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Abstract

In this study, we evaluated if recA4 species-specific PCR assays could be successfully applied to identify environmental isolates of
the widespread Burkholderia cepacia complex (Bce) species. A total of 729 Bcee rhizosphere isolates collected in different samplings
were assigned to the species B. cepacia genomovar I (61), B. cenocepacia recA lineage 111B (514), B. ambifaria (124) and B. pyrrocinia
(30), by means of rec4 (RFLP) analysis, and PCR tests were performed to assess sensitivity and specificity of recA species-specific
primers pairs. B. cepacia genomovar I specific primers produced the expected amplicon with all isolates of the corresponding species
(sensitivity, 100%), and cross-reacted with all B. pyrrocinia isolates. On the contrary, B. cenocepacia 111B primers did not give the
expected amplicon in 164 B. cenocepacia 111B isolates (sensitivity, 68.1%), and isolates of distinct populations showed different sen-
sitivity. B. ambifaria primers failed to amplify a recA-specific fragment only in a few isolates of this species (sensitivity, 93.5%). The
absence of specific amplification in a high number of B. cenocepacia rhizosphere isolates indicates that recA specific PCR assays can

lead to an underestimation of environmental microorganisms belonging to this bacterial species.
© 2005 Federation of European Microbiological Societies. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Burkholderia cepacia complex (Bcc) is a heteroge-
neous group of bacteria, which includes nine closely re-
lated species: B. cepacia genomovar 1, B. multivorans,
B. cenocepacia, B. stabilis, B. vietnamiensis, B. dolosa,
B. ambifaria, B. anthina, and B. pyrrocinia [1-9]. In addi-
tion, within the species B. cenocepacia four lineages
based on recA gene polymorphism (IITA, IIIB, IIIC,
and IIID) have been found [8]. Bacteria belonging to
Bce, which comprises isolates originally described as
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plant pathogens [10], have emerged as opportunistic hu-
man pathogens in the 1980s, causing devastating lung
infections in patients with cystic fibrosis (CF) and being
responsible for various nosocomial infections in immu-
nocompromised patients [11]. At the same time, Bcc
organisms have been found widely distributed in natural
habitats such as the rhizosphere of several crop plants,
especially of maize [12,13], as well as river water
[14,15] and some urban soils [16], suggesting that the
natural environment may serve as a ‘‘reservoir’ for
pathogenic strains [17]. This hypothesis is reinforced
by genotyping data, which demonstrated identity among
certain isolates from CF patients and natural habitats
[18,19]. Since new acquisitions of Bcc by CF patients
after the introduction of infection control measures
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[20] could be due mainly to strains acquired from the
environment [20,21], the ability to detect and identify
bacteria belonging to all the Bcc species in natural hab-
itats enables definition of the biologic origin of strains
infecting CF patients and the risks posed to humans
by naturally occurring strains.

Reliable detection of Bec members requires efficient
and rapid identification tools. Analysis based on poly-
morphisms of 16S rDNA and recA genes have been
developed, but only recA-based tests have been proved
to identify effectively most Bcc species [22,23]. Among
these tests, specific PCR reactions for B. cepacia genom-
ovar I, B. multivorans, B. cenocepacia, B. stabilis, B. viet-
namiensis, B. dolosa, B. ambifaria, and B. anthina, can
represent a valid alternative to restriction fragment
length polymorphism (RFLP) analysis, because they
are less time-consuming and simpler to use in routine
analysis, compared to recA RFLP which is the basis
for Bec species identification. Indeed, specific PCR reac-
tions have successfully been used to assess the presence
of some of Bcc species in clinical samples [24]. As
PCR specific primers have been mainly designed on
the basis of recA sequence of clinical reference strains,
it raises the issue of their efficacy in identification of
environmental isolates. So far, very few studies have
dealt with the assessment of Bcc species in the natural
environment, and the efficacy of currently used tests
has never been thoroughly investigated on natural Bcc
populations. Where the efficacy of recA specific primers
pairs was evaluated on both environmental and clinical
isolates [25], it was not possible to assess the efficiency of
the primers pairs on the basis of the origin of bacterial
isolates as only the whole percentage of PCR positive
strains was reported.

