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ABSTRACT. Citrus canker, caused by Xanthomonas axonopodis Starr and Garces pv. citri (Hasse) Vauterin et al., is one 
of the main problems affecting citrus production. In order to obtain resistance to phytopathogenic bacteria, insect 
genes, coding for antimicrobial proteins, have been used in plant genetic transformation. In this study, transgenic Citrus 
sinensis (L.) Osb. ‘Hamlin’ plants expressing the antimicrobial insect-derived attacin A gene (attA) were obtained by 
Agrobacterium tumefaciens (Smith and Towns.) Conn-mediated transformation. Initially, the cDNA clone was used to 
construct a binary plasmid vector (pCattA 2300). The construction included the native signal peptide (SP) responsible 
for directing the insect protein to the extracellular space where bacteria is supposed to accumulate in vivo. In order to 
investigate the native SP effectiveness in a plant model system, onion (Allium cepa L.) epidermal cells were transformed, 
via biobalistics, using plasmids containing the attA gene with or without SP, fused with the green fluorescent protein 
gene (pattA 1303 and pSPattA 1303). Fluorescence accumulation surrounding the cells was observed only in tissues 
transformed with the plasmid containing the gene with SP, indicating the protein secretion to the apoplast. Citrus 
transformation was confirmed by PCR and Southern blot hybridization analysis in 12 regenerated plants. Transcrip-
tion of attA gene was detected by Northern blot analysis in all transgenic plants. Eight selected transgenic lines were 
propagated and inoculated with a 106 cfu/mL suspension of the pathogen X. axonopodis pv. citri. Compared to control 
(non-transformed plant), seven transgenic lines showed a significant reduction in susceptibility to citrus canker. The 
results obtained here indicate the potential use of antibacterial proteins to protect citrus from bacterial diseases.
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Attacins belong to a class of antimicrobial peptides of around 
20 kD, which are secreted into the insects haemolymph in response 
to bacterial infection (Engström et al., 1984). These proteins act 
on the outer membrane of gram-negative bacteria by altering 
permeability and the synthesis of proteins (Carlsson et al., 1998). 
Attacins exist in both basic (A, B, C, D) or acidic forms (E, F) 
(Hultmark et al., 1983).

The genes encoding these proteins have been isolated from 

insects such as Hyalophora cecropia L. (attacin E) (Sun et al., 
1991), Drosophila melanogaster Meigen (attacin A) (Asling et 
al., 1995) and Tricloplusia ni Hübner (attacin A) (Kang et al., 
1996). Attacin A, from T. ni, is a 1601-bp gene, with two introns, 
starting with a signal peptide. On both nucleotide and peptide level 
T. ni attacin shows homology to the attacin-like proteins, such as 
H. cecropia acidic attacin, with 63% identity in the mature part 
(Kang et al., 1996).

Insect genes coding for antimicrobial proteins have been 
used in plant genetic transformation for obtaining resistance to 
phytopathogenic bacteria (Reynoird et al., 1999; Sharma et al., 
2000). Transgenic pear (Pyrus communis L.) (Reynoird et al., 
1999), apple [Malus ×sylvestris (L.) Mill var. domestica (Borkh.) 
Mansf.] (Ko et al., 2000, 2002), and potato (Solanum tuberosum 
L.) plants (Arce et al., 1999) expressing the acidic attacin E 
protein gene from H. cecropia showed a reduced susceptibility 
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to Erwinia amylovora (Burr.) Winslow et al. and E. carotovora 
(Jones 1901) Bergey et al. pv. atroseptica (van Hall) Dye. 

Phytopathogenic bacteria normally multiply in the intercellular 
space before attacking plant cells (Alfano and Collmer, 1996). 
Therefore, the effectiveness of the transgene in conferring resis-
tance depends not only on their expression level and stability in 
plant tissues (Mourgues et al., 1998) but also on the appropriate 
heterologous protein accumulation location (Ko et al., 2000). The 
association of a signal peptide element with the transgene in order 
to direct the antibacterial proteins to the intercellular space may 
help prevention of colonization of plant tissue by phytopathogenic 
bacteria (Carlsson et al., 1998). A homology search, by nucleotide 
sequence alignment using BLAST analysis, indicated that attA 
gene is associated with a signal peptide responsible for directing 
the attacin protein to endoplasmic reticulum for secretion. Proteins 
synthesized on membranes of endoplasmic reticulum-associated 
ribosomes are dispatched to their final destinations by specific 
targeting sequences, i.e., the signal peptides. According to Silva-
Filho (2003), the sorting of these proteins is highly efficient. It 
seems to be the case of the attA, which is directed to the insect 
haemolymph. The presence of protein in the apoplast should 
provide the best protection against phytopathogenic bacteria. 
The plant model system (epidermial onion cells) and the green 
fluorescent protein (gfp) technology (Brandizzi et al., 2004) were 
used to investigate the possibility that attA gene transformed cells 
can direct the protein to endoplasmic reticulum or Golgi, where 
it is sorted for secretion.

