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The rhizosphere is a habitat for a wide variety of
bacteria that possess unusual properties or combina�
tions thereof. Identification of these rhizosphere bac�
teria using the standard phenotypic techniques is often
difficult. In bacteriology, reevaluation of the definition
of a species (“a species is a category that circumscribes
a (preferably) genomically coherent group of individ�
ual isolates/strains sharing a high degree of similarity
in (many) independent features comparatively tested
under highly standardized conditions” [1]) resulted in
the leading role of molecular genetic techniques in
determination of the taxonomic position of bacteria.
As a result, distinct criteria have been established for
correct identification of bacterial isolates that hitherto
were considered difficult to identify.

The nitrogen�fixing bacterial strains B416 and 418
were previously isolated from the root surface of
cocksfoot and barley, respectively [2]; strain B601 car�
rying the plasmid responsible for the degradation of
stable chlorinated s�triazines (herbicides simazine,
atrazine, and propazine) was isolated from the corn
rhizosphere [3, 4]. The strains B416 and 418 are capa�
ble of competitive root colonization, low�temperature
nitrogen fixation and plant growth promotion. Strain
418 is used for production of a polyfunctional prepara�
tion for vegetable crops in the People’s Republic of
China [5]. The ease and reliability of reisolation of this
strain from the rhizosphere make it a convenient
object for ecological studies and for investigation of
the mechanisms of root colonization [6–8].

Based on analysis of their phenotypic characteris�
tics, all these strains were identified as Pseudomonas�
like bacteria [2, 3]. It is well known that, due to the
development of the phylogenetic principles of bacte�
rial taxonomy, the genus Pseudomonas has been sub�
jected to extensive taxonomic revision [9, 10]. The
description of many new bacterial genera belonging to
different classes of the Proteobacteria was one of the
results of this revision. Since the revision was based on
comparative analysis of the nucleotide sequences of
the 16S rRNA gene, this method became necessary for
correct identification of pseudomonads. This tech�
nique is a universal, suitable, and very reliable molec�
ular method that allows determination of the generic
affiliation of bacteria from various taxonomic groups
[11]. Nevertheless, the results of this analysis should be
interpreted with caution when determining the species
affiliation, taking into account that the similarity
between 16S rRNA genes does not necessarily indicate
a sufficiently high level of relatedness between bacte�
rial genomes. The resolving power of the typing meth�
ods based on the characterization of the 16S–23S
intergenic spacer region and on comparative analysis
of the obtained Rep�PCR fingerprints makes it possi�
ble to perform both inter� and intraspecific differenti�
ation of the strains [12]. The goal of the present work
was therefore to carry out phylogenetic identification
of strains B416, 418, and B601 of the rhizosphere
Pseudomonas�like bacteria using both comparative
analysis of the nucleotide sequences of the 16S rRNA
gene fragments and genetic typing.
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MATERIALS AND METHODS

Bacterial strains and cultivation conditions. The
subjects of this study were the previously obtained
rhizosphere nitrogen�fixing bacteria “Pseudomonas”
sp. B416, “Pseudomonas” sp. 418 [2], and “Pseudomo�
nas” sp. B601 (degrader of chlorinated s�triazines) [3].
The type strains Herbaspirillum huttiense DSM 10281T

and Burkholderia xenovorans DSM 17367T were
obtained from the German Collection of Microorgan�
isms and Cell Cultures (www.dsmz.de).

The cultures were grown on TY medium (pH 7.0)
containing the following (g/l): tryptone (Difco,
United States), 10.0; yeast extract (Difco, United
States), 1.0; and CaCl2, 0.02. To test their ability to
utilize various compounds as the sole carbon source,
the cultures were grown on a minimal medium
(pH 7.2–7.4) containing the following (g/l): K2HPO4,
0.5; MgSO4 · 7H2O, 0.2; NH4Cl, 0.5; CaCl2, 0.02;
tested compound, 1.0; and bacteriological agar
(Difco, United States), 15.0. The growth rate of the
cultures was assessed after 2�day incubation at 28°C.

