
SHORT COMMUNICATION

Novel genes related to nodulation, secretion systems,
and surface structures revealed by a genome draft
of Rhizobium tropici strain PRF 81

Fabiana G. S. Pinto & Ligia M. O. Chueire &

Ana Tereza R. Vasconcelos & Marisa F. Nicolás &

Luiz G. P. Almeida & Rangel C. Souza & Pâmela Menna &

Fernando G. Barcellos & Manuel Megías &

Mariangela Hungria

Received: 27 October 2008 /Revised: 9 December 2008 /Accepted: 30 December 2008 / Published online: 29 January 2009
# Springer-Verlag 2009

Abstract Rhizobium tropici is representative of the diversity
of tropical rhizobia, besides comprising strains very effective
in fixing N2 in symbiosis with the common bean (Phaseolus
vulgaris L.). The genome of a Brazilian commercial
inoculant R. tropici strain (PRF 81, =SEMIA 4088),
estimated at 7.85 Mb, was analyzed through a total of
9,026 shotgun reads, assembled in 1,668 phrap contigs, and
covering ≈30% of the genome. Annotation identified 2,135
coding DNA sequences (CDS), and only 57.2% have
possible functions. The genome comprises a mosaic of
genes, with CDS showing the highest similarities with 134
microorganisms, none of which represents more than 19% of

the CDS with putative known functions. The high sapro-
phytic capacity of PRF 81 may reside in a variety of genes
related to transport, biodegradation of xenobiotics, defense,
and secretion proteins, many of which were reported for the
first time in the present study. Novelty was also found in
nodulation (nodG, a double nodIJ system, nodT, nolF, nolG)
and capsular polysaccharide genes, showing stronger simi-
larities with Sinorhizobium (=Ensifer) than with the main
symbionts of the common bean—R. etli and R. leguminosa-
rum—suggesting that the original host of R. tropici might be
another tropical legume or emphasizing the highly promis-
cuous nature of this rhizobial species.
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Introduction

The alpha- and beta-Proteobacteria classes include several
species commonly denominated as “rhizobia”, capable of
nodulating and fixing N2 with legumes. However, despite
the importance of symbiotic diazotrophs to the global
cycling of N, relatively few rhizobial strains have been
completely sequenced so far—there are only nine
genomes published on 10/2008 [Mesorhizobium loti
MAFF303099, Sinorhizobium (=Ensifer) meliloti 1021,
Bradyrhizobium japonicum USDA 110, Rhizobium etli
biovar phaseoli CFN 42, R. leguminosarum biovar viciae
3841. Bradyrhizobium sp. ORS278 and BTAi1, Azorhi-
zobium caulinodans ORS 571, and Cupriavidus taiwa-
nensis LMG19424]. Rhizobium tropici is a poorly studied
species, originally isolated from the common bean
(Phaseolus vulgaris L.) in South America (Martínez-
Romero et al. 1991). Its precise origin is still unknown,
but Brazil is a strong candidate for its country of origin
because the region is the source of the majority of the
strains isolated so far (e.g., Mercante et al. 1998; Hungria
et al. 2000; Andrade et al. 2002; Grange and Hungria
2004; Pinto et al. 2007). It has been hypothesized that R.
tropici might be originally a symbiont of other indigenous
host legumes of South America, e.g., Mimosa and
Gliricidia, in Brazil and Mexico, respectively (Acosta-
Durán and Martínez-Romero 2002; Menna et al. 2006),
but its promiscuous nature has also been often emphasized
(e.g., Michiels et al. 1998). Another interesting feature of
R. tropici is its close phylogenetic relationship with the
plant pathogen Agrobacterium (=Rhizobium) tumefaciens
(Lloret and Martínez-Romero 2005). Finally, R. tropici is
an important reservoir of strains, including CIAT 899,
PRF 81, and H 12, which are effective in fixing N2,
competitive against indigenous rhizobial populations,
genetically stable, and adapted to stressful tropical
environments, all of which are important properties for
their use in inoculants in tropical regions (Hungria et al.
2000, 2003). R. tropici is thus an interesting candidate for
producing a draft genome, as demonstrated with Rhizobi-
um sp. NGR234 (Viprey et al. 2000) and B. japonicum
CPAC 15 (Godoy et al. 2008).

