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Abstract
Gram-negative, aerobic, rod-shaped, non-spore-forming, motile bacteria, designated CBAS 719 T, CBAS 732 and CBAS 
720 were isolated from leaf litter samples, collected in Espírito Santo State, Brazil, in 2008. Sequences of the 16S rRNA, 
gyrB, lepA and recA genes showed that these strains grouped with Burkholderia plantarii LMG 9035 T, Burkholderia 
gladioli LMG 2216 T and Burkholderia glumae LMG 2196 T in a clade of phytopathogenic Burkholderia species. Digital 
DNA-DNA hybridization experiments and ANI analyses demonstrated that strain CBAS 719 T represents a novel species in 
this lineage that is very closely related with B. plantarii. The genome sequence of the type strain is 7.57 Mbp and its G + C 
content is 69.01 mol%. The absence of growth on TSA medium supplemented with 3% (w/v) NaCl, citrate assimilation, 
β-galactosidase (PNPG) activity, and of lipase C14 activity differentiated strain CBAS 719 T from B. plantarii LMG 9035 T, 
its nearest phylogenetic neighbor. Its predominant fatty acid components were C16:0, C18:1 ω7c, cyclo-C17:0 and summed 
feature 3 (C16:1 ω7c and/or C15:0 iso 2-OH). Based on these genotypic and phenotypic characteristics, the strains CBAS 719 T, 
CBAS 732 and CBAS 720 are classified in a novel Burkholderia species, for which the name Burkholderia perseverans sp. 
nov. is proposed. The type strain is CBAS 719 T (= LMG 31557 T = INN12T).
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The genus Burkholderia was proposed by Yabuuchi et al. 
[1] as a member of the family Burkholderiaceae [2]. This 
genus is diverse and comprises more than 100 validly named 
species in the List of Prokaryote names with Standing in 
Nomenclature (LPSN; www.​bacte​rio.​net/​burkh​older​ia.​html) 
[3]. Due to its phylogenetic diversity, this genus has recently 
been subdivided into Burkholderia sensu stricto (which 
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comprises species of the Burkholderia cepacia complex 
(BCC), B. pseudomallei group species and several phy-
topathogenic species) and the novel genera Paraburkholde-
ria, Caballeronia, Robbsia, Mycetohabitans and Trinickia 
[4–7]. Burkholderia species occupy different niches and may 
be isolated from plants, animals, soils and leaf litter [7–9]. 
These bacteria can be pathogens to plants and animals; how-
ever, many Burkholderia species may be beneficial, acting as 
biological control agents and plant growth promoters [8–10].

Isolation and ecology

In 2008, three leaf litter samples were collected in a sand-
bank located at Parque Estadual Paulo Cesar Vinha, Espírito 
Santo State, Brazil (20° 35′ 23″ S 40° 24′ 40″ W) [10]. This 
region is part of the Restinga ecosystem, a Brazilian coastal 
biome located in the eastern part of the country. It is charac-
terized by sandy, nutrient-poor and acidic soils with heavy 
influences from the Atlantic sea and the Atlantic forest. The 
biodiversity and biotechnological potential of the microbiota 
from this biome have been systematically studied by our 
research group [10–14]. Each sample, containing 10 g, was 
washed 15 times in running water, three times in water with 
a drop of tween 20 and two times in distilled water. Then, 
samples were mixed with 90 mL of distilled water, grinded 
for 1 min in a blender and tenfold serial dilutions were 
prepared. Aliquots of 100 µL were spread on malt extract 
agar (MEA; Acumedia) plates containing chloramphenicol 
(70 ppm). After 2 days of incubation at 28 °C, colonies were 
randomly selected and subcultured on LB medium (10 g 

tryptone, 5 g yeast extract, 10 g NaCl and 15 g agar). Pure 
cultures were maintained at − 80 °C in 40% (v/v) glycerol.

16S ribosomal RNA phylogeny

The collection included a group of 16 strains with 100% 
identical 16S rRNA gene sequences, which were selected for 
further studies. Genotyping with BOX-PCR showed that all 
strains were identical [10]. Strains CBAS 719 T, CBAS 732 
and CBAS 720 were selected because they were shown to 
produce volatile organic compounds (VOCs) with activity 
in vitro against Aspergillus welwitschiae and lowered the 
severity of bole rot of sisal (Agave sisalana) by 75–79% in 
field experiments [10]. The 16S rRNA gene sequences of 
strains CBAS 719 T, CBAS 732 and CBAS 720 were 99.5% 
identical to those of Burkholderia plantarii LMG 9035 T, 
and 99.4% identical to both Burkholderia gladioli LMG 
2216 T and Burkholderia glumae LMG 2196 T (Fig. 1).

gyrB, lepA and recA genes phylogeny

Partial sequences of the gyrB, lepA and recA genes of strains 
CBAS 719 T, CBAS 732 and CBAS 720 were obtained using 
the method described by Spilker et al. [15]. The PCR prod-
ucts were sequenced using an AB3500 sequencer according 
to the manufacturer’s instructions (Applied Biosystems). 
Sequences were assembled and edited with Sequencher v. 
5.4.6 (Gene Codes Corporation) and were compared with 
sequences deposited in public databases using the BLAST 