Determination and analysis of the 16S rRNA gene
sequences. DNA was extracted using the Genomic
DNA Purification Kit (Fermentas, Lithuania)
according to the manufacturer’s recommendations.
The templates for sequencing were obtained by PCR
with the primers fD1 and rD1 [13], which allowed
amplification of the almost complete 16S rRNA gene
sequences (except for the short end sites). The reac�
tion mixture (30 μl) contained the following: 3 μl of
10× reaction buffer (Dialat Ltd., Russia), 1.5 mM of
MgCl2, 0.2 mM of each dNTP, 30 pM of each primer,
1 U of Taq polymerase (Dialat Ltd., Russia), and 15 ng
of genomic DNA as a template. PCR amplification
was carried out on an MJ MiniTM thermocycler (Bio�
Rad, United States). The reaction was initiated by
incubation of the reaction mixture at 95°C for 4 min
followed by 30 cycles (95°C for 30 s, 65°C for 30 s, and
72°C for 2 min). The final elongation was performed
at 72°C for 10 min. Analysis of the PCR products was
carried out by electrophoresis in 1.2% agarose gel;
fragments of about 1500 bp were cut out from the gel
and purified using a GFX PCR DNA Kit and Gel
Band Purification Kit (Amersham Pharmacia Bio�
tech, United Kingdom) according to the manufac�
turer’s instructions. Sequencing of the 16S rRNA gene
fragments was performed on an ABI Prism 310
Genetic Analyzer automatic sequencer (Applied Bio�
systems, United States) using a BigDye Terminator
v.3.1 Cycle Sequencing Kit (Applied Biosystems,
United States) according to the manufacturer’s rec�
ommendations. When carrying out the “sequencing
PCR,” the internal primers 536f, 1114f, 519r, and 960r
were used in addition to fD1 and rD1 [14]. The
obtained results were analyzed using the Sequencing
Analysis Software v.5.2 (Applied Biosystems, United
States). The search for homologous 16S rRNA gene
sequences in the GenBank database of the National

Center for Biotechnology Information (NCBI,
http://www.ncbi.nlm.nih.gov) was performed using
the BLAST (Basic Local Alignment Search Tool) soft�
ware package. The phylogenetic analysis was carried
out by the neighbor�joining method using the
MEGA4 software package [15].

Genetic typing. In order to assess the genetic affin�
ity between the studied bacteria, comparative analysis
of the Rep�PCR genomic fingerprints, as well as anal�
ysis of the 16S–23S intergenic spacer region, were car�
ried out [12]. The volume of the reaction mixture and
buffer composition were the same as those used for
amplification of the 16S rRNA genes.

For Rep�PCR, we used the primers ERIC1R,
ERIC2 [16] (60 pmol of each or a mixture), BOXA1R
[17] (60 pmol), and 15 ng of genomic DNA as a tem�
plate. The reaction was initiated by denaturation at
95°C for 4 min followed by 30 cycles which, when car�
rying out ERIC�PCR, involved incubation: 95°C for
30 s, 51°C for 30 s, and 65°C for 8 min. The reaction
was completed with a final elongation performed at
65°C for 16 min. In the case of BOX�PCR, the cycle
involved incubation (95°C for 30 s, 60°C for 30 s, and
72°C for 2 min). The final elongation was performed
at 72°C for 4 min.

Amplification of the 16S–23S spacer region was
carried out using a pair of primers, sp1 and sp2
(30 pmol of each) homologous to the conservative
sequences of the 16S and 23S rRNA genes, respec�
tively [18]. The reaction was initiated by denaturation
at 95°C for 4 min, followed by 30 cycles that involved
incubation (94°C for 1 min, 55°C for 3 min, and 72°C
for 2 min) and the final elongation at 72°C for 5 min.
The amplification products were separated by gel elec�
trophoresis both directly and after the treatment
with a mixture consisting of the AvaI, BamHI, EcoRI,
HindIII, and PstI restriction enzymes (Fermentas,
Lithuania). Electrophoresis was carried out in 2% aga�
rose gel using the standard Tris–borate buffer at half
concentration. The gel slabs were stained with ethid�
ium bromide and photographed under UV illumina�
tion.

