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Summary – Many studies are devoted to the ecology of Pseudomonas fluorescensand Pseudomonas putida. Indeed,
bacteria belonging to these species could potentially be used for environmental purposes. Some strains are able to
improve plant growth and plant health, and consequently could contribute to reduce the use of chemical inputs in agri-
culture. Others are able to dissimilate nitrates and to degrade xenobiotic compounds. Accurate identification of the bac-
terial strains tested in these ecological studies is needed. The purpose of this review is to describe the status of the tax-
onomy of P. fluorescensand P. putidaand to present the methods available for speciation. The first works on the
taxonomy of P. fluorescensand P. putidawere based on phenotypic characters such as metabolic tests, fatty acid com-
position and protein profiles. These studies led to the subdivision of P. fluorescensand P. putidainto 5 and 2 biovars,
respectively. From these phenotypic characters, two dichotomous keys were proposed to differentiate quickly strains
belonging to P. fluorescensand P. putida. The subdivision of these species into biovars indicates that identification
based on phenotypic characters is not fully satisfactory. Further work has focused on genotypic characters based on the
variability of consensus genes (rDNA) or of the total genome (DNA-DNA hybridization). Collectively, results from tax-
onomic studies of P. fluorescensand P. putidashow that the present delineation of these two species is obsolete and
that they should be divided in many nomenspecies. Further research, combining both recent phenotypic and genotypic
methods, is required to clarify the taxonomy of P. fluorescensand P. putida.
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1. Introduction

The genus Pseudomonas sensu strictobelongs
to the γ subclass of the Proteobacteria (Fig. 1) and
contains mostly fluorescent Pseudomonasspp. as
well as a few non-fluorescent species. This genus
contains (i) phytopathogenic cytochrome c oxi-
dase-positive fluorescent Pseudomonassuch as P.
cichorii, P. marginalisand P. tolaasii[57] and non-
phytopathogenic, non-necrogenic strains such as P.
fluorescens, P. putida, P. chlororaphis, P. aureofa-
ciensand the P. aeruginosatype species; (ii) necro-
genic phytopathogenic fluorescent Pseudomonas
spp. without cytochrome c oxidase: P. syringaeand
P. viridiflava; (iii) non-fluorescent Pseudomonas
spp.: P. stutzeri, P. mendocina, P. alcaligenesand
P. pseudoalcaligenes. The complete revised list of
species included in this genus is given by Kersters
et al. [23].

P. fluorescensand P. putidaare ubiquitous bac-
teria. They frequently are present in water, in soils,
and especially in the plant rhizosphere. Many stud-
ies are devoted to these bacteria. Indeed, some of
them improve plant growth and plant health and
are implicated in the natural suppressiveness of
certain soils to various soilborne diseases [29, 54]
whereas others are involved in the biodegradation

of natural or man-made toxic chemical compounds
[14]. Besides these soil-borne strains, P. fluo-
rescensand P. putidaalso belong to the epiphyl-
lous community of numerous plant species [16,
41]. Some of them are responsible for damage in
leaf vegetables and are opportunistic macerating
plant pathogens [15]. P. fluorescensand P. putida
from meat and milk are responsible for degrading
curing conditions [31, 33].

The importance of P. fluorescensand P. putida
in various environments has initiated numerous
ecological studies on these bacteria [8, 10, 20-22,
27, 30, 40, 41, 52]. During such studies, investiga-
tors are often faced with difficulties in identifying
the strains studied. The aim of the present review is
to describe the state of the art on the taxonomy of
these two species. Up to now, characterisation has
been performed by using chemotaxonomic and
genomic methods. These methods will be reviewed
and their limitations will be discussed.

