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ABSTRACT

Torres-Pacheco, 1., Garzén-Tiznado, J. A., Brown, J. K., Becerra-Flora,
A., and Rivera-Bustamante, R. E 1996. Detection and distribution of
geminiviruses in Mexico and the southern United States. Phytopathology
86:1186-1192.

Plant samples from important horticultural areas in Mexico and the
southern United States were collected during several seasons and ana-
lyzed for the presence of geminiviruses by a combination of agarose gel
electrophoresis, molecular hybridization, and polymerase chain reaction
amplification techniques. A general detection strategy confirmed the
presence of geminiviruses in all horticultural areas of Mexico in pepper,
tomato, tomatillo (Physalis ixocarpa), cucurbits, and tobacco. Specific
detection procedures showed that pepper huasteco virus is widely distrib-

uted in Mexico; it was found in pepper and tomato samples in both
coastal areas, as well as in central Mexico. It was also found in pepper
samples from the Rio Grande Valley in southern Texas. Pepper jalapefio
virus (PJV) and chino del tomate virus (CdTV) showed a more restricted
distribution, although, in all cases, the viruses appeared to become more
widely distributed over time. Partial DNA sequences of PJV and CdTV
were also obtained. Comparative sequence analysis showed that PJV and
the previously described Texas pepper geminivirus are probably strains
of the same virus. The name pepper jalapefio virus is, thus, withdrawn to
avoid further confusion. Similarly, CdTV showed a very high level of
sequence identity with the recently described tomato leaf crumple virus
(TLCrV), also suggesting that they both are strains of the same virus.

Geminiviruses are a group of plant viruses with small, twinned,
isometric particles and genomes containing one or two single-
stranded DNA (ssDNA) molecules. Geminiviruses are classified
into three genera according to their host range, insect vector, and
genome organization. Members of the genus subgroup III Gem-
inivirus of the family Geminiviridae are transmitted by the
whitefly Bemisia tabaci (Gennadius) and infect dicotyledonous
plants. Most members have a bipartite genome divided into two
ssDNA molecules (15). During the last decade, several whitefly-
associated diseases have caused important losses in several horti-
cultural crops in almost all agricultural areas in Mexico and some
southern states of the United States. The symptoms commonly
associated with these diseases are foliar distortion (curling, crum-
pling, rugosity, yellowing, and mosaic patterns), overall stunting
of the plants, and dramatic decreases in expected yield. Several
geminiviruses have been reported in association with and as
causal agents of, separately or in combination, some of these dis-
eases. In some cases, the geminiviruses involved were isolated
and characterized. For example, chino del tomate virus (CdTV)
was isolated in Sinaloa (5), Texas pepper geminivirus (TPV) was

Corresponding author: R. F. Rivera-Bustamante
E-mail address: rrivera@irapuato.ira.cinvestav.mx

Publication no. P-1996-0904-01R
© 1996 The American Phytopathological Society

1186 PHYTOPATHOLOGY

isolated in southern Texas (23), and pepper huasteco virus (PHV)
and another uncharacterized virus were isolated in Tamaulipas
(13). The latter geminivirus was later partially sequenced and
tentatively named pepper jalapefio virus (PJV) (1). In other in-
stances, only a description of the disease and the possible causal
agent, separately or in combination, are reported (3,4,6). In addi-
tion, there is still a number of diseases whose etiology has never
been determined (2).

In Mexico, the earliest reports on geminivirus diseases came
from studies in the northwestern states of Sinaloa and Sonora on
tomato, pepper, and bean diseases (12). More recently (late 1980s
to the present), similar diseases and symptoms have been ob-
served in many crops in nearly all horticultural areas in the coun-
try. In the United States, the presence of squash leaf curly virus
(SqLCV) was reported as an economically important problem in
the late 1970s (9,11). More recently, whitefly-transmitted gem-
iniviruses reached epidemic proportions in tomato in Florida and
in tomato and pepper in the Rio Grande Valley of Texas (2,19,23).
Furthermore, there are numerous uncharacterized viruses in crops
and weeds that have the potential to cause important economic
losses.

