
Chapter 15
Siderotyping, a Straightforward Tool to Identify 
Soil and Plant-Related Pseudomonads

Jean-Marie Meyer(*ü ), Christelle Gruffaz, and Marion Fischer-LeSaux

15.1 Introduction

Siderotyping is a method recently developed to characterize bacterial strains by the 
siderophore(s) they produce when grown under iron deficiency. First applied to 
fluorescent pseudomonads and their main siderophores, the pyoverdines, the 
method was primarily used for the recognition of new molecules among pyover-
dines. Because of the huge diversity of molecules encountered among this 
siderophore family, the method became rapidly a useful prerequisite for starting 
novel structure investigations. Close to 50 structures have been already established 
and a total of more than 110 structurally different compounds are presently recog-
nized by siderotyping.

Interest for siderotyping considerably increased when it became evident that all 
strains belonging to a well defined Pseudomonas species produce an identical pyo-
verdine and, furthermore, that most species are characterized by specific pyover-
dines. Therefore, beside their interest as powerful siderophores, pyoverdines are 
also potent taxonomic markers, opening a new and valuable way for bacterial iden-
tification and taxonomy within this major genus.

In the present chapter, the chemical as well as the physiological basis of the 
siderotyping methodology and details on the different methods used to validly dif-
ferentiate pyoverdines are presented. Our present knowledge on siderophore diver-
sity among Pseudomonas, with a particular focus on pyoverdine diversity among 
fluorescent Pseudomonas, as well as a brief overview on what is known on 
siderophores of non-fluorescent Pseudomonas, is summarized. Moreover, a brief 
analysis of the taxonomic methods presently in use for an efficient Pseudomonas
identification and classification are developed for comparison purposes with 
siderotyping methods. As an example, strain clustering obtained by numerical taxonomy
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and illustrated by a dendrogram of phenotypic distances of 85 type-strains and 
phytopathogen Pseudomonas is compared with clusters reached by siderotyping of 
the same collection. The numerous advantages of the siderotyping method, but also 
its limits, will be discussed.

15.2  Soil- and Plant-related Pseudomonads: A World within 
the Microbial World

The genus Pseudomonas is widely distributed in nature. These bacteria rank among 
the major bacterial population in soil and natural water samples, representing very 
often 2–10% or more of soil isolates as obtained by colony counting (Janssen 
2006), whereas close to half of the natural isolates present in mineral waters are 
pseudomonads (Guillot and Leclerc 1993). Thanks to not yet fully understood 
attraction mechanisms (Espinosa-Urgel et al. 2002), Pseudomonas are also well 
distributed in plant root environments, thus contributing to a large proportion of the 
plant-related microbial population. Moreover, many of them demonstrate properties 
of biotechnological values: Pseudomonas isolates are used as biocontrol agents, 
able to lower or suppress plant diseases of fungal origin (Lemanceau and 
Alabouvette 1993) thanks to various mechanisms, among them the production of 
siderophores (Kloepper et al. 1980a,b) or antibiotics (Haas and Defago 2005). 
Others are successfully competing with saprophytic fungi at the plant rhizosphere 
level and, therefore, can be used as stimulating agents resulting in crop yield 
increase. Indeed, thanks to their high metabolic versatility, many pseudomonads 
have been successfully used in bioremediation of chemicals like nitrates or pesti-
cides, including the degradation of toxic organic compounds such as carbon tetra-
chloride (Lee et al. 1999).

Pathogenicity to plants and mushrooms is also a trait of interest of many 
Pseudomonas species: 23 species are presently listed by the Taxonomy Committee 
of the International Society of Plant Pathology. Moreover, some of these species 
encompass many pathovars: P. syringae for instance includes more than 55 patho-
vars. A huge host range of plant species is attacked by Pseudomonas strains with a 
great variety of symptoms (necrosis, cankers, tumors, maceration). Thus this genus 
is considered under temperate climates as the major group of phytopathogenic 
bacteria. Species of the Pseudomonas syringae group are known to be epiphytic 
bacteria whereas most other phytopathogenic Pseudomonas, including P. corrugata,
P. marginalis, and P. tolaasii, are soil inhabitants.