RESULTS AND DISCUSSION

Phylogenetic analysis of the 16S rRNA gene
sequences. The obtained 1400�bp nucleotide
sequences of the 16S rRNA genes of the strains B416,
418, and B601 were deposited in the GenBank data�
base under accession numbers FJ657665, AY520839,
and AY953141, respectively. Comparison of the
obtained sequences with the sequences in the Gen�
Bank database using the NCBI BLAST software pack�
age revealed the greatest similarity of the 16S rRNA
genes of strains B416 and B601 to those of members of
the genus Herbaspirillum, family Oxalobacteraceae,
while the 16S rRNA gene sequence of strain 418 dis�
played the greatest similarity to those of members of
the genus Burkholderia, family Burkholderiaceae.
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Both families belong to the order Burkholderiales,
class Betaproteobacteria.

The results of pairwise comparison indicated that
the 16S rRNA gene fragments of strain B416 displayed
the greatest similarity with those of Herbaspirillum
frisingense GSF 30T and H. chlorophenolicum CPW
301T (99.7 and 99.1%, respectively). The 16S rRNA
gene sequence of strain B601 differed from those of the
type strains H. huttiense ATCC 14670T (= DSM 10281T)
and H. putei ATCC BAA�806T (= 7�2T) by only two
and three base pairs, respectively. Moreover, analysis
of the 16S rRNA gene sequences revealed a high level
of similarity (99.2%) between strain B601 and H. fris�
ingense Mb11; the species affiliation of the latter was
determined in the course of description of the species
H. frisingense [19].

In the case of strain 418, the greatest similarity was
revealed between the 16S rRNA sequence of this strain
and those of the type strains Burkholderia xenovorans

LB400T (= DSM 17367T), B. phytofirmans PsJNT, and
B. fungorum LMG 16225T (99.3, 98.8, and 98.8%,
respectively). These species belong to the B. graminis
group, which is phylogenetically distant from the
complex adjacent to B. cepacia, the type species of the
genus Burkholderia [20].

Comparative phylogenetic analysis of the 16S
rRNA gene sequences of the studied strains, as well as
of the type strains of the genus Herbaspirillum and the
B. graminis group, revealed that, as expected, the
sequences displaying the greatest similarity, according
to the results of pairwise comparison, were most
closely related to each other (Fig. 1). High bootstrap
support was observed for all pairs (strain B416–H. fris�
ingense GSF 30T, strain 418–B. xenovorans LB400T,
and strain B601–H. huttiense ATCC 14670T), which
confirms statistical significance of the clustering
results. Nevertheless, the obtained pairs differed sig�
nificantly with respect to their phylogenetic related�
ness. The 16S rRNA gene sequences of strains B601

Strain B601 (AY953141)
H. huttiense ATCC 14670T (AB021366)

H. putei  ATCC BAA�806T (EU046556)

H. rubrisubalbicans ICMP 5777T (AF137508)
H. chlorophenolicum CPW 301T (AB094401)

Strain B416 (FJ57665)
H. frisingense GSF30T (NR 025353)

H. seropedicae DSM 6445T (Y10146)

H. lusitanum P6�12T (AF543312)

H. hiltneri N3T (DQ 150563)

H. rhizosphaerae UMS�37T (DQ 188986)

H. autotrophicum IAM 14942T (AB074524)

Collimonas arenae NCCB 100031T (AY281146)

Collimonas fungivorans Ter6T (AJ310394)

Collimonas pratensis CTO 91T (AY281137)

B. megapolitana LMG 23650T (AM489502)

B. fungorum LMG 16225T (AF215705)

Strain 418 (AY520839)
B. xenovorans LB400T (NC_007951)

