
SUMMARY

In recent years a high incidence of begomoviruses
has been reported in different regions of Brazil causing
severe losses to tomato crops. In order to study the dis-
tribution of begomovirus species in São Paulo State, pe-
riodical sampling was undertaken in tomato- growing
areas from different municipalities. Plants showing
stunting, foliar yellow vein streak, mosaic and malfor-
mation were used for sap inoculations, whitefly trans-
mission, electron microscope observations, and DNA
extraction, followed by PCR using universal primers for
the genus Begomovirus. The fragments amplified were
sequenced and compared with other geminivirus se-
quences in the GenBank. Tomato yellow vein streak
virus (ToYVSV) and Tomato rugose mosaic virus (ToR-
MV) were identified in our samples. Phylogenetic analy-
sis based on the 5' end of the coat protein gene showed
a cluster including the ToYVSV isolates. All isolates in
the two species identified were whitefly-transmitted,
whereas only the ToYVSV isolates from Campinas were
also mechanically transmitted. After complete DNA-A
component sequencing and comparison with other
geminivirus species, the ToYVSV isolate from Monte
Mor, SP, was confirmed as a new begomovirus species
closely related to Tomato golden mosaic virus (TGMV).
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INTRODUCTION

The Geminiviridae family is currently divided into
four genera (Begomovirus, Curtovirus, Mastrevirus and
Topocuvirus) according to the type of insect vector,
number and organization of the genomic components,
diversity of hosts and phylogeny. Species in the genus
Begomovirus include some of the most economically im-
portant pathogens of tomato (Lycopersicon esculentum).
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To date, there are more than 100 definitive begomovirus
species, which are transmitted by the whitefly Bemisia
tabaci (Homoptera: Aleyrodidae) in a non-circulative
manner, infecting dicotyledons and usually having bipar-
tite genomes (Fauquet et al., 2003; Stanley et al., 2005).

In the Americas, begomoviruses have been reported
on several important crops such as common beans
(Phaseolus vulgaris), sweet peppers (Capsicum annuum),
soybeans (Glycine max), and potatoes (Solanum tubero-
sum) (Polston and Anderson, 1997; Faria et al., 2000;
Ribeiro et al., 2006). Over the last two decades, epi-
demics caused by begomoviruses on tomato crops in
tropical and subtropical America have been attributed
to the introduction and efficient dissemination of the
biotype B of their vector, the whitefly B. tabaci (Am-
brozevicius et al., 2002; Ribeiro et al., 2003). 

Since the mid-1990’s, a high incidence and severe
losses due to infection by different begomovirus species
have been reported on tomato in different regions of
Brazil (Ribeiro et al., 2003). The State of São Paulo is
one of the most important tomato growing areas, with
an annual production of approximately 700,000 ton in
12,000 ha, comprising ca. 25% of the Brazilian produc-
tion (IEA, 2007). In fields surrounding the city of
Campinas in São Paulo State, a tentative new bego-
movirus species named Tomato yellow vein streak virus
(ToYVSV) was identified in ‘Santa Clara’ tomatoes
causing losses ranging from 19 to 70% (Faria et al.,
1997). In the same region, severe ToYVSV epidemics
were observed on tomato crops starting as soon as 20
days after sowing, with up to 70% infected plants (Co-
lariccio et al., 2001). In the same growing area, Eiras et
al. (2002) observed high rates of ToYVSV dissemination
on ‘Carmen’ tomatoes, affecting as much as 80% of
plants, which showed yellowing, leaf reduction and
stunting symptoms. At least seven new species of bego-
movirus have been identified on tomatoes in Brazil
(Ribeiro et al., 2003; Fernandes et al., 2006).

Complexes of begomovirus species have been identi-
fied in the green belt of Brasília, DF. Recombination
analysis indicated that new species are still emerging
and therefore the population of begomoviruses on
tomato in Brazil is still in formation (Inoue-Nagata et
al., 2006).
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In the present work, we studied the incidence and
genetic variability of begomoviruses affecting tomato
crops in the main growing areas of São Paulo State, and
obtained the complete DNA-A sequence of one
ToYVSV isolate from Monte Mor, SP.