In the present work, we aimed at assessing the effi-
ciency of recA species-specific PCR tests for the identifi-
cation of Bcc bacteria isolated from the natural
environment, in particular from the maize rhizosphere,
where they show significant diversity [12,26,27]. Bce rhi-
zosphere isolates belonging to different populations were
identified at the species level by means of rec4 RFLP
analysis and then subjected to specific PCR assays in or-
der to determine the sensitivity of recA4 specific primers,
i.e., the ability to specifically react with organisms
belonging to the corresponding species, and their speci-
ficity, i.e., the absence of cross-reaction with other
species.

2. Materials and methods
2.1. Strains
A total of 729 Bcc isolates recovered from the maize

rhizosphere were analysed. Among them, 465 were
recovered by using the semi-selective PCAT medium

[28] from the rhizosphere of maize plants cultivated in
three fields located in different Italian geographic sites:
S. Maria di Galeria, Rome (MC population), Pieve d’Ol-
mi, Cremona (MVP population), and Dragoni, Caserta
(MD population) [29-31]. The remaining 264 rhizo-
sphere isolates were recovered by means of the selective
TB-T medium [32] from the rhizosphere of maize plants
cultivated in Dragoni (MDIII-T population) (Pirone
et al., submitted). As two or three samplings were
performed at each site by using PCAT medium, each
bacterial population was divided into distinct sub-popu-
lations: MCI, MCII, and MCIII (MC population),
MVPC1 and MVPC2 (MVPC population), and MDI,
MDII, and MDIII-P (MD population).

2.2. RecA RFLP analysis and identification

DNA of each bacterial isolate was prepared by lysis
of 2-3 colonies grown overnight on Nutrient Agar
(NA, Difco), according to the method described by
Vandamme et al. [7]. RecA DNA amplification with spe-
cific primer pairs for Becc, BCR1 and BCR2, was per-
formed to assign isolates to Bcc by using the
procedure described by Mahenthiralingam et al. [22]
with the following modifications. Two micro-litres of
each bacterial lysate were used as template DNA, 0.5
U of Tag DNA polymerase (Polymed) and 1x Polymed
PCR buffer were added, and the reaction mixture was
cycled in a thermocycler (GeneAmp 9700 — Applied Bio-
systems). Amplified products were subjected to RFLP
analysis with the restriction enzyme Haelll (Takara)
[22]. The restriction patterns were manually analysed
and compared to those shown by Bcc reference strains
[33,34].

Some isolates had already been identified at the com-
plex level and, in certain cases, also at the species level in
previous work [26,27,29].

2.3. Species-specific recA PCR assay

Species-specific rec4A PCR were performed on cell
lysates by using the procedure described by Mahenthir-
alingam et al. [22], with the above described modifica-
tions for recA DNA amplification of Bcc. Specific
primer pairs for B. cepacia genomovar I (BCRGI1
and BCRGI12), B. cenocepacia recA lineages IITA
(BCRG3A1 and BCRG3A2) and IIIB (BCRG3BI1 and
BCRG3B2), and B. ambifaria (BCRGCI1 and BCRGC2)
were used [6,22], and amplification reactions were
performed using the annealing temperature reported
for each primer pair.

2.4. DNA sequence analysis

The reaction mixture containing the recA gene ampli-
fied with primers BCR1 and BCR2 was purified using
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the MinElute PCR purification kit (Qiagen) according
to the supplier’s instructions. Reactions were prepared
using Applied Biosystems Big Dye® Terminator
sequencing kit version 3.1, according to the manufac-
turer’s instructions. Thermal cycling was performed with
a gene Amp PCR System 9700 instrument (Applied Bio-
systems) and consisted of 30 cycles of 30 s at 94 °C, 30 s
at 48 °C and 4 min at 60 °C. Raw sequences from both
strands of the PCR products were visualized with Chro-
mas software, then aligned, and a consensus sequence
was derived using DNASTAR software (DNASTAR
Inc., Madison, WI). Analyses of sequences were per-
formed with the BLAST program run against the nr
(non-redundant) database (http://www.ncbi.nlm.nih.
gov/BLAST).