Citrus genetic transformation for disease resistance has been 
done for virus protection using genes isolated from citrus tristeza 
virus (Domínguez et al., 2000, 2002; Fagoaga et al., 2006) and 
for Phytophthora citrophthora (Sm. et Sm.) Leonian resistance 
expressing a tomato pathogenesis related protein PR-5 (Fagoaga 
et al., 2001). Citrus canker, which is caused by X. axonopodis pv. 
citri, is one of the main problems affecting citrus production in 
Brazil. The disease has been controlled through an eradication 
program but new disease foci are regularly identified. The objec-
tive of this study was to introduce the attA gene, isolated from 
T. ni (Kang et al., 1996), into C. sinensis ‘Hamlin’. Its potential 
in inhibiting X. axonopodis pv. citri development in transgenic 
citrus plants was evaluated.

Material and Methods

VECTOR CONSTRUCTIONS AND A. TUMEFACIENS TRANSFORMATION. 
pFFattA: the attA gene, from T. ni, was kindly provided by A. 
Lundström (Department of Microbiology, Stockholm University, 
Sweden). The gene was cloned in the pBlueScript II KS(+) and 
was digested with SacI (5’ end) and KpnI (3’ end). A 1050-bp 
fragment corresponding to the attA gene cDNA was recovered 
and inserted in the pUC-derived multiple cloning site (MCS) of 
pFF19 (4.2 kb), between the cauliflower mosaic virus 35S-35S 
promoter and 35S terminator (Timmermans et al., 1990) to cre-
ate pFFattA. Plasmid DNA was transferred to Escherichia coli 
Escherich (DH5α) cells (Brasileiro and Carneiro, 1998), and 
the transformation was confirmed by PCR using the primers: 
forward 5’ GCT GTT CAG CTA GCC AGT CC 3’, and reverse 
5’ TTT GGG AAG TCA GGC ATG TT 3’ that amplify a 350-bp 
fragment from the attA gene. The PCR reactions were performed 
in a thermal cycler (MJ Research, Watertown, Mass.) under the 
following conditions: 3 min at 94 °C for the first denaturation, 
followed by 40 cycles of 1 min at 94 °C, 1.5 min at 55 °C, and 1 
min at 72 °C, with a final extension of 4 min at 72 °C. Plasmid 

DNA was purified with a Plasmid Mini Kit (Qiagen Inc., Valencia, 
Calif.), quantified and stored at –20 °C. Transformed colonies 
were cultivated and stored in glycerol at –80 °C.

pCattA 2300: 35S-35S-attA-35ST expression cassette was 
excised from pFFattA by total digestion with HindIII, followed by 
partial digestion with EcoRI (0.4 U, 20 min, 6 µg plasmid DNA), 
and then cloned into pCambia 2300 binary vector (CAMBIA, 
Canberra, Australia). This vector carries the selective marker gene 
nptII. Plasmid DNA was transferred to E. coli and the transforma-
tion was confirmed as previously mentioned. The plasmid pCattA 
2300 was transferred by freeze-thaw method to A. tumefaciens 
EHA105 cells (Brasileiro and Carneiro, 1998). 