Two possible explanations for these new trends in Mexico and
the United States sunbelt states are proposed. First, the spread of a
group of specific geminiviruses, well established in commercial
crops for a long time, from their initial native location (e.g., Si-
naloa and Texas/Tamaulipas) to other agricultural areas has been



facilitated by several factors such as the increase in the movement
of plantlets between different areas. In the second scenario, each
horticultural area harbors its own endemic geminivirus popula-
tions that only recently found a way to spread to commercial
crops. The introduction of the B biotype of the whitefly vector,
variations in environmental conditions that have favored higher
vector populations (insecticide resistance, etc.), and the overlap-
ping of crops throughout the year are factors that could have an
impact in both cases.

To distinguish between the two possibilities, samples from
plants showing geminivirus-like symptoms collected during the
last 10 years were analyzed. The study primarily focused on crops
of economic importance such as pepper, tomato, tomatillo
(Physalis ixocarpa Brot.), squash, and tobacco. In the first part,
the aim was to detect and confirm the presence of geminiviruses,
thus, providing support for the suspected viral etiology of the dis-
cases observed in the horticultural areas under study. In the second
part, the temporal and spatial distributions of the geminiviruses
previously reported in Mexico (PHV, CdTV, and PJV) were stud-
ied to investigate the possibility of interregional virus introduc-
tions. Finally, the relationships between TPV and the tentatively
designed PJV, as well as between CdTV and the recently de-
scribed tomato leaf crumple virus (TLCrV), were analyzed on the
basis of recent sequence data.

MATERIALS AND METHODS

Collection of samples. Samples from plants with geminivirus-
like symptoms were collected in the past 10 years. In Mexico, the
initial sampling was directed towards areas from which geminivi-
ruses had been previously reported (Sinaloa, Sonora, and
Tamaulipas). More recent collections were targeted towards arcas
where relatively new diseases of suspect geminivirus etiology had
been reported (Puebla), areas in which geminivirus-like symptoms
had been observed recently or for the first time (Chiapas, Nayarit,
and Guanajuato), or areas with virus-like diseases associated with
infestations of whiteflies (Quintana Roo). Sample collections were
focused on the following crops: pepper, tomato, squash, tobacco,
tomatillo, and, in some cases, common symptomatic weeds sur-
rounding horticultural fields (mostly members of the families
Malvaceae, Solanaceae, and Euphorbiaceae). In the United States
sunbelt states, samples were collected for cucurbits of all species
and from tomato and pepper.

Virus DNA extraction. Plant nucleic acids containing viral
DNA were extracted from infected tissue (0.5 to 1 g) using the
procedure reported by Dellaporta et al. (8). The tissue was ex-
tracted twice with phenol and once with a mixture of phe-
nol/chloroform/isoamyl alcohol (25:24:1). Nucleic acids in the
aqueous phase were precipitated with isopropanol or ethanol and
resuspended in sterile, deionized water or in Tris-EDTA (TE)
buffer, pH 8.0.

Electrophoretic, Southern, and dot-blot analyses. Samples of
nucleic acid extracts (10 pl) were analyzed by agarose gel electro-
phoresis. Following electrophoresis, nucleic acids were trans-
ferred onto Hybond N membranes (Amersham, Buckinghamshire,
United Kingdom) for hybridization with DNA probes labeled with
3P_dCTP by random priming. Two type of probes were used: an
800-bp fragment of the PHV coat protein gene as a general probe
hybridized under low stringency conditions and a set of specific
probes (full-length clones of A or B components from various
geminiviruses) hybridized under various stringencies depending
on the test. In some cases, a mixture of probes for geminiviral A
components was used to increase the likelihood of detecting
uncharacterized geminiviruses. All procedures were performed
following standard conditions (21).