B. caledonica LMG 19076T (AF215704)

B. phytofirmans PsJNT (AY497470)

B. terricola LMG 20594T (AY040362)

B. phenoliruptrix AC1100T (AY435213)

B. graminis C4DlMT (U96939)

B. ginsengisoli KMY03T (AB201286)

B. sediminicola HU2�65WT (EU035613)

B. bryophila LMG23644T (AM489501)

B. phenazinum LMG2247T (U96936)

B. sartisoli RP007T (AF061872)

Thiobaccilus denitrificans NCIMB 9548T (NR_025358)
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Fig. 1. Phylogenetic tree showing the relatedness between the strains B416, B601, and the type strains of the genus Herbaspirillum
and between strain 418 and the type strains of the B. graminis group. The GenBank accession numbers of the sequences are given
in parentheses (www.ncbi.nlm.nih.gov). There are 1257 nucleotides in the comparison dataset. Bootstrap values were calculated
based on 1000 resamplings. Scale bar, 0.01 substitution per nucleotide position.
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and H. huttiense ATCC 14670T did not differ within
the comparison unit; the difference between these
strains and H. putei ATCC BAA�806T was insignifi�
cant. On the other hand, the extent of phylogenetic
divergence between strain B416 and H. frisingense
GSF 30T, as well as between strain 418 and B. xeno�
vorans LB400T, corresponded to that found for many
closely related species and significantly exceeded the
extent of divergence between the type strains of H. hut�
tiense and H. putei or H. lusitanum and H. hiltneri (Fig. 1).
All these facts cast doubt on the validity of affiliation of
the studied strains to particular species based on the
BLAST search results and phylogenetic analysis of the
16S rRNA sequences of the studied strains and closely
related type strains.

To enhance the resolution of phylogenetic analysis,
the nucleotide sequences of the reference strains avail�
able from GenBank belonging to the species most
closely related to the studied strains were added to the
alignments. Figure 2 shows that bacteria belonging to

the species H. frisingense and H. huttiense (along with
H. putei ATCC BAA�806T) formed separate clusters,
suggesting the possibility of differentiation of these
species based on the results of comparative analysis of
their 16S rRNA gene sequences. Strain H. frisingense
75B, which did not cluster with any species and
formed a separate branch between H. rubrisubalbicans
and H. seropedica, was the only exception. The integ�
rity of the H. frisingense cluster was restored after the
16S rRNA gene sequences of the species H. chlorophe�
nolicum, H. huttiense, and H. putei (which were
described after H. frisingense) were excluded from the
analysis. The phylogenetic separation of strain 75B
was quite surprising. Its affiliation to H. frisingense was
confirmed by the results of comparison of this strain
with the type strain H. frisingense GSF 30T, as well as
by the high level of DNA–DNA homology (76%).
However, despite these facts, there was no similarity
between the obtained Rep�PCR fingerprints of these
strains [19].

Strain B601 (AY953141)

H. huttiense ATTC 14670T (AB021366)

H. huttiense D (EF091146)

H. huttiense P4 (DQ356897)

H. putei ATCC BAA�806T (EU046556)

H. huttiense AU6965 (EU0549838)

H. huttiense AU2210A (AY043371)

H. frisingense AU9870 (EU549840)

H. frisingense AU2339 (EU549832)

H. frisingense AU14559 (EU549858)

Strain B416 (FJ657665)

H. frisingense GSF 30T (NR025353)

H. chlorophenolicum CPW 301T (AB094401)

H. rubrisubalbicans ICMP 5777T (AF137508)

H. frisingense 75B (AJ238357)

H. serepedicae DSM 6445T (Y10146)

H. autotrophicum IAM 14942T (AB074524)

H. rhizosphaerae UMS�37T (DQ188986)

H. lusitanum P6�12T (AF543312)

H. hiltneri N3T (DQ150563)

Oxalobacter formigenes OxBT (U49757)

