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rDNA phylogenetic tree constructed with these isolates 
and GenBank deposits of strains recommended for inocu-
lant production confirm these isolates are distinct from the 
previously deposited strains, whereas isolates PE-CR02, 
PE-CR4, PE-CR07, PE-CR09 and PE-GE06 were the most 
distinct within the group. Morphophysiological characteri-
zation and BOX, ERIC and REP compilation enhanced the 
discrimination of the isolates, and the 16S rDNA sequences 
compared with GenBank confirmed the preference of 
Mimosa for Burkholderia diazotrophic bacteria.

Keywords  Biological nitrogen fixation · rep-PCR · 16S 
rDNA · Genetic diversity · Phylogeny

Introduction

Mimosa caesalpiniifolia Benth. is a species of legume that 
is native to northeastern Brazil and is characterized by rapid 
growth, high regeneration capacity and drought resistance. 
It is considered a type of multi-use plant because it provides 
a food source for cattle, especially during the dry season in 
semiarid climates, and as a material for the construction of 
sturdy wooden posts and poles. This plant also shows great 
potential for reclamation due to its symbiotic diazotrophs 
(Babić et  al. 2008). Nitrogen fixation by rhizobia-legume 
symbiosis is generally the main source of biologically fixed 
nitrogen for this species.

Many Burkholderia species occupy several ecologi-
cal niches in various environments, including water, con-
taminated soil, plant rhizospheres, human respiratory tracts 
and hospital environments (Rufini et  al. 2011). This genus 
encompasses approximately 30 distinct species originat-
ing from different locations. The interaction among Bur-
kholderias and other organisms can be either pathogenic 
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typic, physiological and molecular aspects. Among these 
molecular tools, sequencing and genotyping of genomic 
regions such as 16S rDNA and repetitive conserved DNA 
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lated with soils from five municipalities of the Brazilian 
Northeast. After bacterial isolation and morphophysiologi-
cal characterization, genotyping was performed using REP, 
ERIC and BOX oligonucleotides and 16S rDNA sequenc-
ing for genetic diversity identification. A 1.5b Kb fragment 
of the 16S rDNA was amplified from each isolate. Mor-
phophysiological characterization of the 47 isolates created 
a dendrogram, where isolate PE-GR02 formed a mono-
phyletic branch. The fingerprinting conducted with BOX, 
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or symbiotic, or both, whereas several species, such as B. 
glathei, B. graminis, B. phenazinium, B. caribensis, B. cal-
edonica, B. hospita, B. terrícola and B. sacchari, have 
unknown ecological roles. In addition, other Burkholderia 
species can be applied for plant growth promotion, biocon-
trol, bioremediation as well as nitrogen in soil environments, 
and this relationship dates back at least 58 MY (Sprent 
2008). Elemental nitrogen is highly volatile and is one of 
the most expensive elements used for chemical fertiliza-
tion. Therefore, rhizobia symbiosis is an alternative method 
for reducing fertilizer costs. Nodulation and nitrogen-fixing 
bacteria (NFB) are affected by biotic and abiotic factors 
(Gualter et  al. 2008; Rufini et  al. 2011). Among the biotic 
factors, genotypic characteristics of macro- and microsymbi-
onts are important and influence the exchange of molecular 
signals, which reflect the different responses to host range, 
specificity and symbiotic efficiency. In this sense, the optimi-
zation of NFB is related to the joint selection of macro- and 
microsymbionts through knowledge of the genetic variability 
of their partners (Xavier et al. 2006). Whereas the traditional 
nomenclature of rhizobia should be properly used only for 
Rhizobium, Bradyrhizobium, Mesorhizobium, Sinorhizo-
bium (Ensifer), Azorhizobium and Allorhizobium genera 
(Willems 2006), several other genera have been identified 
to participate in this symbiosis, such as Methylobacterium, 
Burkholderia, Ralstonia, Devosia, Phyllobacterium, Ochro-
bactrum, Cupriavidus and Pseudomonas (Moulin et  al. 
2001; Sy et al. 2001; Rivas et al. 2003; Trujillo et al. 2005; 
Valverde et al. 2005; Barrett and Parker 2006; Shiraishi et al. 
2010). Although these genera do not fit the most traditional 
definition of rhizobia, a large body of literature continues 
to use this collective name for all bacteria that nodulate leg-
umes and fix nitrogen for convenience and historical reasons 
(Liu et  al. 2011). The use of classes of molecular markers 
and their variants has brought about a major evolution in the 
analysis of DNA profiles, conservation biology, population 
genetics and phylogenetic studies (Kochieva et  al. 2006). 
In addition, molecular markers have also been used for the 
taxonomy and genetic diversity studies of microorganisms. 
In particular, amplification and sequencing of 16S rDNA 
genes have been shown to be reliable for separating genera 
and species of bacteria (Thomas et al. 2008). Fingerprinting 
using oligonucleotides that are specific for a genomic box 
element (BOX), enterobacterial repetitive intergenic con-
sensus (ERIC) and repetitive extragenic palindromic (REP) 
techniques has been exemplified in studies on the genetic 
diversity of microorganisms in particular diazotrophs (Tor-
res et al. 2008). However, the diverse search terms of diazo-
trophs are normally applied in a polyphasic approach by 
combining genetic information generated from the use of 
BOX elements, REP and ERIC sequences, genes such as 
16S rDNA and phenotypic and physiological aspects for bet-
ter genetic discrimination (Chagas Junior et al. 2010).