pSPattA 1303 and pattA 1303: In order to investigate the signal 
peptide (SP) effectiveness in dispatching the attacin protein to 
the plant cells extracellular space, plasmids containing the attA 
gene with and without the native SP were constructed. Initially, 
three primers (29 bp) were designed (two forward and one 
reverse) based on the preproattacin A corresponding sequence 
from T. ni (GenBank U46130). Forward 1 and 2 were designed 
to amplify the sequences with (765 bp) and without (711 bp) SP 
(54 bp), respectively (Table 1). PCR reaction (50 µL) contained 
500 ng of pCattA 2300 plasmidial DNA, 10 mM Tris-HCl (pH 
8.4), 50 mM KCl, 3.0 mM MgCl2, 30 µM of each dNTP, 1.0 U of 
Taq DNA polymerase (Invitrogen, Carlsbad, Calif.) and 0.6 µM 
from each of the specific primers. The PCR procedure was the 
same as described above. The sequences were cleaved with SpeI 
(3’ end), followed by a partial digestion with NcoI (5’ end). PCR 
products (766 bp and 712 bp) were submitted to electrophoresis 
and the fragments were inserted into pCambia 1303, resulting 
in the constructions 35S-SPattA::uidA::gfp-Nos and 35S-attA::
uidA::gfp-Nos, which were named pSPattA 1303 and pattA 1303, 
respectively. The plasmids and a negative control were transferred 
to E. coli (JM109) and utilized in biobalistics procedures. 

ATTACIN A PROTEIN CELLULAR LOCALIZATION IN PLANT TISSUES. 
Epidermial onion cells were transformed with pSPattA 1303 and 
pattA 1303 via biobalistics (PDS-1000/He, BioRad, Hercules, 
Calif.). CaCl2/spermidine method (Aragão et al., 1996; Smith et 
al., 1992) was used for DNA precipitation on the tungsten particle 
(M10; Sylvania, Danvers, Mass.). Onion epidermis segments (2 
cm2), placed on the central part of petri dishes (90 × 15 mm), were 
bombarded. The chamber air humidity was lower than 40% and 
the vacuum higher than 8.7 kPa. The physical parameters were 
set as follows: helium pressure 6.2 MPa; distance to the target 6 
cm; distance between rupture disk and macrocarrier 6.35 mm; 
and distance between macrocarrier and stopping screen 10 mm. 
Four bombardments were carried out, with three explants each. 
pCambia 1303 was used as control. Explants were incubated in 
the dark for 24 h, at 25 °C. For gfp expression analysis, explants 
were transferred to glass slides, plasmolyzed with 5 M NaCl2, 
and observed under a fluorescence microscope (Axiophot 2; 
Zeiss, Oberkochen, West Germany) equipped with a FITC filter 
(excitation 470 nm; emission 520 nm).

AGROBACTERIUM TUMEFACIENS-MEDIATED TRANSFORMATION 
OF C. SINENSIS ‘HAMLIN’. Epicotyl segments collected from in 

Table 1. Primer sequences designed for cloning the attA gene with and 
without the native signal peptide into pCambia 1303. Restriction 
sites are underlined. Superscript numbers correspond to attA gene 
original positions (GenBank U46130).

Forward 1 5´ CCC CCA TGG AAA1 TGT TCA CCT ACA AAT TG 3´
Forward 2 5´ CCC CCA TGG CCC54 GTT ATT TGG TCT TTG AA 3´
Reverse’ 5´ CCC ACT AGT763 CCA CTT ATT ACC AAA AGA CC 3´
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vitro germinated seedlings (Boscariol et al., 2003) were used 
as explants for transformation. Explants were inoculated with 
A. tumefaciens EHA 105 containing pCattA 2300, for 25 min. 
After inoculation, the explants were blotted dry and transferred 
to EME medium (Grosser and Gmitter, 1990) supplemented 
with benzylaminopurine-BAP (1 mg·L–1) for a 3-d co-cultivation 
period, at 24 °C. After co-cultivation, explants were transferred 
to selection medium consisting of EME medium supplemented 
with BAP (1 mg·L–1), kanamycin (100 mg·L–1) and cefotaxime 
(500 mg·L–1). Cultures were incubated in the dark for 4 weeks, at 
27 °C, and then transferred to 16-h photoperiod (63 µmol·m–2·s–1) 
at 27 ± 1 °C.