Design of oligonucleotides (oligos) for polymerase chain re-
action (PCR). Several sets of oligos were designed for use in a
PCR-based assay. Figure 1 shows the position and orientation of

the primers. One set was designed with degenerate oligos (oligos
260 and 261) and was based on a highly conserved region found
after alignment of the nucleic acid sequences of coat protein genes
from several whitefly-transmitted geminiviruses. The expected
product is a full-length component A. Three additional sets were
designed to prime the amplification of regions of specific gem-
iniviruses (or very related strains). In the first set, the oligos
(425/426) were located in the intergenic region of component A of
PIV/TPV. In set 2, the oligos (423/424) were located in the inter-
genic region of CdTV B. In set 3, the oligos (240/241) flanked the
intergenic region of the component A of PHV. Oligo sets 425/426,
423/424, and 260/261 directed the amplification of a fragment of
approximately 2.6 kb, whereas oligos 240/241 primed the amplifi-
cation of a fragment of 350 bp in size. The sequences of the oli-
gos, in orientation 5-3" are 240, GGCTTATTTGTAATAAGA-
GAGGTGT; 241, GAATTAAAGGTACATGGACCACTT; 260,
GGCGTTT"/cGGAAGGTGA; 261, CTA/TACCAAGGCTTGT/
CTCG; 423, GGAGTACACCCCTCTTATTA, 424, GCGATTT-
TTCTCCCCCTCTA; 425, GGAGTCCCCAAGAGGCTTTA; and
426, ACAATAGAGGGCTGAGATTA.

Viral DNA amplification. Total DNA from plant samples was
extracted and used as templates in PCR using an Gene Amp Kit
(Perkin-Elmer Cetus, Norwalk, CT) following the manufacturer’s
recommendations. The final PCR reaction mix (100 pl) contained
approximately 1 pg of template DNA, 250 uM of each dNTP, 1
UM of each primer, 10 pl of 10X PCR reaction buffer, 5 mM
MgCly, and 2.5 units of AmpliTaq DNA polymerase (Perkin-
Elmer Cetus). PCR was performed in a DNA Thermal Cycler 480
(Perkin-Elmer Cetus) and the cycle parameters used were as
follows. For set 3 (PHV intergenic region) the conditions used
were 1 min at 94°C, 2 min at 45°C, and 2 min 30 s at 72°C. For
the remaining sets, the conditions were 1 min at 94°C, 2 min at
55°C, and 3 min at 72°C. In both cases, the reactions included 30
to 35 cycles and were followed by a final extension step of 7 min
at 72°C.

Cloning and analysis of cloned products. The PCR products
(amplified viral DNA) were cloned directly into the pCR II vector
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Fig. 1. Position of oligonucleotides (oligos) designed for geminivirus detec-
tion. Set 1: Oligos 423 and 424 are located in the common region of chino
del tomate virus (CdTV) B. Set 2: Oligos 425 and 426 are located in the com-
mon region of pepper jalapefio virus (PIV)/Texas pepper geminivirus (TPV)
A. Set 3: Oligos 240 and 241 are located flanking the intergenic region of
pepper huasteco virus (PHV) A. Set 4: Oligos 260 and 261 are located in a
highly conserved region in the 3’ end on the coat protein gene of most
whitefly-transmitted geminiviruses. Sets 1, 2, and 4 prime the amplification
of a 2.6-kb fragment; set 3 directs the amplification of a 350-bp fragment.
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(Invitrogen Corp., San Diego, CA). After cloning, the fragments
were sequenced using the dideoxynucleotide procedure (22).