Recent studies have found that Burkholderia species 
were the main bacterial symbiont for Mimosa legumes 
(Chen et al. 2008). For example, whereas Reis Junior et al. 
(2010) observed more than one species of Burkholderia in 
the same Mimosa species, Bontemps et  al. (2010) found 
Mimosa species of Central Brazil, which were located 
over 1,800 km apart, nodulated with species of Burkholde-
ria. Both studies covered a large number of Mimosa spe-
cies but included few samples of each species. Therefore, 
this work aims to study the diversity of M. caesalpiniifolia 
(Benth.) rhizobial isolates from five sources that are over 
300 km apart from each other and from different ecological 
conditions of the Brazilian Northeast in order to evaluate 
whether rhizobial diversity is dependent on its origin.

Materials and methods

Sample collection

Soil samples were collected in March 2010 from “sabiá” 
(M. caesalpiniifolia Benth.) woodlots from five municipali-
ties of the Brazilian Northeast: Crato—Ceará State (7°12′S 
28.80′W; light, semi-arid, hot tropical to sub-humid, 
tropical climates), Gravatá (8°16′S 35°32′W) and Itambé 
(7°24′S 35°11′W) from Pernambuco State; (rainy tropi-
cal climate); Serra Talhada—Pernambuco State (7°55′S 
48.36′W; semi-arid, tropical climate) and Mossoró—Rio 
Grande do Norte State (5°12′S 31.68′W; hot, semi-arid 
tropical climate). PE-CR, PE-GR, PE-IT, PE-MO and 
PE-ST isolate codes were used to denote these regions, 
respectively. From each woodlot, a compound sample was 
collected from the soil near the representative plants. Soil 
samples were then used for rhizobial isolation and fertility 
characterization according to the Brazilian standard meth-
ods (Embrapa 1999).

All soil sampling was conducted after proper permis-
sion was given, by the land owner for the Gravatá, Pernam-
buco farm, the Pernambuco Agronomical Institute (IPA) 
Research Station Managers at Itambé and Serra Talhada, 
both in Pernambuco), the Crop Science Department Direc-
tor at the Federal Rural University of the Semi-Arid, at 
Mossoró—Rio Grande do Norte, and the Campus Director 
of Ceará Education, Science and Technology Institute at 
Crato—Ceará.

All of the respective managers were duly informed of 
the nature of the soil and plant sampling, and its ultimate 
objectives, and agreed with the intended use and methods.

Inoculation

“Sabiá” seeds were disinfected with 2 % sodium hypochlo-
ride for 2 min, washed twice in autoclaved distilled water, 
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and immersed for 10 min in 70 °C water to break seed dor-
mancy. Subsequently, the seeds were germinated in auto-
claved, washed sand and transplanted into Leonard jars 
20  days after germination (GAD). Sand/vermiculite (1:2) 
and 10 % Hoagland nutrient solution without nitrogen, as 
described by Hoagland and Arnon (1950), were placed in 
the upper portion of the Leonard jars. When transplanted, 
each seedling was inoculated with 5 g of soil, and 10 rep-
licates per origin and five non-inoculated controls were 
included. Nodule harvest took place 60  days after seed 
germination, and the nodules were stored in polypropylene 
tubes with silica gel.