3. Results and discussion

According to previous work [15,22,35,36], Haelll
recA RFLP patterns (Fig. 1) allowed the assignment of
each Bcc isolate to its respective species. Isolates were
identified as follows: 61 B. cepacia genomovar I, 514
B. cenocepacia, 124 B. ambifaria, and 30 B. pyrrocinia.
All the 514 B. cenocepacia isolates belonged to the line-
age IIIB. This result, according to another study in
which the lineage I1IB was found highly diffuse in the
rhizosphere (Pirone et al., submitted), suggests that it
may be widespread in natural habitats. Species distribu-
tion among isolates recovered on both PCAT and TB-T
media is summarized in Table 1; for PCAT isolates, spe-
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Fig. 1. RFLP analysis of the 1-kb recA4 gene amplified from B. cepacia
complex strains: Haelll RFLP profiles. Lanes (left to right): “M”,
molecular size marker (100-bp ladder MBI-Fermentas); E, B. cepacia
genomovar I LMG 2161; K, B. cepacia genomovar 1 MCII-61; D, B.
cepacia genomovar I LMG 1222; M, B. pyrrocinia LMG 14191; J,
B. cenocepacia I1IB LMG 16654; 1, B. cenocepacia 111B MCII-46; AD,
B. cenocepacia 111B MDIIR-102; N, B. ambifaria LMG 19466; AE, B.
ambifaria MVPCI1-3; “M”, molecular size marker (100-bp ladder).

Table 1
Species distribution among B. cepacia complex (Bcc) rhizosphere
isolates recovered on both PCAT and TB-T medium

PCAT? TB-T°
Total Bee 465 264
B. cepacia genomovar | 14 47
B. cenocepacia 111B 321 193
B. ambifaria 107 17
B. pyrrocinia 23 7

# Isolates recovered on PCAT medium belonged to different bacterial
populations (see Table 2).

® Isolates recovered on TB-T medium belonged to one bacterial
population, named MDII-T.

cies distribution among the different populations and
sub-populations is reported in Table 2.

Given the presence of the species B. cepacia genom-
ovar I, B. cenocepacia, B. ambifaria and B. pyrrocinia
in the maize rhizosphere, we focused our investigation
on recA specific PCR tests for their detection and at-
tempted to correlate both their specificity and sensitivity
to the distinct RFLP patterns observed.

3.1. B. cepacia genomovar I and B. pyrrocinia

PCR analysis with B. cepacia genomovar 1 specific
primers BCRG11 and BCRG12 produced the expected
amplicon in all of the 61 rhizosphere isolates of B. cepa-
cia genomovar 1 (sensitivity, 100%). These primers also
gave the same amplicon in all B. pyrrocinia isolates
and did not amplify rec4 gene in isolates of other

Table 2
Rhizosphere populations of the different Bec species recovered on
PCAT medium

Population MC MC*  MCI® MCII® MCIII®
Total Bee 79 10 23 46

B. cepacia genomovar | 2 0 2 0

B. cenocepacia 111B 57 0 14 43

B. ambifaria 19 10 6 3

B. pyrrocinia 1 0 1 0
Population MVP MVP* MVP-CI® MVP-C2°

Total Bee 138 61 77

B. cepacia genomovar I 4 1 3

B. cenocepacia 111B 45 9 36

B. ambifaria 81 44 37

B. pyrrocinia 8 4 4

Population MD MD* MDI’ MDII® MDIII-P®
Total Bec 248 12 23 213

B. cepacia genomovar 1 8 1 0 7

B. cenocepacia 111B 219 9 16 194

B. ambifaria 7 0 4 3

B. pyrrocinia 14 2 3 9

# Bee populations MC, MVP, and MD were recovered from different
fields.

® Bee sub-populations represent distinct samplings performed for
each population at each field.
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Table 3
Percentage of isolates positive to specific PCR among rhizosphere Bce
isolates belonging to different species and showing different rec4 RFLP
patterns

Species RFLP No. of Specific PCR
pattern isolates positive (%)
B. cepacia D 23 100
genomovar [
E 21 100
K 17 100
B. pyrrocinia® Sel3 30 100
B. cenocepacia 1 41 60.0
J 40 97.6
AD 433 66.6
B. ambifaria N 77 98.7
AE 47 85.1

& Specific PCR reactions were performed with primer pair specific for
B. cepacia genomovar 1.

species. Results achieved are in agreement with those re-
ported by Vermis et al. [25], as far as both sensitivity and
cross-reactivity with B. pyrrocinia are concerned. No
cross-reactions were observed with primers specific for
other species in either B. cepacia genomovar I or B. pyr-
rocinia isolates.