H. frisingense Mb11 (AJ238359)
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Fig. 2. Phylogenetic tree showing the position of the strains B416 and B601 among bacteria of the species H. frisingense and the
H. huttiense⎯H. putei group, respectively. The type strains are designated with the letter T after the strain number. The GenBank
accession numbers of the t sequences are given in parentheses(www.ncbi.nlm.nih.gov). There are 1338 nucleotides in the com�
parison dataset. Bootstrap values were calculated based on 1000 resamplings. Scale bar, 0.005 substitution per nucleotide position.
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Within the main cluster formed by H. frisingense
strains, the 16S rRNA gene sequences of which exhib�
ited higher variability than those of the cluster formed
by H. huttiense, strain B416 was closely related to the
type strain H. frisingense GSF30T. According to these
data, strain B416 is phylogenetically closest to the type
strain GSF30T (among all the studied bacteria of the
species H. frisingense with identified 16S rRNA gene
sequences). These results also confirm the validity of
affiliation of this strain to H. frisingense.

Strain B601 fell into the cluster formed by H. hut�
tiense strains and the type strain of H. putei, which
indicated its affiliation with one of these species and
excluded the possibility of its affiliation to H. frisin�
gense. Differentiation of the species H. huttiense and
H. putei on the basis of the results of phylogenetic
analysis was found to be impossible. Low variability of
the 16S rRNA gene sequences within the H. hut�
tiense–H. putei subgroup may be a possible cause of

this phenomenon; in the case of H. huttiense, the level
of intraspecific variability was higher than the level of
differences between the type strains of these species.

Addition of other reference 16S rRNA sequences
to the data unit of the B. graminis group resulted in the
exclusion of strain 418 from the cluster containing
representatives of the species B. xenovorans (Fig. 3). In
the obtained phylogenetic tree, this strain formed a
branch adjacent to the B. caledonica–B. phytofirmans
cluster. Low bootstrap value (14%) indicated that the
position of strain 418 was unstable and could vary
depending on the composition of the alignment.

Differentiation by phenotypic tests. To determine
the species affiliation of the studied strains, compara�
tive phenotypic analysis of the strains B601 and
H. huttiense DSM 10281T was carried out using tests
that, as was demonstrated earlier [21, 22], enabled dif�
ferentiation of the species H. huttiense, H. putei, and
H. frisingense. No differences were revealed between

B. phytofirmans G6�5 (AY836219)

B. phytofirmans G44�5 (AY836218)

B. phytofirmans PsJNT (AY97470)

B. caledonica LMG 19076T (AF215704)

Strain 418 (AY520839)

B. phenazinum LMG2247T (U96936)

B. fungorum LMG 16225T (AF215705)

B. fungorum LMG 16307 (AF215706)

B. phenoliruptrix AC1100T (AY435213)

B. graminis C4DlMT (U96939)

B. graminis AUS35 (U96941)

B. xenovorans TCo�382 (EF139187)

B. xenovorans TCo�26 (EF139188)

B. xenovorans LB400T (NC_007951)

B. ginsengisoli KMY03T (AB201286)

B. sartisoli RP007T (AF061872)

B. sediminicola HU2�65WT (EU035613)

B. bryophila LMG 23644T (AM489501)

B. bryophila LMG 23646 (AM489499)

B. bryophila LMG 23648 (AM489500)

B. terricola LMG 20594T (AY040362)

Pandorae apista CCUG 38412T (AY268172)
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Fig. 3. Phylogenetic tree showing the phylogenetic position of strain 418 among representatives of the B. graminis group. The type
strains are designated with the letter T after the strain number. The GenBank accession numbers of the gene fragment sequences
are given in parentheses (www.ncbi.nlm.nih.gov). There are 1297 nucleotides in comparison dataset. Bootstrap values were cal�
culated based on 1000 resamplings. Scale bar, 0.005 substitution per nucleotide position.
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the studied characteristic traits of the strains B601 and
H. huttiense DSM 10281T (Table 1), which suggested
that strain B601 belonged to the species H. huttiense. It
should be noted that there is a discrepancy between the
characteristics of H. huttiense, H. putei, and H. frisin�
gense published by different authors who described the
species H. putei [21] and H. hiltneri [22] (Table 1). This
makes all attempts for phenotypic differentiation of
any newly isolated strains belonging to this group use�
less without the involvement of the relevant type
strains. The situation becomes more complicated due
to the scarcity of the differentiating characteristics of
H. huttiense and H. putei [21], as well as due to the fact
that the species H. putei was proposed based on the
description of the only strain, making it impossible to
assess, even approximately, their variability within this
species.

