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Abstract

The diversity of abundant and metabolically active pseudomonads in potato plants was analysed using a culture-
independent approach. The effect of two plant varieties, Agria and Bionta, as well as the presence of a plant
pathogen Erwinia carotovora ssp. atroseptica on this bacterial group was tested. A combination of Pseudomonas-
specific PCR, DGGE analysis, cloning and sequencing of partial 16S rDNA genes was performed using DNA
and RNA extracted from potato stem tissue. Sequence analysis revealed a high species diversity, with the most
prominent ones being Pseudomonas stutzeri and Pseudomonas gingeri. Some species showed high rRNA contents
indicating high metabolic activity. Both, highly abundant and metabolically active Pseudomonas populations were
more affected by the plant genotype than by the presence of E. carotovora.

Introduction

The term endophyte refers to microorganisms that
colonize intercellular spaces and vascular tissues of
plants without exhibiting pathogenicity. Initially, en-
dophytic bacteria were regarded as latent pathogens
or as contaminants from incomplete surface steriliz-
ation (Thomas and Graham, 1952), but since then
various reports have demonstrated that bacterial en-
dophytes are able to promote plant growth and health
(Benhamou et al., 2000; Chen et al., 1995; Nowak,
1998; Reiter et al., 2002; Sturz and Matheson, 1996).
In general, endophytes are believed to originate from
the rhizosphere or phylloplane microflora (Hallmann
et al., 1997), although endophytes of sugarcane have
been shown to exist predominantly within plant tissue
and they have not been found in soils (Döbereiner,
1993).
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Various studies indicated that pseudomonads fre-
quently colonize plants internally. Pseudomonas fluor-
escens and Pseudomonas viridiflava were identified as
main endophytic colonizers of field-grown pea plants
(Elvira-Recuenco and van Vuurde, 2000), and Pseudo-
monas is one of the most dominant genera found in
potato tubers (Sturz, 1995). Furthermore, Sturz and
colleagues (1998) reported that about 57% of bacterial
isolates obtained from red clover and potato tubers
were pseudomonads. Recently, Garbeva et al. (2001)
monitored endophytic populations in potato plants by
PCR-DGGE that showed the occurrence of mixed
populations of bacteria colonising the plant tissue.
Their results indicated a preference of certain bacteria
for specific plant compartments, for example pseudo-
monads were abundantly detected in interior stem
tissues. Among the most frequently isolated endo-
phytes Garbeva et al. (2001) found three Pseudomonas
species, P. aureofaciens, P. corrugata and P. putida.
Similarly, cultivation-dependent and independent ana-
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lysis indicated the occurrence of various endophytic
Pseudomonas spp. such as P. alcaligenes, P. fluor-
escens and P. putida in potato (Reiter et al., 2002;
Sessitsch et al., 2002). Furthermore, plant growth
promoting properties have been reported for several
endophytic pseudomonads (e.g. Duijff et al., 1997;
Kloepper et al., 1983).

As the growth requirements of many microbial
species are not known and due to the presence of cells
that have entered a viable but not culturable status
(Tholozan et al., 1999), culture-dependent population
analysis leads to the underestimation of microbial di-
versity. Molecular techniques applying the 16S RNA
gene as phylogenetic marker provide a powerful ap-
proach to circumvent drawbacks related to cultiva-
tion (Amann et al., 1995). Methods such as terminal
restriction fragment length polymorphism (T-RFLP)
(Liu et al., 1997; Sessitsch et al., 2001) or denatur-
ing gradient gel electrophoresis (DGGE) (Heuer et al.,
1997; Muyzer et al., 1993; Smalla et al., 2001) in com-
bination with sequence analysis of 16S rRNA genes
proved to be powerful tools for a rapid characterisation
of microbial communities. However, the detection of
16S rDNA does not necessarily reflect the metabolic
activity or prove the viability of the corresponding
organisms. RNA-based community analysis is more
suitable to describe the metabolically active members
of a bacterial population, since the amount of rRNA
produced by cells roughly correlates with the growth
activity of bacteria (Wagner, 1994).

As the genus Pseudomonas frequently colonizes
the plant apoplast, the objective of this investigation
was to study the diversity of endophytic Pseudomonas
populations in healthy plants and plants infected with
the blackleg pathogen Erwinia carotovora ssp. atro-
septica. An additional important aim was to identify
Pseudomonas spp. that are numerically abundant as
well as those that exhibit high metabolic activity. A
cultivation-independent approach was applied by spe-
cifically amplifying Pseudomonas 16S rRNA genes
by PCR and subsequently analysing them by DGGE,
cloning and sequencing.