The multitude of valuable characteristics of Pseudomonas has inspired many 
studies resulting in the isolation of collections of natural isolates from various envi-
ronments and including in most cases the characterization and identification of the 
bacterial isolates of interest. However, although the concomitant use of many dif-
ferent phenotypic and genotypic methods (see below for details), the identification 
at the species level of the numerous isolates worked out in such studies usually fails 
dramatically. The general conclusion reached after much effort and investment is at 
the best that a high genetic polymorphism exists within such collections, but 
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without being able to specify in detail the different bacterial species causing that 
diversity. This is particularly frustrating when studies reveal specific sub-populations
presenting valuable particular features and which would indeed be of interest to 
characterize precisely.

Such difficulty in determining species affiliation is due in part to the lack of pre-
cision of taxonomical methods presently in use and also to the great diversity 
encountered among pseudomonads which, moreover, often has no standing in a 
nomenclatural frame. Although 16 S rDNA sequencing has clarified the taxonomi-
cal position of pseudomonads and limited the number of Pseudomonas species to 
those belonging to the DNA-RNA hybridization group I of Palleroni (1984) 
(Kersters et al. 1996; Anzai et al. 2000), taking out from the Pseudomonas sensu 
lato listing more than 60 species, the number of sensu stricto species presently recog-
nized is still high with 55 species identified as fluorescent Pseudomonas and 
53 belonging to the non-fluorescent species (personal compilation of the authors). 
The total number of 108 species should, moreover, increase considerably in the 
future. Many species delineated at the early times of phenotypic taxonomy, e.g., 
P. fluorescens, P. putida, P. syringae, and P. stutzeri, have since proved to be very 
heterogeneous at the genomic level: P. stutzeri has recently been split into 18 
genomospecies based on DNA-DNA hybridization (Sikorski et al. 2005), while the 
numerous pathovars of P. syringae were separated based on the same criteria into 9 
genomovars (Gardan et al. 1999). Moreover, it is well established that P. fluorescens
and P. putida are very heterogeneous species at the phenotypic level as suggested 
by the recognition of 5 biovars (I–V) within the P. fluorescens species and three 
biovars (A–C) within the P. putida species (Palleroni 1984), and also at the genomic 
level (Hilario et al. 2004). According to the siderotyping method described below, 
28 strains belonging to the biovar I of the P. fluorescens species are dispatched 
among 10 siderovars (Meyer et al. 2002), while 144 P. putida isolates can be 
divided into 35 siderovars (Meyer et al., in preparation). The general rule being that 
one siderovar corresponds usually to one species (Meyer et al. 2002), and even if 
some already published species are now recognized as junior synonyms (Cladera et 
al. 2006; Lang et al. 2007), we could easily expect the recognition of close to 200 
Pseudomonas species in the near future. In such a perspective, siderotyping as a 
simple and powerful method for strain differentiation, identification and grouping, 
will be of great interest compared to the taxonomic methods presently in use.

15.3  Conventional Tools for Pseudomonad Characterization 
and Identification

15.3.1 Phenotypic Tools

Conventional bacteriological tests used to characterize Pseudomonas strains 
include cellular morphology and flagella typing, Gram staining, glucose metabo-
lism, presence of cytochrome C oxidase. Other phenotypic characters of particular 
interest in this genus are:
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● Accumulation of Endocellular Granules of Poly-Beta-Hydroxybutyrate (PHB).
Strains of Pseudomonas sensu stricto do not accumulate PHB, at the opposite of 
former pseudomonads which were afterward reclassified in other genera. P. cor-
rugata was thought to be an exception, but it was later on demonstrated that this 
species does not accumulate PHB but medium-chain-length poly-hydroxyal-
kanoates (Kessler and Palleroni 2000).

