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Abstract Nicandra physaloides, a common weed in

South America, was found to be infected by an isolate

of Tomato severe rugose virus (ToSRV), a bipartite

begomovirus. The plants developed severe yellow rugose

mosaic and were collected in São Paulo State, Brazil. This

isolate of ToSRV was transmitted by Bemisia tabaci B

biotype from infected plants of N. physaloides to healthy

plants of N. physaloides and tomato in a glasshouse. This is

the first report of natural infection of N. physaloides by

ToSRV in Brazil.
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Tomato severe rugose virus (ToSRV) is one of several

species of begomovirus (family Geminiviridae) infecting

solanaceous crops in Brazil during the last 15 years. ToSRV

was first described infecting tomato crops (Solanum lyco-

persicum) in Uberlandia County, Minas Gerais State, Brazil,

in 1999 causing yield losses up to 80% (L. R. Goulart,

Uberlandia Federal University, personal communication).

Later, it was identified from potato (Souza-Dias et al. 2008)

and chili pepper (Bezerra-Agasie et al. 2006). Currently,

ToSRV has become the predominant virus found in tomato

crops in the country (Fernandes et al. 2008).

The virus has a genome composed of two circular

ssDNA and is transmitted by the whitefly Bemisia tabaci

(Gennadius) (Homoptera: Aleyrodidae) in a persistent and

circulative manner. During 2007 and 2008, studies were

carried out to evaluate the temporal and spatial progress of

epidemics caused by ToSRV in tomato crops under field

conditions at Sumaré County, State of São Paulo, Brazil,

which will be published elsewhere. Nicandra physaloides

(family Solanaceae) with severe yellow rugose mosaic

(Fig. 1), characteristic of a virus infection, were frequently

found around tomato fields. Identical symptomatic plants

were also found scattered within maize and sorghum fields

in areas previously planted with tomato in the same region.

N. physaloides is a common weed (known as apple of Peru)

in most vegetable-growing areas in South America, mainly

in Brazil, where it is sometimes used as popular medicine

(Agra et al. 1994).

Leaf samples obtained from five symptomatic plants

randomly selected in the field were analyzed in the labo-

ratory for viruses previously reported in tomato crops in

Brazil (Kurozawa and Pavan 2005). We first used a plate

trapped antigen–enzyme-linked immunosorbent assay

(PTA-ELISA) to detect the presence of Cucumber mosaic

virus (CMV), Potato leafroll virus (PLRV), Pepper yellow

mosaic virus (PepYMV), Potato virus Y (PVY) and Tomato

spotted wilt virus (TSWV) with polyclonal specific antisera

against the coat protein of each virus. All five samples were

negative for these antisera, while positive and negative

controls confirmed the specificity of the tests (data not

shown).
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Symptomatic leaves, ground in 0.02 M potassium

phosphate buffer (pH 7.0) were used to mechanically

inoculate the following test plants in the glasshouse:

Chenopodium amaranticolor, C. quinoa, Cucurbita pepo

‘Caserta’, Datura stramonium, Gomphrena globosa,

Nicotiana clevelandii, N. benthamiana, N. glutinosa,

N. physaloides, N. tabacum ‘Havana’, N. tabacum ‘TNN’

and S. lycopersicum. None of the plants developed typical

symptoms of mechanically transmitted tomato-infecting

viruses. Together, these results suggested that the plants

could be infected by another virus.

The samples were further analyzed for the presence

of begomoviruses. Initially, total DNA was separately

extracted from each sample (Dellaporta et al. 1983) and

analyzed with a PCR reaction using the universal primer

pairs PAL1v1978/PAR1c496 and PBL1v2040/PCRc1 for

begomovirus (Rojas et al. 1993). Two fragments of

approximately 1,300 and 600 bp, respectively, were

amplified from all five samples (Fig. 2), suggesting infec-

tion with a bipartite begomoviruses. These fragments were

directly sequenced and compared with other begomovirus

deposited in GenBank (http://www.ncbi.nlm.nih.gov/

BLAST). The consensus sequence of 1,059 nucleotides

(nt) of the begomovirus DNA-A component, comprising

the 50-region of the replication-associated protein (Rep)

gene, the entire intergenic region (IR), and the 50-region of

the coat protein (CP) gene, shared 98% nucleotide identity

with the corresponding sequence of the DNA-A of ToSRV

pepper isolate [BR:PG1:Pep:03] (accession DQ207749).

The 501 nt consensus sequence of the DNA-B component,

comprising the 50-region of the MP gene, shared 95%

nucleotide identity with the DNA-B of the same isolate of

ToSRV (accession EF534708).

