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Abstract The introduction of anti-apoptotic
genes into plants leads to resistance to environ-
mental stress and broad-spectrum disease resis-
tance. The anti-apoptotic gene (p35) from a
baculovirus was introduced into the genome of
passion fruit plants by biobalistics. Eleven regen-
erated plants showed the presence of the p35 gene
by PCR and/or dot blot hybridization. Transcrip-
tional analysis of regenerated plants showed the
presence of specific p35 transcripts in 9 of them.
Regenerated plants containing the p35 gene were
inoculated with the cowpea aphid-borne mosaic
virus (CABMYV), the bacterium Xanthomonas
axonopodis pv passiflorae, and the herbicide,
glufosinate, (Syngenta). None of the plants
showed resistance to CABMV. Regenerated
plants (p35+) showed less than half of local
lesions showed by non-transgenic plants when
inoculated with X. axonopodis and some p35+
plants showed increased tolerance to the glufosi-
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nate herbicide when compared to non-transgenic
plants.
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Introduction

Brazil is the biggest producer of passion fruit
(Passiflora spp). The total planted area in 2002,
according to the Brazilian Institute for Statistics
and Geography (IBGE), was 34,778 ha, with a
yield of 478,652 fruits. The yield of a crop is
dependent on several factors, including climate,
soil and phytopathogen control. Phytopathogens
cause yield losses in practically all cultivated
crops and new, more efficient and cheaper meth-
ods for disease control have been developed. One
such method is the construction of transgenic
crops resistant to fungi, bacteria and viruses.

Programmed cell death (PCD) provides a
means to eliminate redundant, damaged or
microbe-infected cells; PCD is a physiological
and genetically controlled process involved in the
selective elimination of unwanted cells during
development of multicellular organisms and in
their responses to biotic and abiotic stresses (Del
Pozo and Lam 2003, Khurana et al. 2005).

In animals, PCD is characterized by a number
of hallmark features including cell shrinkage,
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plasma membrane blebbing, nuclear condensa-
tion, inter-nucleosomal cleavage and externaliza-
tion of plasma membrane phosphatidylserine,
which leads to fragmentation of DNA and
formation of apoptotic bodies that migrate to
the periphery of the cell for eventual phagocytosis
by neighbouring macrophages (Chen and Dick-
man 2004). In plants, several tissues or whole
organs undergo cell death as part of their normal
development. Although the mechanisms of plant
PCD are far less clear, several morphological and
biochemical similarities between PCD in animals
and plants have been described in different
experimental systems, including condensation
and shrinkage of the nucleus and cytoplasm,
DNA laddering, and cytochrome c release from
mitochondria (Chichkova et al. 2004).

Baculoviruses belong to a group of viruses
restricted to arthropod hosts and have been used
around the world as biological control agents,
expression vectors for foreign genes in insect cells
and potential non-human viral vectors for gene
therapy (Ghosh et al. 2002). Baculoviruses have
two types of anti-apoptotic genes: p35 and inhib-
itor of apoptosis (iap) genes. They are able to
inhibit apoptosis not only in infected insect cells,
but also in different organisms. Other organisms
also have anti-apoptotic genes, for example the
ced-9 gene in Caenorhabditis elegans and the Bcl-
2 gene in humans. These anti-apoptotic genes
code for proteins that inhibit directly or indirectly
the activity of members of a family of cysteine
proteases called caspases (Clem 2001).

The expression of anti-apoptotic genes such as
iap, p35, bcl-2 and ced-9 in tobacco or tomato
plants suppressed the extensive cell death caused
by necrotrophic fungal pathogens and also
enhanced resistance to some abiotic stresses
such as wounding, salt, cold, UV, and herbicide
(Paraquat) treatment (Xu et al. 2004; Chen and
Dickman 2004; Lincoln et al. 2002; Dickman et al.
2001; Li and Dickman 2004).

In this work, we have introduced the p35
gene of a baculovirus into the genome of
passion fruit plants and demonstrated that the
transformed plants were more tolerant to an
herbicide and a bacterial pathogen, Xanthomo-
nas axonopodis, pv passiflorae. However, no
resistance or tolerance was observed for the
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infection with the virus cowpea aphid-borne
mosaic virus (CABMV).