RESULTS AND DISCUSSION

General detection procedures for geminiviruses. Visualiza-
tion of viral nucleic acids as a detection procedure has been well
documented for DNA and RNA viruses. Several molecular forms
of geminiviral DNA often can be visualized after agarose gel
electrophoresis of nucleic acid extracts from infected plants (Fig.
2). However, it has also been observed that several factors can
affect the visualization of viral DNA (e.g., age of tissue, age of
infection, type of plant and extraction procedure, etc.) (13). The
detection of viral DNA by molecular hybridization has also been
well documented (7,16). In this study, a coat protein gene frag-
ment was used as a general probe, since it is the most conserved
gene among dicot-infecting bipartite geminiviruses (17). Simi-
larly, the set of degenerate oligos (260/261) used for PCR amplifi-
cation was designed based on the coat protein gene.

No single technique by itself was sufficient to guarantee detec-
tion of any geminivirus present in a sample, and some of the
common variations are shown in Figure 2. Geminivirus DNA was
often difficult to visualize by agarose gel electrophoresis analysis
of samples from tomato and other hosts, because of its low con-
centration (Fig. 2A, lanes 2 and 4). In contrast, pepper samples
usually showed an intense viral DNA band (Fig. 2A, lane 3). In
other species such as tobacco and weed hosts, a high background
of plant DNA usually prevented direct visualization of viral DNA
(data not shown). In those instances, Southern analysis, PCR am-
plification, or both were used to confirm the presence of viral
DNA (Fig. 2B). The detection of geminiviruses using only DNA-
DNA hybridization approaches also presented some problems,
because detection requires homology between probe and viral
DNA. For example, with some samples, the intensity of the hy-
bridization signal did not correspond with the intensity of the
bands observed on the ethidium bromide-stained agarose gel (Fig.
2, lanes 3 and 5). Similarly, samples that yielded a geminivirus
DNA band of the appropriate size and produced a strong hybridi-
zation signal, separately or in combination, sometimes did not
generate the expected product when PCR procedures were used.
Thus, to reduce the number of possible false negatives, more than
one technique was used to evaluate each sample. The combination
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Fig. 2. Agarose gel electrophoresis and Southern hybridization analyses of
DNA from selected geminivirus-infected field samples. Field samples from
Mexico were selected and analyzed by A, agarose gel electrophoresis and B,
Southern hybridization to demonstrate the variability of the two detection
procedures. Lane 1, Molecular weight standard (1 kb; GIBCO BRL,
Gaithersburg, MD); lane 2, tomato, San Luis Potosi state; lane 3, pepper,
Quintana Roo state; lane 4, tomato, Michoacdn; lane 5, pepper huasteco
virus-infected pepper as hybridization control.
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of techniques used varied and depended primarily on the nature of
the specific sample (e.g., species to be tested, age of the plant,
etc.).

Occasionally, when the combination of the three detection
methods produced ambiguous results (e.g., in some tomatillo
samples), a fourth biological test was used. Different host plants
were inoculated by particle bombardment with DNA extracts from
suspected plants (13). Inoculated plants were observed for symp-
tom development and assayed for the presence of viral DNA using
the methods described above.

Plant samples from 18 different states were collected and ana-
lyzed for the presence of geminiviruses. The map shown in Figure
3 summarizes these results and indicates that geminiviruses have
been found in nearly all horticultural areas in Mexico. For exam-
ple, geminiviruses are now known to be in crops grown in both
Pacific and Gulf coasts, in the high central plateau, and in the
Yucatdn peninsula. Likewise, crop and weed samples collected in
the sunbelt states of the western United States (California, Ari-
zona, and Texas) were positive for geminiviruses. In some cases,
it was possible to identify the same geminivirus occurring on both
the United States and Mexico sides of the international border
(e.g., PHV and TPV/PIV). Although pepper-infecting geminivi-
ruses may appear, from this report, to be the most widely distrib-
uted geminiviruses among those surveyed, this observation may
reflect the widespread distribution of cultivated pepper in Mexico
and the United States and, thus, analysis of a higher number of
samples for this crop.