Fig. 1   Maximum likelihood 
tree based with 1118 ungapped 
positions of the multiple align-
ment of the 16S rRNA gene of 
Burkholderia perseverans sp. 
nov. and related species. The 
phylogenetic analysis was per-
formed employing the Tamura-
Nei substitution model with 
Gamma distribution and Invari-
ant sites. Bootstrap analysis 
employed 1000 re-samplings; 
only bootstrap support values 
above 70% are presented at 
the nodes. Paraburkholderia 
fungorum LMG 16225 T was 
used as outgroup. The scale 
bar indicates the number of 
substitutions per site. The new 
species is presented in bold font 
(T = ex-type). GenBank acces-
sion numbers are given between 
parentheses
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program [16]. All multiple alignments and phylogenetic 
analyses with the maximum likelihood method were per-
formed using MEGA v.6.0 software [17]. In an analysis 
of combined gyrB, lepA and recA gene sequences, strains 
CBAS 719 T, CBAS 732 and CBAS 720 were in a clade with 
a 100% bootstrap support (Fig. 2) containing B. plantarii 
LMG 9035 T, B. gladioli LMG 2216 T and B. glumae LMG 
2196 T, all phytopathogenic species. Burkholderia gladioli 
and Burkholderia glumae are basal in this clade indicating 
that B. plantarii LMG 9035 T and the taxon represented by 
the strains CBAS 719 T, CBAS 732 and CBAS 720 evolved 
more recently (Fig. 2). Similar results were also found in 
phylogenetic analyses performed for each gene separately 
(data not shown).

Genome features

The whole genome sequence of strain CBAS 719 T was 
obtained in an Illumina Hiseq platform (Macrogen) using 
the 125-bp paired-end TruSeq DNA PCR-free library kit. 
Sequencing yielded 30,766,864 reads, of which the quality 

was verified using the FastQC (v.0.11.5) program [18]. 
SPAdes (v.3.11.1) software was used for de novo assem-
bly of the reads [19]. Then, the contigs were ordered and 
extended into scaffolds using the software CONTIGuator 
(v.2.7.4) [20] and the B. plantarii LMG 9035 T (accession 
number GCA_001411805.1) genome sequence was used 
as reference. The gap-closure procedures were conducted 
using the tool FGAP (v.1.8.1) [21], BLASTn [16] and CLC 
Genomics Workbench (v.7.0) (Qiagen Inc.) respectively. The 
draft genome assembly is available in the GenBank database 
under accession numbers CP045094—CP045093.

The G + C content of strain CBAS 719 T as calculated 
from its genome was 69.01 mol%, a value similar to that of 
its closest neighboring species (Table 1). Digital DNA–DNA 
hybridization (dDDH) and average nucleotide identity (ANI) 
values were calculated using the Genome-to-Genome Dis-
tance Calculator 2.1 provided by the Leibniz Institute DSMZ 
website (http://​ggdc.​dsmz.​de/​distc​alc2.​php) and the JSpe-
ciesWS web service (http://​jspec​ies.​riboh​ost.​com/​jspec​
iesws/#​analy​se) [22] with the recommended parameters and/
or default settings, respectively. The dDDH value between 
strain CBAS 719 T and B. plantarii LMG 9035 T was 60.5% 

Fig. 2   Maximum likelihood tree based on 1524 ungapped positions 
of the combined multiple alignment of gyrB, lepA and recA genes 
from B. perseverans sp. nov. and phylogenetically related species of 
the genus Burkholderia. The phylogenetic analysis was performed 
using the Tamura 3-parameter substitution model with Gamma dis-
tribution. Bootstrap analysis employed 1000 re-samplings; only boot-

strap support values above 70% are presented at the nodes. Parabur-
kholderia fungorum LMG 16225 T was used as outgroup. The scale 
bar indicates the number of substitutions per site. The new species is 
presented in bold font (T = ex-type). GenBank accession numbers are 
given between parentheses (gyrB = green, lepA = blue, recA = red)

http://ggdc.dsmz.de/distcalc2.php
http://jspecies.ribohost.com/jspeciesws/#analyse
http://jspecies.ribohost.com/jspeciesws/#analyse
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(with 57.7–63.3% as confidence interval); the corresponding 
ANI value was 94.8%. Both values were near, but below, 
the thresholds of 70% dDDH [23, 24] and 95% ANI [24] for 
bacterial species delineation, indicating that strain CBAS 
719 T represents a distinct species (Table 1).