Three out of four Haelll RFLP patterns reported in
the literature [22,25] were found among rhizosphere B.
cepacia genomovar I isolates (patterns D, E, and K, Ta-
ble 3) and a homogeneous distribution of all of them
was observed among the distinct populations (data not
shown).

Only one Haelll RFLP pattern —Sel3— [36] was
found to identify the 30 B. pyrrocinia isolates (23 from
PCAT and seven from TB-T).

PCR reactions performed on B. cepacia genomovar 1
environmental populations revealed a low specificity of
recA specific primers, that cross-reacted with all B. pyr-
rocinia isolates. Therefore, specific PCR for detection of
B. cepacia genomovar I strains can only be used if asso-
ciated with other analyses such as RFLP, and the devel-
opment of more specific primers pairs is suggested.

3.2. B. cenocepacia recA lineage IIIB

Among the 514 rhizosphere Bcc isolates assigned to
the species B. cenocepacia recA lineage IIIB, 350 gave
the specific amplicon with the primers BCRG3B1 and
BCRG3B2 (sensitivity, 68.1%). Sequence analysis of
the recA gene was performed on representative isolates
showing different RFLP patterns characteristic of B.
cenocepacia 11IB, and those which were negative by
PCR, in order to confirm their assignment to this spe-
cies. Indeed, recA4 sequence data were perfectly in agree-
ment with RFLP data, confirming the assignment of
these isolates to the species B. cenocepacia 111B.

Our sensitivity results are not in agreement with those
obtained by Vermis et al. [25], who showed a combined

sensitivity of 92% with specific primers for B. cenocepa-
cia recA lineages IIIA and IIIB. In that study, PCR re-
sults achieved with specific IITA and IIIB primers as well
as with clinical and environmental isolates were not re-
ported separately; on the contrary, here we focused
exclusively on environmental B. cenocepacia 111B iso-
lates, showing the absence of specific amplification with
IIIB specific primers in a relevant percentage (31.9%) of
them. These primers did not amplify recA gene in iso-
lates belonging to other species (specificity, 100%), and
no cross-reactions were observed in B. cenocepacia iso-
lates with primers specific for other species, neither with
primers specific for B. cenocepacia lineage IIIA, as pre-
viously reported [25].

Among the four patterns (H, I, J and AD) actually re-
ported to identify B. cenocepacia 111B [22,25], three were
observed in rhizosphere populations (patterns I, J, and
AD, Table 3), with a high prevalence of the pattern
AD which so far seems to be characteristic of environ-
mental isolates. Differences in specific PCR sensitivity
values were observed among isolates characterized by
these distinct RFLP patterns: 60.0% for I, 97.6% for J,
and 66.05% for AD (due to its highest prevalence, its
sensitivity value is close to that found for the whole B.
cenocepacia I11B sample). It has to be noted that J, asso-
ciated with the highest PCR sensitivity in B. cenocepacia
IIIB rhizosphere isolates, was not abundant among
them, whereas it was found to be spread among CF iso-
lates (data not shown). The reduced PCR sensitivity
associated with the most widespread pattern AD could
be partly explained by the fact that no reference strains
with the AD pattern were taken into account to set-up
BCRG3B1 and BCRG3B2 primers as they had been de-
signed before the discovery of this pattern in B. ceno-
cepacia I111B.

Some differences in sensitivity to I1IB specific primers
were found among B. cenocepacia isolates depending on
the sampling site. In fact, although the average sensitiv-
ity value calculated for all the 321 PCAT-isolates B.
cenocepacia 1IIB was 62.9%, the sensitivity varied
among different bacterial populations examined. The
MC population showed the highest sensitivity value
(98.2%), as only one MCII isolate (having the pattern
I) was negative by specific PCR. The MVP population
showed the lowest sensitivity value among all the popu-
lations examined (20.0%); it has to be noted that the pat-
tern I, according to its association with a low sensitivity
value, was particularly widespread in this population, as
it has been shown by 27.7% of PCR negative MVP iso-
lates. Finally, the sensitivity value obtained in MD pop-
ulation was 62.5%. Differences in PCR test sensitivity
have also been found within bacterial populations by
comparing sub-populations to each other, such as
MDI vs. MDII vs. MDIII-P (sensitivity values, 55.5%,
37.5% and 64.9%, respectively) and MVPCI1 vs. MVPC2
(sensitivity values, 9% and 21.2%, respectively).
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Concerning the sensitivity of specific primers for B.
cenocepacia I1IB recovered by using different culture
media, values of 64.9% and 76.7% were obtained by
MDIII-P and MDIII-T isolates, respectively. The higher
sensitivity value shown by TB-T isolates suggests that
these two selective media, that have previously been
found to exert some influence on biodiversity degree of
bacterial populations at the complex level [37], could
have some effect on the selection at the species level of
populations with some differences in recA sequence, as
revealed by both PCR sensitivity and RFLP pattern dis-
tribution (data not shown).