2. Phenotypic characterization

Over decades, bacteria have been characterised,
clustered and identified according to a few pheno-
typic characters such as morphology, pigmentation,

Résumé – Situation actuelle et limites de la taxonomie des Pseudomonas fluorescenset Pseudomonas putida. De
nombreuses études sont dédiées à l'écologie des Pseudomonas fluorescenset des Pseudomonas putida. Les bactéries
appartenant à ces espèces présentent en effet un intérêt potentiel pour l'environnement. Certaines améliorent la croissan-
ce et la santé des plantes, et contribuent donc à réduire l'utilisation d'intrants de synthèse en agriculture. D'autres sont
capables de réduire les oxydes d'azote et de dégrader les composés xénobiotiques. L'identification précise des souches
bactériennes utilisées lors de ces études d'écologie est nécessaire. L'objectif de cette synthèse bibliographique est de
décrire l'état de la taxonomie de P. fluorescenset P. putidaet de présenter les méthodes permettant la discrimination de
ces deux espèces. Les premiers travaux relatifs à la taxonomie de P. fluorescenset de P. putidaétaient basés sur la
caractérisation phénotypique des bactéries (tests métaboliques, composition des acides gras, profils protéiques). Ces
études ont abouti à la subdivision de P. fluorescenset P. putidaen respectivement 5 et 2 biovars. La subdivision de ces
deux espèces en biovars révèle les limites de l'identification basée sur des caractères phénotypiques. Des travaux com-
plémentaires ont donc pris en compte certains caractères génotypiques tels que la variabilité de gènes conservés (ADNr)
et l'ensemble du génome (hydridation ADN-ADN). L'ensemble des travaux conduits sur la taxonomie de P. fluorescens
et de P. putidamontre que la définition de ces deux espèces est obsolète et qu'elles devraient être divisées en plusieurs
nomenspecies. La clarification de la taxonomie de P. fluorescenset de P. putidarequiert des recherches complémen-
taires qui associent des méthodes phénotypiques récentes, et génotypiques.

taxonomie / Pseudomonas fluorescens/ P. putida/ caractérisation phénotypique / caractérisation génotypique
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reaction to dyes, the presence or absence of spores,
nutritional requirements, ability to produce acids
from sugars, and sensitivity to inhibitors. These
simplified characterisation methods are still the
basis of classification and identification systems.
The study of Jessen [18], who classified a large
collection of fluorescent Pseudomonasinto 82 bio-
types, and those of Lelliott et al. [28] and Stanier et
al. [48], improved the classification of this group
and its subdivision into species and biotypes.

In a large phenotypic study on 267 non-phy-
topathogenic Pseudomonasstrains of various ori-
gins, among which 175 were fluorescent, Stanier
et al. [48] examined 146 nutritional properties.
They showed that P. fluorescensand P. putida
species are very heterogeneous. The P. fluorescens
species was subdivided into 7 biotypes. The bio-
types A, B, C, D and F were then called biovars
(bv. I to V) and the biotypes D and E became the P.
chlororaphisand P. aureofaciensspecies, respec-

tively [35] which were then clustered as the P.
chlororaphisspecies [19]. P. putidaalso was sub-
divided into biotypes A and B, which became bio-
vars A and B. P. fluorescensbv. V is an heteroge-
neous subset including strains which often cannot
be classified because they have lost properties con-
sidered as essential for the differentiation from
other biovars [35]. The heterogeneity of biovar V
made it impossible to designate reference strains
for this biovar. This system of multiple biovars
reveals a high phenotypic heterogeneity, which
probably reflects a high genomic heterogeneity. It
is the only system available and is thus widely
used. 

Jacques [15] and Bossis [2] proposed dichoto-
mous keys for the preliminary identification of oxi-
dase-positive fluorescent Pseudomonasspp. based
on the most discriminating characters according to
Stanier et al. [48] and Palleroni [35] (Fig. 2). These
keys allow easier identification of species and 
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Fig 1. Phylogenic relationships of proteobacterial group containing species currently or formerly assigned to the genus Pseudomonas
(bold) and selected groups (adapted from Kersters et al., 1996).
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biovars [6, 26, 30]. However, this type of method
presents two major limitations: (i) it attributes too
much importance to some properties; and (ii) the
number of properties taken into account is small.
Indeed, the strains identified with the dichotomous
key proposed by Bossis [2] differed by several
characters from the corresponding reference strains
defined by Palleroni [35] on the basis of 105 char-