● Production of Specific Pigments. The best known and first studied is pyocyanin, 
a phenazine blue pigment that gives its typical blue color to the pus produced in 
some P. aeruginosa infections. Pyocyanin production on King’s A medium 
(King et al. 1954) is a key character in identification of P. aeruginosa. Since 
then, other pigments were characterized and are used in species or biovar identi-
fication, among them lemonnierin produced by strains of biovar IV of P. fluorescens
(Starr et al. 1967) and chlororaphine produced by P. chlororaphis (Breed 
et al. 1957). The most common studied pigment remains pyoverdine, the green 
fluorescent siderophore produced by fluorescent Pseudomonas grown under 
iron-deficiency, usually detected thanks to the King’s B medium (King et al. 
1954; Meyer 2000).

To identify plant pathogenic Pseudomonas, bacteriologists rely on a combina-
tion of five phenotypic tests proposed by Lelliott et al. (1966). This identification 
key is called LOPAT for Levane production from sucrose, presence of cytochrome 
C Oxidase, Pectinase, Arginine dihydrolase and hypersensitive reaction on 
Tobacco leaves. It allows one to define five groups: groups I and II correspond to 
oxidase negative phytopathogenic species (P. syringae and related species, and 
P. viridiflava, respectively), groups III and IV to oxidase positive phytopathogenic 
species (P. cichorii and P. marginalis, respectively) and group V corresponds to 
P. fluorescens and other saprophytic strains. This determinative key is still very 
useful but is insufficient and suffers of the failings that characterize identification 
schemes based on few characters. To identify strains at the pathovar level, 
 phenotypic tests are completed by pathogenicity tests in order to determine host 
range and symptoms.

Extensive phenotypic studies including 146 nutritional tests (Stanier et al. 
1966) demonstrated the extreme nutritional versatility of pseudomonads and 
allowed their differentiation at the species level with the recognition of biovars for 
the most heterogeneous P. fluorescens and P. putida species. Numerical analysis 
of these data by Sneath et al. (1981) confirmed the discriminative capacity of this 
approach. Since then, auxanograms were miniaturized and different commercial 
kits are now available. Assimilation of carbon compounds of three different 
chemical families could be studied with strips commercialized by BioMérieux: 
API 50CH (carbohydrates), API 50AA (amino acids) and API 50AO (organic 
acids). These API systems were replaced by Biotype 100 strips (BioMérieux) 
which is designed to test carbon assimilation from 99 different sources. The 
Biolog GN MicroPlate System (Biolog Inc.) allows one to test oxidation of 95 
substrates. These kits are very useful for numerical taxonomic analysis and have 
been used in polyphasic approach to identify discriminative characters for the 
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description of new species (Grimont et al. 1996; Gardan et al. 2002). Analysis of 
fatty acid methyl esters of whole cells by high resolution gas chromatography is 
used in the Microbial Identification System (MIDI, Microbial ID Inc.). The main 
disadvantage of these kits, beside their cost, is the maintenance of up-to-date data-
bases. Therefore, while descriptions of new species increase, identification scores 
may decrease.

Methods used for epidemiological purposes involve serotyping, production and 
sensibility to phages, antibiograms, whole cell protein fingerprints. Most of the 
time, such methods have been used to characterize species of clinical interest like 
P. aeruginosa (Palleroni 2005).

15.3.2 Genotypic Tools

15.3.2.1 DNA-DNA Hybridization

Since 1987, DNA-DNA hybridization has been the reference method for species 
delineation (Wayne et al. 1987). First results evidenced very low genomic related-
ness within pseudomonads, a result confirmed by rRNA-DNA hybridization 
(Palleroni et al. 1973) and subsequent affiliation of several species to different 
classes of Proteobacteria (Anzai et al. 2000). DNA-DNA hybridization also 
showed that some historic species were constituted of several genomospecies (see 
above). Nowadays, this method – which consists of pair wise comparison of whole 
genome to determine DNA relatedness – is systematically used in polyphasic taxo-
nomic studies to define new species in the genus. Such defined species represent 
groups of strains sharing more than 70% of DNA-DNA homology, clearly sepa-
rated from neighbouring species by lower values. DNA-DNA hybridization, which 
is cumbersome and time consuming, is not per se an identification tool, but it allows 
one to delineate species as genetically homogeneous groups for which molecular 
identification tools can easily be defined.