The dried nodules were rehydrated with sterile water for 
12  h and isolated according to standard methods in petri 
dishes containing YMA media with Congo red as described 
by (Vincent 1970). After purification, the nodules were cul-
tivated in YMA media with bromothymol blue and mor-
phophysiologically characterized following Table 1.

Molecular characterization

The bacterial isolates were cultivated in 5 mL of TY media 
at 28 °C and agitated for 24 h at 200 rpm for DNA extrac-
tion. A 1-mL sample of the bacterial broth was transferred 
to 1.5 mL polypropylene tubes and centrifuged for 3 min 
at 13,000  rpm. Next, the precipitate was used for DNA 
extraction using the Wizard® Genomic DNA Purification 
kit (Promega Biotecnologia do Brasil), following the manu-
facturer’s recommendation. After extraction, the quantity 
and integrity of the DNA was evaluated by 0.8 % agarose 
gel electrophoresis. The DNA was diluted in ultrapure, 
autoclaved water at 1:100 (30–50 ng) and stored at −20 °C. 
PCR was conducted using the REP-1 (5′-IIII CGI CGI CAT 
CIG GC-3′), REP-2 (5′-ICG ICT ATC IGG CCT AC-3′), 
ERIC-1(5′-ATG TAA GCT CCT GGG GAT TCA C-3′), 
ERIC-2 (5′-AAG TAA GTG ACT GGG GTG AGC G-3′) 
and BOX-A1R (5′-CTA CGG CAA GGC GAC CGC TGA 
CG-3′) primers. Amplification reactions had a final volume 
of 10 μL including 5.0 µL of GoTaq Colorless Master Mix 
(Promega), 0.4 mM of each primer and 100 ng of sample 
DNA. The reaction mixtures were placed in a Biometra® 
thermocycler using the following conditions: a denatura-
tion cycle for 7 min at 95 °C, followed by a 35- (BOX and 

REP primers) or 30-cycle (ERIC primer) denaturation for 
8 min at 94 °C, annealing for 1 min at 40 °C (REP), 53 °C 
(ERIC) or 55  °C (BOX) and a final extension cycle for 
16 min at 72 °C. The final reaction products were analyzed 
by electrophoresis in a 1.5  % agarose gel in 0.5X TBE 
buffer, running at 90 volts with 1.25  µL of SYBR Green 
and 2.5 µL of bromophenol blue. A 1 Kb ladder (Promega 
molecular) was used to determine the size of the prod-
ucts. Visualization and documentation of the amplification 
results were achieved using a LPIX-HE photodocumenter 
and the Labimagem 1D software (Loccus Biotecnologia).

For the 16S rDNA amplification, we utilized primers 
fD1 (5′-AGA GTT TGA TCC TGG CTC AG-3′) and rD1 
(5′-AAG GAG GTG ATC CAG CC-3′) as described by 
Weisburg et al. (1991). Amplification reactions took place 
in a final volume of 25 μL with the same proportions as the 
reactions described above. A Biometra® thermocycler set 
at the following conditions was used: initial denaturation at 
94 °C for 2 min, followed by 30 cycles of 94 °C for 1 min, 
60 °C for 2 min, 72 °C for 1 min and a final extension at 
72  °C for 10 min. The amplified products were evaluated 
for amplification in a 1.5 % agarose gel. The PCR products 
of the 16S rDNA amplification were purified as follows: 
For every 25  μL of amplified product, 2  μL ammonium 
acetate and 52 μL of 100 % absolute ethanol were added. 
To precipitate the DNA, it was centrifuged at 13,000  rpm 
for 20 min. The supernatants were discarded, and the pellet 
was washed with 70  % ethanol. To eliminate the ethanol 
remains, the samples were evaporated at room temperature 
for 1 h and the precipitate was re-suspended in 20 μL of 
sterile water. A 10 μL of the amplified product was used 
for the cut reaction by adding 2.5 U of each enzyme and 
10 % of 10X reaction buffer until reaching a final volume 
of 30  μL (Lyra et  al. 2013). The solution was stored at 
−20 °C and sent to the commercial facilities of Macrogen, 
South Korea, for sequencing.