To confirm these results, we cloned and completely

sequenced the DNA-A component. Viral DNA from three

samples was amplified by a rolling circle procedure using the

bacteriophage /29 DNA polymerase (TempliPhi; GE

Healthcare, Piscataway, NJ, USA). The amplified DNA was

separately digested at a single site with restriction

endonucleases BamHI, SacI, or EcoRI to generate 2.6-kb

DNA linear fragments (Inoue-Nagata et al. 2004). These

linearized DNAs were cloned into a pBluescript SK(?)

vector (Stratagene, La Jolla, CA, USA) and introduced into

Escherichia coli DH5a according to standard procedures

(Sambrook et al. 1989). Seven clones representing randomly

selected three DNA samples were completely sequenced.

Sequences were assembled by the Staden Package program

(Staden 1996), and analysis and comparisons were per-

formed using the programs ORF finder (http://www.ncbi.

nlm.nih.gov/gorf/gorf) and BLASTn (Altschul et al. 1997).

All seven clones were 2,590 nt long and shared over

99% nucleotide identity. Therefore, clone JR01 was

selected for further analysis and herein called nicandra

virus. The DNA-A sequence of nicandra virus (accession

EU086591) shared 98% nucleotide identity with the DNA-A

of ToSRV pepper isolate-[BR:PG1:Pep:03] (accession

DQ207749), using DNAMAN (Lynnon BioSoft, Quebec,

Canada), confirming its identification, hence designated as

ToSRV-[BR:Sum1:Nic:07]. Five ORFs were identified:

AV1, coding for the coat protein (CP); AC1, coding for the

replication-associated protein (Rep); AC2, coding for the

Fig. 1 Symptomatic Nicandra
physaloides plants in a field

previously planted with maize

(left) and closeup of yellow

rugose mosaic on leaves (right)
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Fig. 2 PCR amplified fragments of DNA-A (*1300 bp, A) and

DNA-B (*600 bp, B) of begomoviruses from total DNA extracted

from five (lanes 1–5) field-collected, symptomatic Nicandra physa-
loides plants; -: healthy N. physaloides; ?: tomato control infected

with Tomato severe rugose virus; M: 1-kb ladder (Invitrogen,

Carlsbad, CA, USA)
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trans-activating protein (TrAP); and AC3, coding for the

replication enhancer protein (REn). This genome organi-

zation is typical of bipartite New World begomoviruses

(Stanley et al. 2005). An approximately 300-nt intergenic

region (IR) containing the origin (ori) of replication was

also identified. The deduced amino acid sequences of this

virus shared identities of 99% for AV1, 99% for AC1, 98%

for AC2, 98% for AC3, and 98% for AC4 with ToSRV-

[Br:PG1:Pep:03].

A phylogenetic tree of DNA-A sequences (Fig. 3),

constructed using the program MEGA 4.0 (Tamura et al.

2007) after multiple alignments obtained with the program

Clustal_W (Thompson et al. 1994), confirmed the close

evolutionary relationship of the nicandra virus with pepper

ToSRV-[BR:PG1:Pep:03] (accession no. DQ207749)

and tomato ToSRV-[BR:Ube1:00] (accession AY029750)

isolates and with Tomato rugose mosaic virus (ToRMV-

[BR:Ube1:96], accession AF291705).

Virus-free adults of B. tabaci biotype B were caged in a

50 ml polypropylene tube containing ToSRV infected

leaves of N. physaloides for an acquisition access period of

48 h. Viruliferous whiteflies were then transferred to heal-

thy tomato and N. physaloides test-plants for a transmission

access period of 5 days. Approximately 25 whiteflies were

confined on each pot containing two plants of each species,

with three replicates. Twenty days after inoculation, all test

plants of both species developed symptoms of virus infec-

tion (data not shown). The virus was further transmitted by

whiteflies from infected tomato and N. physaloides test

plants to healthy seedlings of both species (data not shown).

The infection was evaluated by PCR with primers

PAL1v1978/PAR1c496 (Rojas et al. 1993) and subsequent

direct sequencing the 50-region of the CP gene confirmed

the identity of the transmitted viruses as ToSRV isolates.

This is the first record of the occurrence of ToSRV

infected N. physaloides under field conditions, although

natural infection of this species with other begomoviruses

have been reported earlier in Brazil (Fernandes et al. 2006;

Inoue-Nagata et al. 2003). Together, these data suggest that

N. physaloides can serve as natural reservoirs of ToSRV

for primary infection of tomato crops. Therefore, man-

agement strategies for begomoviruses in tomato crops

should seriously consider the elimination of N. physaloides

before transplanting tomato seedlings.
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