acters (Tab. I). Furthermore, since the differentia-

tion of the strains into biovars is based on several

properties, the application of the dichotomous keys

cannot always assign a strain to a specific biovar

(around 10%). Finally, identifications performed

by these two keys are sometimes different (about

25%). In spite of these limitations, the dichoto-

Fig 2. Dichotomous keys proposed by (A) Jacques (1994) and by (B) Bossis (1995) for the identification of strains belonging to P.
fluorescensand P. putidaspecies. Abbreviations: P. aureo.: Pseudomonas aureofaciens; P. chloro.: P. chlororaphis; P. fluo.: P. fluo-
rescens; P. put.: P. putida; L-ara: L-arabinose; Den.: Denitrification; Lev.: Levan; L(+) tart.: L(+) tartrate; L-trp.: L-tryptophan.
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mous keys are still applied because no other
method so far is more satisfactory.

In contrast to dichotomic keys, numerical taxon-
omy according to Adamson's principles takes into
account a large number of phenotypic properties,
all of which are given the same importance and
analysed mathematically in order to classify strains
objectively [44]. A minimum of 50 characters such
as morphological, physiological, biochemical,
nutritional and serological criteria, chosen careful-
ly, are required for such analysis. The similarities
between strains are calculated by using a numerical
index that reveals pairwise strain similarities.
Strains showing a high level of similarity are clus-
tered in a phenon. At each delineation level, it is
possible to define characteristics which discrimi-
nate phenons and enable the identification of
strains [7]. According to Sneath [43], the clusters
of strains showing about 80% similarity generally
correspond to bacterial species, while the groups at
60% similarity would correspond to genera.
However, in our experience this rule usually can-
not be applied [11]. 

The data published by Stanier et al. [48] have
been analysed by numerical taxonomy [45]. This
numerical analysis showed that the groups formed

by the P. fluorescensand P. putidaspecies are dif-
ferent but close and that the P. fluorescensbiovars
do not exactly match the delineated phenotypic
clusters: some strains belonging to different bio-
vars are classified into the same cluster and other
strains from the same biovar are classified into dif-
ferent phenons. Champion et al. [4] carried out a
numerical analysis with 93 P. fluorescensstrains
belonging to all the biovars except for biovar V.
They defined subgroups of each biovar. Biovar I
was divided into subgroup I-1, which is close to P.
chlororaphisand P. aureofaciens, and subgroup 
I-2. Biovar II was composed of three subgroups
and biovars III and IV were each composed of two
subgroups. Similarly, a numerical analysis was per-
formed by Barrett et al. [1] on 72 strains of P. fluo-
rescensbv. V. This biovar was subdivided in 7 sub-
groups (from V-1 to V-7) showing a level of
similarity at least equal to 77%. Subgroup V-1 con-
tained 38 strains which were very close to those
from biovar I-2 described by Champion et al. [4].
This subgroup was called biovar VI of P. fluo-
rescens. Subgroup V-6, including 16 strains, con-
stituted the true biovar V which was close to bio-
vars I and II of Stanier. Subgroups V-5 and V-7,
which were close to P. putida, now constitute a
new biovar (bv. C) of P. putida. In 1990, Stenström
et al. [50] showed that some P. putidastrains can-
not be affiliated with any of the biovars described.
Elomari et al. [9] distinguished four distant sub-
groups of P. putidabiovar A and suggested that P.
putida must be divided into several species. All
these examples clearly illustrate the need for a
numerical taxonomy approach when applying phe-
notypic tests.

Together, these results indicate that the current
definition of the biovars is not precise enough.
Discrepancies between the taxonomic identifica-
tion based on dichotomic keys and the numerical
analysis of phenotypic data have been reported by
Bossis [2], Lemanceau et al. [30] and Latour et al.
[26]. These authors have compared the phenotypic
clusters resulting from the numerical analysis and
the taxonomical identification of strains isolated
from bulk and rhizospheric soils. Strains belonging
to a same biovar were distributed into different
phenotypic clusters.
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Table I. Number of characters by which strains identi-
fied with the dichotomous key of Bossis (1995) as P.
fluorescens or P. putidadiffer from the corresponding
reference strains identified using the 105 characters
defined by Palleroni (1984) (reproduced from Bossis,
1995).

