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SUMMARY

To study the influence of ro/ABC Troyer citrange
plants on potentially beneficial root-associated bacteria,
transgenic and non-transgenic plant lines were moni-
tored over the course of one year. Culturable bacterial
populations were not significantly different between
rolABC and wild type lines, whereas the population of
fluorescent pseudomonads varied according to the plant
lines and the date of sampling. A total of 321 represen-
tative fluorescent pseudomonads were investigated to
determine antagonistic activity against Fusarium solani
and Phoma tracheiphila, and two different antagonistic
groups were identified. IAA-producing Pseudomonas
Fluorescens strains were well distributed among trans-
genic and non-transgenic plant lines. A subset of 42 rep-
resentative antagonistic P. fluorescens strains, character-
ized by ARDRA and ERIC-PCR, showed a high degree
of DNA heterogeneity. Four main groups were identi-
fied. Three groups were heterogeneous and contained
isolates from transgenic and non-transgenic plant lines
whereas one group was homogeneous and included on-
ly strains from transgenic lines belonging to the same
antagonistic group. On the whole, the fluorescent popu-
lations isolated from the ro/ABC lines showed some dif-
ferences from those isolated from wild types, and a par-
tial correlation was observed between grouping of
strains based on antagonistic activity and on ERIC-PCR
fingerprints and the transgenic character of the plants.

Key words: antagonistic bacteria, rhizosphere, ro/ABC
genes, ERIC-PCR fingerprinting.

INTRODUCTION

The development of genetically modified plants
(GMPs) has been a topic of considerable public debate
in recent years. Environmental risk assessment regard-
ing the cultivation of GMPs have focused on potential
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aboveground effects, whereas little is known of the con-
sequences of genetically engineered plants on soil-borne
microorganisms (Bruinsma et al., 2003) despite their
recognized importance in terms of biomass and activity
in soil.

Microorganisms are the dominant soil organisms
both in terms of biomass and activity, and largely deter-
mine the functioning of terrestrial ecosystems being re-
sponsible, for example, for functions such as nutrient
cycling and decomposition. In addition root-associated
microorganisms interact directly and indirectly with
plants and vegetation dynamics, may exert beneficial or
deleterious on plant growth and health, and their com-
position and population size is influenced by a variety of
factors such as plant species, cultivar and exudation of
nutrients (Bachmann and Kinzel, 1992; Grayston e? al.,
1998; Siciliano et al., 1998).

Root-associated microorganisms have recently been
investigated as sensitive indicators of GMP-induced
variation. Differences in rhizobacterial communities be-
tween wild type and transgenic alfalfa (Medicago sativa
L.) cultivars transformed for alpha-amylase and lignin
peroxidase have been reported, although the conse-
quences of these changes were unknown (Di Giovanni
et al., 1999). In a field study comparing conventional
canola (Brassica napus L.) varieties with others trans-
formed for glyphosate tolerance, the differences in the
rhizobacterial communities over the course of two years
appeared to be most influenced by soil type (Siciliano
and Germida, 1999; Dunfield and Germida, 2001). In
studies on potato (Solanum tuberosum 1.) plants trans-
formed to produce T4-lysozyme (Lottmann et al., 1999;
Heuer ez al., 2002), the differences in number and di-
versity of bacteria appeared as a natural shift within the
soil microbial community. Other studies examined the
effects of Lotus corniculatus 1. plants, modified to pro-
duce mannityl opines and nopaline (Oger et al., 2000).
Only opine-utilizer populations were significantly
greater in the root system of transgenic plants, whereas
the remaining bacterial groups examined did not differ
significantly between transgenic and wild type plants,
clearly indicating the impact of plant modification on
microbial populations and the possibility to modify the
rhizosphere community through alterations in the quali-
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ty and quantity of root exudates.