Data analysis

Morphophysiological characteristics were transformed 
into a binary matrix according to Table 2, and REP, ERIC 
and BOX profile bands were scored individually for the 
absence/presence of each band that appeared in any of the 

Table 1   Soil fertility 
characteristics from five 
ecological regions of the 
Brazilian Northeast (Crato, 
Gravatá, Itambé, Mossoró and 
Serra Talhada) used for “sabiá” 
rhizobial isolation

Soil origin pH P Na+ K+ Ca+2 Mg+2 Al+3 H + Al CO

1:2.5 water mg dm−3 cmolc dm−3 g kg−1

Crato 5.13 7 0.03 0.40 11.5 3.5 0.10 5.50 12.46

Gravatá 4.41 8 0.02 0.15 1.35 1.40 1.15 8.86 17.62

Itambé 4.69 7 0.04 0.28 4.00 3.26 0.75 9.68 29.15

Mossoró 6.15 10 0.04 0.25 4.05 3.20 0.00 3.95 5.77

Serra Talhada 5.56 6 0.02 0.56 3.80 3.00 0.00 5.22 7.59
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respective gels using the Jaccard coefficient. Cluster analy-
sis used the NTSYS-pc 2.1 (Rohlf 2008) implementation 
of the UPGMA algorithm. A 60  % similarity cutoff was 
adopted for morphophysiological characteristic clustering 
according to Melloni et al. (2006), whereas a 63 % cutoff 
was adopted for rep-PCR according to Antunes (2010).

16S rDNA sequence quality was evaluated using Chro-
mas 2.33 (Technelysium Pty Ltd, Tewantin, Australia), and 
the sequences were aligned to the NCBI reference strains 
for Burkholderia sabiae, B. xenovarans, B. andropogonis, 
B. japonicum, B. galegae, Sinorhizobium meliloti and 
Rhizobium etli bv. mimosae using the BioEdit 7.0.9.0 soft-
ware through ClustalW (Larkin et  al. 2007). The matrix 
originated in the ClustalW was converted using the MEGA 
v.4.1 (Beta) software (Tamura et al. 2007) using the standard 

genetic code. The phylogenetic tree was constructed using 
the Kimura 2 algorithm by neighbor-joining (Saitou and Nei 
1987), with 1,000 bootstrap replicates and pairwise deletion.

Results and discussion

Forty-seven isolates were obtained: 10 each from Gravatá 
and Serra Talhada, and nine each from the remaining ori-
gins. All isolates exhibited fast growth, and 51 % increased 
the pH of media. Fast-growing bacteria also dominated 
for cowpea (Vigna unguiculata); however, in these cases, 
the culture media were usually acidified (Silva et al. 2007; 
Leite et al. 2009; Medeiros et al. 2009). This faster bacte-
rial growth is common in semi-arid regions and may be a 
survival strategy to enhance growth during the short rainy 
season (Santos et al. 2007).

A single morphophysiological group at 60 % similarity, 
as described by Melloni et al. (2006), for caupi and com-
mon bean (Phaseolus vulgaris) rhizobia was found. This 
group was split into subgroups IA and IB with 70 % simi-
larity, whereas isolate PE-GR02 was an external, monophy-
letic group (Fig. 1). Subgroup IA had 29 isolates in 10 sub-
groups of 100 % internal similarity and 76–87 % similarity 
between subgroups, with the PE-ST10 isolate as a mono-
phyletic branch. Subgroup IB had four subgroups with iso-
lates from all five origins. Isolates PE-ST04 and PE-GR07 
had 100 % similarity, although their origins were 300 km 
apart and had different climatic and soil fertility regimens. 
The same pattern was seen for isolates PE-MO04 and 
PE-ST08, which were also 300  km apart; however, these 
regions were climatically more similar.

REP primers formed up to 30 bands that ranged from 
100 to 5,000  bp and formed four groups and a mono-
phyletic branch consisting of isolate PE-MO08 (Fig.  2), 

Table 2   Culture characteristics, evaluated 22–44  h after colony 
appearance, for rhizobial isolate characterization and their possible 
values

Culture characteristic Values

Colony appearance period 22 h = 0; <22 h = 1

Culture media pH Acid = 0; Alkaline = 1

Colony diameter ≤ 1 mm = 0; >1 mm = 1

Colony shape Circular = 0; irregular = 1

Colony border Irregular = 0; Smooth = 1

Colony appearance Heterogeneous = 0; Homogeneous = 1

Colony optical appearance Opaque or transparent = 0; Translu-
cid = 1

Colony color Undetermined = 0; Cream, yellow or 
white = 1

Colony elevation Dome-shaped = 0; Plane = 1;