Physiology and chemotaxonomy

Phenotypic analyses of strains CBAS 719 T, CBAS 732 and 
CBAS 720 and of the type and reference strains of B. plan-
tarii, B. gladioli and B. glumae (Table 2) were performed 
after cultivation of cells on tryptone soya agar (TSA, Oxoid) 
at 28 °C unless indicated otherwise. Cell morphology and 
motility were observed by phase-contrast microscopy. Oxi-
dase activity was detected by immersion of cells in 1% 
N,N,N’,N’-tetramethyl p-phenylenediamine solution and 
catalase activity was determined by bubble formation after 
flooding colonies with 10% H2O2. Lipase activity was deter-
mined according to the method described by Sierra [26]. 
Growth on MacConkey agar was observed after 48 h of 
incubation at 28 °C. Starch hydrolysis was observed after 
48 h of incubation at 28 °C in TSA supplemented with 2% 
starch. DNase activity was assessed after 48 h of incuba-
tion at 28 °C on DNase test agar (BD Difco), according 
to the method of Jeffries et al. [27]. Casein hydrolysis was 
determined after 48 h of incubation at 28 °C on TSA plates 
supplemented with 1.3% skimmed milk, through the obser-
vation of clear haloes around colonies. Growth on cetrimide 
and blood agar medium was observed after 48 h of incuba-
tion at 28 °C. Growth on medium with tween 20, 40, 60 and 
80 was observed after 24 h of incubation at 28 °C. Nitrate 
reduction was determined on TSA medium supplemented 
with 10 mM KNO3. Growth was tested at 28 °C in nutrient 
broth (BD Difco) at pH 4–9 using appropriate biological 
buffers (acetate, citrate/Na2HPO4, phosphate buffer and Tris/
HCl).

Growth on TSA was tested at 4, 15, 20, 28, 37, 40, 42 
and 45 °C (aerobic conditions), and at 28 °C in anaerobic 
conditions using the Anaero Pack system (Mitsubishi Gas 
Chemicals). Growth in tryptone soya broth was tested in the 
presence of 0–10.0% (w/v) NaCl at intervals of 1.0% units. 

Other biochemical tests were performed by inoculating in 
API 20NE and API ZYM strips (bioMérieux) according to 
the manufacturer’s instructions and incubating for 48 h at 
28 °C or for 4 h at 28 °C, respectively. The results of the 
biochemical analyses, and in particular lipase C14 activity, 
differentiated the novel taxon from B. plantarii LMG 9035 T 
(Table 2). In addition, although variable reactions were 
observed in the novel taxon, the type strain CBAS 719 T 
could further be distinguished from the B. plantarii–type 
strain by the absence of growth on TSA medium supple-
mented with 3% (w/v) NaCl, citrate assimilation and of 
β-galactosidase (PNPG) activity.

Whole-cell fatty acid methyl esters were extracted accord-
ing to the MIDI protocol (http://​www.​young​in.​com/​appli​cat-
ion/​AN-​0505-​0002EN.​pdf). After a 24-h incubation period 
at 28 °C on trypticase soya broth (BD Difco) supplemented 
with 1.5% (w/v) bacto™ agar (BD Difco), a loopful of cells 
was harvested and fatty acid methyl esters were prepared. 
The profiles were generated using an Agilent Technologies 
6890 N gas chromatograph and identified and clustered 
using the Microbial Identification System software and 
MIDI TSBA database v.5.0. The analysis revealed that the 
most abundant fatty acids in the strains CBAS 719 T, CBAS 
732 and CBAS 720 and in the B. plantarii, B. gladioli and 
B. glumae reference strains were C16:0, C18:1 ω7c, cyclo-C17:0 
and summed feature 3 (C16:1 ω7c and/or C15:0 iso 2-OH) 
(Table S1). The fatty acid components that represented 
more than 1% of the total were as follows: C12:0, C13:1, C14:0, 
C16:0, C18:1 ω7c, cyclo-C17:0, cyclo-C19:0 ω8c, C16:0 3-OH, 
C18:1 2-OH, summed feature 2 (C12:0 aldehyde and/or C14:0 
3-OH and/or C16:1 iso) and summed feature 3 (C16:1 ω7c 
and/or C15:0 iso 2-OH). The most discriminating fatty acids 
between the novel taxon represented by the strains CBAS 
719 T, CBAS 732 and CBAS 720 and B. plantarii were C13:1, 
C18:1 ω7c, cyclo-C17:0, cyclo-C19:0 ω8c and summed feature 
3 (Table S1). The overall fatty acid profile of the new taxon 
supports its placement in the genus Burkholderia [1].

Strains were cultured twice on nutrient agar prior to 
MALDI-TOF MS analysis. Cell pellets and extracts for 
MALDI-TOF MS were prepared as described by Wieme 
et al. [25]. Cell extracts (1 µL) were spotted in duplicate 
on a Bruker target plate. Subsequently, the spots were 

Table 1   dDDH and ANI values between the genome of B. persever-
ans CBAS 719 T as query genome and that of closely related species. 
ANI values were calculated using JSpecies with the ANIb algorithm 
(average nucleotide identity based on BLAST). Numbers between 

parentheses after ANI values are percentages of conserved aligned 
DNA between two genomes; numbers between parentheses after 
dDDH values are the confidence intervals

Query genome Reference genome Bioproject NCBI number Size (mb) G + C (mol %) dDDH (%) ANI (%)