Troyer citrange [Poncirus trifoliata (L.) Raf. x Citrus
sinensis (L.) Osbeck], an important citrus rootstock, has
been transformed with 70/ABC genes from Agrobacte-
rium rhizogenes to modify the plant’s growth habit
(Gentile et al., 2004) and possibly its behaviour against
pathogens (La Malfa et al., 2004). ro/ABC genes are in-
volved in phytohormone balance, altering plant mor-
phology, inducing hairy root syndrome (Spena et al.,
1987), and increasing the sensitivity of transgenic tissues
to both cytokinins and auxins (Estruch ez a/., 1991a,b).

An effect on root exudates and consequently on root-
associated microorganisms should also be expected.
Work on 23 transgenic r0o/ABC Troyer citrange plants
(Cirvilleri et al., 2003) showed that ro/ABC genes modi-
fy some aspects of roots (higher number of hairy roots)
but do not affect culturable bacterial populations. In
addition, in transgenic Troyer Citrange clones, au-
totrophic ammonia oxidiser populations were modified,
and phenolic compounds plus PAL and peroxidase ac-
tivity increased in roots (La Malfa ez a/., 2004).

The objective of this study was to evaluate the effects
of ro/ABC Troyer citrange plants on potentially benefi-
cial root-associated microorganisms. Bacteria were peri-
odically monitored over the course of one year and
characterized according to their antagonistic activity 77
vitro and to their ability to produce indole-3-acetic acid
(IAA). A subset of 42 representative antagonistic fluo-
rescent pseudomonads from 70/ABC and wild type lines
were characterized by amplified 16S ribosomal DNA re-
striction analysis (ARDRA) and with respect to their en-
terobacterial repetitive intergenic consensus (ERIC-
PCR) sequence polymorphism.

MATERIALS AND METHODS

Plant material. Three transgenic r0o/ABC Troyer cit-
range lines (ro/ 1, 5, 7), regenerated from independent
transformation events, and Troyer citrange wild types
(WTs) were propagated 7z vitro and transplanted in
pots with unpasteurized compost (1:1:1 sand:peat moss:
soil). The plants were grown in a conditioned green-
house at 24+2°C during the day and 18+2°C during the
night; natural light was reduced by 25% covering the
greenhouse with a black net. Morphological and physio-
logical modifications previously detected (Gentile ez 4/.,
2004) included dwarfing (up to 50% height reduction)
and increase of root system density. Rhizosphere sam-
ples were collected three years after transplanting on
three occasions: October 2002, April 2003, and January
2004.

Determination of microbial populations. Roots with
adhering soil (10 g for each sample), taken from the rhi-
zosphere of each plant line at each sampling time, were
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immersed in 20 ml of washing buffer (0.1 M potassium
phosphate buffer, pH 7). Tubes were sonicated in an ul-
trasonic cleaner (Brasonic 52, Branson Cleaning Equip-
ment Co., Shelton, CT, USA) for 7 min and samples
were spiral plated onto King’s B medium (KB) (King e#
al., 1954) using a Spiral Plater Eddy Jet (IUL Instru-
ments, Barcelona, Spain). Culturable bacteria and fluo-
rescent colonies were counted after 48 h at 27°C to cal-
culate the means of colonies (log,, CFU) based on fresh
weight. Four replicates from each plant line and three
plants for each line were sampled.

For further testing, fluorescent bacteria were ran-
domly selected at each sampling time and plant line and
subcultured on KB, resulting in 321 fluorescent isolates
(52 from 7o/ line 1, 87 from ro/ line 5 and 7, respectively,
and 95 from non-transgenic lines). All strains were
stored at -80°C in nutrient broth (Oxoid, Basingstoke,
UK) supplemented with 15% (vol/vol) glycerol. Analy-
sis of variance (ANOVA) was performed by COSTAT
software on log-transformed population sizes to deter-
mine any significant effects of plant lines and time of
sampling influencing rhizosphere population sizes.

