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ABSTRACT

The cubiu (Solanum sessiliflorum) fruit, originating in the
Amazon basin, is commonly used in that region for food, medicine,
and cosmetics. In an experimental culture of cubiu, in order to
evaluate its adaptation to conditions in the Northern region of the
state of Rio de Janeiro, it was observed plants with mosaic
symptoms. A cubiu plant was collected and analyzed to identify
the etiological agent. After mechanical passage through a local
lesion host, a host range test was performed. The virus induced
chlorotic local lesions in Chenopodium quinoa, necrotic local
lesions in Gomphrena globosa, mosaic in S. sessiliflorum, |eaf
and stem necrosis in tomato (Lycopersicon esculentum) ‘Rutgers’,
mosaic and leaf distortion in Datura stramonium and Physalis
Sfloridana, and necrotic local lesions followed by systemic necrosis
and plant death in four Nicotiana species. Electron microscopic
observations of ultra thin sections from infected cubiu leaves

showed the presence of spheroidal, membrane-bound particles
typical of tospovirus species. Anaysis of the nucleocapsid protein
from concentrated virus particles indicated the presence of a 28
kDa protein. RT-PCR was performed after total RNA extraction
from infected IPA-6 tomato leaves. A fragment of approximately
0,8 kbp corresponding to the N gene was amplified, cloned and
sequenced. The N protein from the cubiu isolate was 95%
homologous to the Groundnut ringspot virus (GRSV) protein, and
no more than 85% homologous to those from Zucchini lethal
chlorosis virus (ZLCV) and Chrysanthemun stem necrosis virus
(CSNV), Tomato spotted wilt virus (TSWV), and Tomato chlorotic
spot virus (TCSV). This is the first report of the occurrence of
GRSV (or any other plant virus) in cubiu.

Additional keywords: Tospovirus, cubiu fruit, GRSV,
occurrence.

RESUMO
Deteccio e caracterizagao parcial de um isolado de Groundnut ringspot virus em Solanum sessiliflorum

O cubiu (Solanum sessiliflorum), originario da Amazonia,
€ um fruto utilizado como alimento, medicamento e cosmético. Em
um plantio experimental de cubiu, paraaavaliagdo da sua adaptacéo
nas condi¢des da regi&o Norte do Estado do Rio de Janeiro, observou-
se plantas com sintomas de mosaico. Uma planta de cubiu foi
coletada e andisada para a identificagdo do agente etioldgico. Apés
a purificagdo bioldgica, o virus foi inoculado via extrato foliar em
uma série de plantas diferenciadoras. Foram observadas lesdes locais
cloréticas em Chenopodium quinoa, lesdes locais necréticas em
Gomphrena globosa, mosaico em S. sessiliflorum, necrose foliar e
de caule em tomate (Lycopersicon esculentum) ‘Rutgers: € mosaico
e deformagdo foliar em Datura stramonium € Physalis floridana. O
virus ocasionou lesdes locais necréticas e necrose sistémica seguida

de morte de quatro espécies de Nicotiana. Em cortes ultra-finos de
folhas de cubiu foram observadas particulas de formato circular
envolvidas por membrana, tipicas de tospovirus. A andise em SDS
PAGE da proteina do nucleocapsideo concentrada a partir de folhas
de cubiu revelou uma banda com aproximadamente 28 kDa, valor
esperado para tospovirus. Um fragmento de aproximadamente 0,8
bp correspondente ao gene N (proteina do nucleocapsideo) foi
amplificado por RT-PCR, clonado e seqiienciado. Foi constatada
homologia de sequiéncia de aminoacidos de 95% entre a proteina N
do isolado do cubiu e de Groundnut ringspot virus (GRSV). Para
as demais espécies a homologia foi inferior a 85%. Este € o primeiro
relato da ocorréncia natural do GRSV (ou qualquer outro virus) em
plantas de cubiu.

INTRODUCTION

The cubiu (Solanum sessiliflorum L.) fruit, which
originated in West Amazon, has a high nutritional value and
is used throughout the Amazon basin for food, medicine and
cosmetics. Thefruit can be consumed “in natura’ or processed
as juice or jelly, and is used to treat anemia and elevated
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levelsof cholesterol, uric acid, and glucosein blood. Infusions
prepared from leaves, shoots, and roots can be used to treat
spider bites and to heal external wounds. As a cosmetic, the
fruit juice can be used to shine hair (Silvaet al., 1988).
Diseases caused by tospoviruses cause great lossesin
agriculture throughout the world (Goldbach & Kuo, 1996).
In Brazil, these viruses are among those that cause the greatest
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economical lossesin vegetable and ornamental crops (Pozzer
et al., 1996).