B. perseverans CBAS 719 T B. perseverans CBAS 719 T PRJNA573627 7.57 69.01 100 100
B. perseverans CBAS 719 T B. plantarii LMG 9035 T PRJNA237833 8.08 68.55 60.5 (57.7–63.3) 94.8 (75.9)
B. perseverans CBAS 719 T B. glumae LMG 2196 T PRJNA259679 6.82 68.18 44.8 (42.2–47.3) 91.2 (53.8)
B. perseverans CBAS 719 T B. gladioli LMG 2216 T PRJNA238809 8.90 67.63 29.6 (27.3–32.1) 85.1 (53.9)

http://www.youngin.com/application/AN-0505-0002EN.pdf
http://www.youngin.com/application/AN-0505-0002EN.pdf
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overlaid with 1 µL of matrix solution, which consisted 
of 10 mg α-cyano-4-hydroxycinnamic acid dissolved in 
1 mL acetonitrile:trifluoroacetic acid:Milli-Q (50:2.5:47.5) 
water-solvent. Prior to the analysis, the mass spectrometer 
was externally calibrated using the Bacterial Test Stand-
ard (Bruker Daltonik, Germany). Samples were analyzed 
automatically using the Bruker Microflex™ LT/SH smart 
instrument (flexControl version 3.4). The flexAnalysis 
Batch Process (Bruker Daltonik, Germany) was used to 
convert the mass spectra into text files that were subse-
quently used as input files in the BioNumerics 7.6.3 soft-
ware package (Applied Maths, Belgium). Curve-based data 
analysis of mass spectra was performed using the Pearson 
product-moment correlation coefficient and the UPGMA 
(Unweighted Pair Group method with Arithmetic Mean) 
cluster algorithm. MALDI-TOF MS analysis revealed 
that the isolates CBAS 719 T, CBAS 732 and CBAS 720 
displayed similar mass spectra that differed from those of 
closely related species, confirming their unique taxonomic 
position (Fig. 3).

The phenotypic, chemotaxonomic and genomic data pre-
sented in this study demonstrated that strains CBAS 719 T, 
CBAS 732 and CBAS 720 represent a novel species in the 
genus Burkholderia that can be distinguished from its near-
est phylogenetic neighbors, both phenotypically and geno-
typically. This bacterium is closely related to B. plantarii, 
B. glumae and B. gladioli, which are pathogens of various 
plants including Oryza sativa, Gladiolus sp. and Vanda sp. 
[28]. The novel species did not cause disease on sisal and 
onion, both monocotyledon plant species [10].

Antagonistic activity against plant 
pathogens

The effect of volatile organic compounds (VOCs) produced 
by different strains of the newly described Burkholderia spe-
cies on mycelial growth of plant pathogens was evaluated 
in Petri plates split into two compartments, both containing 
the MEA medium. A 100-μL aliquot of suspension of each 
bacterial strain adjusted to OD600 = 0.05 was spread on one 
of the compartments and a 5-mm diam mycelial disc of each 
tested plant pathogen, including Aspergillus welwitschiae 
131, Moniliophthora perniciosa CEPEC/CEPLAC 2421 and 
Phytophthora palmivora CEPEC/CEPLAC 1913, was placed 
at the centre of opposite compartments in the same plate. 

Table 2   Differential biochemical characteristics of B. perseverans 
sp. nov. and phylogenetically related species. Species: (1) B. perse-
verans sp. nov. CBAS 719 T, CBAS 732 and CBAS 720; (2) B. plan-
tarii LMG 9035  T and LMG 10,911; (3) B. gladioli LMG 2216  T, 
LMG 11,626 and LMG 18,920; (4) B. glumae LMG 2196  T, LMG 
19,583 and R-21928. All data were obtained in the present study. + , 
positive; w, weakly positive; v + , variable among strains of the spe-
cies but the type strain has the ability; v − , variable among strains of 
the species but the type strain does not have the ability; vw, variable 
among strains but weak in type strain; w − , weak in some strains but 
negative in type strain; − , negative. Culture medium: MacConkey 
Agar, + fermented lactose, − lactose is not fermented, v + variable 
among strains of the species but the type strain fermented lactose, 
v − variable among strains of the species but the type strain lactose 
is not fermented; blood agar, + causes hemolysis, − does not cause 
hemolysis, v + variable among strains of the species but the type 
strain causes hemolysis, v − variable among strains of the species but 
the type strain does not cause hemolysis

Characteristic 1 2 3 4

Growth at:
  40 °C w vw  +   + 
  pH 8  −  v −  w w
  3% NaCl v −   +  v +   + 
  4% NaCl  −  v −  v +  w
  5% NaCl  −  v −  w vw
  6% NaCl  −   −  vw  − 
  7% NaCl  −   −  vw  − 
  Tween 20  +   +   +   + 
  Tween 40  +   +   +   + 
  Tween 60  +   +   +   + 
  Tween 80  +   +   +   + 

Culture medium:
  Blood agar  −   −   −  v − 
  Cetrimide agar  −   −  vw  − 
  MacConkey agar  −   −   −  v − 
  TSA + 10 mM KNO3  +   +   −  v + 