15.3.2.2 Sequencing of Conserved Genes

Based on rrs gene sequences, phylogenetic relationships between Pseudomonas spe-
cies were elucidated (Moore et al. 1996; Anzai et al. 2000). Sequencing of rrs gene 
and comparison with international databases is a convenient way to achieve isolate 
identification. However, effective identity of rrs sequence is not necessarily a suffi-
cient criterion to guarantee species identity because of the highly conservative nature 
of the rrs gene. To overcome this problem and to refine phylogenies, less conserved 
housekeeping genes were studied. Yamamoto et al. (2000) sequenced gyrB and rpoD
genes. Discrepancies with rrs phylogeny were evidenced but the resolution level was 
correlated with DNA-DNA hybridization data. Recently, Ait Tayeb et al. (2005) 
showed that the resolution power of rpoB tree was three times higher than those of 
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rrs and that partial sequence of rpoB was a good identification marker. There is no 
doubt that multilocus sequence analysis of housekeeping genes will play a major 
role in future taxonomic studies and identification schemes, as already shown in a 
recent study involving 10 housekeeping genes (Frapolli et al. 2007).

15.3.2.3 DNA Fingerprinting

Taxonomic studies within the Pseudomonas genus took advantages of the numerous 
molecular methods developed to investigate genomic polymorphism. Methods based 
on PCR amplification of whole genome used random priming (RAPD) or primers in 
repetitive elements (rep-PCR). Others used restriction of the genome (AFLP, PFGE, 
ribotyping). Among these, ribotyping was developed as an identification tool, with 
commercialization of an automate (Riboprinter, Qualicon) and development of a 
database called Taxotron by the Institut Pasteur (Paris, France). Other DNA finger-
printing methods were mainly used to investigate genetic diversity at sub-specific 
level (Louws et al. 1994; Clerc et al. 1998). In conclusion, characterization and 
identification of Pseudomonas species followed the general evolution of methods 
used for bacterial identification. Despite the splitting of Pseudomonas sensu lato and 
restriction of Pseudomonas genus to species belonging to the DNA-RNA hybridiza-
tion group I, this genus remains extremely heterogeneous. Identification of species – 
the majority of which are saprophytic – has for a long time been an awkward task 
and limits of classical tests for diagnosis were reached. Extensive improvement of 
characterization and identification of pseudomonads was achieved with the develop-
ment of molecular methods based on genotypic data like rrs gene sequencing. 
However, at present, there is still a need for routine techniques that allow one to 
resolve easily the Pseudomonas diversity at the species level.

15.4  Siderotyping, or How to Identify Pseudomonads Through 
a Unique Phenotypic Character

One phenotypic character easy to observe, and quite important since it concerns about 
half of the Pseudomonas sensu stricto species, is the production of pyoverdine, the 
water-soluble yellow-green and fluorescent pigment previously called fluorescein, 
produced by the so-called fluorescent Pseudomonas (Elliot 1958). This pigment is 
observable when growing the bacteria on King’s B medium where its production 
results in the appearance of a bright fluorescence in the medium (King et al. 1954). 
Only a few other genera, e.g., Azotobacter spp. or Azospirillum spp., are able to 
produce similar compounds. However, very specific features like nitrogen fixation 
allow an easy discrimination of these bacteria from the fluorescent pseudomonads.