Materials and methods
Plasmid construction and plant transformation

The p35 gene of the baculovirus, Autographa
californica multiple nucleopolyhedrovirus (Ac-
MNPYV), was excised from the plasmid pPRM-
35KORF (Hershberger et al. 1994) by BamHI
digestion and cloned into the BamHI site of the
pEPTS plasmid (Souza Jr and Gonsalves 1999),
under the 35S caulifiower mosaic virus promoter
and into the pBSAN236 plasmid (Callis et al.
1995), under the UBQ3 promoter from Arabid-
opsis thaliana (Fig. 1) using standard molecular
cloning techniques (Sambrook et al. 1989). The
positive clones containing the p35 gene
(pEPT8p35 and pBSAN236p35, respectively)
were confirmed by sequencing (ABI Prism 3700,
Applied Biosystems).

Passion fruit (Passiflora edulis f. flavicarpa
Deg.) hipocotyles were cultivated in vitro, and
pieces of around 4 mm were removed and trans-
ferred to regeneration medium [4.3 g Murashige
& Skoog Salt Mixture (Invitrogen), 10 ml BS5
vitamin, 0.1 g myo-inositol, 2.8 g Phytagel (Sig-
ma-Aldrich Biotechnology), 30 g sucrose, 1 mg
BAP (6-benzilaminopurine), in one liter of water,
pH 5.7]. They were maintained at 27° C + 2 °C
with 16/8 h light/dark periods in an environmen-
tal chamber. The explants were then bombarded
with pEPT8p35 or pBSAN236p35, as described
by Aragdo et al. (1996) and, after 24 h, the
explants were transferred to new regeneration
medium. Every 15 days the medium was changed
until the plants were regenerated (around
60 days). The regenerated plants were transferred
to elongation medium (Murashige & Skoog Salt
Mixture and 1 mg zeatin 1™') and when the plants
were 5 cm tall, they were transferred and main-
tained in recipients containing 75% (w/w) soil,
25% (w/w) sand and acclimated in a greenhouse.

DNA analysis of regenerated plants

DNA from regenerated plants were extracted
following the protocol described in Sambrook
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Fig. 1 Construction of
the pEPT8p35 and
pBSAN236p35 plasmids
used for the
transformation of passion
fruit plants. Schematic
representation of the
plasmids pEPTS (A),
pPRM 35K-ORF (B),
pEPT8p35 (C),
pBSAN236 (D) and BamHI digestion and
pBSAN236p35 (E). The ligation with the p35l
plasmids pEPTS8 and gene

pBSAN236 were digested
with BamHI and ligated
to the p35 gene that was
removed from the
plasmid pPRM 35K-ORF
by digestion with the
same enzyme. The figure
also shows the position of
restriction sites, the 35S
and UBQ3 promoters, the
ampicillin resistance gene
(ampR) and transcription
termination site
(NOSter). The plasmids E
are not drawn to scale

et al. (1989) and a PCR reaction was set up using
50 ng total DNA and p35 specific oligonucleo-
tides Acp351-22F (5-ATGTGTGTAATTTT-
TCCGGTAG-3") and 443Acp35R (5-TAGT
CGTTGCGTTCGTCGACC-3") or p35F433
(5-GCAACGACTACTACGTGGC-3) and
p35R533  (5-GCAACGACTACTACGTGGC-
3’). As a positive control, 25 ng of the plasmid
pPRM-35KORF and, as a negative control DNA,
50 ng from non-transformed plants. The following
PCR programmes were used for the two sets of
oligonucleotides: 96°C/10 min and 30 cycles of
96°C/1 min, 46°C/1 min and 72°C/ 1 min (for the
first set) or 96°C/10 min and 30 cycles of 96°C/
1 min, 56°C /1 min and 72°C/ 1 min (for the
second) in a Gene Amp PCR System 2400
(Applied Biosystems). The amplified fragments