Hydrolysis of:
  Casein v +   +  v +  v − 
  Starch v +   +  v +  v + 

API 20NE:
  Esculin hydrolysis  −   −   −  v − 
  Gelatin liquefaction  +   +  v +   + 
  Nitrate reduction  +   +  v −  v + 
  PNPG β-galactosidase v −   +  v +   + 

Assimilation of:
  Adipate v −   −  v +   − 
  Caprate  −  v −   +   − 
  Citrate v −   +   +   + 
  Malate  +   +   +  v + 
  Phenylacetate  −   −  v +   − 

API ZYM:
  Alkaline phosphatase  +   +   +  v + 
  Butyrate esterase (C4)  +   +   +  v − 
  β-galactosidase  −   −   −  v − 
  β-glucosidase  −   −   −  v − 

Table 2   (continued)

Characteristic 1 2 3 4

  Myristate lipase (C14)  −   +   +   + 
  Valine arylamidase  −  v −  v +  v − 
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Each combination of bacterial strain and plant pathogen was 
tested separately in the same experiment and the pathogens 
without the bacterial treatments served as controls. Plates 
were sealed with parafilm and incubated at 28 °C for 8 days. 
Mycelial growth was measured daily and the average inhi-
bition in relation to the control was determined. Analysis 
of variance and mean separation with Tukey’s test at 5% 

probability were done by using the R software [29]. The 
experiment was arranged in a completely randomized design 
with four replicates and was performed two times with sim-
ilar results. The three different strains of the novel Burk-
holderia species produced VOCs that significantly inhibited 
mycelial growth of A. welwitschiae, M. perniciosa and P. 
palmivora (Fig. 4), which represent diverse groups of plant 

Fig. 3   Curve-based cluster anal-
ysis using the Pearson product-
moment correlation coefficient 
and the UPGMA cluster algo-
rithm of mass spectra generated 
from B. perseverans sp. nov. 
and the type strains of its closest 
phylogenetic neighbors. The 
mass spectra were obtained in 
the MALDI-TOF MS analysis 
with cell extracts prepared from 
pelleted bacterial cells

Fig. 4   Inhibition of mycelial growth of diverse plant pathogens by 
three strains of B. perseverans sp. nov. The experiment was done in 
Petri plates split into two compartments containing the MEA medium 
and the controls were the pathogens growing without bacterial strains 
on the other compartment. Plates were incubated for 8 days and the 

average percentage of inhibition in relation to the respective con-
trol was determined. Different letters indicate significant differences 
according to Tukey’s test (p ≤ 0.05). Error bars represent the standard 
error of the means. Comparisons should be done only among differ-
ent bacterial strains for the same plant pathogen
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pathogens. The in vitro inhibition in relation their respec-
tive controls varied from 70 to 78% against A. welwitschiae 
and from 80 to 84% against M. perniciosa and P. palmivora 
(Fig. 4).

We have previously shown in in vitro and field experi-
ments that this bacterium can be used as a biological con-
trol agent that produces volatile and diffusible organic com-
pounds that are able to inhibit mycelial growth and spore 
germination of A. welwitschiae, which is the main etiologi-
cal agent of the bole rot disease of sisal [10]. This crop pos-
sesses great socio-economic importance since it is cultivated 
employing familiar labor and Brazil is the main producer 
[30, 31].

Description of Burkholderia perseverans sp. 
nov.

Burkholderia perseverans sp. nov. (per.se.ve’rans, L. fem. 
part. pres. as reference to the environment from which this 
species was isolated, characterized by adverse conditions 
including low humidity, high temperatures and poor and 
acidic sandy soils). Gram-negative, aerobic, motile, non-
spore-forming rods, about 1.0–3.0 µm long. Colonies were 
round, with smooth margins, a low convex elevation, and a 
non-pigmented and translucent appearance, and are 1 mm 
in diameter after 72 h of growth on TSA at 28 °C. Growth 
occurred well at 15–37 °C and weakly at 40 °C, at pH 6–7 
at 28 °C and with 0–3% (variable; type strain negative) 
(w/v) NaCl. It grew on MacConkey agar, but lactose was 
not fermented. It grew on blood agar, but did not produce 
hemolysis. It grew on medium with tween 20, 40, 60 and 
80, and on TSA with 10 mM of KNO3. It did not grow on 
cetrimide agar. Casein and starch hydrolysis were strain 
dependent but the type strain was positive. It has no DNase 
activity. Catalase and oxidase activities were observed. In 
API 20NE strips, nitrate was reduced, and glucose, arab-
inose, mannose, mannitol, N-acetylglucosamine, gluconate 
and malate were assimilated, but not maltose, phenylacetate, 
caprate, adipate (variable; type strain negative) or citrate 
(variable; type strain negative). It is negative for fermenta-
tion of glucose, activities of tryptophanase, arginine dihy-
drolase, urease, β-galactosidase (PNPG) (variable; type 
strain negative) and hydrolysis of aesculin, but positive for 
gelatin liquefaction. When tested by using API ZYM strips, 
activities of the following enzymes were positive: alkaline 
and acid phospatases, leucyl arylamidase, phosphoamidase, 
C4 lipase and C8 lipase; activities were negative for C14 
lipase, valine and cystine arylamidases, trypsin, chymot-
rypsin, α-galactosidase, β-galactosidase, β-glucuronidase, 
α-glucosidase, α-glucosidase, N-acetyl-β-glucosaminidase, 
α- mannosidase and α-fucosidase. The most abundant fatty 

acids were C16:0, C18:1 ω7c, cyclo-C17:0 and summed feature 
3 (C16:1 ω7c and/or C15:0 iso 2-OH).