Pyoverdines are chromopeptides made of a quinolein-based chromophore con-
ferring to the molecule its color and bright fluorescence and, branched to it, a small 
peptide as well as a dicarboxylic acid side chain (see Fig. 15.1). So far, 50 different 
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pyoverdines have been structurally determined. That huge diversity results mainly 
from variations at the peptide chain level which vary by the number and composi-
tion of the aminoacyl residues (for details the reader is referred to the recent 
exhaustive compilation of Budzikiewicz 2004). It is important to note that pyover-
dine structural features are strain specific, which means that one iron-starved strain, 
whatever the other growth conditions, always produces pyoverdine molecules with 
the same peptide chain (a very few exceptions have been claimed in the literature; 
see Budzikiewicz 2004). However, different pyoverdine molecules can be found in 
a culture supernatant, differing by the nature of the carboxylic acid side chain (suc-
cinic or malic acid or their amides, α-ketoglutaric or fumaric acid, for the most fre-
quent ones). Some of these so-called pyoverdine isoforms are produced by 
iron-starved cells, some others, however, are resulting from chemical modifications 

Fig. 15.1 Structures of Pseudomonas siderophores. A Structure of a pyoverdine. B Structure 
of corrugatin
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Fig. 15.2 Isoelectrophoretic patterns of some fluorescent Pseudomonas pyoverdines. Lane 1, 
Pseudomonas salomonii CFBP 2022T; lane 2, Pseudomonas palleroniana CFBP 4389T; lane 3, 
Pseudomonas tolaasii CFBP 2068T; lane 4, Pseudomonas costantinii CFBP 5705T; lane 5, 
Pseudomonas fuscovaginae CFBP 2065T; lane 6, Pseudomonas syringae CFBP 1392T; lane M cor-
responds to standard pyoverdine markers for pHi measurements (see Meyer et al. 2002). 
Abbreviation: CFBP, Collection Française de Bactéries Phytopathogènes (INRA-Angers, France)

occurring during growth, e.g., the formation of the succinyl isoform resulting from 
the hydrolysis of the biosynthetised succinamide isoform.

Thus, applying a method which could separate the different isoforms like isoelec-
trophoresis (electrophoresis in presence of ampholins which determine a pH gradient 
in the gel), each fluorescent Pseudomonas strain producing a particular pyoverdine 
could be identified through its pyoverdine-isoelectrofocusing (PVD-IEF) pattern, 
depending on the amino acid content of its pyoverdine and also depending on the 
number of pyoverdine isoforms present in its culture supernatant. An example is 
given in Fig. 15.2 which illustrates the PVD-IEF patterns obtained with P. salomonii, 
P. palleroniana, P. tolaasii, P. costantinii, P. fuscovaginae and P. syringae.

The experimental procedure to reach such patterns is very simple: 1 mL of a 
24-h culture at 25 °C in CAA medium (a Casamino acid-based medium with low 
iron content, (see Meyer et al. 2002 for detailed formula) is centrifuged and 
400 µL of the clear supernatant are lyophilized. The dry residue is dissolved in 
20 µL of water and 1 µL solution is deposited on the ampholin-containing poly-
acrylamide gel for the mini-IEF isoelectrophoresis procedure developed accord-
ing to the manufacturer recommendations (Biorad). The natural fluorescence of 
pyoverdines under UV light (350 nm) is used for the revelation of the bands. As 
experimented in our laboratory, one person using two Mini-IEF gel apparatus 
can run up to 10 gels, thus determining the PVD-IEF patterns of 140 strains 
within a day.
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The next step of the IEF-siderotyping procedure is then to group strains present-
ing the same PVD-IEF pattern as seen by visual comparison. A control is done by 
co-migrating on a same gel pyoverdines of a same IEF group. A second control is 
then reached by using another siderotyping procedure, based on the usually high 
specificity of recognition between ferri-pyoverdines and their respective outer 
membrane receptors (Hohnadel and Meyer 1988). It is thus controlled that each 
strain of the IEF group is able to use as iron transporter any of the pyoverdines pro-
duced by strains belonging to the same group. Although some pyoverdines have 
been seen to share very closely related, if not identical, IEF patterns, this second 
control is usually very discriminative and has allowed so far the discrimination of 
more than 110 different pyoverdines characterizing as many siderovars, i.e., groups 
of strains sharing an identical pyoverdine.