pPRM 35K-ORF

BamHI digestion and
purification of the p35
gene

pBSAN236

BamHIdigestion and
ligation with thep3JS
gene,

were analyzed by 1 % agarose gel electrophoresis
as described in Sambrook et al. (1989). After
electrophoresis, the amplified PCR fragments
from the PCR reaction using the pair of oligonu-
cleotides Acp351-22F and 443Acp35R, were
transferred to a nitrocellulose membrane (Sam-
brook et al. 1989), which was incubated with a
p35-specific radioactive probe using standard
protocols (Sambrook et al. 1989). The radioactive
probe was constructed by digesting the plasmid
pPRM-35KORF with BamHI, separating the
digested fragments in a 1% agarose gel by
electrophoresis, and purifying the fragment con-
taining the p35 gene using the GFX band prep kit
(GE Healthcare) following the manufacturer’s
instructions. The purified fragment was used for
the production of the probe using the Random
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Primers Kit (Promega), following the supplier’s
instructions. The membrane was incubated for
16 h at 65°C with the probe and washed under
stringent conditions. The membrane was then
exposed to an X-ray film (Kodak) for a week at —
80°C and the film was developed as described in
Sambrook et al. (1989).

Transcription analysis

Total RNA from transgenic (p35+) and non-
transgenic plants (0.2 g of fresh leafs) were
extracted as described in Sambrook et al. (1989)
and used for the production of cDNA using the
poli-A specific oligonucleotide T1 (5-CCT
GCAGGATCCTTAGGTTTTTTTTTTTTTTTT
TT-3") and the Mu-MLV reverse transcriptase
(Invitrogen), following the manufacturer’s
instructions. A PCR reaction was set up using
Tag DNA Polymerase (Invitrogen), the con-
structed cDNA and the oligonucleotides T2 (5’-
CCTGCAGGATCCTTAGGTT-3"), which is
identical to the first 19 bases of the oligonucleo-
tide T1 and the p35 gene specific oligonucleotide,
433Facp35 (5-GCAACGACTACTACGTGGC-
3%), which anneals at positions + 433 to +451
relative to the start codon of the p35 gene
(GeneBank accession number: M16821). The
PCR programme used was the same used for
the amplification of the p35 gene from the
transgenic plant genome (see above). In order
to confirm the specificity of the transcripts, the
amplified PCR fragments were subjected to a new
PCR reaction using the p35F433 and p35R533
pair of oligonucleotides following the protocol
described above.

Virus inoculation

Leaves (5g) were removed from passion fruit
plants infected with passion fruit woodiness dis-
ease (PWD), caused by cowpea aphid-borne
mosaic virus (CABMV) and grinded in 10 ml
phosphate buffer pH 7.0 (0.02 m) and the extracts
were mechanically inoculated in transgenic and
non-transgenic plants (previously treated with an
abrasive, carborundum). The inoculated plants
were then maintained in a green house and
observed daily.

@ Springer

Herbicide treatment

Leaves from one year old passion fruit plants
(transgenic and non-transgenic) were collected
and washed in 70 % (v/v) ethanol for 1 min,
0.25 % sodium hypochlorite for 15 min and rinsed
three times in sterile H,O. The leaves were then
cut into 1 cm? pieces and transferred to Petri
dishes containing regeneration medium and
0.06% glufosinate (Syngenta). They were evalu-
ated after 3 and 6 days post-incubation. The
experiment was repeated three times.

Bacteria inoculation

Xanthomonas axonopodis pv passiflorae, from the
Phytopatology Laboratory at University of Brasi-
lia, Brazil, was first inoculated in a non-transgenic
passion fruit plant for amplification and evalua-
tion of pathogenicity. As soon as the first symp-
toms appeared (necrotic lesions), bacteria were
recovered in culture media and used to inoculate
p35+ plants. All plants were maintained in a
humid chamber from 24 to 48 h prior to bacterial
inoculation. Two different samples at approxi-
mately 10° and 10% cfu of X. axonopodis/ml were
inoculated by aspersion onto two leaves each. The
plants were incubated in a greenhouse and local
lesions were counted at day 10.