The genus Tospovirus, family Bunyaviridae, includes
viruses with spheroidal particles measuring 80 to 110 nmin
diameter. Particles are limited by a lipid bilayer envelope
containing glycoproteins (German et al., 1992). Inside the
envelope, besidesthe viral polymerase, three genomic RNAs
are found, and are designated based on their relative size: L
RNA, M RNA, and SRNA. TheL RNA, of negative polarity,
contains one open reading frame (ORF) that encodesthe viral
polymerase (De Haanet al., 1991). TheM RNA, of ambisense
polarity, containstwo ORFs responsible for the production of
the non-structural protein NSm and the envelope
glycoproteins G1/G2 (Kormelink et al., 1992). The SRNA,
also ambisense, is responsible for production of the non-
structural protein NSs and the nucleocapsid (N) protein (De
Haan et al., 1990). Tospoviruses are naturally transmitted by
thrips, in apropagative fashion (Ullmanet al., 1993; Wijkamp
et al., 1993).

Severa species of the genus Tospovirus have been
identified based on host range, specificity of transmission by
different thrips species, and nucl eotide sequence of the NV gene,
such as Tomato spotted wilt virus (TSWV), Groundnut
ringspot virus (GRSV), Tomato chlorotic spot virus (TCSV)
(Avilaet al., 1993b), Impatiens necrotic spot virus (INSV)
(Law et al., 1991), Groundnut bud necrosis virus (GBNV)
(Heinzeet al., 1995), Watermelon silver mottle virus (\WSMV)
(Yeh & Chang, 1995), Watermelon bud necrosis virus
(WBNV) (Jain et al., 1998), Iris yellow spot virus (IYSV)
(Cortés et al., 1998), Peanut bud necrosis virus (PBNV)
(Satyanarayanaet al., 1996), Peanut yellow spot virus (PY SV)
(Satyanarayanaet al., 1998), Zucchini lethal chlorosis virus
(ZLCV) (Bezerraet al., 1999), and Chrysanthemum stem
necrosis virus (CSNV) (Bezerraet al., 1999).

In Brazil, the presence of virusesin cubiu plants had
not been reported to date. The objective of this work was to
identify and partially charactere of aviral isolate from cubiu
plants by host range, electron microscopy, anaysis of the
nucleocapsid protein and sequencing of the N gene.

MATERIALS AND METHODS

Viral isolate

The characterized i solate was obtained from cubiu plant
located at an experimental plot at Universidade Estadual do
Norte Fluminense (UENF), Campos dos Goytacazes (RJ).
Plants showed mosaic (Figure 1) and spotted fruits.

The isolate was biologically purified by single
lesion passage through Chenopodium quinoa Willd. [using
ice-cold 0.02 M potassium phosphate buffer, pH 7.2,
containing 0,1% (w/v) sodium sulphite] and further sap-
inoculation, using the same buffer, to Datura stramonium L.,
and Physalis floridana Rybd. plants. The biologically pure
isolate was maintained in D. stramonium by successive
sap inoculations and stored as dried leaf material
at -80°C.
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FIG. 1 - Cubiu (Solanum sessiliflorum) plant showing
mosaic symptoms.

Host range experiment

The virus was inoculated into a series of indicator
plants: Chenopodium quinoa Willd., Lycopersicon esculentum
L. ‘Rutgers, S. sessiliflorum, Gomphrena globosa L., Datura
stramonium L., P, floridana, Nicotiana benthamiana Domin.,
N. glutinosa L., N. rustica L., N. debney Domin., N. tabacum
L. ‘“White Burley’, ‘Havana 425, ‘TNN’, ‘Xanthi’, and
‘Samsum’, Capsicum annuum L. ‘Baby Ac-119', and
Cucurbita pepo L. * Caserta

Eight plants from each species were used, four
inoculated and four mock-inoculated with buffer alone.
Plants were sap-inocul ated as described above, maintained
in agreenhouse and evaluated for 30 days post-inoculation.

Electrophoresis (SDS-PAGE) of the nucleocapsid protein
Partially purified preparations of theviral isolate were
obtained asdescribed by Lane (1992), from 2 g of cubiu leaves,
seven days after inoculation. The nucleocapsid protein was
analyzed by SDS-PAGE using a MiniProtean Il apparatus
(BioRad, EUA), according to manufacturer’ s instructions.