One major conclusion reached by siderotyping is that pyoverdine molecules 
could be used as powerful taxonomic markers. It effectively became evident, 
once well polyphasic defined species were available to siderotyping analysis, 
that, as a general rule, strains belonging to one species produce an identical 
pyoverdine while strains belonging to different species produce structurally dif-
ferent pyoverdines. This has been well established for several well-circum-
scribed species of fluorescent Pseudomonas, i.e., Pseudomonas monteilii,
Pseudomonas rhodesiae, Pseudomonas mandelii, Pseudomonas veronii,
Pseudomonas tolaasii, and Pseudomonas syringae (Meyer et al. 2002). 
Moreover, the method successfully contributed to the definition of recently 
described new species, namely Pseudomonas brassicacearum and Pseudomonas 
thivervalensis (Achouak et al. 2000), Pseudomonas lini (Delorme et al. 2002), 
Pseudomonas mosselii (Dabboussi et al. 2002), Pseudomonas salomonii and 
Pseudomonas palleroniana (Gardan et al. 2002), Pseudomonas costantinii
(Munsch et al. 2002), and Pseudomonas lurida (Behrendt et al. 2007). 
Furthermore, the assignation, as postulated by  siderotyping, of a phenotypic 
cluster to a given species, was positively verified by DNA-DNA-hybridization 
(Meyer et al. 2002), proving that the method was particularly efficient for the 
detection of potential new species. Interestingly, the method was successfully 
extended to the non-fluorescent species Pseudomonas corrugata, Pseudomonas 
fredericksbergensis, Pseudomonas graminis and Pseudomonas plecoglossicida.
Such bacteria do not synthesize pyoverdines as siderophores but other structur-
ally different compounds sharing in common the ability to tightly bind iron(III) 
and to transport it into the cells thanks to specific outer membrane receptors. 
These siderophores and their respective iron transport systems are still unknown 
for a majority of them. Of the four species cited above, only corrugatin, the 
siderophore of P. corrugata, has been identified at the structure level (Risse 
et al. 1998; Fig. 15.1). The three others, each defined by a specific pHi 
value (Meyer et al. 2002), remain to be characterized, as well as the ferri-siderophore 
receptors of the four species. The IEF-analysis procedure for siderophores 
produced by such non-fluorescent pseudomonads is identical to the one 
described above for pyoverdines, except that the revelation of siderophores is 
done by the CAS-overlay method as described by Koedam et al. (1994).
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15.5  An Application Within Plant-Pathogen Pseudomonads: 
Correlation Between Siderotyping and Numerical Taxonomy

A collection of 85 phytopathogenic Pseudomonas strains were analyzed through 
siderotyping and numerical taxonomy. The resulting groups reached by the two 
methods are compared in Fig. 15.3 as illustrated by PVD-IEF patterns and by a 

Strains

P. salomonii

P. palleroniana

P. tolaasii

“P. tolassii”

P. costantinii

P. veronii
P. fluorescens bv. III
P. orientalis

P. corrugata

P. fuscovaginae

P. fluorescens bv. V

P. fluorescens bv. V

P. chlororanis
P. aerueinosa
P. nutida bv. A

Genomic species

P. qureofaciens

Pyoverdine isoelectrophoretic pattern

4278

4 5 6 7 8 9

4275
4279
4277
4274
4380
4282
4280
4381
4281
4378
4283
4273
4276

2022T
4393
4397
4390
4394
4395

4389T
4386
4398
4399
4392
4391
4030
4059
4055
4054
4029

2068T
2152
4058
4056

5705T
5707
5706
5708
5709

4304T
2127

4863T
4025
4561
4040
4026
4031
4027
4042
4043
4562
4563
4041
4038
4039

2431T
3081
3083
3082
3084
2804 PVD(-)