MOLECULAR ANALYSIS OF TRANSGENIC PLANTS. Genomic DNA 
was extracted (Doyle and Doyle, 1990) from leaves of well-
developed in vitro shoots and evaluated to detect the presence 
of the 350-bp fragment, using the above mentioned primer pair. 
The PCR recipe was: 50–60 ng DNA, 100 µM of each dNTP, 5 
mM MgCl2, 0.2 µM of each primer, and 1 U Taq DNA polymerase 
(Promega, Madison, Wis.). Reactions were performed under the 
following conditions: 5 min at 95 °C for the first denaturation, 
followed by 35 cycles of 1 min at 95 °C, 40 s at 55 °C, and 30 s 
at 72 °C, with a final extension of 5 min at 72 °C. The primers 
5´ CTG GCG GCA AAG TCT GAT 3´ and 5´ TGT CGT AAA 
CCT CCT CGT 3´ (Negrotto et al., 2000) were used to amplify 
a 450-bp fragment of the virG gene and detect possible plant 
tissue contamination with A. tumefaciens. PCR reactions were 
performed as follows: 2 min at 96 °C for the first denaturation, 
followed by 35 cycles of 15 s at 94 ºC, 30 s at 53 ºC, and 30 s 
at 72 ºC, with a final extension of 5 min at 72 ºC. PCR-positive 
shoots were carefully excised from the explants and micrografted 
in vitro onto Carrizo citrange [C. sinensis x Poncirus trifoliate 
(L.) Raf.] seedlings (Peña et al., 1995) for plant development and 
further analysis. The transformation efficiency was expressed 
as the percentage of PCR-positive plants in relation to the total 
number of explants exposed to A. tumefaciens.

Citrus genetic transformation was confirmed by Southern blot 
analysis. Genomic DNA was isolated from fully expanded leaves 
of acclimatized plants using Plant DNAzol reagent protocol (In-
vitrogen). BamHI or HindIII-digested DNA samples (20 µg) were 
separated on 1% agarose gel by electrophoresis and transferred 
to nylon membrane (Hybond-N+; Amersham Biosciences, Buck-
inghamshire, England). HindIII cuts the T-DNA once outside the 
gene area and BamHI isolates a 1050-bp fragment corresponding 
to gene cDNA. A 1050-bp digested fragment fluorescein-labelled 
(Gene Images Random Prime Labelling Module; Amersham Bio-
sciences) was used as a probe. The hybridization, washing and 
detection were performed with Gene Images CDP-Star Detection 
Module (Amersham Biosciences) following the manufacture’s 
instructions. Transcription of attA gene in transgenic plants was 
determined by Northern blot analysis. Total leaf RNA was iso-
lated from transgenic acclimatized plants and a non-transformed 
control plant using TRIzol reagent protocol (Invitrogen). Fifteen 
micrograms of RNA of each sample were electrophoresed in a 
denaturing 1% agarose gel. The separated RNAs were transferred to 
a nylon membrane (Hybond; Amersham Biosciences). Transgene 
RNA was detected by hybridization with a fluorescein-labelled 
probe as described for Southern blot analysis.

EVALUATION FOR RESISTANCE TO X. AXONOPODIS PV. CITRI. Eight 
transgenic plants and a non-transgenic control plant were selected, 
based on the vegetative development and adequate budwood for 
grafting. For propagation, 30 well-developed buds, of each plant, 
were grafted onto Cleopatra mandarin (C. reticulata Blanco) 

rootstock plants cultivated in small tubes (19.5 × 5.0 cm) con-
taining pinus bark substrate. After a 2-month incubation period 
7–10 plants per transgenic line and control were selected, based 
on leaf phenology, in order to favor stomatal bacteria penetration 
(Viloria et al., 2004). Each plant were individually spray-inocu-
lated with a 106 cfu/mL X. axonopodis pv. citri suspension and 
incubated in a growth room, with restricted access, at 27 °C under 
16-h photoperiod. Disease severity was determined 30 d after 
inoculation. The images of two youngest leaves per plant (total 
of 15 leaves per transgenic line) were digitalized and the leaf and 
diseased area were calculated using QUANT 1.0 software (Vale 
et al., 2001). The experiment followed a completely randomized 
design and was repeated three times. The data were analyzed by 
analysis of variance.

Results

VECTOR CONSTRUCTIONS AND A. TUMEFACIENS TRANSFORMATION. 
The cDNA of the attA gene (1050 bp) was successfully isolated 
from pBlueScript II KS(+) and cloned into pFF19 (4.2 kb). The 
expression cassette (2.1 kb) was isolated and inserted into pCambia 
vector. Ligation direction was confirmed by sequencing (data not 
shown). The plasmid pCattA 2300 (Fig. 1A) was successfully 
transferred to A. tumefaciens cells. The 765 and 711-bp fragments, 
corresponding to attA gene with and without SP, were amplified 
and inserted into pCambia 1303 vector resulting in the construc-
tions p35S-attA::uidA::gfp-Nos (13.073 kb) and p35S-SPattA::
uidA::gfp-Nos (13.127 kb) (Fig. 1B–C).