Strain B416, affiliated to the species H. frisingense
on the basis of the results of phylogenetic analysis, is
capable of utilizing a wider range of carbon sources
than the strains B601 and H. huttiense DSM 10281T

(Table 1). On the whole, this finding corresponds to
the published data on the physiological and biochem�
ical properties of H. frisingense and H. huttiense [19,

22], although it should be noted that some character�
istics of the H. frisingense type strain described in [21]
and [22] contradict each other (Table 1). The capabil�
ity of nitrogen fixation, which distinguishes H. frisin�
gense from H. huttiense, H. putei, and H. chlorophe�
nolicum [23], is an important trait. We have previously
demonstrated that strain B416 was capable of nitrogen
fixation [2], whereas, in the case of strain B601, we
failed to detect the nitrogen�fixing activity [3].

The phenotypic characteristics of the strains 418
and B. xenovorans DSM 17367T were similar. Both
strains utilized α�D�glucose, D�galactose, D�xylose,
D�mannose, D�fructose, citrate, tartrate, pyruvate,
malate, Twin�80, L�leucine, L�threonine, i�inositol,
DL�norleucine, benzoate, and para�oxybenzoate as
the only carbon sources. The strains did not utilize
L�arabinose, L�lactose, D�trehalose, L�serine, mal�
onate, oxalate, dulcite, meta�oxybenzoate, salicylate,
para�aminobenzoate, and 2,4D. Both strains were
cetavlon�sensitive and did not grow at 42°C, but grew
at 40°C.

The strains 418 and B. xenovorans DSM 17367T

differed only in their capacity to utilize glucuronic
acid and maltose (Table 2). However, these character�

      

Table 1. Differentiation of H. huttiense, H. putei, and H. frisingense based on their phenotypic characteristics

Carbon source

Bacterial strains

B416 B601 H. huttiense DSM 10281T H. putei 7�2T H. frisingense GSF 30T

Data source

Experiment [21] [22] [21] [22] [21] [22]

Not added – – –

α�D�glucose + + + – !? + ? – ? + ? + +

D�galactose + + + – !? + ? – ? + ? + +

L�arabinose + + + + + – ? + ? – ? + ?

D�xylose + + + nd nd nd nd nd nd

D�lactose – – – nd – nd – nd –

D�mannose + + + – ! – ! ± ? – ? ± ? + ?

D�fructose + + + nd – ! nd – nd +

D�rhamnose + – – – – – – + ? – ?

Citrate + + + nd + nd + nd +

Malonate + – – nd – nd – nd +

Tween�80 – – – nd + ! nd – nd +

L�leucine + – – nd – nd – nd +

L�serine – – – nd – nd – nd +

L�threonine + – – nd + ! nd – nd +

L�glucuronate + + + nd + nd – nd –

Note: +, intense growth of bacteria on the carbon source; ±, weak growth; – , growth was not detected; nd stands for “no data”; !, the data
presented in the literature contradict the results of the experiment; ?, the data presented in the literature contradict each other.
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istics were not mentioned as differentiating ones upon
description of the species B. fungorum, B. xenovorans,
and B. phytofirmans. The inability of B. xenovorans to
utilize L�arabinose distinguishes this microorganism
from other closely related species of the genus
Burkholderia [24], except for some B. fungorum strains
[25]. However, it should be kept in mind that the
description of B. fungorum was based on the results of
characterization of nine strains [25], while only three
strains were characterized in B. xenovorans, which is
hardly enough to determine the variability of charac�
teristics. A similar pattern was observed when compar�
ing B. xenovorans with B. fungorum and B. phytofir�
mans with respect to their resistance to cetavlon
(Table 2). It should be noted that there a mismatch
between the descriptions of this characteristic of the
B. phytofirmans type strain presented in [26] and [27].
Both B. xenovorans DSM 17367T and strain 418 dif�
fered from the B. phytofirmans type strain in their abil�
ity to utilize citrate; however, in the case of B. phytofir�
mans, the variability of this characteristic was not stud�
ied. Hence, the differentiating phenotypic
characteristics of the species B. fungorum, B. xeno�
vorans, and B. phytofirmans cannot be considered fully
reliable, and, due to their scarcity, the species identifi�
cation of new strains of this group is hardly possible.