P. fluorescens P. putida
bv. I bv. II bv. III bv. IV bv. V bv. A bv. B

P. fluorescensbv. I - 4 3 7 2 11 15
bv. II - 2 3 3 9 13
bv. III - 4 2 5 7
bv. IV - 4 12 19
bv. V - 2 4

P. putida bv. A - 3
bv. B -
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Taking into consideration the limits of identifi-
cation based on the dichotomous keys and the need
to include a large number of bacterial traits to iden-
tify strains accurately, it has been proposed that
commercial kits such as: API-50CH, -50A0 and -
50AA and currently Biotype 100 (bioMérieux, La
Balme les Grottes, France) and Biolog MicroPlate
system (Biolog Inc., Hayward, USA) be used for
taxonomic analysis. These kits allow determination
of the ability of isolates to assimilate (bioMérieux
system) or to oxidize in the presence of tetrazolium
salt (Biolog system) a wide range of organic com-
pounds. Usually, additional biochemical tests also
are used in order to increase the accuracy of the
results. The iterative comparison of the patterns
obtained with those of reference strains available
in a data bank allows taxonomical determination of
isolates from nature with a given level of confi-
dence. Studying a collection of 224 strains of the
genus Pseudomonas, Grimont et al. [12] estab-
lished that the clustering patterns and strain identi-
fication based on analyses with Biotype 100 or by
Biolog GN microplates were similar. However,
using these commercial tests we recorded discrep-
ancies in the identification of 19 type strains and
60 reference strains of P. fluorescensand P. putida
[2]. Further studies are needed to increase the
amount of information available in the data bank
on oxidase-positive fluorescent pseudomonads in
order to improve the reliability of these commer-
cial tests.

Besides the enzymatic and metabolic activities,
fatty acid composition and protein profiles have
been proposed as methods for taxonomic identifi-
cation of P. fluorescensand P. putida. Fatty acids
are methylated, esterified and then analysed by gas
chromatography. This method enabled Stead [49]
to identify a group corresponding to the rRNA
homology group of P. fluorescensamong 340
strains of plant pathogenic bacteria and a few
saprophytic bacteria. In this study, fluorescent
Pseudomonaswere clustered in subgroup 1-a,
which was the only one to contain several taxons.
Differences in the fatty acid profiles were observed
between these taxons even at an intraspecific level.
As an example, the profile of P. fluorescensbiovar
IV differed from that of other biovars, whereas

profiles of P. fluorescensbv. I, II and V were very
similar. Janse et al. [17] analysed the fatty acid
profiles of pathogenic and saprophytic fluorescent
Pseudomonasand distinguished four groups. The
supergroup D contained all the P. fluorescensand
P. putidabiovars. Differentiation of the different P.
fluorescensand P. putidabiovars was not possible.
According to these authors, oxidase-positive fluo-
rescent Pseudomonascomprise a large continuum
of bacteria and fatty acid profiles do not seem well
adapted for identification of the strains. 

SDS-PAGE analysis of whole-cell lysates fol-
lowed by proteinase K digestion and analysis of
only four characteristic protein-fragment bands
enabled Sorensen et al. (1991) [46] to rapidly iden-
tify P. aeruginosa, P. fluorescensand P. putidaat a
specific level. However, the identification at the
biovar level could not be achieved in a reliable
way [51].

Collectively, studies on the phenotypic charac-
terization of P. fluorescensand P. putida indicate
high variability within these two species, which
has resulted in subdivision into biovars and intra-
biovar subgroups. Genotypic characterization of
these species and biovars is required to clarify the
real taxonomic status of these subdivisions. 