Screening for antagonistic fluorescent pseudomon-
ads. All 321 fluorescent colonies were tested in dual cul-
ture assay on PDA and KB agar media against Fusarium
solani 1A and Phoma tracheiphila 1N, isolated from
symptomatic citrus plants in Sicily. Aliquots (10 ml) of
overnight bacterial suspensions (108 CFU ml!) grown
in NA were inoculated on surface-dry agar plates (4
spots per plate). After incubation at 27°C for 4 days,
conidial suspensions (10° CFU ml!) of fungi grown on
PDA for 7 days were sprayed over the plates. Plates
were incubated at 27°C and inhibition was scored 4
days after spraying by measuring the size of clear zones
around the bacterial colonies. The assays were repeated
twice with two replicates each. After transformation of
the percentages to angular values, ANOVA was per-
formed to determine any significant effects of plant lines
and time of sampling.

Screening for IAA-producing fluorescent pseudo-
monads. The method of Gordon and Weber (1951) was
modified and used to determine IAA production. All
the fluorescent colonies were grown on KB broth sup-
plemented with 0.5 mM L-tryptophan from a filter-ster-
ilized 2 mg ml ! stock solution. After incubation for 48
h at 28°C and 180 rpm, cells were removed by centrifu-
gation for 10 min at 5000 rpm and 0.5 ml of cell-free su-
pernatant of each isolate was dispensed into 96-well mi-
croplates. One ml of Salkowski’s reagent (3 ml 1.5 M
FeCly; 100 ml of concentrated H,SO,; 63 ml sterile dis-
tilled water) was added and mixed vigorously. After 30
min in the dark at room temperature, the absorbance at
530 nm was measured by microplate reader (Spectra-
max-250, Molecular Devices Corp., Sunnyvale, CA,
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USA). The concentrations of IAA in each culture medi-

um were determined by comparison with a standard
curve (Gordon and Weber, 1951).

Identification of fluorescent pseudomonads. All the
fluorescent pseudomonads were identified to species
level according to the phenotypic characters and bio-
chemical tests suggested for Pseudomonas spp. (Schaad
et al., 2001) and by the Analytical Profile Index proce-
dure using the API 20NE system (BioMérieux, Marcy
I’Etoile, France). A collection of representative fluores-
cent pseudomonads was identified to biotype, accord-
ing to Schaad ez al. (2001).

PCR amplification of 16S rtDNA (ARDRA). Forty-
two antagonistic P fluorescens strains representative of
the 3 70/ABC and the WT lines were used. DNA was
extracted using the DNA Purification Kit (Puregene,
Gentra, Minneapolis, MN, USA) following the manu-
facturers’ instructions. Each isolate was amplified with
Pseudomonas-specific primers PsF (5’-TAGCTCCAC-
CTCGCGGC) and Ps-R (5-GGTCTGAGAGGAT-
GATCAGT) (Invitrogen-Life Technologies, Rockville,
MD, USA) and PCR performed in an Applied Biosys-
tems (Foster City, CA USA) thermocycler (GeneAmp®
PCR System 9700) as described by Widmer et al.
(1998). Amplification mixtures were digested with Hae
IIT and Alu 1 (Invitrogen-Life Technologies, Carlsbad,
CA, USA) and analysed in 3.5% agarose in 1x TAE
buffer at 5 V. ecm™! over 6 h. The gels were stained with
0.2 mg ml! ethidium bromide, visualized on a UV tran-
silluminator, photographed and digitized by PowerShot
G2 (Canon Inc., Lake Success, NY, USA). A 1 kb DNA
Ladder (Invitrogen-Life Technologies, Carlsbad, CA,
USA) was used as a size standard.