For tomatoes, early reports on geminivirus diseases were re-
stricted to the major west coastal areas in the state of Sinaloa.
More recently, however, tomato fields with geminivirus-like
symptoms were observed in the central areas of Mexico
(Guanajuato, Michoacédn, and Morelos), as well as in the states of
Nayarit and Chiapas (R. Rivera-Bustamante and J. Brown, un-
published data). Although the results of this and on-going studies
have confirmed a suspected geminiviral etiology of these tomato
diseases, the precise identification of most of these geminiviruses
remains to be determined.

Specific detection of geminiviruses. In addition to the general
detection procedures for geminiviruses, two procedures were used
to detect specifically PHV, CdTV, and TPV/PJV. Initially, the
three viruses were detected by dot-blot hybridization using spe-
cific probes and high stringency conditions. More recently, when
the nucleotide sequences were available, several oligo sets were
designed to prime the amplification of exclusively one geminivi-
rus (or a very related strain). Figure 1 shows the location of the
primers in each genome.

PHV was first isolated from Tamaulipas state (Fig. 3) (13), and
this isolate has been characterized at the molecular level (24).
More recently, PHV has been detected by dot-blot hybridization
and PCR amplification in several distant areas in Mexico
(Sinaloa, Tamaulipas, Guanajuato, and Quintana Roo) and in the
Rio Grande Valley of Texas, suggesting a wider distribution of
this geminivirus than previously suspected. Several PCR products
that span the viral intergenic region (IR) were sequenced. Align-
ment of IR sequences indicated nucleotide sequence identities in
the range of 95% or greater, suggesting the existence of PHV
strains. In Sinaloa, PHV has been detected in symptomatic toma-
toes where it causes stunting and yellowing of the leaves
(symptoms are first expressed in the base of the younger leaves).
However, PHV was not detected in any sample from Sinaloa for
this study before April 1990. The original clones of PHV were
obtained from an isolate from Tamaulipas. Although highly infec-
tious when inoculated on pepper and tobacco, the PHV-
Tamaulipas clones appeared rather inefficient when inoculated on
tomatoes. Several PHV isolates obtained in Sinaloa from tomato
are also being fully sequenced to study the nucleotide changes
responsible for the observed variations in the host range and
symptomatology. Two samples (PV-WB and PV-WC) collected



from pepper in the Rio Grande Valley (near Weslaco), TX, in
1987 to 1988 were also analyzed by DNA sequencing of the tar-
geted IR and were confirmed as PHV variants.

Chino del tomate disease was first observed in tomatoes in the
state of Sinaloa in the late 1970s (12). A whitefly-transmitted
geminivirus (i.e., CdTV) was shown to be the causal agent of the
disease in 1984 (5). A full-length clone of CdTV component B
was later obtained and used in routine hybridization assays of
samples. With the use of the B component of CdTV as a probe in
DNA hybridization assays under high stringency conditions,
CdTV has been detected in tomato and pepper plantings through-
out the state of Sinaloa nearly every year since 1988. (J. Brown,
unpublished data). Recently, the complete sequence of component
B was determined and used to design specific primers for PCR
amplification. Based on both hybridization and PCR data, the
presence of CdTV in other horticultural areas (Chiapas, Morelos,
and Tamaulipas) has been confirmed. Although it appears that
CdTV is not as widely distributed as PHV, this observation may
only reflect the distribution of the tomato culture itself.

Recently, a second geminivirus, in addition to PHV, was iso-
lated from peppers affected with the “rizado amarillo” complex
disease (13). A clone containing a full-length insert of component
A was also obtained and sequenced. This virus was tentatively
designated as PJV (1). The PIV A component sequence was used
to design primers to establish a specific detection procedure based
on PCR amplification. With these specific primers, PJV was de-
tected in Sinaloa (tomato and pepper) and Michoacén (pepper). A
weak amplification was also obtained with squash samples from
Colima. This pepper-infecting geminivirus was neither as widely
distributed as PHV nor localized to a specific region.