3. Genotypic characterization

DNA-rRNA hybridization studies led to the
delineation of the genus Pseudomonasinto five
homology groups [39]. The genus Pseudomonas
sensu strictocorresponds to the Palleroni sensu
rRNA homology group I and contains all the fluo-
rescent species [35].

In 1987, species were defined phylogenetically
by Wayne et al. [53] as clusters of bacterial strains
showing a level of similarity of their DNA greater
than 70% by DNA-DNA hybridization and show-
ing a difference in the denaturation temperature of
their DNA of less than 5 °C. Genomic studies
involving DNA-DNA hybridization in the
Palleroni sensu rRNA homology group I are rare.
Palleroni et al. [38, 39] studied the relationships
between P. fluorescensand P. putidaspecies as
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well as between their biovars by using the competi-
tion DNA-DNA hybridization technique with a
limited number of strains. They showed the pres-
ence of a large genomic variability between bio-
vars as well as between strains of a given biovar
[38]. The values of hybridization percentages
between strains within biovars as well as between
biovars usually were lower than 70% (Tab. II).
Using a larger number of strains, Champion et al.
[4] came to the same conclusions as Palleroni and
coworkers [38, 39] regarding the high diversity
within the P. fluorescensand P. putidaspecies.
Taken together, these different studies show that
the genomic variability within biovars of P. fluo-
rescensand P. putidais very high and that biovars
probably correspond to species. According to
Palleroni [36], P. fluorescensand P. putidacould
comprise up to 500 species. This suggestion is
strengthened by our recent work showing that the
level of DNA similarity of rhizosphere isolates
identified as P. fluorescensor P. putidaby the phe-
notypic criteria of Palleroni [35] was never greater
than 55% as compared with the type strains of P.
fluorescensand P. putida [2].

Although DNA-DNA hybridization procedures
allow accurate identification of the genomic
species, they are expensive and time-consuming to
use. Other molecular techniques, such as compar-
ing portions of conserved sequences, hybridization
with DNA probes, and analysis of sequence poly-
morphism after PCR amplification or not, seem

more appropriate for rapid identification of a large
number of strains.

Genes coding for 16S and 23S rRNA are known
to be subjected to a high selective pressure, which
could explain why they are highly conserved and
their use in taxonomic studies is common [56].
According to Stackebrandt and Goebel [47] two
strains definitely belong to different species if they
share less than 97% homology of 16S rRNA
sequences. When the homology percentage is
greater than 97%, total DNA-DNA hybridizations
must be carried out to establish whether they
belong to the same species. 

After having sequenced most of the 16S rRNA
genes of strains belonging to 21 different species
within the genus Pseudomonas, Moore et al. [34]
delineated a so-called Pseudomonas fluorescens
lineage including the species P. fluorescenstogeth-
er with P. aureofaciens, P. chlororaphis, P. margin-
alis, P. tolaasiand P. viridiflava. A high level of
similarity of the 16S rRNA genes (between 98.3%
and 99.5%) of these species was recorded. The
comparison of an hypervariable region of these
genes indicated heterogeneity of a similar magni-
tude within the different biovars of P. fluorescens
as within the various species belonging to the P.
fluorescenslineage. In the same way, a high degree
of heterogeneity between the sequences of the 16S
rRNA genes (3%) of strains belonging to biovars A
and B of P. putidawas described by these authors.
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Table II. Percentage of reassociation among P. fluorescensand P. putidabiovars (adapted from Palleroni et al., 1972).