ERIC-PCR. This method was adapted from Louws ez
al. (1994). The primers ERIC 1R (5'-ATGTAAGCTC-
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CTGGGGATTCAC-3') and ERIC 2 (5'-AAGTAAGT-
GACTGGGGTGAGCG-3") were synthesized by Invit-
rogen-Life Technologies (Carlsbad, CA, USA). The reac-
tion mixture consisted of 1 pl of DNA template, 2.5 pl of
10x reaction buffer, 0.5 pl of ANTP mix (10 mM), 50
pmol of primer ERIC 1R, 50 pmol of primer ERIC 2,
1.25 pl of MgCl, (50 mM), and 1.5 U of Tag polymerase
(Invitrogen-Life Technologies, Carlsbad, CA, USA) made
up to 25 ul with sterile distilled water. The reaction mix-
ture was denatured for 7 min at 95°C and then subjected
to 30 cycles of denaturation for 1 min at 94°C, annealing
for 1 min at 52°C, extension for 8 min at 65°C, and a fi-
nal extension for 16 min at 65°C. The products were sep-
arated by electrophoresis on 1.5% agarose (Bio-Rad Lab-
oratories, Hercules, CA, USA) in TAE 1x buffer at 5 V
cm! over 4 h. A 1 kb DNA Ladder (Invitrogen-Life
Technologies, Carlsbad, CA, USA) was used as a size
standard. The gels were stained, visualized and handled
as above. Banding patterns were analysed using GelCom-
par software version II (Applied Maths, Kortrijk, Bel-
gium). Similarity coefficients were determined using
Dice’s coefficient (Dice, 1945). Cluster analysis was per-
formed according to the unweighted pair-group method
with average linkages (UPGMA) using GelCompar soft-
ware version II (Applied Maths, Kortrijk, Belgium).

RESULTS

Population trends. The number of culturable bacte-
ria was not significantly different between transgenic
and non-transgenic plant lines, and remained in the
range of log 6.78 to log 7.17 per g fresh weight (fw) of
root during all the sampling times (Table 1). There was
no significant difference between the means of the four
plant lines over all sampling times, and between the
means of the different sampling times over all plant
lines. Plant lines and date of sampling significantly af-

Table 1. Interaction of plant lines and date of sampling on population estimates of culturable bacteria and fluorescent Pseudo-

monas.

Bacteria recovered (log CFU g fw)*

. . b
Sampling time Culturable bacteria

Fluorescent Pseudomonas

Rol1 Rol5 Rol7 WT Mean® Roll Rol5 Rol7 WT Mean®
I (Oct. 2002) 6.88 6.86 7.02 6.72 6.87 a 450 476 6.00 6.14 535b
II (Apr. 2003) 6.86 6.88 7.80 6.71 7.06 a 2.79 4.48 4.67 5.04 4243
III (Jan. 2004) 6.81 6.65 6.68 6.91 6.67 a 5.45 5.25 5.45 5.16 533b
Mean* 6.8a 679%a 7.17 a 678 a 424 a 4.83 ab 537b 545b

*Values are means of three plant lines (four replications of the same plant line); ® Sampling time (I: October 2002; II: April 2003; III:
January 2004); ¢ Means reported in a row or column followed by different letters differ according to the Student-Newman-Keuls test
(P=0.05).



182 rolABC plants and antagonistic bacteria

fected the fluorescent pseudomonad population size.
Significantly more fluorescent pseudomonads were re-
covered from ro/ line 7 and WT (log 5.37 and 5.45, re-
spectively) than from ro/ lines 1 and 5 (log 4.24 and
4.83, respectively) over all sampling times (Table 1).
Overall, significantly more fluorescent pseudomonads
were detected from the rhizosphere of the four plant
lines at the first and third sampling times (log 5.35 and
log 5.33, respectively) than in the second sampling time
(log 4.24) (Table 1).