The objective of this study was to carry out a sequence
level analysis of the genome of R. tropici strain PRF 81
(=SEMIA 4088), which is commercially recommended for
the production of inoculants for common bean crops in
Brazil. The study identified new genes that could account
for the biological properties of this rhizobium strain.

Materials and methods

Bacterial strains, growth conditions, DNA extraction,
and genomic size estimated by pulse field gel
electrophoresis (PFGE)

Escherichia coli was grown at 37°C on Luria–Bertani
medium supplemented with antibiotics, while R. tropici
strain PRF 81 (=SEMIA 4088) was obtained from the
“Diazotrophic and Plant Growth Promoting Bacteria Col-
lection” of Embrapa Soja and grown on tryptone-yeast
extract (TY) medium. For the PFGE analysis, PRF 81 was
grown on TY for 3 days, and the DNA was prepared as
described by Suzuki et al. (2001). PFGE was carried out
using contour-clamped homogenous electric field (CHEF-
DRIII; Bio-Rad), in 0.8% agarose gels prepared in 0.5×
TBE with a constant voltage of 6 V cm−1 and pulses of 70 s
for 18 h. The sizes of the fragments were estimated using
the BioNumerics software (Applied Mathematics, Kortrijk,
Belgium, version 4.6), based on the size of the chromo-
somal DNA of Saccharomyces cerevisiae (Bio-Rad).

Library construction and sequencing of shotgun clones

Shotgun libraries of the total DNA of PRF 81 were
prepared as described before (Godoy et al. 2008) and
involved DNA purification and random mechanical shear-
ing by nebulization. Vector pUC18 was used for cloning
and E. coli strain DH10B for transformation. Sequencing of
shotgun clones was performed as described before (Godoy
et al. 2008), on a MegaBACE 1000 capillary sequencer
(Amersham Pharmacia Biotech).

Assemblage and annotation

Sequences were assembled and annotated using the
software “System for Automated Bacterial Integrated
Annotation” (SABIA; Almeida et al. 2004), developed to
integrate public domain softwares. Programs used in the
assemblage process included the Phred, Phrap, and Consed,
with gene coding regions identified with “Glimmer”. The
sequences were compared with those deposited at the
GenBank database using Basic Local Alignment Search
Tool (BLAST, available at http://www.ncbi.nlm.nih.gov,
Altschul et al. 1997) for nucleotides (BLASTN) and for
proteins (BLASTP). In the software, metabolic pathways
are predicted based on the Kyoto Encyclopedia of Genes
and Genomes (KEGG, Kanehisa and Goto 2000), and
protein sequences are compared by clusters of orthologous
groups of proteins (COG, Tatusov et al. 2000), INTERPRO
(families, domains and functional sites of proteins), PSORT
(protein localization), TCDB (http://tcdb.org), and UniProt,
for protein information. More details and references for all
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programs cited above and integrated in the SABIA are
given elsewhere (Almeida et al. 2004; Godoy et al. 2008).

The size of the each coding DNA sequence (CDS)
without database homologues was established at ≈50 bp;
this short size aimed at both capturing the information
about an increased number of small proteins that has been
reported, as well as information about partial proteins
detected in the genome draft. In the case of shorter
sequences, an observation was included in the CDS
description.

All CDS were manually curated using a cutoff E value of
≈10−10 and ≈50% of identity (considering BLASTP, with
the identity of proteins, based on the similarity of the amino
acids). The following criteria were applied: CDS were
target as hypothetical when no homolog could be detected;
conserved hypothetical were those displaying strong simi-
larity with several hypothetical or weak similarity to known
genes; and CDS with high similarity with known genes
were assigned the same name as the matching gene.

All supplementary information is available at http://
www.bnf.lncc.br/webbie/final/main.html (or http://www.
bnf.lncc.br, then Rhizobium tropici PRF 81, genome draft).