Virus relationships and sequence comparisons. In a recent
report, Paplomatas et al. (18) reported a new sap-transmissible
geminivirus infecting tomatoes isolated from Sinaloa, tentatively

S
California

Coahuila

called TLCrV. In a previous report from the same group, a partial
sequence of TLCrV (then called TGV-MX1) was published (20).
When the sequences of CdTV B and TLCrV were compared, some
interesting observations were raised. Figure 4 shows a comparison
of the nucleotide sequences of CdTV and TLCrV. In Figure 4A,
an alignment of BR1 open reading frames from both isolates of
TLCrV (B from beans and Nb from Nicotiana benthamiana) and
the corresponding sequence from CdATV are shown. There is a
higher nucleotide sequence identity between CdTV and isolate B
of TLCrV (96.5%) than between both isolates of TLCrV (94.2%).
A phylogeny obtained by three different computer programs showed
that, indeed, there is a closer relationship between TLCrV B and
CdTV than between TLCrV B and TLCrV Nb (data not shown).
Figure 4B shows the alignment of the common region (CR) of
CdTV B and the CR of TLCrV (20). Again, there is a higher se-
quence identity between CdTV B and TLCrV A (99.4%) than be-
tween TLCrV A and either B component (93.2 and 94.4% for B
and Nb isolates, respectively). In view of these similarities, two
main discrepancies between CdTV and TLCrV reports have to be
addressed. Paplomatas et al. (18) reported that the symptoms ob-
tained in TLCrV-infected tomatoes do not correspond to the ones
induced by CdTV. However, as they also pointed out, “disease
symptoms alone are not suitable for identification or differen-
tiation of geminiviruses,” because they vary as result of several
factors. In addition, they also showed that although the two DNA
B components isolated were almost identical (>90% identity), one
induced severe symptoms in N. benthamiana, whereas the other
induced only a mild reaction. This suggested that, as in the case of
SqLCV (14), minor sequence changes among variants can be
responsible for differences in symptom expression and host range,
As for the sap transmissibility of TLCrV, they also showed that
the DNA B component cloned from bean was able to confer sap
transmissibility, whereas the component cloned from N. bentha-

P = Pepper

T = Tomato

B = Tobacco

S = Squash

Y = Tomatillo (Physalis)

Guanajuato

Morelos
PTSY

Fig. 3. Distribution of geminiviruses in Mexico and the southern United States. The Mexican states and American border states in which geminiviruses were
detected are shown. The following crops were analyzed: pepper (P), tomato (T), tobacco (B), squash (S), and tomatillo (Y). The regions in which positive results