Antagonism and TAA production. The percentage of
antagonistic bacteria varied according to culture media
and plant lines (Fig. 1). When tested on PDA, a medi-
um high in iron and low in phosphate, in which fluores-
cent siderophores are repressed and antibiotics are pro-
duced (Gross, 1985), only strains isolated from 70/ABC
lines showed antagonistic activity against F. solani (from
8.7 to 19.4% of isolates) and P. tracheiphila (from 2.2 to
14.8% of isolates) (Fig. 1), with inhibition zones rang-
ing between 3 and 20 mm. By contrast, none of the 95
fluorescent pseudomonads isolated from wild type lines
showed antagonistic activity on PDA. When tested on
KB, which is low in available iron and favours
siderophore production (Xu and Gross, 1986), fluores-
cent pseudomonads from transgenic and non-transgenic
lines inhibited F solani and P. tracheiphila (Fig. 1). On
KB the percentage of anti-Fusarium isolates varied be-
tween 52 and 68% and the percentage of anti-Phonza
isolates between 50 and 100% with inhibition zones
ranging from 5 to 20 mm.

Two antagonistic groups were identified. Strains
identified as antagonistic group I showed antagonistic
activity only on KB agar (156 inhibitory to E solan: and
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Fig. 1. Mean values of antagonistic fluorescent Pseudomonas
on PDA and KB against Fusarium solani and Phoma tra-
cheiphila. Percentage of antagonistic fluorescent Pseudomonas
isolated from the rhizosphere of Troyer citrange plant lines
rolABC 1, 5, 7 and wild type (WT) was determined. The test
was performed on previously transformed data arc sen v%.
Vertical lines represent standard errors.
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Table 2. Influence of fluorescent Pseudomnonas on the growth of
Fusarium solani and Phoma tracheiphila on PDA and KB agar.

Number of fluorescent Pseudomonas * inhibitory to

Source  Strains
of tested  Fusarium solani on Phoma tracheiphila on
strains (N.)
KB PDA KB PDA

Rol1 52 34 3 49 3
Rol5 87 35 6 79 1
Rol7 87 44 15 72 9
WT 95 43 0 84 0
Total 321 156 24 284 13

* Fluorescent Pseudomonas were inoculated onto duplicate plates,
incubated at 24°C for 4 days, and then oversprayed with a suspension (10°
CFU ml") of Fusarium solani or Phoma tracheiphila.

284 inhibitory to P. tracheiphila) (Table 2) and were iso-
lated both from 70/ABC and WT lines.

Strains identified as antagonistic group II produced
growth inhibition zones on PDA and were isolated only
from r0/ABC lines (24 strains inhibitory to F. solani and
13 inhibitory to P. tracheiphila).

P. fluorescens and P. putida were the most common
species among the fluorescent Pseudomonas analysed.
The majority of the representative P. fluorescens strains
identified to biotype was subdivided in biovar 3 and 5
(data not shown). The remainder could not be clearly
differentiated as to biovar.

Fluorescent pseudomonads were analysed for their
ability to produce auxin (IAA equivalents) in the pres-
ence of L-tryptophan as precursor. IAA-producing
Pseudomonas from rol/ABC lines (38% of strains from
rol 1, 18% from rol 5, 56% from rol 7) and those from
wild type lines (up to 38%) were equally proficient in
the production of TAA in vitro, and the level of TAA
produced from most isolates varied between 0.4-15 mg
mll. Seven isolates from 70/ABC lines and four from
WT produced high levels of TAA (between 16 and 28.5

mg ml?).

Genetic variability. A subset of 42 P fluorescens
strains representative of plant lines, time of sampling
and antagonistic behaviour on KB and PDA (antagonis-
tic groups I and II) were genotypically characterized. Ps-
PCR primers selectively amplified an approximately
990-bp fragment and restriction analysis with A/ 1 re-
vealed two fragmentation patterns: pattern I, comprising
3 strains from 70/ABC plant lines 1 and 5 (Fig. 2A, lanes
2,3, 5), and pattern II comprising all other strains (95%
of tested strains) from ro/ABC lines and from WT (Fig.
2A, lanes 6 to 19). A single Hae 111 pattern was obtained
with all 42 fluorescent pseudomonas tested (Fig. 2B).