MATERIALS AND METHODS

Source and survey. Apical leaves of the tomato hy-
brids ‘Alambra’, ‘Carmen’, ‘Densus’, ‘Débora Plus’,
‘Fanny’, ‘Predileta’, ‘Saladete’, ‘Sakata’ and ‘Taty’, and
of lineages from the breeding program of the Instituto
Agronômico de Campinas (IAC), showing symptoms of
stunting, yellow mosaic, yellow vein streak, curling and
leaf distortion, were collected in the growing areas of
the following municipalities: Aguaí (1 sample), Amparo
(1 sample), Atibaia (20 samples), Campinas (85 sam-
ples), Elias Fausto (45 samples), Guapiara (10 samples),
Indaiatuba (2 samples), Itaquí (1 sample), Matão (3
samples), Mogi Guaçu (12 samples), Monte Mor (13
samples), Sumaré (18 samples) and Valinhos (3 sam-
ples), 214 samples in all. We also collected weeds (12
samples) from the families Amaranthaceae, Cucur-
bitaceae, Fabaceae, Labiatae and Solanaceae, which had
symptoms of yellowing and mosaic.

Biological tests. Tomato leaves showing yellow vein
streak, mosaic and leaf distortion were used as inoculum
for mechanical inoculation using TACM buffer (0.05M
Tris-HCl pH 8.0, 0.1% ascorbic acid, 0.1% L-cysteine
and 0.5% 2-mercaptoethanol). The inoculum was applied
to leaves of seedlings of ‘Carmen’ tomato, Chenopodium
amaranticolor, Datura metel, D. stramonium, Nicotiana
glutinosa, and N. tabacum ‘White Burley’, which were
kept under greenhouse conditions for 30 days for symp-
tom evaluation. For vector transmission tests, colonies of
Bemisia tabaci biotype B were maintained on healthy
plants of Solanum gilo and Cucurbita pepo, then trans-
ferred to infected tomato plants showing yellow vein
streak and mosaic. After an acquisition period of 24 h, the
insects were transferred to five healthy ‘Carmen’ tomato
seedlings (ten insects per plant) for a 48 h inoculation pe-
riod. For grafting tests, apical tomato leaves showing yel-
low vein streak were grafted onto five healthy plants of
‘Carmen’ tomato and maintained under greenhouse con-
ditions.

Electron Microscopy. Vein tissue of apical sympto-
matic leaves was fixed at 4ºC in 2.5% glutaraldehyde in
0.1M phosphate buffer pH 7.0, post-fixed at 4°C in 1%
osmium tetroxide in the same buffer, stained “en bloc”
with 2% uranyl acetate, dehydrated in acetone and in-
cluded in Spurr’s medium. Ultra-thin sections were dou-
ble stained in uranyl acetate and lead citrate and exam-
ined with a Philips EM 208 transmission electron micro-
scope.

DNA extraction, PCR, cloning, sequencing and phy-
logenetic analysis. Young symptomatic tomato leaves
(0.25 g) were ground in liquid nitrogen and immediately
transferred to 1.5 ml microfuge tubes. DNA was extract-
ed according to Accotto et al. (2000) and used as a tem-
plate for PCR amplification using universal begomovirus
primers [PAL1v1978 (5' GCATCTGCAGGCCCA-
CATYGTCTTYCCNGT 3') and PAR1c496 (5' AAT-
ACTGCAGGGCTTYCTRTACATRGG)] described by
Rojas et al. (1993). The DNA fragments amplified (sizes
ranging from 1200 to 1500 base pairs) were analyzed on
agarose gels (1.0%). For the isolate ToY-22, the A com-
ponent was amplified using two pairs of primers that
yielded two overlapping products of approximately 2.3
kb and 1.2 kb. These products were cloned into the
pGEM-T-Easy vector (Promega, Madison, WI, USA),
transformed into competent E. coli cells (DH5-α) and
completely sequenced by producing subclones with re-
striction enzymes. The inserts were fully sequenced in
both orientations. The ‘contigs’ obtained were aligned
and the complete DNA-A sequence was assembled using
the Sequencer 3.1 program (Gene Codes Corporation,
Ann Arbor, MI, USA).

PCR amplification products from 12 isolates, selected
on geographical origin (ToY-1, 2 and 3 from Elias Faus-
to; ToY-11 from Mogi Guaçu; ToY-14 and 22 from
Monte Mor; ToY-60 from Matão; ToY-62 from Aguaí;
ToY-65, 66, 67 and 71 from Campinas), were directly se-
quenced using the BigDye Terminator Cycle Sequencing
Ready Reaction Kit (Applied Biosystems, Foster City,
CA, USA) and an ABI 377 automated sequencer, accord-
ing to manufacturer’s instructions. Comparisons with
other begomovirus sequences were carried out using the
BLASTn algorithm (Altschul et al., 1990). Sequences
corresponding to the 310 nucleotides of the 5' end of the
coat protein (AV1) gene were aligned with the Clustal X
1.81 program (Thompson et al., 1997), and phylogenetic
analysis was carried out based on multiple sequence
alignments using MEGA 3.1 (Kumar et al., 2004) with
the UPGMA method. Branches were bootstrapped with
2000 replications. The nucleotide and deduced amino
acid sequences of ToYVSV were compared with those of
other begomoviruses stored in the GenBank using the
GeneDoc program (Nicholas et al., 1997).