Protologue

The type strain, CBAS 719 T (= LMG 31557 T = INN12T), 
was isolated from leaf litter samples at Espírito Santo prov-
ince, Brazil, in 2008. The DNA G + C content of the type 
strain was 69.01 mol%. The draft genome sequence of type 
strain is 7.57 Mbp consisting of two chromosomes, which 
have been deposited in DDBJ/EMBL/GenBank under acces-
sion numbers CP045094—CP045093.

Abbreviations  ANI: Average nucleotide identity; Bcc: Burkholderia 
cepacia Complex; dDDH: Digital DNA-DNA hybridization; ML: Max-
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Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s42770-​021-​00560-w.

Funding  We thank the BCCM/LMG Bacteria Collection which is sup-
ported by the Federal Public Planning Service–Science Policy, Bel-
gium. The authors thank the financial support of CAPES and CNPq, 
Brazil. JPA acknowledges a doctoral fellowship from Fundação de 
Amparo a Pesquisa do Estado da Bahia (BOL1266/2017) and JTS 
acknowledges a productivity scholarship from CNPq.

Declarations 

Conflict of interest  The authors declare no competing interests.

References

	 1.	 Yabuuchi E, Kosako Y, Oyaizu H, Yno I, Hotta H et al (1992) 
Proposal of Burkholderia gen. nov. and transfer of seven species 
of the genus Pseudomonas homology group II to the new genus, 
with the type species Burkholderia cepacia (Palleroni and Holmes 
1981) comb. nov. Microbiol Immunol 36:1251–1275. https://​doi.​
org/​10.​1111/j.​1348-​0421.​1992.​tb021​29.x

	 2.	 Garrity GM, Bell JA, Lilburn T (2005) Family I. Burkholderiaceae 
fam. nov. In: Brenner DJ, Krieg NR, Staley JT, Garrity GM. (edi-
tors) Bergey’s manual of systematic bacteriology, second edition, 
vol. 2 (The Proteobacteria), part C (The Alpha-, Beta-, Delta-, and 
Epsilonproteobacteria). New York: Springe p.575. https://​doi.​org/​
10.​1002/​97811​18960​608.​fbm00​181

	 3.	 Euzéby JP (1997) List of bacterial names with standing in nomen-
clature: a folder available on the internet. Int J Syst Evol Microbiol 
47:590–592. https://​doi.​org/​10.​1099/​00207​713-​47-2-​590

	 4.	 Sawana A, Adeolu M, Gupta RS (2014) Molecular signatures and 
phylogenomic analysis of the genus Burkholderia: proposal for 
division of this genus into the emended genus Burkholderia con-
taining pathogenic organisms and a new genus Paraburkholderia 
gen. nov. harboring environmental species. Front Genet 5:429. 
https://​doi.​org/​10.​3389/​fgene.​2014.​00429

	 5.	 Dobritsa AP, Samadpour M (2016) Transfer of eleven species of 
the genus Burkholderia to the genus Paraburkholderia and pro-
posal of Caballeronia gen. nov. to accommodate twelve species 

https://doi.org/10.1007/s42770-021-00560-w
https://doi.org/10.1111/j.1348-0421.1992.tb02129.x
https://doi.org/10.1111/j.1348-0421.1992.tb02129.x
https://doi.org/10.1002/9781118960608.fbm00181
https://doi.org/10.1002/9781118960608.fbm00181
https://doi.org/10.1099/00207713-47-2-590
https://doi.org/10.3389/fgene.2014.00429


	 Brazilian Journal of Microbiology

1 3

of the genera Burkholderia and Paraburkholderia. Int J Syst Evol 
Microbiol 66:2836–2846. https://​doi.​org/​10.​1099/​ijsem.0.​001065

	 6.	 Lopes-Santos L, Castro DBA, Ferreira-Tonin M, Corrêa DBA, 
Weir BS et al (2017) Reassessment of the taxonomic position of 
Burkholderia andropogonis and description of Robbsia andropo-
gonis gen. nov., comb. nov. Antonie van Leeuwenhoek 110:727–
736. https://​doi.​org/​10.​1007/​s10482-​017-​0842-6

	 7.	 Estrada-de los Santos P, Palmer M, Chávez-Ramírez B, Beukes 
C, Steenkamp ET et al (2018) Whole Genome analyses suggests 
that Burkholderia sensu lato contains two additional novel genera 
(Mycetohabitans gen. nov., and Trinickia gen. nov.): implications 
for the evolution of diazotrophy and nodulation in the Burkholde-
riaceae. Genes 9:389. https://​doi.​org/​10.​3390/​genes​90803​89