Materials and methods

Greenhouse experiment

Two potato varieties, Agria and Bionta, were used for
the analysis of bacterial endophytes in healthy and dis-
eased plants. Potato tubers were planted in pots filled

with standad growth substrate (TKS2 soil substrate;
Knauf Perlite G.m.b.H.; 200–500 mg L−1 N, 200–
500 mg L−1 K2O, and 300–600 mg L−1 P2O5). After
2 weeks, plants were wounded with a sterile scalpel at
the stem base and inoculated with 2 × 106 cells of a
mid-exponential phase culture of Erwinia carotovora
ssp. atroseptica SCRI 1039 I [DSM No. 30184] (Eca).
Control plants were not infected with Eca. Six weeks
after planting lower (approx. 2–5 cm above ground)
and upper stem (approx. 20–25 cm above ground) sec-
tions were harvested. Two plants of each genotype
and treatment were sampled for subsequent analysis.
Plants were not or only weakly affected by the phyto-
pathogen, although Eca could be isolated from all
plants.

DNA and RNA isolation

In order to avoid the isolation of DNA from surface
bacteria, stems were soaked in 5% bleach for 10 min,
rinsed 4 times with sterile, distilled water, rinsed with
ethanol, finally flamed and peeled aseptically. Stems
were tested for their sterility on TSA plates. After
2 days incubation at 30 ◦C, no growth was observed.
DNA isolation was performed as described previously
(Sessitsch et al., 2002). Briefly, plants were ground in
liquid N2, 0.1 mm glass beads were added and cells
were lysed by bead-beating. Samples were extracted
with phenol/chloroform and DNA was precipitated
with ethanol. The method we used for RNA isola-
tion is based on the protocol described by Chang et
al. (1993), but a bead-beating step was included to
lyse bacterial cells. To 0.3 g plant tissue 1 mL ex-
traction buffer (2% CTAB, 2% PVP K30, 100 mM
Tris-HCl, pH 8.0, 25 mM EDTA, pH 8.0, 0.5 g L−1

spermidine), which was freshly amended with 2% β-
mercaptoethanol, was added. The sample was frozen
in liquid nitrogen, two steel beads (5 mm) were added,
and plants were ground in a mixer mill (Type mm2000,
220V, 50 Hz, Retsch GmbH & Co KG, Haam, Ger-
many). Then 0.3 g glass beads (Sigma, 0.1 mm) were
added and bead-beating was performed 3 times for 1
min in a mixer mill. The sample was extracted twice
with chloroform followed by addition of 0.25 vol. of
10 M LiCl to the aqueous phase. The RNA was precip-
itated at 4 ◦C overnight and centrifuged at 10 000 rpm
for 1 h at 4 ◦C. The resulting pellet was resuspended in
500 µl SSTE (1 M NaCl, 0.5% SDS, 10 mM Tris-HCl,
pH 8.0, 1M EDTA, pH 8.0). After chloroform extrac-
tion, RNA was precipitated again with 2 vol. ethanol
at –70 ◦C for 30 min. The pellet was washed with 70%
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ethanol, dried and resuspended in 30 µL RNase-free
water.

PCR and RT-PCR conditions

For the amplification of 16S rRNA genes of Pseudo-
monas spp. a nested PCR was performed. In the first
step eubacterial partial 16S rDNA sequences were
amplified with a thermocycler (PTC-100TM , MJ Re-
search, Inc.) using an initial denaturing step of 5 min
at 95 ◦C followed by 30 cycles of 30 s at 95 ◦C, 1 min
annealing at 52 ◦C and 2 min extension at 72 ◦C. The
PCR reaction mixtures (50 µL) contained 1 x reac-
tion buffer (Gibco, BRL), 200 µM each dATP, dCTP,
dGTP and dTTP, 2 mM MgCl2 and 2.5 U Taq DNA
polymerase (Gibco, BRL), 0.15 µM primers 8f (5′-
AGAGTTTGATCCTGGCTCAG-3′) (Edwards et al.,
1989) and 926r (5′-CCGTCAATTCCTTT(AG)AGTTT-
3′) (Liu et al., 1997) and 0.5 to 1 µL extracted DNA.
The same PCR conditions were used in order to check
DNase–treated RNA for the presence of contaminat-
ing DNA. RT-PCR amplification was performed with
1–2 µL extracted RNA, the primer set 8f and 926r
and the PCR conditions described above applying the
SuperscriptTM One-StepT M RT-PCR System (Gibco,
BRL) according to the manufacturer’s instructions.
PCR reactions obtained in the first step were puri-
fied using the NucleoTraPCR kit (Macherey-Nagel)
and amplicons were used as templates for the second
step of the nested PCR, in which Pseudomonas se-
quences were amplified. Specific PCR reactions were
carried out as described by Johnsen et al. (1999).
For cloning the primer 8f (Edwards et al., 1989)
in combination with the Pseudomonas genus spe-
cific primer PSMGx (5′-CCTTCCTCCCAACTT-3′)
(Braun-Howland et al., 1993) was used, whereas for
DGGE analysis 8f carried a GC-clamp at the 5′-
end. RT-PCR and PCR amplification products were
confirmed by electrophoresis in 1% agarose gels.