PCR amplification with ERIC primers yielded 6 to 12
distinct PCR products, ranging in size from approxi-
mately 150 bp to over 3,000 bp and allowed differentia-
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Fig. 2. ARDRA banding patterns obtained with A/ I (A) and
Hae 111 (B) on P. fluorescens strains. The molecular weight
marker was a 100 bp ladder. Lanes 2-4: strains isolated from
rol 1; lanes 5-8: strains isolated from 7o/ 5; lanes 9-13: strains
isolated from rol 7, lanes 14-19: strains isolated from WT.
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tion of strains (Fig. 3). The ERIC-PCR profiles were
compared by numerical methods and the dendrogram
revealed genetic diversity (Fig. 4). Cluster analysis re-
sulted in four main cluster groups designated 1, 2, 3 and
4. Group 1 was heterogeneous and contained isolates
from transgenic and wild type plant lines belonging to
antagonistic groups I and II. Groups 2 and 4 included
isolates from transgenic and non-transgenic plant lines
belonging to the same antagonistic group (I). Group 3
was homogeneous and included only strains from trans-
genic lines belonging to the same antagonistic group
(IT). Most of the strains from 70/ABC lines were exclu-
sively grouped under subclusters 2, 3, 4, 5, and cluster 3
(Fig. 4).

Cluster analysis also distinguished 70/ABC strains be-
longing to antagonistic group II, grouped exclusively
under subcluster 3 and cluster 3, and the strains belong-
ing to antagonistic group I, grouped under subcluster 1,
2, and clusters 2 and 4 (Fig. 4). On the whole, grouping
of isolates based on ERIC-PCR profiles was partially
correlated with strain origin, transgenic and non-trans-
genic plants, and antagonistic activity.

DISCUSSION

rolABC Troyer citrange lines did not have any de-
tectable effect on culturable bacterial populations,
whereas fluorescent pseudomonads varied according to
the plant lines and sampling date. The data also indicat-
ed that presence of 70/ABC genes did not influence flu-
orescent pseudomonads populations. In fact, mean pop-
ulation sizes of 7o/ 7 and WT lines were similar, and
higher than that of o/ lines 1 and 5, suggesting that a
more important factor influencing bacterial numbers
could be the insertion point of the ro/ABC genes, since

roll WT
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517

v

Fig. 3. ERIC-PCR DNA fingerprint patterns of fluorescent Psexudononas representing isolates from ro/ 1 (lanes 1-3, strains 1AM,
1AO, 1AV), rol 5 (lanes 4-7, strains 5AS, 5AT, 5BA, 5CP), rol 7 (lanes 8-15, strains 7N, 7-14D, 7-8L, 7-17A, 7-17E, 7BD, 7-11C,
7-14C) and wild type (lanes 16-21, strains WT3I, WTB, WTR, WTAA, WTAD, WTCKE). Lane M is a standard 1 kb DNA lad-

der; the sizes are indicated in base pairs.
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Fig. 4. Dendrogram showing relationships among 42 P. fluo-
rescens strains from 70/ABC and WT Troyer citrange lines
constructed using the ERIC-PCR results. Cluster analysis was
petformed by UPGMA with a matrix calculated with Dice’s
coefficient. Antagonistic groups: I, antagonistic activity on
KB; 1I, antagonistic activity on PDA.

rol lines 1, 5 and 7 were generated by independent
transformation events (Gentile ez al., 2004).

Fluorescent pseudomonads may be appropriate for
analyzing microbial shifts in the rhizosphere since they
are important and beneficial members of it, aggressive
root colonizers, responsible for plant growth promotion
and pathogen control (Weller, 1988; O’Sullivan and
O’Gara, 1992; Lugtenberg and Dekkers, 1999).