Mucus production Absent or small = 0; Intermediary or 
high = 1

Mucus elasticity Absent = 0; Present = 1

Fig. 1   Morphophysiological 
similarity dendrogram of 47 
“sabiá” (Mimosa caesalpini-
ifolia Benth.) rhizobial isolates 
from five origins in the Brazil-
ian Northeast
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although this isolate was morphophysiologically similar to 
isolates PE-MO10, PE-GR09 and PE-IT02 (Fig. 1). Group 
I had internal similarity that ranged from 63 to 93 % and 
nine isolates, including seven from PE-MO and one each 
from the PE-GR and PE-CR isolates, with the highest sim-
ilarity between two of the PE-MO isolates. Group II was 
the largest with 22 isolates: one from PE-MO, all PE-ST 
isolates, four each from the PE-CR and PE-GR isolates 
and three each from the PE-IT isolate. The internal simi-
larities of Group II ranged from 66 to 100  % among the 
PE-ST08, PE-ST09 and PE-ST10 isolates. Three additional 
PE-ST isolates had 97 % similarity to this subgroup, which 
indicated that this origin had the lowest diversity according 
to this method. Group III, which was the smallest group, 
had only the PE-CR04, PE-CR07 and PE-GR10 isolates, 
and whereas the PE-CR isolates exhibited 90 % similarity, 
PE-GR was only 68 % similar to these isolates. Group IV 
consisted of the remaining 12 isolates, which included two 
PE-CR, four PE-GR and six PE-IT isolates. Whereas the 
internal similarities of PE-IT ranged from 74 to 93 % and 
the internal similarities of PE-GR ranged from 89 to 96 %, 
PE-CR10 exhibited 82  % similarity to the PE-GR group 
and only 70 % similarity to PE-CR05, which were from the 
same origin. Although the PE-ST isolates were found in a 
single group, this grouping was not observed for any of the 
other origins, which was similar to what was observed by 
Stocco et al. (2008) for the rhizobial diversity of common 
beans from 23 areas of the southern Brazil state of Santa 
Catarina.

ERIC primers created up to 41 bands with molecular 
weights that ranged from 150 to 4,000 bp, which confirmed 
its high discrimination power as suggested by Rademaker 

and de Bruijn (1996). These primers created five groups 
(Fig.  3) and two monophyletic branches for PE-GR07 
(V) and PE-GR02 (VII), which was also isolated on the 
morphophysiological tree (Fig.  1). Group I included all 
PE-ST isolates, as was found when using the REP primers 
(Fig. 2), and the internal similarities of this group ranged 
from 83 to 100  %. Group I also contained seven of the 
nine PE-MO isolates, which had 100 % similarity between 
the PE-MO03 and MO05 isolates, and this pair had 83 % 
similarity when using the REP primers (Fig. 2). This find-
ing again demonstrates that each primer generated different 
groupings. Group II had 11 isolates, including one PE-MO, 
two PE-IT, three PE-CR and five PE-GR isolates, and was 
the most geographically dispersed. The highest internal 
similarity was found between two of the PE-GR isolates 
(93 %). Group III had 13 isolates, with three each from the 
PE-CR and PE-GR isolates and seven PE-IT isolates. This 
group had the highest internal similarity of 96 % between 
the PE-IT03 and PE-IT04 isolates. Group IV had only two 
isolates, which were from PE-CR and showed 76 % simi-
larity, whereas Group VI also had only two isolates, but 
these isolates were from PE-MO and PE-CR and had 68 % 
similarity. The origins of Group IV and VI are located more 
than 320 km and are ecologically different.

Whereas Menna et  al. (2009) indicated BOX as the 
most differentiating of the primers, in this instance, it gen-
erated the lowest number of bands (Melloni et  al. 2006) 
with molecular weights ranging from 200 to 5,000  bp. 
BOX primers also generated the largest single grouping 
of all three primers (Fig. 4). The dendrogram formed three 
groups and a single monophyletic branch that contained 
PE-GR10 (Group II), which was grouped with two PE-CR 