Unlabelled DNA from
Labelled DNA from P. fluorescens P. putida

bv. I bv. II bv. III bv. A bv. B 

P. fluorescensnumber of strains tested 14 11 13 5 3
% of reassociation 52 to 73 21 to 81 26 to 78 21 to 45 24 to 58

P. putida number of strains tested 7 4 4 15 5
% of reassociation 32 to 50 24 to 44 23 to 45 18 to 78 42 to 76
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Such results suggest that strains belonging to bio-
vars A and B actually belong to different species
sensu Stackebrandt and Goebel. Christensen et al.
[5] stressed the lack of relation between phenotyp-
ic characterization (intracellular protein patterns
and biochemical tests) and characterization based
on the sequences analysis of two regions of 23S
rDNA. Furthermore, sequence analysis of these
regions did not allow clear distinctions at the
species level among strains of P. fluorescensand P.
putidaand at the biovar level within P. fluorescens.
In contrast, Widmer et al. [55] recently developed
a PCR protocol for selective detection of
Pseudomonasin environmental samples. This pro-
tocol is based on the amplification of
Pseudomonas16S rRNA genes with highly selec-
tive primers and restriction analysis of the PCR
product with HaeIII. Phylogenetic analysis allows
the clear discrimination of P. fluorescensand P.
putidaspecies.

The variability of ribosomal DNA within
species also can be assessed by using nucleic acid
probes. Schleifer et al. [42] defined two probes (Ps
and Ppu) on the basis of a short sequence (15 bp)
of 23S rDNA. Ps allows the detection of strains
belonging to fluorescent pseudomonads except P.
putida. The Ppu probe, differing from Ps by a sin-
gle base pair, allows only the detection of P.
putida. 

Laguerre et al. [24] have evaluated the possible
application of the polymorphism of the 16S rRNA
gene in the taxonomy of fluorescent pseudomon-
ads. This polymorphism was evaluated by the
Restriction Fragment Length Polymorphism
(RFLP) analysis of 16S rDNA amplified by PCR
by using universal primers. RFLP Patterns of the
16S rDNA amplified by PCR and digested by 13
restriction endonucleases of 31 strains belonging to
10 different species were compared. The combined
data from restriction analysis defined 17 different
16S rDNA genotypes. The groupings obtained
were well-correlated with the DNA-DNA
hybridization data available (Palleroni [38, 39];
Johnson and Palleroni [19]); confirmed the hetero-
geneity of strains belonging to P. putidaspecies;
and, to a lesser extent, the heterogeneity of strains
belonging to P. fluorescensspecies. The seven

strains belonging to P. fluorescensbv. I, II, III and
V formed a tight cluster (mean divergence of 1.6%
base substitution among the four genotypes record-
ed). Two P. fluorescensbv. IV strains and the P.
fluorescensbv. VI strain showing the same geno-
type as the P. putidabv. B strain were regrouped in
the P. fluorescenscluster. The five strains of P.
putida tested did not cluster and the sequence
divergence between the four genotypes identified
within this species ranged from 3.2 to 13.6% base
substitutions. 

Brosch et al. [3] used another form of ribotyping
to assess the taxonomic diversity of a collection of
226 strains of Pseudomonas. The main steps of this
method are as follows: automated DNA extraction
and purification, hybridization with 16+23S rRNA
probe, digestion with SmaI and HincII endonucle-
ases, computer capture of restriction patterns with
automatic migration measurements, fragment size
interpolation, and comparison of patterns using
programs of the Taxotron package (Institut Pasteur,
Paris, France). Clustering of the strains by ribotyp-
ing and by phenotypic characterization (Biotype
100 strips or Biolog GN microplates) was well
related. Most (92.7%) of the ribogroups obtained
were homogeneous with respect to species
(nomenspecies used), some nomenspecies like P.
fluorescensand P. putidabeing split in several
ribogroups. Indeed, within these two species, bio-
vars formed distinct ribogroups. Genomic species
delineation was evaluated by DNA-DNA
hybridization. The ribogroup which includes most
of P. fluorescensbv. I strains was found to consti-
tute a DNA hybridization group distinct from P.
fluorescensstrains belonging to other ribogroups
or biovars. The ribogroup including most P. putida
bv. A strains constituted a DNA relatedness group
distinct from P. putidabv. B strains. These authors
then proposed to give other species names to
strains of P. putidabv. B and to some P. putidabv.
A isolates showing atypical ribotypes. Using
another endonuclease (PvuII), Elomari et al. [9]
observed a good correlation between ribotyping
analyses and studies on numerical taxonomy for
strains isolated from clinical samples belonging to
P. putidabv. A and confirmed the great hetero-
geneity within this species.
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4. Conclusion