RESULTS AND DISCUSSION

Among the 214 tomato samples, we identified 80 in-
fected by begomoviruses (PCR-positive and displaying
yellow vein streak or leaf crumple and curling symp-
toms). It was possible to identify ToYVSV and ToRMV
by sequencing the viral DNA of the 12 samples with yel-
low vein streak and one sample showing leaf crumple
and curling symptoms. The yellow vein streak symptom
was always associated with ToYVSV, while mosaic, leaf
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crumple and curling were attributed to ToRMV (Figs.
1A and 1B, respectively). These symptoms are in accor-
dance with those described by Faria et al. (1997) for
ToYVSV, and Fernandes et al. (2006) and Colariccio et
al. (2006) for ToRMV. In our survey, the yellow vein
streak symptom was prevalent, corresponding to 37.4%
of the samples analyzed, while the leaf crumple and curl-
ing symptom was restricted to samples from the Mogi
Guaçu region corresponding to 4.7%. The other symp-
tomatic tomato samples that were not infected by bego-
moviruses (PCR-negative), were probably infected by
other unidentified viruses.

Differently of what has been observed in surveys in
other Brazilian regions, especially in other states of
Southeastern Brazil (Ambrozevicius et al., 2002), we
noted that symptoms of a single begomovirus species, in
this case ToYVSV, were prevalent in the major tomato
growing regions of São Paulo State. 

Vector transmission tests, showed highly efficient
transmission of both begomovirus species. Only ‘Car-

men’ tomatoes were infected and reproduced the yellow
vein streak symptoms when sap-inoculated with the
ToYVSV isolate from Monte Mor (Fig. 1C). Both
ToYVSV and ToRMV were easily transmitted by graft-
ing. EM observations revealed groups of twinned icosa-
hedral particles typical of geminiviruses, in the nuclei of
phloem parenchyma-infected cells (Fig. 1D).

ToYVSV was not identified in any of different weed
species analysed. We detected only two PCR-positive
samples, and the viral isolates were named Le-4 and
BG-18, from Leonurus sibiricus (Labiatae) and an
unidentified species of the family Fabaceae, respectively.
Isolate Le-4 was partially sequenced and displayed 99%
identity with Leonurus mosaic virus (LeMV), a bego-
movirus originally described by Flores and Silber-
schmidt (1965) and partially sequenced by Faria and
Maxwell (1999). The Monte Mor isolate BG-18 was also
partially sequenced and displayed 98% identity with
Bean golden mosaic virus (BGMV), the type species of
the genus Begomovirus. These results were reinforced
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Fig. 1. (A) Naturally infected tomato ‘Carmen’ from a field in Monte Mor, showing yellow vein streak and stunting induced by
Tomato yellow vein streak virus (ToYVSV); (B) Naturally infected Tomato ‘Carmen’ from a field in Mogi Guaçu, showing mosaic
and crumpling induced by Tomato rugose mosaic virus (ToRMV); (C) Tomato ‘Carmen’ infected with ToYVSV by sap inoculation,
showing yellow vein streak; (D) Electron micrograph of an ultra-thin section of an young leaf of ‘Carmen’ tomato naturally infect-
ed by ToYVSV, showing twin particle aggregates in the nuclei of a phloem parenchyma cell (Bar = 200 nm).



by the position of these isolates in the phylogenetic tree
(Fig. 2). Plants of L. sibiricus, despite their high fre-
quency in tomato crops, do not seem to play a role as a
source of begomoviruses for tomato. This was also re-
ported for bean crops (Faria and Maxwell, 1999). In
Brazil, there is no evidence that leguminous plants are
reservoirs of tomato-infecting begomoviruses, although
in Spain and Portugal Tomato yellow leaf curl virus
(TYLCV) was reported infecting common bean (Phase-
olus vulgaris L.) (Moriones and Accotto, 2000).

Phylogenetic analysis based on the 5' end of the CP
gene revealed a cluster including all ToYVSV isolates,
with a high bootstrap value. All ToYVSV isolates pre-
sented low genetic variability in the CP gene, with iden-
tity higher than 98%. The same was observed for ToR-
MV isolated from São Paulo, which shared a cluster
with ToRMV isolated from Minas Gerais (Fig. 2). The
ToYVSV-IAC isolate, partially sequenced by Faria et al.
(1997), and the potato isolate ToYVSV-pot (Ribeiro et
al., 2006), clustered together with the other ToYVSV
isolates (Fig. 2). Both isolates share the same branch in
the phylogenetic tree, with a high bootstrap value (Fig.
2). The same result has been reported for BGMV, since
virus isolates from seven Brazilian states presented low
levels of genetic variability, being considered as a single
virus population (Faria and Maxwell, 1999). Different
results were obtained in the Minas Gerais State, where
new begomovirus species occurred in municipalities
within a radius of 30km (Ribeiro et al., 2003).