Characterization of the 16S–23S intergenic spacer
region. The 16S–23S intergenic spacer regions of all
the studied strains, as well as of the type strains, were
amplified as the only main fragments of about 920 bp
(B. xenovorans DSM 17367T and strain 418) and
880 bp (strains B416, B601 and H. huttiense DSM
10281T) (Fig. 4a). In addition to the main fragments,
minor amplicons were detected, which, however, did
not allow reliable differentiation. Treatment of the
obtained amplification products with a mixture of
restriction endonucleases revealed significant differ�
ences between all the studied strains, except for the
pair B601–H. huttiense DSM 10281T (Fig. 4b).

Rep�PCR genotyping. To determine the level of
relatedness between the strains within the pairs B601–
H. huttiense DSM 10281T and 418–B. xenovorans
DSM 17367T, Rep�PCR genotyping allowing for
intraspecific differentiation was performed [12]. The
similarity between the patterns of the amplified frag�
ments, irrespective of some differences, may be con�
sidered as supporting evidence that the strains belong
to different clones of one species. Figures 5b and 6
demonstrate that the similarity between the products
of amplification of the genomic DNA of the strains
B601 and H. huttiense DSM 10281T was observed
when using the primer ERIC1R; the amplification

Table 2. Differentiation of B. xenovorans, B. fungorum, and B. phytofirmans based on their phenotypic characteristics

Differentiating 
characteristics

Bacterial species and strains

418 B. xenovorans DSM 17367T B. fungorum 
LMG 16225T B. phytofirmans PsJNT

Data source

Experiment [23] [26] [24] [26] [25] [26]

Utilization of carbon 
sources:

L�arabinose – – – nd + (v) nd + nd

D�xylose + + + + + ? (v) w ? + nd

D�fructose + + + nd + (v) nd + nd

Citrate + + + + + + nd –

D�glucuronate – + nd nd nd nd nd nd

D�maltose + – – – – (v) – – (v) –

Growth on medium 
with 0.3% cetavlon

– – – – + (v) + + ? (v) – ?

Note: (v), the characteristics varies in other strains of this species; w, the characteristic is weak; ?, the data presented in the literature contradict
each other.
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Fig. 4. Amplification of the 16S–23S intergenic spacer region (a) and differentiation of strains after the treatment of the obtained
amplification products with the mixture of restriction endonucleases (b): M, molecular weight marker, Gene RulerTM 100 bp Plus
DNA Ladder (Fermentas, Lithuania).
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Fig. 5. (a) Genetic typing of strain 418 (lanes 1, 3, and 5) and B. xenovorans DSM 17367T (lanes 2, 4, and 6) by ERIC�PCR. The
primers ERIC1R (lanes 1 and 2), ERIC2 (lane 3 and 4), and the mixture of ERIC1R and ERIC2 (lanes 5 and 6) were used to
obtain the fingerprints. (b) Genetic typing of the strains B416 (lanes 1, 4, and 7), B601 (lanes 2, 5, and 8), and H. huttiense DSM
10281T (lanes 3, 6, and 9) by ERIC�PCR. The primers ERIC1R (lanes 1⎯3), ERIC2 (lanes 4⎯6), and the mixture of ERIC1R
and ERIC2 (lanes 7, 8) were used to obtain the fingerprints. M, molecular weight marker, Gene RulerTM 100 bp Plus DNA Lad�
der (Fermentas, Lithuania).
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products were virtually the same when using the prim�
ers ERIC2 and BOXA1R. The similarity between the
Rep�PCR fingerprints obtained using different prim�
ers indicated a high level of genome homology, which
supported affiliation of strain B601 to the species
H. huttiense, known as Pseudomonas huttiensis before
the taxonomic revision [21].