	 8.	 Coenye T, Vandamme P (2003) Diversity and significance of Bur-
kholderia species occupying diverse ecological niches. Environ 
Microbiol 5:719–729. https://​doi.​org/​10.​1046/j.​1462-​2920.​2003.​
00471.x

	 9.	 Eberl L, Vandamme P (2016) Members of the genus Burkholderia: 
good and bad guys. F1000Res 5:1007. https://​doi.​org/​10.​12688/​
f1000​resea​rch.​8221.1

	10.	 Magalhães VC, Barbosa LO, Andrade JP, Soares ACF, De Souza 
JT, Marbach PAS (2017) Burkholderia isolates from a sand dune 
leaf litter display biocontrol activity against the bole rot disease of 
Agave sisalana. Biol Control 112:41–48. https://​doi.​org/​10.​1016/j.​
bioco​ntrol.​2017.​06.​005

	11.	 Andrade JP, Bispo ASR, Marbach PAS, Nascimento RP (2011) 
Production and partial characterization of cellulases from Tricho-
derma sp. IS-05 isolated from sandy coastal plains of Northeast 
Brazil. Enzyme Res 1–7. https://​doi.​org/​10.​4061/​2011/​167248

	12.	 Crous PW, Shivas RG, Quaedvlieg W, van der Bank M, Zhang Y 
et al (2014) Fungal Planet description sheets: 214–280. Persoonia 
32:184–306. https://​doi.​org/​10.​3767/​00315​8514X​682395

	13.	 Crous PW, Luangsa-ard JJ, Wingfield MJ, Carnegie AJ, Hernán-
dez-Restrepo M et al (2018) Fungal Planet description sheets: 
785–867. Persoonia 41:238–417. https://​doi.​org/​10.​3767/​perso​
onia.​2018.​41.​12

	14.	 Crous PW, Carnegie AJ, Wingfield MJ, Sharma R, Mughini G 
et al (2019) Fungal Planet description sheets: 868–950. Persoonia 
42:291–473. https://​doi.​org/​10.​3767/​perso​onia.​2019.​42.​11

	15.	 Spilker T, Baldwin A, Bumford A, Dowson CG, Mahenthiral-
ingam E, Lipuma JJ (2009) Expanded multilocus sequence typing 
for Burkholderia species. J Clin Microbiol 47:2607–2610. https://​
doi.​org/​10.​1128/​JCM.​00770-​09

	16.	 Altschul SF, Madden TL, Schäffer AA, Zhang J, Zhang Z et al 
(1997) Gapped BLAST and PSI-BLAST: a new generation of pro-
tein database search programs. Nucleic Acids Res 25:3389–3402. 
https://​doi.​org/​10.​1093/​nar/​25.​17.​3389

	17.	 Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013) 
MEGA6: molecular evolutionary genetics analysis version 6.0. 
Mol Biol Evol 30:2725–2729. https://​doi.​org/​10.​1093/​molbev/​
mst197

	18.	 Andrews S (2010) FastQC: a quality control tool for high through-
put sequence data. Available online at: http://​www.​bioin​forma​tics.​
babra​ham.​ac.​uk/​proje​cts/​fastqc. Accessed November 2019

	19.	 Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M et al 
(2012) SPAdes: a new genome assembly algorithm and its appli-
cations to single-cell sequencing. J Comput Biol 19:455–477. 
https://​doi.​org/​10.​1089/​cmb.​2012.​0021

	20.	 Galardini M, Biondi EG, Bazzicalupo M, Mengoni A (2011) 
CONTIGuator: a bacterial genome finishing tool for structural 
insights on draft genomes. Source Code Biol Med 6:11. https://​
doi.​org/​10.​1186/​1751-​0473-6-​11

	21.	 Piro VC, Faoro H, Weiss VA, Steffens MB, Pedrosa FO, Souza 
EM, Raittz RT (2014) FGAP: an automated gap closing tool. 
BMC Res Notes 7:371. https://​doi.​org/​10.​1186/​1756-​0500-7-​371

	22.	 Richter M, Rosselló-Móra R, Glöckner FO, Peplies J (2015) 
JSpeciesWS: a web server for prokaryotic species circumscrip-
tion based on pairwise genome comparison. Bioinformatics 
32:929–931. https://​doi.​org/​10.​1093/​bioin​forma​tics/​btv681

	23.	 Meier-Kolthoff JP, Auch AF, Klenk HP, Goker M (2013) Genome 
sequence-based species delimitation with confidence intervals and 
improved distance functions. BMC Bioinformatics 14:60. https://​
doi.​org/​10.​1186/​1471-​2105-​14-​60

	24.	 Goris J, Konstantinidis KT, Klappenbach JA, Coenye T, Van-
damme P, Tiedje JM (2007) DNA–DNA hybridization values 
and their relationship to whole-genome sequence similarities. 
Int J Syst Evol Microbiol 57:81–91. https://​doi.​org/​10.​1099/​ijs.0.​
64483-0