ATTACIN A PROTEIN CELLULAR LOCALIZATION IN PLANT TISSUES. 
Fig. 2 shows the results obtained with onion epidermis transfor-
mation with both pattA 1303 and pSPattA 1303. Plasmolysis was 
induced to shrink the membrane and separate it from its cell wall 
(Fig. 2 A and C). A fluorescence accumulation was detected in the 
cytoplasm of pattA 1303 transformed cells (Fig. 2B). However, 
in tissues transformed with pSPattA 1303, which contained the 
SP, the fluorescence accumulation was observed surrounding the 
cell, indicating the protein secretion to the apoplast (Fig. 2D). 
No fluorescence accumulation was detected in non-transformed 
cells. These results confirm the effectiveness of SP expression in a 
heterologous organism. As the gene is of insect origin, this means 
that the large protein (attA fused with gfp and β-glucoronidase 
genes) has been actively transported to the apoplast of the onion 
cells. The confirmation of protein transit and secretion encour-
aged the citrus genetic transformation and the evaluation for X. 
axonopodis pv. citri resistance.

TRANSFORMATION AND MOLECULAR CHARACTERIZATION. Trans-
formation with A. tumefaciens was performed on 150 C. sinensis 
‘Hamlin’ explants. The explants incubation in the dark favored 
calli formation and indirect organogenesis. Adventitious shoots 
developed after 30 d of culture on selection medium. The pres-
ence of attA gene in the regenerated shoots was tested by PCR 
analysis at an early stage. Twenty-three regenerated shoot lines 
were evaluated and 21 showed amplification of the expected 
350-bp fragment (14% transformation efficiency) (Fig. 3A). 
Shoots, in which the cDNA sequence was PCR-identified, were 
grafted in vitro onto Carrizo citrange seedlings and developed 
into 12 whole plants. The PCR analysis using specific primers 
for the virG gene amplification confirmed the absence of A. 
tumefaciens contamination in the tissue (Fig. 3B). Micrografted 
plants with four to five leaves were acclimatized and transferred 
to a greenhouse.

Integration of attA gene was assured by Southern blot analy-
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sis. Both cut genomic DNA from 12 PCR positive lines and the 
pCattA plasmid positive control hybridized with the 1050-bp 
attA-probe (Fig. 3C–D). DNA digested with HindIII that cuts 
only once the T-DNA out of the gene, revealed that the analyzed 
plants had undergone one or two integration events (Fig. 3C) and 
come from independent transformation events. BamHI digestion 
of genomic DNA resulted in excision of the entire attA cDNA 
(Fig. 3D). No hybridizing bands were detected in DNA from the 
non-transformed control line (Fig. 3C–D).

Northern blot showed variable but detectable levels of attA 
transcript in all transgenic plants (Fig. 3E). In particular, lines T1, 
T7, T9, and T12 showed very low transcription levels and lines 
T3, T4, T5 and T6 displayed high transcription levels. RNA was 
not detected in leaves from the non-transformed plant.

ASSAYS FOR RESISTANCE TO X. AXONOPODIS PV. CITRI. To exam-
ine the susceptibility to X. axonopodis pv. citri, eight transgenic 
lines confirmed by Southern and Northern blot (T1, T2, T5, T8, 
T9, T10, T11, and T12) and a non-transformed control plant 

were propagated and inoculated with a 
bacterial suspension. The first disease 
symptoms could be detected 4–5 d af-
ter inoculation in both transgenic and 
non-transgenic plants. Disease severity 
quantification, after 30 d of inoculation 
(Fig. 4) revealed that transgenic lines 
had increased resistance to X. axo-
nopodis pv. citri (Fig. 5). Seven out of 
eight transgenic lines analyzed showed 
a statistically significant reduction in 
susceptibility to citrus canker. Lines T2, 
T8, and T12 showed a reduced disease 
severity by 55% to 60% compared to the 
non-transformed control line. 

Discussion

Conventional breeding efforts have 
had limited success in the production 
of new citrus varieties resistant to 
diseases. The introduction of selected 
genes in plants, preserving the genetic 
background of original cultivar (During, 
1996), seems to be a promising approach 
towards improving resistance of citrus 
cultivars against diseases caused by 
bacteria.