Results and discussion

Genome size

Digestion of intact genomic DNA of strain PRF 81 with
the rare cutter enzyme SwaI generated fragments ranging
from 2,200 to 225 kb, and the PFGE profiles indicated that
the genome consists of a circular chromosome of
5,305 Mb (68% of the genome) and four plasmids of
about of 1,700, 510, 185, and 150 kb. This estimate
included the results of a previous report on the plasmid
profile of PRF 81 (Pinto et al. 2007), as well as the
knowledge that we have from other rhizobial genomes. In
the two other Rhizobium genomic sequences published so
far, R. etli and R. leguminosarum, the chromosomes
represented similar percentages of the whole genome, of
67.1% and 65.2%, respectively; however, both had six
plasmids (González et al. 2006; Young et al. 2006). The
genome of R. tropici is larger than those of R. etli
[6.53 Mb, U80928, (GenBank)], Sinorhizobium meliloti
(=Ensifer) [6.69 Mb, chromosome AL591688 (EMBL),
pSymA AE006469 (GenBank), pSymB (AL591985)
(EMBL)], M. loti [7.6 Mb, AP002994 to AP003017
(EMBL)], R. leguminosarum [7.79 Mb, AM236080 to
AM236086 (EMBL)], Bradyrhizobium sp. ORS278
[7.46 Mb, CU234118 (EMBL)], C. taiwanensis
LMG19424 [6.48 Mb, NC 010530 and NC 010528], and
A. caulinodans ORS571 [5.37 Mb, AP009384 (Gen-
Bank)], but smaller than those of B. japonicum strain

USDA 110 [9 Mb, BA000040 (DDBJ/GenBank/EMBL)]
and Bradyrhizobium sp. BTAi1 [8.26 Mb, CU234118
(EMBL)].

Assemblage and general genomic features

Approximately 4,800 clones from eight shotgun libraries
were sequenced and resulted in 9,026 reads without vectors,
and in the deposit of 10,046,403 bp, or 1.28 times the
estimated genome, with 43.45% of the bases with a phred
score of ≥20, and 34.84% with a score of ≥30, usual score
values considered in the assemblage of bacterial genomes.
The assemblage produced 2,789 contigs, with an average of
3.24 reads per contig. As in the “shotgun” library, some
fragments represent identical sequences, and the actual
coverage was of 1,668 phrap contigs, or 31% of the
genome (supplementary information). After manual anno-
tation and using the criteria described in the “Materials and
methods” section, 2,135 CDS were confirmed and classi-
fied as follows: 57.2% with putative known functions,
30.4% as conserved hypothetical, and 12.4% as hypothet-
ical genes (supplementary information). These numbers
highlight our still poor knowledge of R. tropici; in
comparison, in R. etli and R. leguminosarum, putative
genes with known functions were reported at 71% and
70%, respectively (González et al. 2006; Young et al.
2006).

Mobile elements in PRF 81 were also particularly
interesting; of the 17 putative transposases annotated, nine
showed higher BLASTP similarity with bacteria other than
rhizobia, including Agrobacterium, Azoarcus, Brucella
melitensis, Burkholderia fungorum, and Rhodospirillum
rubrum (supplementary information). The mobility shown
by the transposases might help to explain the mosaic of
genes found in the genome of PRF 81.

Functional classification by COG, Monica Riley
and KEGG

Considering the matches with COG (a total of 1,561 CDS),
1,262 were classified into 20 COG categories (Tatusov et
al. 2000), 208 showed only general predictions, and 91 had
unknown functions (all categories and the numbers of CDS
in each category are available as supplementary informa-
tion). Higher percentages of CDS were present in the
following COG categories: E-amino acid transport and
metabolism (14.67%); G-carbohydrate transport and me-
tabolism (9.67%); K-transcription (9.60%); C-energy pro-
duction and conversion (6.41%); and P-inorganic ion
transport and metabolism (5.63%). Considering the CDS
classified in transport and metabolism categories, G, E, F,
H, I, P, and Q, they represented 42.72% of the entire
predicted genes, a strong indication of the free-living mode
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and adaptation to a broad range of ecosystems varying in
nutrient availability. It is noteworthy that the percentages of
CDS in these categories, as well as in the categories of
energy production and conversion (category C), were
considerably higher than in other fast-growing rhizobia.
Still thinking in energy saving, PRF 81 might also have the
genes encoding the uptake-hydrogenase systems, as hupK
and two copies of hypF were present in the genome, all of
them showing high BLASTP similarity with R. legumino-
sarum. The distribution of CDS of PRF 81 in all COG
categories (supplementary information) suggests that a
representative coverage of the genome was obtained.

Most CDS were also categorized according to Riley’s
classification (Riley 1993): 1,132 CDS had matches with
known genes, 671 were classified as conserved hypothetical,
and 267 with hypothetical functions, a total of 2,070 CDS
(supplementary information).