The fingerprints of the strains 418 and B. xeno�
vorans DSM 17367T obtained using any of the geno�
typing primers differed significantly (Figs. 5a and 5b).
Only some fragments were of the same size, which can
be attributed to an accidental coincidence. Hence, the
results of Rep–PCR do not unambiguously indicate a
high level of relatedness between the genomes of these
bacteria.

Various authors considered the 98–99.9% similar�
ity between the 16S rRNA gene sequences as a thresh�
old for species affiliation [28]. It is obvious that this
value is not universal and should be specified, to the
extent possible, for each case. Phylogenetic analysis
with the addition of the 16S rRNA gene sequences of
the type strains and other precisely identified strains
made it possible to assess the ratio between their intra�
and interspecific variability and to confirm the validity
of the species affiliation of the studied strains. The sit�
uation is possible in which interspecies differences
between the 16S rRNA gene sequences are insignifi�
cant and do not exceed the level of intraspecific vari�
ability, as in the case of H. huttiense and H. putei.

On the other hand, the intraspecific variability of
16S rRNA gene sequences may be quite significant, as
in the case of H. frisingense. In this case, the suggestion
that strain B416 belongs to H. frisingense is based on
the fact that this strain is the closest relative (among
other known bacteria of this species) of the H. frisin�
gense type strain. The similarity between the pheno�
typic characteristics of strain B416 and those of H. fris�
ingense confirmed that the identification was correct.

It should be kept in mind that physiological and
biochemical characteristics are often unsuitable as a
decisive criterion for determination of the species
affiliation due to the scarcity of the differentiating
traits of “new” species, their intraspecific variability
being poorly studied (and cannot be studied if the spe�
cies is represented by a single strain), and that the data
from different articles published in prestigious scien�
tific journals often contradict each other.

The latter problem can be solved by experimental
comparison of the identified and type strains. If the
phenotypic differences are scarce or absent, the results
of genetic typing can serve as a decisive criterion for
determination of the species affiliation. The same
ribotypes and almost identical fingerprints of strain
B601 and H. huttiense DSM 10281T obtained using
different Rep primers provided direct evidence that
these microorganisms are closely related and that
strain B601 belongs to the species H. huttiense.

Genetic typing of strain 418 and B. xenovorans
DSM 17367T confirmed our doubts about the validity
of identification of strain 418 as B. xenovorans, which
had been raised by the results of phylogenetic analysis
of the 16S rRNA gene sequences. Importantly, the
type strain and the reliably identified B. xenovorans
strains isolated from geographically distant ecological
niches had the same ribotypes and insignificant differ�
ences in their BOX�PCR patterns [24]. At the same
time, strains G44�5 and G6�5 of the closely related
species B. phytofirmans, identification of which was
not subject to doubt, belonged to different (although
closely related) DGGE�BOX groups [29]. Therefore,
significant differences between the Rep�PCR finger�
prints of strain 418 and B. xenovorans DSM 17367T are
possibly due to intraspecific variability; thus, the
results of genotyping of these strains cannot be inter�

1 2 3 4 5 M

bp

3000

1000

500

Fig. 6. Genetic typing of strain 418 (lane 1), B. xenovorans
DSM 17367T (lane 2), B416 (lane 3), B601 (lane 4), and
H. huttiense DSM 10281T (lane 5) by BOX�PCR. M,
molecular weight marker, Gene RulerTM 100 bp Plus
DNA Ladder (Fermentas, Lithuania).
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preted unambiguously. According to phylogenetic
analysis of the 16S rRNA gene sequences, as well as on
the basis of its phenotypic characteristics, strain 418 is
most closely related to B. xenovorans. To determine
more precisely its taxonomic position, further analyses
are required, including DNA–DNA hybridization.
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