If compared to B. cepacia genomovar I specific prim-
ers, B. cenocepacia 111B specific primers revealed some
quite different features. In fact, the first showed low
specificity and high sensitivity, whereas the latter
showed high specificity and low sensitivity. Thus, the
fact that one primer pair is not enough to detect all
members belonging to B. cenocepacia 111B suggests that
other primer pairs should be developed to improve PCR
tests for this species.

3.3. B. ambifaria

Among the 124 B. ambifaria isolates, the majority
gave the amplicon of the expected size with the respec-
tive primers BCRGC1 and BCRGC2 (sensitivity,
93.5%). In fact, only eight PCAT isolates, among which
seven belonged to the sub-population MVPC2 and one
belonged to MCIII, gave a negative result in specific
PCR. Therefore, although we found that B. ambifaria
primers could result in a lack of amplification in a few
environmental isolates, our results are very close to the
100% sensitivity value previously reported [25]. Accord-
ing to previous data, these primers did not give amplifi-
cation with isolates of species different from B. ambifaria
(specificity, 100%), and no cross-reactions were observed
in B. ambifaria isolates with primers specific for other
species.

Two Haelll patterns of the three known for B. ambi-
faria [7], were observed among rhizosphere isolates of
this species (patterns N, and AE, Table 3). All MC iso-
lates and all but one MD isolate had the pattern N,
whereas a homogeneous distribution of both patterns
N and AE was observed among MVP isolates. With re-
gards to the absence of specific amplicons observed in
the different RFLP patterns (Table 3), we can observe
that seven out of eight PCR-negative isolates showed
the pattern AE although it was also widely abundant
among PCR-positive ones.

In conclusion, specific PCR assays performed on rhi-
zosphere isolates resulted in both high specificity and
sensitivity only in the species B. ambifaria. Therefore,
the B. ambifaria primer pair seems to be appropriate
to detect the environmental members belonging to this
species.

4. Conclusions

The lack of recA specific amplification revealed by
this study in a high number of environmental B. ceno-
cepacia isolates indicates that species-specific PCR can
lead to an underestimation of environmental microor-
ganisms belonging to this species. In fact, as here
pointed out by the analysis of a large number of rhizo-
sphere isolates recovered in different samplings, bacterial
populations characterized by different geographical ori-
gin and sampling time can exhibit differences in sensitiv-
ity to species-specific recA PCR assays, thus suggesting
that the use of this method may cause a bias in analysis
of natural populations. Although a reduced sensitivity
to specific PCR was in some cases associated with dis-
tinct RFLP patterns, data obtained are not sufficient
to establish any rules for PCR inefficiency, which prob-
ably simply depends on recA sequence variability. It is
yet to be assessed whether isolates recovered from other
natural habitats could show a reduced PCR sensitivity
associated with different RFLP patterns.

Indeed, a proper detection of B. cenocepacia is funda-
mental, as it accounts for the majority of Bce isolates in
CF patients, with particular attention to the recA line-
age IIIB since it has so far been recovered from both
CF patients and natural habitats. Although rec4 RFLP
analysis has so far been successfully employed to iden-
tify not only clinical isolates but also the environmental
ones, the limits shown by recA specific PCR assays sug-
gest that methods considered as useful tools for their
rapidity and precision in the detection of clinical strains
may fail when identifying Bcce isolates of natural origin.
Therefore, the assessment and optimisation of new iden-
tification tests for Bec species should be conducted not
only on clinical strains, but also on environmental
strains, to improve the detection of potential pathogenic
strains in natural habitats.
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