthcare,
Buckingamshire, United Kingdom).The samples’ DNA (1µl) was
added to 5μl of buffer and 1μl of each primer at the concentration
of 60μM. The mixture was incubated at 95°Cfor 3 minutes and
then 5µl of reaction buffer,previously mixed with 0.2 µlof phi29
DNA polymerase,was added. The reaction was incubated at 30 °C
for 12 hours and stopped with incubation at 65°C for 10 minutes.
The genomic fragments of 540 base pairswere sequenced
by the company Myleus Biotecnologia and the analyses were
carried out using the program NCBI BLAST () [18]. Alignment of
the nucleotide and amino acid sequences and the construction
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of phylogenetic trees was performed using the programs
ClustalW2 (Verson 2.0) and Molecular Evolutionary Genetics
Analysis - MEGA6 [19], respectively. The characterization of the
species followed the criteria of the International Committee
on Taxonomy of Viruses (ICTV), which considers a species of
Badnavirus sp. as distinct from others by having an identity
difference above 20% in the RT/RnaseH coding region.The
phylogenetic relationships were studied using the algorithm
neighbor- joining for amino acids andthe Unweighted Pair Group
Method with Arithmetic Mean (UPGMA)for nucleotides, with
3,000 bootstraprepetitions.

Results

Comparing the nucleotides of the isolate designated as
MGJAPI with the BSGFV isolatesin the GenBank database
shows that its lowest identity percentage was 91%.With
isolate AJ968435 from Uganda and with the other isolates used
for comparison, it was above 97%, with a maximum of 99%
identity.The lower identity percentage (95%) forthe amino acid
sequence was also observed with the Uganda isolate already
cited, and with the other isolates the identity was 98%.Based
on the ICTV criteria, which considers particular isolates to be
members of the same species if they share identities above
80%in the genomic fragment that corresponds to the RT/RNase
H, the isolate MGJAPI was identified as BSGFV.
The cladograms based on the sequence of nucleotides and
amino acids showed a clear grouping of MGJAPI and BSGFV
species, confirming the identity results previously shown.This
is the first time that the species BSGFV has beendetected and
characterized in Brazil [20].

Conclusion

There is a wide variety of the Banana streak virusspecies
in Brazil.However, Banana streak Goldfinger virus has been
identified for the first timein the state of Minas Gerais.New
samples are being collected and analyzed to obtain better
knowledge of the Badnavirus species present in Brazil.
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