DGGE analysis

DGGE analysis was performed according to Muyzer et
al. (1993) using the DCodeT M Universal Mutation De-
tection System (Bio-Rad). PCR samples were loaded
onto 6% polyacrylamide gels in 1 x TAE (20 mM
Tris, 10 mM acetate, 0.5 mM EDTA [pH 7.4]) with
a denaturing gradient ranging from 40 to 60% (where
100% denaturant contains 7 M urea and 40% formam-
ide). Electrophoresis was performed for 16 h at 70 V
and 30 mA (Bio-Rad Power PAC 300). The temperat-

ure was set at 60 ◦C. After electrophoresis, the DNA
bands were visualised by silver staining. Scanned gels
were analysed using the image analysis software Gel-
doc Quantity One 4.0.1 (Bio-Rad Laboratories). After
subtracting background of lanes (Rolling disc size 50)
bands were detected and quantified (peak intensity).
The position and intensity of each band was trans-
ferred in a data matrix for further analysis. Cluster
analysis was performed by STATISTICA software
(complete linkage, 1-Pearson r).

Cloning and clone analysis

Pseudomonas 16S rDNA PCR and RT-PCR products
from the lower stem samples of all treatments were
used to create clone libraries. Amplicons were pur-
ified using the NucleoTraPCR kit (Macherey-Nagel)
according to the manufacturer’s instructions. DNA
fragments were ligated into the pGEM-T vector (Pro-
mega) utilising T4 DNA ligase (Promega) and liga-
tion products were transformed into NovaBlue Singles
competent cells (Novagen, Madison, WI) as recom-
mended by the manufacturer. Hundred DNA- and
RNA-derived recombinants, appearing as white colon-
ies on indicator plates containing X-Gal (5-bromo-4-
chloro-3-indolyl-β-D-galac topyranoside) and IPTG
(isopropyl-β-D-thiogalactopyranoside) , were picked,
resuspended in 80 µL TE buffer and boiled for 10
min. Subsequently, cells were centrifuged for 5 min
at 10 000 g and supernatants (1 µL) were used in
PCR reactions using the primers PSMGx and 8f or 8f-
GC, respectively, and the conditions described above
to amplify cloned inserts. PCR products without GC
clamp (7 µL) were digested with 5 units of the re-
striction endonucleases AluI or HhaI (Gibco, BRL).
Restriction fragments were separated by gel electro-
phoresis on 2.5% agarose gels. The resulting RFLP
groups were further resolved by DGGE separation
of GC-tagged PCR amplicons. Clones that showed
different mobilities in DGGE gels were used for se-
quence analysis. In order to assign sequenced clones
to specific bands in Pseudomonas community pro-
files, 1.5 µL of GC-tagged PCR product of each clone
were mixed with 4–6 µL of total community PCR
product and analysed on DGGE gels as described
above. Clones could be assigned to DGGE patterns
by selecting bands that showed strongly increased
intensities as compared to total community profiles.
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Sequence analysis

For sequencing, cloned partial 16S rDNA genes
were amplified by PCR using the primers M13for
(5′-TGTAAAACGACGGCCAGT-3′) and M13rev (5′-
GGAAACAGCTATGACCATG-3′) and the conditions
described above, but setting the annealing temperat-
ure at 50 ◦C. PCR products were purified using the
NucleoTraPCR kit (Macheroy-Nagel) according to the
manufacturer’s instructions and applied as templates
in sequencing reactions. Sequencing was performed
by the dideoxy chain termination method (Sanger
et al., 1977) with the primers M13for and M13rev,
respectively, using an ABI 373A automated DNA se-
quencer and the ABI PRISM Big Dye Terminator
Cycle Sequencing Kit (PE Applied Biosystems Inc.,
Faster City, CA, USA). Sequences were subjected to a
BLAST analysis (Altschul et al., 1997) with the NCBI
database.