Electron microscopy

Fragments of leaves from infected plants were fixed
in modified Karnovksky solution (2.5% v/v glutaraldehyde,
2.5% v/v paraformaldehyde, 0.001M CaCl, in 0.05M
cacodilate buffer, pH 7,2), post-fixed in 1% w/v osmium
tetroxide in the same buffer, stained with 0.5% w/v uranyl
acetate, dehydrated in acetone and blocked in Spurr resin.
Ultra thin sections were obtained with a diamond razor in a
Reichert Ultracut T ultramicrotome, stained with uranyl
acetate and lead citrate and examined in a Zeiss EM900
transmission electron microscope.

Total RNA extraction
Tomato plants, cv. IPA-6, infected with the cubiu
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isolate were used for total RNA extraction, using the RNeasy
kit (Qiagen, EUA), according to manufacturer’ sinstructions.

Cloning of the /V gene

A cDNA was synthesized from total RNA using the
“ SuperScript Preamplification System for First Strand cDNA
Synthesis’ kit (Life Technologies). The RT-PCR reaction was
prepared according to manufacturer’ sinstructions, using the
oligonuclectide primersNGRSVR (5'-CCC TGC AGA GCT
CTCATGCAA CACCAGCAATCT TG-3'), whichanneals
at the 3' end of the N gene (capsid protein) and contains a
Sacl site (underlined), and NGRSVF (5'-GAT CTA AGG
ATC CAC CAT GTC TAA GGT CAA GCT C-3'), which
anneals at the start codon of the N gene and contains aBamH
| site (underlined).

The reaction consisted of 30 cycleswith the following
steps: 95 °C for 1 min, 50 °C for 2 min and 72 °C for 1 min,
with a final extension at 72 °C for 7 min. Results were
evaluated by agarose gel electrophoresis (0,9% wi/v agarose
in 1x TAE buffer), staining with ethidium bromide and
observation under UV light.

The amplified fragment was purified with phenol/
chloroform, precipitated with /10 volsof 3 M sodium acetate,
pH 5.2 and 2.5 vols of absolute ethanol, and digested with
Sac | and BamH |. The cleaved fragment was ligated to the
pBluescriptkK S+ vector (pKS+, Stratagene, EUA) and
transformed into Escherichia coli DH5a. Cloning was
confirmed by plasmid extraction followed by digestion with
BamH | and Sac 1. The clone pCubioN1 was completely
sequenced on both strands using the chai n termination method
with aSeguenase 2.0 kit (United States Biochemicals, EUA),
according to manufacturer’ s instructions.

Sequences were compared with those from other
tospoviruses available at GenBank. Comparisonswere carried
out using the software package from the Genetics Computer
Group of the University of Wisconsin (Devereux et al., 1984)
and the Clustal W program (Thompson et al., 1994).

RESULTS

Host range experiment

Chlorotic local lesions were observed in C. quinoa,
necrotic local lesionsin G. globosa, leaf and stem necrosisin
L. esculentum 'Rutgers’, mosaic in S. sessiliflorum, and
mosaic and leaf distortion inD. stramonium and P, floridana.
Leaf chlorosisand vein necrosisfollowed by plant death were
observed in N. benthamiana. Thevirusinduced theformation
of necrotic local lesions and systemic necrosis followed by
plant death in N. glutinosa, N. debney, N. rustica, and N.
tabacum ‘White Burley’, ‘Havana 425, ‘TNN’, ‘Xanthi’,
and‘ Samsum’. These symptomsaretypically inducedin these
hosts by severa tospoviruses. No symptoms were observed
on C. annuum ‘Baby Ac-119' and C. pepo ‘Caserta’.

Electron microscopy
Spheroidal, membrane-bound particles with
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approximately 90 nm of diameter, typical of thetospoviruses,
wereobserved in ultrathin sections prepared from cubiu leaves
(Figure 2).

Analysis of the nucleocapsid protein

SDS-PAGE analysis of the nucleocapsid (N) protein,
obtained from concentrated virions from cubiu leaves,
revealed the presence of a band with a relative molecular
mass of approximately 28 kDa, the expected value for the
tospovirus nucleocapsid protein (data not shown).