Among the strategies to genetically 
engineering disease resistance, the intro-
duction of genes, encoding antibacterial 
peptides has been reported with success 
concerning the enhancement of bacte-
rial disease resistance in agricultural 
crops (Arce et al., 1999; Ko et al., 2000; 
Reynoird et al., 1999). As bacteria enter 
and spread in plant cells via apoplast 
(Alfano and Collmer, 1996), secretion of 
the antibacterial protein to intercellular 
space should facilitate the interaction 
between the resistance protein and the 
pathogen. This prevents plant tissue 
colonization by the phytopathogenic 
bacteria (During, 1996), and protects 

against peptide degradation by plant peptidases (Sharma et al., 
2000). The transgene association with a signal peptide, which 
targets the gene product to the apoplast, has been utilized in 
transgenic disease resistance plants in the systems Pseudomonas 
syringae van Hall pv. tabaci (Wolf and Foster) Young et al./Nico-
tiana tabacum L. (Huang et al., 1997), E. amylovora/apple (Ko 
et al., 2000) and X. oryzae (Ishiyama) Swings et al. pv. oryzae 
(Ishiyama) Swings et al./Oryza sativa L. (Sharma et al., 2000) in 
order to optimize expression of antibacterial genes. These stud-
ies have used signal peptides originally related to plant proteins. 
The effectiveness of the insect native signal peptide in secreting 
protein to the intercellular space, in a plant model system, al-
lowed the production of citrus transgenic plants with the proper 
localization of the attA gene product.

In our study, not all regenerants that sprouted from explants 
treated with A. tumefaciens showed amplification of attA gene by 
PCR, indicating that some escapes occurred during the regenera-
tion process in selective medium. The occurrence of escapes is 

Fig. 1. Schematic representation of gene constructions used for genetic transformation. pCattA 2300 binary 
vector (A) used for Agrobacterium tumefaciens-mediated citrus transformation. pattA 1303 (B) and pSPattA 
1303 (C) used for studying the attacin A protein sorting in epidermal onion cells. LB = left border; RB = right 
border; 35S P and 35S T = cauliflower mosaic virus 35S promoter and terminator, respectively; NosT = nopaline 
synthase gene terminator; hptII = hygromycin resistance gene; nptII = neomycin phosphotransferase II gene; 
uidA ß-glucoronidase gene; gfp = green fluorescent protein gene; SP = signal peptide.
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Fig. 3. Analyses of Citrus sinensis ‘Hamlin’ putative transformants. (A) PCR analyses for attA gene detection; lanes 1–11: DNA from shoots developed after genetic 
transformation; M = 100-bp ladder (Amersham Biosciences); C+ = positive control (pCattA2300); C– = negative control (DNA of non-transformed ‘Hamlin’). 
(B) = PCR analyses for virG gene detection; M = 100-bp ladder; C+ = positive control (Agrobacterium tumefaciens DNA); C– = negative control (DNA of non-
transformed ‘Hamlin’); lanes 1–6 = represent transgenic plants. (C, D) Southern blot analyses. 20 µg DNA was digested with BamHI or HindIII and hybridized 
with a probe corresponding to 1050-bp from the attA gene; C+ = positive control (pCattA2300); C– = negative control (DNA of non-transformed ‘Hamlin’); lanes 
1–12 = DNA from independent transgenic lines digested by HindIII (C) and BamHI (D); Lambda DNA cut with HindIII or BamHI was used as a size marker (given 
in kilobases). (E) Northern blot analyses. Transcription of attA gene in leaves of control (C) and transgenic lines (lanes 1–12).

Fig. 2. Onion cells transformed with the plasmids 
pattA 1303 (A, B) and pSPattA 1303 (C, D) showing 
fluorescence accumulation inside (B, arrows) and 
outside the cells (D). Membranes were induced 
to shrink from the cell wall (well observe in C). 
White (A, C) and UV light (B, D) exposition for 
microphotographing.
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expressing attacin E gene, as in the studies with the systems apple 
and pear/E. amylovora (Ko et al., 2002; Reynoird et al., 1999) 
and potato/E. carotovora (Arce et al., 1999). However, a lack of 
correlation between transcription level and disease resistance has 
also been reported in other systems (Malnoy et al., 2003; Reyn-
oird et al., 1999). The precise mechanism of increased disease 
resistance in the genetic engineered plants is not clear and further 
studies are necessary. 

The results presented in this work are promising and stimulate 
the use of genetic engineering to control citrus disease problems 
caused by bacteria. However, the risks of using broad-host-range 
antibacterial proteins to enhance resistance to phytopathogenic 
bacteria have to be considered.
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