Results

Construction and selection of transgenic
passion fruit plants

The p35 gene of the baculovirus AcMNPV was
introduced into the plasmids pEPT8 and
pBSAN236 under the transcriptional control of
the 35S and UBQ3 promoters, respectively
(Fig. 1). Thirty passion fruit plants from explants
bombarded with the plasmids pEPT8p35 and
pBSAN236p35 were regenerated. DNA analysis
by PCR using two sets of oligonucleotides
(Acp351-22F/443 Acp35R and p35F433/
p35R533) and Southern blotting of amplified
fragments from one set of oligos (Acp351-22F/
443 Acp35R) showed the presence of the p35 gene
in 11 regenerated plants (A, B,C,D,E,F, G, H, I,
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J, and K) (Fig. 2). Eight out of 11 regenerated
plants (A, B, C, D, E, F, G, H) had the p35 gene
under the control of the UBQ3 promoter and
three (I, J, K) under the 35S promoter. Another
PCR reaction using another set of oligonucleo-
tides (p35F433 and p35R533) showed the pres-
ence of a single band of the expected size
(100 bp) in the same 11 regenerated plants
(Fig. 2C).

The transgenic plants containing the p35 gene
did not show any morphological or developmen-
tal alterations when compared to non-transgenic
plants.

Transcription analysis
Total RNA from eleven PCR positive plants that

were positive for the presence of the p35 gene
were used in a RT-PCR reaction using a poly-A

specific oligonucleotide and a p35 specific oligo-
nucleotide. An amplification product of around
500 bp was detected in 9 of the 11 transgenic
plants (A, C, D, E, F, G, 1, J, K) (Fig. 2D). The
specificity of the amplified fragment was con-
firmed by PCR using the p35F433 and p35R533
oligo pair (not shown).

CABMYV infection analysis

Eleven regenerated plants (p35+) and control
plants were inoculated with CABMV-infected
passion fruit leaf extracts and analyzed for symp-
toms. None of the transformed plants showed
resistance to CABMYV. Fifteen days after incuba-
tion, control plants and some regenerated plants
(B, E, H, I, J and K) showed mosaic symptoms
(Fig. 3). Twenty days after inoculation some
regenerated plants (A, C, D, F and G) showed

—
_m
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Fig. 2 Detection of the p35 gene and p35 transcripts in
regenerated passion fruit plants. (A) Agarose gel (0.8%)
electrophoresis of PCR products from regenerated plants
using oligonucleotides specific for the p35 gene (Acp351-
22F and 443Acp35R). The expected amplified product of
457 bp (arrow) and non-specific fragments were amplified
in 11 plants (A, B, CD, E, F, G, H, I, J and K). C+ shows
the amplification of the p35 gene using the same
oligonucleotides and DNA from the plasmid pEPT8p35
as a positive control. M indicates the molecular mass
marker 1 Kb DNA ladder (Invitrogen). (B) Autoradio-
graph of a Southern blot using a membrane containing the
DNAs from the agarose gel shown in A. Only the plants
that showed the expected PCR fragment were labelled,
indicating the specificity of the amplified fragment. The
probe was constructed using the p35 gene radiolabelled
with P*2, (C) Agarose gel (0.8%) electrophoresis of PCR

products from regenerated plants using a second pair of
oligonucleotides specific for the p35 gene (p35F433 and
p35R533). The expected amplified product of 100 bp
(arrow) was amplified from the DNA of the same 11
plants detected with the first PCR reaction using a
different pair of oligonucleotides. M indicates the molec-
ular mass marker 123-bp DNA marker (Invitrogen). C + is
the same as in A. (D) Agarose gel electrophoresis (0.8%)
of RT-PCR products from mRNA extracted from regen-
erated passion fruit plants. Eight (A, C, D, E,F, G, 1, J and
K) out of eleven plants yielded an expected amplicon of
around 500 bp, indicating the p35 gene was transcribed in
these plants. M = molecular mass marker 100 bp DNA
ladder (BioLabs). The specificity of the amplified fragment
was confirmed by PCR using the p35F433 and p35R533
oligo pair (not shown)
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Fig. 3 Leaf symptoms in
transgenic and non-
transgenic passion fruit
plants induced by cowpea
aphid-borne mosaic virus
(CABMYV). Transgenic
and non-transgenic plants
were inoculated with
CABMYV and analyzed
for symptoms during

45 days. All plants
(transgenic and non-
transgenic) showed the
presence of mosaicism (A
and B), leaf malformation
(B) and chlorosis (C). (D)
shows a healthy (not
inoculated) leaf from a
non-transgenic plant.