Phenotypic analysis of Pseudomonas isolates based
on antagonistic activity against F solani and P tra-
cheiphila resulted in identification of two antagonistic
groups including respectively strains isolated from
transgenic and non-transgenic plant lines and strains
only from transgenic lines with different biological fea-
tures. Screening for antagonism on PDA and KB agar
resulted in the selection of strains that produce a diverse
array of inhibitory compounds and some differences be-

- = 4
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tween the 70/ABC and WT plant lines were observed.
Antibiotic production, tested on PDA, occurred only in
about 20% of fluorescent Pseudomonas isolated from
rolABC lines, but not in fluorescent Pseudonzonas isolat-
ed from wild type lines. In contrast, when tested on KB,
strains were inhibitory without differences between
lines. It has been amply demonstrated that the nature of
test strains (e.g. strains of phytopathogen and strains of
antagonist) as well as several abiotic factors like compo-
sition of culture media significantly influence antagonis-
tic action against pathogens and affect the size of inhibi-
tion zones (Xu and Gross, 1986; Borowicz and Omer,
2000). Also in our studies the composition of culture
media had an effect on the 7z vitro antagonism and al-
lowed identification of differences between strains that
were partially correlated with the transgenic character
of plant lines. The reason for this difference is unclear.
Future studies of the influence of 70/ABC genes on root
exudate composition could clarify their influence on
colonization of antagonistic pseudomonads with differ-
ent modes of action.

No differences in TAA-producing strains were ob-
served among the means of the transgenic and non-
transgenic plant lines over all sampling times. The abun-
dance of TAA-producing fluorescent pseudomonads
was lower than that of isolates which were antagonistic,
and the most active antagonistic strains were non IAA-
producers (data not shown). Microbially derived TAA is
implicated in the stimulation of plant growth (Patten
and Glick, 1996) and formation and growth of lateral
roots. Since r0/ABC plants are much more sensitive to
cytokinins and auxins (Estruch ef a/, 1991ab) than
non-transgenic ones, beneficial rhizobacteria able to
produce TAA, considered an additional advantage for
antagonistic strains, could amplify the susceptibility of
transgenic plants. Future studies will be needed to as-
sess the influence of IAA-producing rhizobacteria by
comparing plant growth and root growth of r0/ABC
and WT plants grown in presence of IAA-producing
and non-producing strains.

The fluorescent pseudomonads isolated from 70/ABC
and WT Troyer citrange rhizospheres were identified as
either P. fluorescens or P. putida. These two Pseudomonas
spp. were reported by Gardner et al. (1984) to be the
most abundant fluorescent pseudomonads found on
roots of rough lemon. These species are reported to have
antagonistic activity and growth-promoting effects
(Gardner et al., 1984), and in our studies several P fluo-
rescens strains were able to inhibit the growth of two im-
portant pathogens of citrus, F. solani and P. tracheiphila.
Furthermore, the genetically modified r0/ABC Troyer
citrange plants did not appear to be of any influence in
decreasing potentially beneficial populations of these
bacteria, but rather the 70/ABC plants seemed to select
(or promote) root colonization of antagonistic fluores-
cent pseudomonads producing an array of inhibitory



Journal of Plant Pathology (2005), 87 (3), 179-186

compounds not present in WT roots. All the data sug-
gest that this specific transgenic plant genotype partially
affected the distribution and functions of fluorescent
pseudomonads in the rhizosphere in terms of antagonis-
tic activity.

The main ARDRA restriction pattern group (group
IT) contained 95% of the isolates without differences be-
tween transgenic and non-transgenic lines. The ERIC-
PCR fingerprints showed a high degree of DNA hetero-
geneity over all 42 randomly selected P fluorescens
strains and differences between transgenic and non-
transgenic lines. Cluster analysis revealed one homoge-
neous group including only isolates from r0/ABC lines
and belonging to the same antagonistic group, and three
heterogeneous groups containing strains from trans-
genic and non-transgenic lines.

On the whole, the transgenic 70/ABC plants exam-
ined appeared to have little effect on antagonistic root-
associated fluorescent pseudomonads. Only a partial
correlation was found between clustering of strains
based on their antagonistic activity, clustering of strains
based on ERIC-PCR fingerprints, and transgenic and
non-transgenic character of plants.
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