Numerous studies have emphasized the high
level of diversity within P. fluorescensand P. puti-
da. This high degree of diversity has led to the sub-
division of these two species in biovars and to the
definition of two new species, P. aureofaciensand
P. chlororaphis, which were later shown to be syn-
onymous [19]. The diversity described within P.
fluorescensand within P. putidacould be associat-
ed with the variety of their habitats (soil, water,
plants, meat and dairy products, and animal and
human clinical specimens). Environmental and
trophic factors may play a major role in the evolu-
tion of bacteria. Some of these factors probably are
implicated in the speciation of these ubiquitous
bacteria. Indeed, the carbon and energy metabo-
lism of P. fluorescensand P. putidavaries depend-
ing on the environment from which they have been
isolated [25]. The diversity among bacteria belong-
ing to P. fluorescensand P. putidaaccording to
their environment was expressed not only at the
phenotypic level but also at the genotypic level.
This genotypic diversity was even recorded in con-
sensus genes (rDNA).

Considering the high level of genomic diversity
within P. fluorescensand P. putida, their taxonomy
should be revised. The application of the now rec-
ognized rules defined by Wayne et al. [53] shows
that P. fluorescensand P. putidaare distinct species
and that many new species should be delineated
within the different biovars. Palleroni [36] estimat-
ed that these two species in fact include several
hundred species. Janse et al. [17] and Doudoroff,
quoted by Palleroni [37], assumed a continuum in
P. fluorescensand P. putidaspecies and even in
other species, such as P. syringaeand its pathovars
[13]. This assumption was recently strengthened
by our data showing that the genomic relationships
with strains identified as P. fluorescensand P. puti-
da on the basis of phenotypic traits varied from 0
to 100% [2, 26, 30]. Several recent studies agree
on the need to reclassify the strains previously
identified as P. fluorescensand P. putida. 

Clarifying the taxonomy of this group will only
be possible by using collections of strains from dif-

ferent origins and representative of all the biovars.
These collections seem to exist and could be
exchanged between different laboratories. The
DNA-DNA hybridization technique makes it pos-
sible to assess the genomic relationship between
strains as compared to the species from a sample of
strains representative of well-defined phenotypic
groups. As the species are defined by DNA-DNA
hybridization [53], the method consists of (i) defin-
ing genomic hybridization groups corresponding to
species and (ii) checking whether these genomic
groups are consistent with phenotypic groupings
used for strain identification. Studies should imple-
ment all the phenotypic and genomic techniques
including metabolic tests, protein profiles,
sequencing of rDNA and its intergenic regions, the
use of probes with different specificity, quantitative
DNA-DNA hybridizations, and analysis of restric-
tion fragments obtained by different methods 
(Fig. 3). The double approach, based on genotypic
and phenotypic characterization, has recently been
illustrated by Grimont et al. [12] and Brosch 
et al. [3], who demonstrated a good relationship
between clustering made by ribotyping to the one
made by DNA-DNA hybridization and to the one
made by phenotypic tests. This approach also is
currently applied to stress the good correspondence
between the siderotypes of the fluorescent
pseudomonads [32], their auxanograms, their 16S
rDNA RFLP-patterns and their DNA-DNA simi-
larities (Meyer J.M., Coulange V., Izard D.,
Lemanceau P. and Gardan L., unpublished data).

The numerous ongoing studies on the ecology of
fluorescent pseudomonads require reliable, fast and
cheap methods to identify large numbers of iso-
lates. The methods described above are well adapt-
ed to fulfill this requirement: (i) these methods can
be applied to cluster the isolates, and (ii) the level
of similarity of the DNA of reference strains repre-
sentative of each cluster can be determinated rela-
tive to DNA of type strains of species and biovars
previously delineated. The delineation of new
species within the distinct species P. fluorescens
and P. putidaremains to be done in order to clarify
their taxonomy.
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