	25.	 Wieme AD, Spitaels F, Aerts M, De Bruyne K, Landschoot AV, 
Vandamme P (2014) Identification of beer-spoilage bacteria using 
matrix-assisted laser desortion/ionization time-of-flight mass 
spectrometry. Int J Food Microbiol 185:41–50. https://​doi.​org/​
10.​1016/j.​ijfoo​dmicro.​2014.​05.​003

	26.	 Sierra G (1957) A simple method for the detection of lipolytic 
activity of micro-organisms and some observations on the influ-
ence of the contact between cells and fatty substrates. Antonie van 
Leeuwenhoek 23:15–22. https://​doi.​org/​10.​1007/​BF025​45855

	27.	 Jeffries CD, Holtman DF, Guse DG (1957) Rapid method for 
determining the activity of microorganisms on nucleic acids. J 
Bacteriol 73:590–591

	28.	 Coenye T, Holmes B, Kersfers K, Govan JRW, Vandamme P 
(1999) Burkholderia cocovenenans (van Damme et al. 1960) Gil-
lis et al. 1995 and Burkholderia vandii Urakami et al. 1994 are 
junior synonyms of Burkholderia gladioli (Severini 1913) Yabu-
uchi et al. 1993 and Burkholderia plantarii (Azegami et al. 1987) 
Urakami et al. 1994, respectively. Int J Syst Bacteriol 49:37–42. 
https://​doi.​org/​10.​1099/​00207​713-​49-1-​37

	29.	 R Core Team (2016) R: a language and environment for sta-
tistical computing. R Foundation for Statistical Computing, 
Vienna. https://​www.R-​proje​ct.​org/. Accessed November 2019

	30.	 Santos POD, Silva ACMD, Corrêa ÉB, Magalhães VC, De Souza 
JT (2014) Additional species of Aspergillus causing bole rot dis-
ease in Agave sisalana. Trop Plant Pathol 39(4):331–334. https://​
doi.​org/​10.​1590/​S1982-​56762​01400​04000​08

	31.	 Duarte EAA, Damasceno CL, Oliveira TASD, Barbosa LDO, 
Martins FM, Silva JRDQ, Lima TEF, Silva RM, Kato RB, Bor-
toline DE, Azevedo V, Góes-Neto A, Soares ACF (2018) Putting 
the mess in order: Aspergillus welwitschiae (and not A. niger) 
is the etiological agent of sisal bole rot disease in Brazil. Front 
Microbiol 9:1–21. https://​doi.​org/​10.​3389/​fmicb.​2018.​01227

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1099/ijsem.0.001065
https://doi.org/10.1007/s10482-017-0842-6
https://doi.org/10.3390/genes9080389
https://doi.org/10.1046/j.1462-2920.2003.00471.x
https://doi.org/10.1046/j.1462-2920.2003.00471.x
https://doi.org/10.12688/f1000research.8221.1
https://doi.org/10.12688/f1000research.8221.1
https://doi.org/10.1016/j.biocontrol.2017.06.005
https://doi.org/10.1016/j.biocontrol.2017.06.005
https://doi.org/10.4061/2011/167248
https://doi.org/10.3767/003158514X682395
https://doi.org/10.3767/persoonia.2018.41.12
https://doi.org/10.3767/persoonia.2018.41.12
https://doi.org/10.3767/persoonia.2019.42.11
https://doi.org/10.1128/JCM.00770-09
https://doi.org/10.1128/JCM.00770-09
https://doi.org/10.1093/nar/25.17.3389
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1093/molbev/mst197
http://www.bioinformatics.babraham.ac.uk/projects/fastqc
http://www.bioinformatics.babraham.ac.uk/projects/fastqc
https://doi.org/10.1089/cmb.2012.0021
https://doi.org/10.1186/1751-0473-6-11
https://doi.org/10.1186/1751-0473-6-11
https://doi.org/10.1186/1756-0500-7-371
https://doi.org/10.1093/bioinformatics/btv681
https://doi.org/10.1186/1471-2105-14-60
https://doi.org/10.1186/1471-2105-14-60
https://doi.org/10.1099/ijs.0.64483-0
https://doi.org/10.1099/ijs.0.64483-0
https://doi.org/10.1016/j.ijfoodmicro.2014.05.003
https://doi.org/10.1016/j.ijfoodmicro.2014.05.003
https://doi.org/10.1007/BF02545855
https://doi.org/10.1099/00207713-49-1-37
https://www.R-project.org/
https://doi.org/10.1590/S1982-56762014000400008
https://doi.org/10.1590/S1982-56762014000400008
https://doi.org/10.3389/fmicb.2018.01227

	Burkholderia perseverans sp. nov., a bacterium isolated from the Restinga ecosystem, is a producer of volatile and diffusible compounds that inhibit plant pathogens
	Abstract
	Isolation and ecology
	16S ribosomal RNA phylogeny
	gyrB, lepA and recA genes phylogeny
	Genome features
	Physiology and chemotaxonomy
	Antagonistic activity against plant pathogens
	Description of Burkholderia perseverans sp. nov.
	Protologue
	References