Fig. 2   REP-PCR similar-
ity dendrogram of 47 “sabiá” 
(Mimosa caesalpiniifolia 
Benth.) rhizobial isolates from 
five origins in the Brazilian 
Northeast
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isolates (70 % similar when using the REP primers (Fig. 2) 
and with the PE-GR05 isolate (76  % similar when using 
the BOX primers (Fig.  3). Group I had 24 isolates that 
included all PE-ST isolates, eight of nine of the PE-MO 
and six of the PE-GR isolates. Grouping all of the PE-ST 
isolates into a single group replicated the observation that 
was seen when using the other primers (Figs.  2, 3), but 
with this primer, five similarity groupings of 100 % were 
found: three for a total of seven of the PE-ST isolates and 
two for another five of the PE-MO isolates. This total was 
again the highest number of 100  % similarities that was 

found for any of the primers. Group III had 14 isolates, two 
from PE-GR, five from PE-CR, of which two had 100 % 
similarity, and seven from PE-IT, with another two that 
were 100 % similar. Group IV had the largest geographi-
cal distribution, with a PE-MO, a PE-GR, two PE-IT and 
four PE-CR isolates, and had the highest similarity (97 % 
for a PE-CR and PE-IT pair), although their origins were 
450 km apart.

The compiled dendrogram REP-, ERIC- and BOX-
PCR (Fig.  5) presented six groups and two monophyletic 
branches, which agreed with the suggestions of Albino 

Fig. 3   ERIC-PCR similar-
ity dendrogram of 47 “sabiá” 
(Mimosa caesalpiniifolia 
Benth.) rhizobial isolates from 
five origins in the Brazilian 
Northeast

Fig. 4   BOX-PCR similar-
ity dendrogram of 47 “sabiá” 
(Mimosa caesalpiniifolia 
Benth.) rhizobial isolates from 
five origins in the Brazilian 
Northeast
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et  al. (2006) and Torres et  al. (2008) that the joint use of 
different primers enhanced the discrimination power of 
this technique. Group I included all PE-ST and eight of the 
PE-IT isolates, which again confirmed that the PE-ST ori-
gin had the lowest diversity and a 67–100 % internal simi-
larity range. Group II had only two isolates: one each from 
PE-CR and PE-GR (68  % similarity), whereas Group III 
had five PE-GR isolates with similarities that ranged from 
70 to 92 %. Group IV had a PE-GR, two PE-IT and three 
PE-CR isolates, the highest geographical range and internal 
similarities that ranged from 70 to 88 %. Group VI again 
had only two PE-GR isolates with 64  % similarity, and 
Group VII had five PE-CR and seven PE-IT isolates with 
similarities ranging from 67 to 94  %. Two monophyletic 
branches consisting of PE-GR02 and PE-MO10 were also 
created.

The higher diversity that was observed with any of the 
primers confirms that this technique was useful for strain 
fingerprinting, as was suggested in the literature (Grange 
and Hungria 2004; Hungria et  al. 2006; Kaschuk et  al. 
2006; Grange et al. 2007; Menna et al. 2009). This obser-
vation also agreed with Rademaker et  al. (2000), who 
stated that the best results were found when more than 
one primer was used. However, whereas the joint analy-
sis formed eight groups, ERIC, when used alone, formed 
seven groups, which indicated a relatively small gain when 
using all primers and suggested that a cost x benefit anal-
ysis would be advisable if a large number of strains were 
to be fingerprinted. Polyphasic approaches that combine 
genetic information by using the BOX element, REP and 
ERIC sequences and genes such as 16S, when combined 
with phenotypic and physiological aspects, should be used 
to improve the accuracy of gene discrimination and have 

proven useful in a variety of studies on rhizobia (Reis Jun-
ior et al. 2010).

Nineteen of the isolates did not sequence satisfactorily 
and were not included in the dendrogram. The 16S rDNA 
phylogenetic tree (Fig. 6) agreed with the compiled dendro-
gram from the BOX, ERIC and REP primers but not with the 
morphophysiological dendrogram (Fig. 1). This discrepancy 
was due to large differences between all origins with the 
exception of Mossoró, which was the only origin with simi-
lar grouping patterns for all of the employed techniques. In 
general, the isolates had 77–99 % identities with Burkholde-
ria. Only 23 isolates had similarities of at least 97 % with 
eight of the accesses of the Burkholderia strains that were 
found in the National Center for Biotechnology Information 
(NCBI), which indicated that they might be identified at the 
species level (Table 3) (Kemp and Aller 2004; Lozupone and 
Knight 2005; Vos 2011). However, other authors (Menna 
et al. 2006; Binde et al. 2009) suggested that 15 nucleotides 
with differences or similarities lower than 99  % should be 
considered to be indicative of a new bacterial species.