Nucleotide sequence accession numbers

The sequences determined in this study were de-
posited in the GenBank database with the accession
numbers AF453293 to AF453310.

Results

DGGE analysis of Pseudomonas communities

For detection of Pseudomonas specific 16S rRNA
gene sequences in complex endophytic communit-
ies, a nested PCR was performed. All tested samples
gave positive signals although the RNA-derived PCR
products were weaker than those derived from DNA.

DGGE analysis of Pseudomonas 16S rDNA PCR
amplification products (Figure 1) showed complex
banding patterns. Community fingerprints of two in-
dividual plants as well as those of the upper and lower
stem sections were identical. We identified a total
number of 14 bands with different mobilities (Fig-
ure 1). Cluster analysis showed that both active and
numerically dominant Pseudomonas communities of
Eca infected and control plants differed from each
other (Figure 2). The plant genotype had a higher im-
pact on the Pseudomonas populations than the plant
pathogen.

16S rDNA community profiles generated by PCR-
DGGE revealed the presence of 10 – 13 bands for
individual stem samples from healthy and infected

potato plants, whereas 16S rRNA analysis resulted in
4 – 9 bands with different mobilities (Figure 1). Five
bands (bands B, E, F, I and L) were exclusively de-
tected in DNA-based profiles but not in those based
on RNA. In addition, monitoring of the metabolically
dominant pseudomonads revealed one band (band C)
that was not detected in DNA based banding patterns.
The 16S rDNA DGGE profiles of the two potato lines
differed in only one band (band I), whereas 16S rRNA
DGGE profiles of Agria and Bionta differed by pres-
ence and absence of a total number of 3 bands (bands
D, J and N).

The DNA derived DGGE profiles of Eca treated
and control plants were highly similar. Only a single
DGGE band (band M) revealed to be specifically in-
duced upon infection with the blackleg pathogen in
Bionta but was found for both treatments in Agria
plants. RNA-based analysis revealed two bands (bands
C, D) that were only found in the presence of the
pathogen. Band C was present in both plant lines,
whereas D was specific for Agria. One more band
(band M) was specifically found in infected Bionta
plants, however, this band was present in infected as
well as in control plants of Agria.

Analysis of clone library

Eight clone libraries were created, which derived
from DNA (PsDNA) and from RNA (PsRNA) isol-
ated from 4 treatments. We picked in total 52 PsDNA
and 48 PsRNA clones, which could be grouped in
20 types by PCR-RFLP and DGGE analysis. One
clone of each type was sequenced. We found a total
number of 2 non-bacterial sequences. One PsDNA-
and one PsRNA-clone showed highest homologies to
potato leukoplast small subunit rRNA genes and one
PsDNA clone was identified as a mitochondrial 18S
rRNA gene. These clones were excluded from fur-
ther analysis. The remaining clones showed highest
similarities (98–100%) to 16S rRNA genes of the
genus Pseudomonas. Based on about 440 bp se-
quence information the 18 different clones comprised
12 Pseudomonas species. The clone library PsDNA
consisted of four species, P. fragi, P. gingeri, P. putida
and P. stutzeri, whereas the PsRNA clone library re-
vealed a far higher diversity, comprising 11 species (P.
borealis, P. citronella, P. corrugata, P. fluorescens, P.
fragi, P. gingeri, P. brassicacearum, P. pseudoalcali-
genes, P. pavonaceae, P. stutzeri and P. tolaasii). In
Table 1 we summarised the results of the sequence
analysis. The clones were aligned with the DGGE
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Figure 1. Pseudomonas-DGGE patterns produced from 16S rDNA and 16S rRNA templates isolated from stems of potato plants infected with
Eca and control plants. Samples were taken from two potato lines, Bionta and Agria. Replicas of each treatment showed identical banding
patterns. The schematic presentation shows the identification of single bands in the DGGE patterns based on the comparison of migration
behaviour of cloned sequences and the total pseudomonads profiles.

profiles and assigned to a certain band. All clones
showed migration distances equal to bands in the
Pseudomonas community fingerprints.