2065T
2808
2801
2805
2802 ND
2803
3078
3080
4559
4557 PVD(-)
4558

2130
2133T

2132T
2466T
2066T
2107T
2212T
1694T
2353T
1908T
1670T
1390T

0 0,1 0,2 0,3 0,4

Fig. 15.3 Correlation between siderotyping and numerical taxonomy. The pyoverdine-isoelectro-
phoretic patterns of 85 Pseudomonas strains are shown in the middle panel by bars representing 
the different pyoverdine isoforms found in the respective CAA culture supernatants. The thickness 
of the bars reflects the intensity of fluorescence of the pyoverdine-isoform bands, as visualized 
under UV light at 350 nm after electrophoresis. Phenotypic dendrogram is depicted in the right
panel. For details on pyoverdine isoelectrophoresis and on the construction of the dendrogram, see 
Meyer et al. (2002) and Gardan et al. (2002), respectively
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dendrogram representing phenotypic distances between strains. Six phenotypic 
clusters can easily be distinguished at a phenotypic distance of 0.11 in the dendro-
gram, corresponding to the species P. salomonii, P. palleroniana, P. tolaasii, P. costantinii
and P. fuscovaginae. It is evident that these groups match perfectly with the group-
ing reached by siderotyping. This conclusion is also valid for the non-fluorescent 
P. corrugata species. Some discrepancies, however, concerns P. syringae strains 
which were characterized by a unique PVD-IEF pattern while demonstrating some 
phenotypic heterogeneity (phenotypic distance of 0.35) which is in agreement with 
the genomovar multiplicity found in this group (Gardan et al. 1999). It is also evi-
dent that unclustered strains with high phenotypic distances, e.g., strains identified 
in Fig. 15.3 as P. veronii, P. fluorescens bv. III, P. orientalis, P. fluorescens bv. 
V, P. aureofaciens, P. chlororaphis, P. putida bv. A and P. aeruginosa, are also 
characterized by as many specific PVD-IEF patterns, thus confirming the strong 
correlation between siderovars and phenotypic clusters. Interestingly, among the 
P. tolaasii isolates, strain CFBP 4056 demonstrated a surprisingly high phenotypic 
distance when compared to the other strains of the group. According to its 
PVD-IEF pattern, it is evident that the strain is related to the P. fuscovaginae
siderotype, suggesting that its present taxonomic position as a P. tolaasii isolate 
needs to be revised.

A difficulty encountered in siderotyping concerns isolates that are deficient in 
siderophore production and which cannot be characterized, indeed, by a siderophore-
IEF profile. This problem can be overcome by developing siderophore-mediated 
(59Fe) iron uptake experiments, as was done for the pyoverdine-deficient P. fuscova-
ginae strains. These strains were grouped within the P. fuscovaginae siderovar 
based on their capacity to specifically use the P. fuscovaginae pyoverdine as iron 
transporter. This grouping was consistent with the dendrogram which shows that 
these strains are closely related within the species.

15.6 Conclusions

By its simplicity and rapidity of execution, siderotyping is a particularly promising 
method for the characterization and identification at the species level of fluorescent 
and non-fluorescent Pseudomonas. As illustrated here, the method could advanta-
geously replace a numerical analysis of phenotypic data, thus saving time and money 
while results obtained by the two methods are in most cases in full agreement.

We are presently developing the use of the method in studies relevant to dif-
ferent ecological topics which are usually investigated through conventional 
methods such as the study of survival capacity of biocontrol strains (Molina et al. 
1998; Nautiyal et al. 2002), the search and characterization of strains with spe-
cific biological features (Landa et al. 2002), the influence of soil factors and 
agricultural practices on the diversity and distribution of pseudomonads in soils 
(Lemanceau et al. 1995; Frey et al. 1997; Aagot et al. 2001; Kwon et al. 2005), 
or the selection of specific pseudomonad populations (Ross et al. 2000; Founoune 
et al. 2002).
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