Sequencing of the NV gene

A DNA fragment with approximately 800 base pairs
(bp), corresponding to the nucleocapsid (V) gene, was RT-
PCR-amplified from infected cubiu plant, cloned into pKS+
and compl etely sequenced. The N genefrom the cubiu isolate
has 777 nucleotides, with the potentia to codefor a258 amino
acid protein. Comparison of the deduced amino acid sequence
of the N protein from the cubiu isolate with those from other
tospoviruses revealed an homology of 95% with GRSV, and
below 85% with the remaining species (Table 1), confirming
the identity of the cubiu isolate as GRSV.

DISCUSSION

The genus Tospovirus comprises species of great
economic importance, due to the severity of the diseases
mainly in vegetable and ornamental crops (Pozzer et al.,
1996). Among the tospoviruses described to date, TSWV,
TCSV, and GRSV have dready been reported in different

FIG. 2 - Electron micrograph of ultra thin sections of cubiu
(Solanum sessiliflorum) leaves infected by
Groundnut ringspot virus (GRSV-Cb). The arrows
indicate virions inside endoplasmic reticulum
elements. Electron-dense masses (D) indicate an
accumulation of nucleocapsids. L- lipid; M-
mitochondria.
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TABLE 1 - Percent amino acid homology among the
nucleocapsid proteins of the cubiu (Solanum
sessiliflorum) isolate of Groundnut ringspot
virus, (GRSV-Cb) and other Tospovirus

species
Species® TSWV TCSV GRSV INSV ZLCV CSNV IYSV GRSV -Cb
TSWV 00 77 78 5 72 75 35 79
TCSV 100 8 5 73 72 3R 84
GRSV 00 5 75 73 33 95
INSV 100 5 54 30 58
ZLCV 100 8 3 77
CSNV 100 32 74
IYSV 100 36
GRSV-Cb 100

* Tomato spotted wilt virus (TSWV), isolate CNPH9 (GenBank accession
number D00645); Tomato chlorotic spot virus (TCSV), isolate Br03
(S54325); Groundnut ringspot virus (GRSV), isolate SA05 (S54327);
Impatiens necrotic spot virus (INSV) (X66972); Zucchini lethal chlorosis
virus (ZLCV) (AF067069); Chrysanthemum stem necrosis virus (CSNV)
(AF067068); Iris yellow spot virus (1Y SV)(AF067070), GRSV-Ch, GRSV
isolate from cubiu (AF251271).

regions of Brazil (Nagata et al., 1995). Additionally, three
new species have been recently described in Brazil: Iris yellow
spot virus (1Y SV) (Pozzer & Bezerra, 1999) Chrysanthemum
stem necrosis virus (CSNV), and Zucchini lethal chlorosis
virus (ZLCV) (Bezerra et al., 1999), making Brazil the
country with the highest diversity of tospoviruses. This
diversity reflectsthe adaptive capacity of theseviruses, which
can occupy different ecological niches, and their consequent
speciation. In addition, some species like TSWV, TCSV,
GRSV, and CSNV have extremely wide host ranges. Thus, it
is not surprising that new studies find other species, and new
hosts for previously described virus species.

In the present work, the etiological agent of a disease
in cubiu was identified as GRSV. Results from host range
and electron microscopy initially suggested the presence of a
tospovirus. Although symptoms induced in indicator plants
are till used as an aid in the identification of tospovirus, this
does not seem to be an adequate method considering the
overlapp in the host range of some species (Avila ez al.,
1993a). It is also common to observe symptom attenuation
after successive mechanical passages, due to the appearance
of defective-interfering (DI) RNAs (Resende et al., 1991).
Theisolate was definitively identified as GRSV by sequencing
the N gene.

The cubiu plants, multiplied from seeds originating
in the Amazon basin, were being tested for their adaptation
to the conditions of Northern Rio de Janeiro. The primary
inoculum source probably consisted of wild hosts of GRSV,
present at the vicinity of the experimental plot at the
Universidade Estadual do Norte Fluminense campus. To this
date, GRSV had not been reported in the state of Rio de
Janeiro, and no virus had ever been reported in cubiu. The
results presented here demonstrate how important of
preliminary studies are for the introduction of plant species
to new geographical regions. Inthiscase, previously existing
pathogens, which did not have the opportunity to co-evolve
with the introduced species, cause serious damage or even
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make commercia production impossible. Although thelosses
caused by GRSV in cubiu plants have not been estimated, the
potential of damage by tospovirusesis high, pointing out the
need for a careful evaluation of the consequences of GRSV
(and possibly other tospoviruses) infection in cubiu.
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