The complete sequence of DNA-A from isolate ToY-
22, with 2,564 nt (Accession No. EF459696), revealed
the presence of a common region with 288 nt which
contains the origin of replication and other replication-
associated elements, and four open reading frames: AV1
(sense), coding for the coat protein (CP), AC1 (anti-
sense), coding for the ‘replication-associated protein’
(Rep), AC2 (anti-sense), coding for the ‘trans-activating
protein’ (Trap), and AC3 (anti-sense), coding for the
‘replication enhancer protein’ (Ren). This genome or-
ganization is typical of bipartite New World bego-
moviruses (Stanley et al., 2005). The complete DNA-A
sequence of ToYVSV-[Toy-22], when compared with
those from other begomoviruses deposited in the Gen-
Bank, displayed maximum identity with TGMV (84%).

Other begomoviruses displayed identities ranging
from 75 to 81%. Comparisons of the deduced amino
acid sequences for each protein indicated a higher de-
gree of identity with the CP of TGMV (93%), while the
other proteins displayed a maximum identity of 79%
[Rep, Tomato chlorotic mottle virus (ToCMoV)], 80%
[Ren, TGMV] and 73% [Trap, TGMV]. Although we
have not yet sequenced the DNA-B, our results strongly
indicate that ToYVSV does constitute a new bego-
movirus species, since the ICTV-established criterion
for species demarcation in the genus Begomovirus con-
siders less than 89% nucleotide sequence identity for
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Fig. 2. Phylogenetic tree based on multiple sequence alignment
of the partial CP gene (5’ end) of Tomato yellow vein streak
virus (ToYVSV) isolates sequenced in this work (ToY-1, 2 and
3 from Elias Fausto; ToY-11 from Mogi Guaçu; ToY-14 and 22
from Monte Mor; ToY-60 from Matão; ToY-62 from Aguaí;
ToY-65, 66, 67 and 71 from Campinas)] and of begomovirus
sequences stored in the GenBank: Abutilon mosaic virus, Ab-
MV (NC_001928); Leonurus mosaic virus, LeMV (U92532);
Bean golden mosaic virus, BGMV (NC_004042); Chino del to-
mate virus, CdTV (NC_003830); Sida golden mosaic virus, SiG-
MV (NC_002046); Sida mottle virus, SiMoV (AY090555); Sida
yellow mosaic virus, SiYMV (NC_004639); Tomato golden mo-
saic virus, TGMV (NC_001507); Tomato chlorotic mottle virus,
ToCMoV (NC_003664); Tomato rugose mosaic virus, ToRMV-
MG (NC_002555); ToYVSV-IAC, isolate from Campinas
(AY829113) and ToYVSV-pot, a potato isolate from Rio
Grande do Sul (EF417915). The analysis includes the two be-
gomovirus isolates from weeds (BG-18 and Le-4), also se-
quenced as part of this work. Tomato yellow leaf curl virus
(TYLCV, NC_004005), an Old World begomovirus, was used
as out-group. The analysis was carried out with MEGA 3.1 us-
ing the UPGMA method. The bootstrap values (2000 replica-
tions) are indicated on the branches. The number of substitu-
tions per site is indicated in the scale.



the complete DNA-A (Stanley et al., 2005).
From the 1970’s until the early 1990’s, only three be-

gomovirus species were reported in the Americas. How-
ever, over the last ten years, there has been a remarkable
increment in the number of begomovirus species de-
scribed in tomato in the New World (Morales and An-
derson, 2001), including Brazil (Ambrozevicius et al.,
2002; Ribeiro et al., 2003; Fernandes et al., 2006). This
sudden increase in the number of species is attributed to
the introduction and efficient dissemination of the B bio-
type whitefly (Ribeiro et al., 2003). This biotype presents
larger populations, more aggressiveness, and higher ca-
pacity to colonize weeds (Faria et al., 2000). These factors
may have facilitated the transfer of begomoviruses from
weeds to crops, which together led to an increase in re-
combination rates, favoring the emergence of new virus
species (Padidam et al., 1999; Ambrozevicius et al., 2002;
Ribeiro et al., 2003). Ambrozevicius et al. (2002) present-
ed strong evidence of recent adaptation of begomovirus
isolates from weeds to tomato, which indicates their ori-
gin in the New World. However, we have not yet detect-
ed weeds infected by ToYVSV. 
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