Bar =2 cm

chlorotic and deformed leaves (Fig.3). One
month after inoculation, the same plants that
showed chlorotic leaves and malformation had
progressed to death of tendril and apical bud. At
45 days after inoculation, the new buds from
these regenerated plants started showing mosaic
symptoms and deformed leaves, similar to non-
transgenic control plants.

Herbicide treatment

One square centimetre pieces of leaves from
control and eleven regenerated plants (A, B, C,
D, E, F, G, H, I, J, and K) were incubated on
Petri dishes with or without 0.06% glufosinate.
Leaf pieces from control plants incubated with
the herbicide (Ck+) showed a substantial fading
of the green colour (chlorophyll). Leaf pieces
from some regenerated plants (C, F and I)
treated with herbicide showed results similar to
control plants that were not treated with herbi-
cide, that is, little or no chlorophyll loss. Other
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leaf pieces (A, D, G, J and K) showed some
loss of chlorophyll and leaf pieces B, E and H
showed the same loss as control plants treated
with herbicide (Fig. 4). Transgenic plants pul-
verized with the herbicide (0.06% glufosinate)
showed small lesions on leaves after seven days.
Conversely, non-transgenic plants lost all leaves
in seven days and died in up to ten days (data
not shown). Furthermore, transgenic plants sur-
vived three times longer than non-transgenic
ones (data not shown).

Bacteria inoculation

Leaves of seven p35+ regenerated plants (A, B,
D, F, I, J and K) and two control plants were
inoculated, respectively with 10° and 10® cfu of
X. axonopodis/ml. Most of the leaves (A, D, F,
I, J and K) displayed small local lesions (1-
2 mm) that were in number less than half of the
amount of lesions in non-transgenic plants
(Table 1). Furthermore, the lesions in p35+
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Fig. 4 Herbicide effects on leaves from transgenic and
non-transgenic plants. One square centimetre leaf pieces
from control and eleven regenerated plants (A, B, C, D, E,
F, G, H, I, J and K) were incubated on Petri dishes with or
without 0.06% glufosinate. Leaf pieces from control plants
incubated with the herbicide (Ck+) showed a remarkable
fading of their green colour (chlorophyll). Leaf pieces

Table 1 Number of X. axonopodis induced lesions on
leaves of transgenic and non-transgenic passion fruit
plants. Around 10° and 10® cfu of X. axonopodis/ml were
inoculated by aspersion on two leaves each and the plants
were incubated in greenhouses and observed daily for the
appearance of local lesions. The number of lesions was
counted at day 10. The results are the average of lesion
number of the two leaves

Number of leaf lesions caused
by inoculation with X.
axonopodis at:

Plant 10° c.f.u./ml 10° c.fu/ml
Non-trangenic plant 1 23 80
Non-trangenic plant 2 20 88

A 11 32

C 3 30

F 10 40

I 2 42

J 3 6

K 13 18

plants appeared later (10 days after inoculation)
than in non-transgenic plants (7 days after
inoculation) (Fig. 5). Lesions in two p35+ plants
(B and H) were of comparable size to those in
control plants.
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from some regenerated plants (C, F and I) treated with
herbicide showed similar results as the control plants that
were not treated with herbicide, with little or no loss of
chlorophyll. Other leaf pieces [A, D, G, J and K (not
shown)] showed some loss of chlorophyll whereas pieces
B, E and H showed the same loss of chlorophyll as the
control plants treated with herbicide

Discussion

Plants undergo programmed cell death in
response to several stimuli, such as senescence,
or in response to pathogens and environmental
stresses. Transgenic plants expressing anti-apop-
totic genes show resistance to environmental
stresses and necrotrophic pathogens (Khurana
et al. 2005). In this work, we have introduced the
anti-apoptotic p35 gene from a baculovirus into
the genome of passion fruit and analyzed the
response of transgenic plants to viral and bacte-
rial infections and to herbicide treatment. None
of the transgenic plants showed developmental
alteration when compared to non-transgenic
plants. Xu et al. (2004), constructed transgenic
tomato plants containing anti-apoptotic genes
bcl-xL and ced-9 and demonstrated that those
plants had a reduced growth. This effect was also
observed in transgenic tobacco plants containing
the bcl-2, bcl-xL or ced-9 genes (Dickman et al.
2001). However, Del Polzo and Lam (2003), like
us, could not detect changes on growth of tobacco
plants expressing baculovirus anti-apoptotic
genes (iap or p35).
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Fig. 5 Bacterial lesions
on leaves of transgenic
and non-transgenic
passion fruit plants.
Leaves of seven p35+
regenerated plants and
control plants were
inoculated with 10° and
10® cfu of Xanthomonas
axonopodis/ml
respectively. Most p35+
plants (B) showed small
local lesions (1-2 mm)
10 days after inoculation,
and their number was half
of that observed in
control plants (A), which
appeared 7 days after
inoculation. (C) Healthy,
non-transgenic and not
inoculated leaf.