were found are marked in the map with the respective letter.
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BR1 TLCrV Nb MYPFRSKRAT TYVARRSYSR NNVFKRSTIS KRDDGRRRSV NATK IAQRMHENQ FGPDF VHAHN T 75
BR1 CdTV MYPFRSKRGA TFIVARRSYSR NMLFKRSTIS KRDDGRRRSY NATKPND AQRMHENQ FGPDFVMAHN T 75
BR1 TLCrV B MYPFRSKRGA SFIVARRSYSR NMLFKRSTIS KRDDGRRRSY NATKPFND IRORMHENQ FGPDF VMAHN 75
BR1 TLCrV Nb FISFAGLGKT QPNRSRSYIK LKRLRFKGTY KIERWTSDMN MDGYIAKVEG VFSLVVVVDR KPHLGASGSL HTFDE| 150
BR1 CdTV FISFPCLGKT QPNRSRSYIK LKRLRFKGTY KIERWTSDMN MDG VEG VFSLVVVVDR KPHLGASGSL HTFDE| 150
BR1 TLCrV B IFISFPCLGKT QPNRSRSYIK LKRLRFKGTY KIERVMSDMN MDGSTSKVEG VFSLVVVVDR KPHLGASGSL HTFDE| 150
BR1 TLCrV Nb LFGARIHSHG NLSIJTPSLKD RFYIRHVFKR VLSVEKDSMM VDVEGSTALS NRRFNCWSTF KOJPRDSCNG V 225
BR1 CdTV LFGARIHSHG NLSIPPSLKD RFYIRHVFKR VLSVEKDSMM VDVEGSTALS NRRFNCWSTF KD RDSCNG V 225
BR1 TLCrV B LFGARIHSHG NLSI[TPSLKD RFYIRHVFKR VLSVEKDSMM VDVEGSTALS NRRFNCWSTF KD RDSCNG V 225
BR1 TLCrVY Nb KNALLYYYC WHMSDTMS SFVSFDLDYI G| 256 Nbo - B: 94 2 %
BR1 CdTV KNALLYYYC WMSDTMS SFVSFDLDY! G| 256 No - CdTV: 94. 6 %
BR1 TLCrV B KNALLVYYC WMSDTMS SFVSFDLDY! G| 256 B - CdTV: 96.5 %
TLCrY Nb B [TAACCGATGG CATTTTTGTA ATAAGAIWGGG TGTACTCCGA TTGAGCTCTC AAACTTCTGT GCTATGTTTT 70
TLCrY B B TAACCGATGG CATTTTTGTA ATAAGAIGGGG TGTACTCCGA TTGAGCTCTC AAACTTCTGT GCTATGTTTT 70
TLCPV A ITAACCGATGG CATTTTTGTA ATAAGATIGGE TGTACTCCGA TTGAGCTCTC AAACTTCTGT GCTATGTTTT 70
cdTv B [TAACCGATGG CATTTTTGTA ATAAGAIGGGG TGTACTCCGA TTGAGCTCTC AAACTTCTGT GCTATGTTTT 70
TLCrV Nb B GGGGTAAAGG GGACAATATA TqTTACG GATTAGCGAC ACGTGGCGGC CATCCGATAT 140
TLCrV B B GGGGTAAAGG GGACAATATA TATEGTT GTTTAGCGAC ACGTGGCGGC CATCCGATAT 140
TLCrV A GGGGTAAAGG GGACAATATA AQTAGCA CT|TTAGCGAC ACGTGGCGGC CATCCGATAT 140
cdTV B [GGGGTAAAGG GGACAATATA AQTAGCA CT[TTAGCGAC ACGTGGCGGC CATCCGATAT 140

GGC CATCCGATAT
TLCrV Nb B AATATTACCG GATGGCCGCG C 161
TLCrY B B AATATTACCG GATGGCCGCG C 161 CdTVY B TLCrV BB TLCrV NbB
TLCrV A AATATTACCG GATGGCCGCG C 161 TLCry A 99.4 % 93.2 % 4 %
cdTV B AATATTACCG GATGGCCGCG C 161

AATATTACCG GATGGCC

Fig. 4. Comparison of chino del tomate virus (CdTV) and tomato leaf crumple virus (TLCrV) sequences. A, Comparison of the amino acid sequences of BR1
proteins predicted from the nucleic acid sequences of CdTV and the two isolates of TLCrV, TLCrV Nb (Nicotiana benthamiana) and TLCrV B (bean) (18). The
conserved amino acids are boxed. The results of pairwise comparisons of the different BR1 proteins are also shown. B, Comparison of the common region of
both isolates of TLCrV (18) and CdTV. TLCrV B Nb is the component B isolated in N. benthamiana, TLCrV B is the component B isolated in beans, TLCrV A
is the component A isolated in beans, and CdTV B is the component B of CdTV. The conserved bases are boxed. The 30-base element (bases 128 to 157) con-
served in all dicot-infecting geminiviruses is shown. The results of pairwise comparisons between TLCrV A and the three B components are also shown.