Several species were detected in DNA-derived as
well as RNA-derived DGGE profiles of both plant
varieties (matching lanes A, G, H, K and M). Band
A matched with the soil bacterium Pseudomonas sp.
C34A. Four clones with highest 16S rRNA gene sim-
ilarity to P. sp. NZTK7, P. sp. DGG18, Bacterium

7 (most closely related to P. corrugata) and P. clone
M3sb9 showed the same mobility in DGGE gels as
band G. The latter clone insert sequence was identical
with a Pseudomonas sp. sequence that was recently
found in stem tissue of the potato cultivar Mehlige
Mühlviertler that was grown in the same soil substrate
as used in this study (Sessitsch et al., 2002). Band H
may consist of three Pseudomonas spp., which showed
highest homology to P. gingeri, P. brassicaearum, and
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Table 1. Results of sequence analysis and tentative phylogenetic affiliations of bands

DGGE- Closest database match (NCBI) Identity Acession Most closely related

band [%] no. species

A Pseudomonas sp. C34A 99 AF408932 P. citronellolis

B Pseudomonas tolaasii strain NCPPB 2193 99 AF320989 P. tolaasii

C Pseudomonas sp. clone Pseudo3d 99 AY081757 P. borealis

D Pseudomonas fluorescens 100 AF375844 P. fluorescens

F Pseudomonas sp. ADP 99 AF326383 P. putida

Ga∗ Pseudomonas sp. NZTK7 98 AF408871 P. stutzeri

Gb Bacterium A7 100 AF393452 P. corrugata

Gc Pseudomonas sp. clone M3sb9 99 AF424753 P. pavonaceae

Gd Pseudomonas sp.DGG18 99 AY082368 P. pseudoalcaligenes

Ha Pseudomonas gingeri 99 AF320991 P. gingeri

Hb Pseudomonas brassicacearum Am3 98 AY007428 P. brassicacearum

Hc Pseudomonas sp. clone M3sb9 100 AF424753 P. pavonaceae

I Pseudomonas gingeri 99 AF320991 P. gingeri

J Pseudomonas sp. PDB 99 AF323493 P. fragi

K Pseudomonas gingeri 99 AF320991 P. gingeri

L Pseudomonas stutzeri 99 PSU65012 P. stutzeri

M Pseudomonas stutzeri 99 PSU65012 P. stutzeri

N Pseudomonas stutzeri 99 PSU65012 P. stutzeri

∗ The small letters were used for different co-migrating Pseudomonas spp. clones.

Figure 2. Dendrogram (complete linkage, 1-Pearson r) generated
from 16S rDNA- and 16S rRNA-based Pseudomonas DGGE com-
munity profiles. For each treatment two individual plants were
analyzed that resulted in identical banding patterns.

again to P. clone M3sb9. P. gingeri, which is an-
other pathogen of Agaricus bisporus, causing brown
blotch disease (Godfrey et al., 2001a, b), was also re-
sponsible for band K. Band M consisted of P. stutzeri.
In addition, the plant variety Agria hosted additional
two metabolically active species, which were highly
similar to P. sp. PDB and P. stutzeri.

Strains of the Pseudomonas species P. borealis
(DGGE band C) as well as P. corrugata, P. stutzeri,
P. pavonaceae and P. pseudoalcaligenes (DGGE band

G) clearly dominated the metabolically most act-
ive pseudomonads in potato stems. The numerically
abundant pseudomonads were dominated by a pseudo-
monad related to P. putida (DGGE band F).

Discussion

The primary goal of this study was to compare numer-
ically abundant and metabolically active endophytes
belonging to a genus that has been frequently found
in association with plants. To the best of our know-
ledge, this is the first attempt to investigate endophytes
by RNA-based cultivation-independent analysis. Our
results clearly demonstrated that at least some of the
endophytic Pseudomonas spp. show high rRNA con-
tents indicating high activity within potato stem tis-
sues. Distinct populations were identified by DNA-
and RNA-based analysis (Figures 1 and 2). The dif-
ferences found may be at least partly explained by
the different ribosome contents of microorganisms in
various growth and metabolic phases (Srivastava and
Schlessinger, 1990). Similar findings were reported
for bacterial populations in the rhizosphere of chrys-
anthemum (Duineveld et al., 2001) as well as for
sulphate-reducing bacteria in a stratified fjord (Teske
et al., 1996). Both research groups found patterns
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of DGGE bands after amplification of a selected re-
gion from small subunit ribosomal RNA, which could
be clearly distinguished from a profile obtained after
DNA amplification. In these studies, the banding pat-
terns obtained when targeting the 16S rRNA were less
complex than the DNA-derived profiles. Similarly, we
observed a reduced number of bands in RNA-based
fingerprints indicating that bacteria, which are highly
abundant inside the plant were not necessarily highly
active. In general, bands of RNA-based profiles were
also present in DNA-based fingerprints, suggesting
that endophytes with an active metabolism were also
numerically abundant (Figure 1).