Bar =2 cm

The infection by CABMYV is characterized by
the development of deformed small hard fruits
and also mosaic symptoms in leaves; infected
plants show low yield of fruits and die sooner
(Nascimento et al. 2006). None of the trans-
formed plants was resistant to CABMYV, all of
them showing the presence of chlorosis, mosai-
cism and leaf malformation (Fig. 3). However,
initial symptoms in some plants (A, C, D, F, G)
were somewhat different from non-transformed
plants (not shown) and showed chlorotic leaves
as first symptom and then their growth was
delayed until the establishment of disease at
45 days post inoculation. Tobacco plants exp-
ressing the anti-apoptotic genes bcl-2, bcl-xL and
ced-9 showed increased resistance to the tomato
spotted wilt virus (TSWYV), with fewer local
lesions and preventing of the systemic spread of
the virus (Dickman et al. 2001). Similar results
were obtained with tomatoes expressing the
bcl-xL and ced-9 genes, when inoculated with
cucumber mosaic virus D satRNA (CMV/D),
demonstrating that in transgenic plants the
expression of anti-apoptotic genes suppressed
tomato PCD and altered the necrotic phenotype
that occurs in CMV/D-infected non-transgenic
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tomato into more attenuated symptoms (Xu
et al. 2004).

The herbicide glufosinate inhibits the gluta-
mine synthetase enzyme, causing accumulation of
ammonia, which in turn induces free radicals
production that are toxic to plants (Chen and
Dickman 2004). We observed glufosinate toler-
ance in eight plants (A, C, D, F, G, I, J and K),
whereas three were not tolerant (B, E and H).
Some transgenic plants (C, F and I) showed more
tolerance than others. The P35 protein from
AcMNPYV is capable of inhibiting programmed
cell death induced by different stimuli, including
oxidative stress (Sah et al. 1999). Therefore, this
could explain the increased tolerance of the
transgenic passion fruits plants to the herbicide
used in this work. Chen and Dickman (2004) also
obtained increased herbicide tolerance in tobacco
expressing anti-apoptotic genes (bcl-2, bcl-xL or
ced-9).

Xanthomonas axonopodis can cause severe
disease in passion fruit and a great reduction in
longevity, from the normal 3 to 4 years to
something between 12 and 18 months (Ponte,
1996). The early death occurs at the end of the
rainy season, and the pathogen induces small



Biotechnol Lett (2007) 29:79-87

87

lesions in the leaves of around 1-2 mm in
diameter, usually close to the venation. In severe
infections, it can cause complete loss of leaves
and death of the affected part or the whole plant
itself. X. axonopodis induced fewer lesions in
leaves from p35+ plants when compared to non-
transgenic plants. Lincoln et al. (2002), also
showed that trangenic p35+ tomato plants were
protected against cell death induced by a fungal
toxin (AAL-toxin from Aternaria alternata f. sp
lycopersici) and other necrotrophic pathogens
(Pseudomonas syringae pv tomato and Colletotri-
chum coccodes), leading to protection against the
diseases caused by these pathogens.

We did not detect p35 transcripts in only two
p35+ plants (B and H). These two plants and
another one (E) also were not tolerant to herbi-
cide and X. axonopodis. These differences in
tolerance may be attributable to different expres-
sion levels of P35 in the transgenic plants, which
could reflect differences in the insertion of the
p35 gene into the plant genome and in copy
number.

This work shows for the first time that the
introduction of a baculovirus anti-apoptotic gene
into the genome of passion fruit results in an
increased tolerance to a herbicide and to Xan-
thomonas axonopodis.
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