miana was unable to do so. This suggests that sap transmissibility
may not be a good parameter to differentiate viruses. Thus, it is
not unreasonable to think that the CdTV B component, whose
sequence is reported here but was isolated in the early 1980s, is a
third variant of the component B of a single virus. Differences in
the time of its isolation and method (whiteflies transmission) and
in its maintenance (only in tomato) could have influenced the
selection of this variant. Nevertheless, the sequence data strongly
support the hypothesis of a single virus. Therefore, it is suggested
that the original name (CdTV) be kept to avoid confusion.
Recently, a partial sequence of the TPV CR was published (10).
A comparison of TPV and PJV CRs demonstrated a close rela-
tionship (>95% identity) between these two isolates, suggesting
that they should be considered strains of the same virus. For ex-
ample, the putative stem-loop structure detected for both TPV and
PJV was only 28 bases long, whereas most bipartite geminiviruses
have a 30-base conserved element. Also, a partial DNA sequence
(designated PEMAC]1a) from a pepper-infecting geminivirus iso-
lated in Sinaloa was deposited in the GenBank database with ac-
cession number L27270. The PEMACIla sequence represents a
partial sequence of a geminivirus AC1 protein. When compared
with several ACI1 proteins from bipartite geminiviruses,
PEMACI1a showed the highest sequence identity with PTV/TPV.
Figure 5 shows the sequence of the component A of PJV/TPV and
its alignment with the partial sequences of TPV and PEMACIa.
Because of the high number of ambiguities in the PEMAC]a se-
quence, it was not possible to calculate a reliable percentage of
identity at either nucleic acid or peptide levels. Collectively, how-
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ever, these data indicate that TPV, PJV, and the virus from which
PEMAC1a was derived are all probably strains of the same virus
and also confirms the presence of PIV/TPV in Sinaloa fields.
Therefore, the tentative name of PJV is withdrawn to avoid further
confusion. We are in the process of continuing the sequencing of
both components of TPV (provided by D. Stenger) to compare the
entire genome.

Geminiviruses are now in most horticultural areas in Mexico.
The distribution of characterized geminiviruses shows that some
(e.g., PHV) may be detected throughout Mexico, regardless of the
geographic characteristics of the regions surveyed. CdTV and PJV
also occur in separate geographic locations; however, they are not
as widely distributed as PHV. There remain a number of unchar-
acterized geminiviruses infecting various crops. The distribution
of geminiviruses in Mexico appears to be dynamic, and the dis-
persal of a given complex of geminiviruses may change from sea-
son to season. In contrast, there appear to be fewer distinct gem-
iniviruses in United States cropping systems, but the diseases they
cause persist on a annual basis, because of consistent pressures
exerted by the whitefly vector.

The spatial and temporal distribution of the characterized gem-
iniviruses (PHV, CdTV, and PIV/TPV) suggest that some gem-
iniviruses may have been spread from their initial points of origin
(Sinaloa for CdTV and Tamaulipas/Texas for PHV and PJV/TPV)
to new agricultural areas. However, the recognition that there are a
large number of uncharacterized geminiviruses throughout the
region adds credence to the possibility that certain locations have
exclusively endemic populations of geminiviruses. It is possible
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GCGTTTAATGGCGGGGACCTCTA&GGTTTCCGGBTCTGCGAATT&TTt#CGTGGCACGGGTATGGGGCCTA&ATTCGAT#AGGCCGCTGCTTGGGTT#AC
AGGCCCATGTACAGG&AGCCEAGTATATATCGTﬁCGTATAG#AGCCC&GnTGTGCCTAGASS#TGTGAAGGGCC&TGTA&GGTECAGTCCTTCG#GCAGC
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PJV A ATATGTTAAGAAAATGTTTTT

Fig. 5. Comparison of pepper jalapeiio virus (PJV) and Texas pepper geminivirus (TPV). The sequence of the component A of PIV was aligned with a TPV
partial sequence (common region) (10) and a partial sequence of a pepper-infecting geminivirus (PEMAC]1a) isolated in Sinaloa state by D. Maxwell and de-
posited in the GenBank. The region underlined corresponds to the stem-loop element conserved in all dicot-infecting geminiviruses. In this case (PIV/TPV), the

element is only 28 bases long. PEMACIa is a partial sequence of the Rep (AC1) gene.
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