It has been previously shown that the majority of
endophytes originate from the rhizosphere soil (Hall-
mann et al., 1997; Sessitsch et al., 2002). Therefore,
the finding that both potato varieties hosted several
pseudomonads, which were found in both varieties
(Figure 1), can be explained by the fact that they
were cultivated in the same soil. However, the plant
variety clearly affected the Pseudomonas populations
(Figure 2). Both, Agria and Bionta, are high-yielding
potato lines, commonly used in Austrian agriculture.
Bionta is known for its tolerance of several potato
pathogens including viruses. In contrast, Agria is
highly susceptible to infection with phytopathogens
such as Streptomyces scabies and Erwinia carotovora
ssp. atroseptica (Schiessendoppler E., pers. comm.).
Genotypic and phenotypic variations may translate
into different phytochemical reactions creating differ-
ent microenvironments for endophytes. As endophytic
life depends on the availability of nutrients provided
by the plant, the viability of bacteria may be strongly
influenced by the plant metabolism. Previously it was
reported that endophytic eubacterial communities of
potato were significantly effected by the presence of
the phytopathogen Erwinia carotovora ssp. atrosep-
tica, and that this effect was more pronounced than
that of the plant genotype (Reiter et al., 2002). This
suggests that distinct bacterial groups respond differ-
ently to metabolites either produced by different plant
varieties or produced in pathogen-infected plants.

DGGE analysis following PCR amplification of
Pseudomonas-specific 16S rRNA and 16S rDNA frag-
ments allowed a detailed analysis of the endophytic
microflora at the species level. Strains of the same
species differing in only 3 nucleotides within the
sequenced DNA fragment could be well separated
with DGGE. However, some genes of various species
showed the same migration distance in the DGGE,
which might be due to a similar melting behaviour of

different 16S rRNA genes. Gyamfi et al. (2002) used
this methodology to study the microbial community
in the rhizosphere of glufosinate-tolerant oilseed rape
and made similar observations on the specificity of the
method.

The Pseudomonas fluorescens 16S rRNA gene re-
covered in this study was identical to the sequence of
a strain previously isolated from the same plant mater-
ial (Reiter et al., 2002). We obtained three additional
Pseudomonas strains by cultivation on TSA (Reiter et
al., 2002). None of the latter isolates were detected
by the cultivation-independent approach used in this
study. This indicates that a particular growth medium
may select bacteria, which show only very low abund-
ance in relation to the total (Pseudomonas) microflora.
It is surprising that the majority of pseudomonads
identified by a cultivation-independent approach could
not be isolated as the genus Pseudomonas is gener-
ally assumed as culturable. The use of a rich medium
(TSA) for the isolation of endophytes may have selec-
ted for fast growers, and probably a higher diversity
of pseudomonads could have been obtained by using
more specific media. Recently, Aagot et al. (2001) de-
scribed various nutrient-poor Pseudomonas-selective
soil extract media for the isolation of Pseudomonas
strains from soil. Furthermore, it is known that in
nature bacterial cells may enter a viable but not cultur-
able state. Such a loss of culturability has been for ex-
ample reported for the biocontrol strain P. fluorescens
CHA0 (Troxler et al., 1997).

Sequence analysis revealed a high Pseudomonas
species diversity in the potato plants. The Pseudomo-
nas community contained species such as P. borealis,
P. citronellolis, P. corrugata, P. gingeri, P. pavonaceae
and P. brassicacearum that were for the first time
reported to be able to colonise plants endophytically.

This investigation as well as other cultivation-
dependent studies of bacterial endophytes show that
the apoplast of a single plant may host several Pseudo-
monas spp. We were able to demonstrate that some
of them also have the potential to exhibit high meta-
bolic activity in planta. Furthermore, cultivation-
independent community analysis targeting particular
bacterial groups proved to be a promising approach
to get insight into the interaction between plants, the
environment and bacterial endophytic communities.
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