When a 99  % similarity level is considered the cut-
ting point, nine isolates could be identified as belonging 
to Burkholderia sp. tpig4.4 (PE-MO06), Burkholderia 
sabiae Br3407 (PE-MO10), Burkholderia sp. JPY 584 
(PE-GR07), Burkholderia diazotrophica (PE-GR09), 
Burkholderia sp. SEMIA 6385 (PE-IT01), Burkholderia 
sp. SEMIA 6398 (PE-MO07, PE-ST04) and Burkholde-
ria sp. NKMU-JPY359 (PE-ST01, PE-CR01) (Table  3). 
Although the distance between the origins of the isolates is 
400 km between PE-MO07–PE-ST04 and 200 km between 
PE-ST01–PE-CR01, the results agreed with the conclu-
sions of Bontemps et al. (2010) that Burkholderia was the 
main bacterial symbiont of Mimosa species in Brazil.

Fig. 5   Compiled REP-, ERIC- 
and BOX-PCR similarity den-
drogram of 47 “sabiá” (Mimosa 
caesalpiniifolia Benth.) rhizo-
bial isolates from five origins in 
the Brazilian Northeast
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A group with isolates from five municipalities with sim-
ilarities from 97 to 99  % was formed with representative 
strains Burkholderia sp. SEMIA 6398, Burkholderia diazo-
trophica, Burkholderia sp. DPU-3, Burkholderia tpig4.4 
and Burkholderia sp. NKMU-JPY359 (Fig. 6) and a nearby 
group with six PE-IT strains, of which five had 97–99 % 
similarities to Burkholderia sp. SEMIA 6395, one had 
98  % similarity to Burkholderia sp. DPU-3 and one had 
97 % similarity to Burkholderia sabiae (Table 3).

Four PE-CR and one PE-GR isolates had identities 
between 77 and 89 % with Burkholderia entries in NCBI 
(Table 3) and might be new species of the genus; however, 
their low similarity indicated that further studies must be 
conducted before new species were proposed with certainty 
(Djedidi et  al. 2011). Furthermore, most PE-ST isolates 
had high similarities, within the 97–99 % range, with the 
Burkholderia sp. strains SEMIA 6385, DPU-3 and Burk-
holderia sabiae.

In all cases for which over 97 % similarities where found 
between Burkholderia sp. entries in NCBI, none were con-
fined to a single origin, even when considering the large 
geographical and ecological differences between them. 
Strains SEMIA6398 and DPU-3 were found in Serra Tal-
hada and Mossoró (320 km apart, both semi-arid); NKMU 
isolates were found in Serra Talhada and Crato (150  km 
apart, different climates); BR3407 isolates were found in 
Itambé and Mossoró (340  km apart, different climates); 
SEMIA6485 isolates were found in Crato, Itambé and Gra-
vatá (distances ranging from 100 to 470  km, all climates 
were relatively humid); and DPU-3 isolates were found 
in Itambé, Mossoró and Serra Talhada (distances ranging 
from 100 to 390 km, different climates). This observation 
agreed with previous findings that a single bacterial spe-
cies might be found across very different environmental or 
geographical conditions (Martínez-Romero and Caballero-
Mellado1996; Moreira et al. 1998; Vos 2011).

Fig. 6   16S rDNA phylogenetic 
dendrogram of “sabiá” (Mimosa 
caesalpiniifolia Benth.) rhizo-
bial isolates from five origins 
in the Brazilian Northeast. 
Brackets indicate NCBI access 
numbers for the isolates. Branch 
values are the percentages of 
1,000 bootstrap replicates; 
ID values indicate homology 
percentage with the indicated 
NCBI entry
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Conclusions

The ERIC marker was more polymorphic than the REP and 
BOX; however, the dendrogram that compiled data from 
the three markers generated the highest number of groups. 
All studied isolates sequenced showed homology with 
genus Burkholderia, with identities for these isolates rang-
ing from 77 to 99 %. Whereas the rhizobial diversity dif-
fered between the origins, the lowest was detected in Serra 
Talhada, although similarities were found between isolates 
from all of the origins. Although the low similarity of some 
of the isolates with NCBI accesses indicated the probable 
existence of new species, all those with higher than 97 % 
16S rDNA similarity were similar to Burkholderia species, 
which confirmed this genus position as the main bacterial 
symbiont of M. caesalpiniifolia in this study.
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