Of the CDS with matches in KEGG (Kanehisa and Goto
2000), a large number—65—fitted into biodegradation of
xenobiotics, distributed in 11 subcategories. Of those CDS,
58% were related to the metabolism of benzoate, and there
were also putative genes participating in the degradation of
1,2-dichloroethane, caprolactam, ethylbenzene, fluorine,
nitrobenzene, styrene, tetrachloroethene, and gamma-
hexachlorocyclohexane, which may confer metabolic versa-
tility, favoring persistence in soils; additionally, they might
indicate a potential use in the remediation of contaminated soils.

One major feature of the panoramic genome of PRF 81 is
that it is represented by a mosaic of genes showing
similarities with a variety of microorganisms and, as far as
we are aware, with no parallel in other bacteria, what is
highlighted by comparison using the KEGG database.
Therefore, making a comparison of the genome of the PRF
81 with the functional classification of sequenced genomes
available in KEGG, the 2,135 CDS of PRF 81 have shown
the highest similarities with an impressive number of
microorganisms—134 (supplementary information). In addi-
tion, in contrast with other sequenced genomes, where the
great majority of the CDS show the highest similarity with
one or two microorganisms, in the genome of PRF 81 the
percentages of similarity with each microorganisms were not
high, such that the six highest matches in KEGG were
obtained with R. leguminosarum (29.22%), R. etli (19.81%),
A. tumefaciens (5.76%), S. meliloti (4.87%), M. loti (4.87%),
and S. medicae (3.93%). These percentages decreased when
considering only the valid CDS (according to the definition
in the “Materials and methods” section): 19.06%, 13.44%,
3.98%, 3.37%, 2.9%, and 2.62%, respectively.

Secretion systems

Several putative genes belonging to types I to IV secretion
systems were annotated in the genome of PRF 81. Sec-

proteins included the chaperone secB and the inner
membrane proteins secD and secY, as well as the putative
peptidase lepB. In relation to the type I system, putative
ABC systems involved in macromolecules export identified
in PRF 81 include the ATP-binding component responsible
for resistance to the macrolide antibiotic tylosin, with
similarity to TlrC protein of Streptomyces fradiae (Rosteck
et al. 1991), and also msbA. Another interesting type I
system found in PRF 81 is involved in (1-2)-β-glucan
export, showing similarity with the NdvA protein of S.
meliloti (Stanfield et al. 1988), for the first time reported in
R. tropici. It has been demonstrated that ndvA is required
for normal nodulation of alfalfa roots (Dickstein et al. 1988;
Stanfield et al. 1988).

Considering the type III secretion systems (T3SS), only
flagellum-related genes were identified. In relation to the
T4SS systems, we have identified several genes encoding
proteins associated with the conjugation-transfer machinery,
showing similarity to R. etli and S. meliloti. Among the
CDS of PRF 81, three had homology to the virB genes of A.
tumefaciens—trbD (=virB3), trbI (=virB10) and trbL
(=virB6)—and three were classified as tra genes, related
to proteins of conjugative transfer: traD, traR, and traG
(=virD4).

Surface structures

There is evidence that the production of a variety of
symbiotically active polysaccharides may allow rhizobial
strains to adapt to changing environmental conditions and
to interact efficiently with legumes (Skorupska et al.
2006), but the only studies elucidating the structures of
EPS, LPS, and (1-2)-β-D-glucan of R. tropici have been
performed with strain CIAT 899 (Gil-Serrano et al. 1990,
1993, 1994).

Synthesis of repeating units of EPS, their modification,
polymerization, and export to the cell surface are controlled
by clusters of genes—exo/exs, exp, or pss—localized on
rhizobial megaplasmids or on the chromosome (Skorupska
et al. 2006), and nine of those genes were detected in PRF
81. In relation to the genes involved in the biosynthesis of
nucleotide sugar precursors of EPS, most CDS of PRF 81,
like those encoding for exoB, exoU, and endo-1,3-1,4-β-
glycanase, showed higher BLASTP similarity to S. meliloti
1021 (Reinhold et al. 1994). Higher similarities with S.
meliloti and M. loti were also detected in genes related to
EPS assembly and export genes, such as exoP and exoT, as
well as in enzymes modifying the unit with non-sugar
moieties, such as exoV. Also in relation to the LPS, several
putative genes, such as CDS RT02050 (an acyl-carrier
protein), msbA (ABC transporter of lipid A), lpcC (a
mannosyl transferase of lipopolysaccharide core biosynthe-
sis), rfaZ (RT20472) (putative glycosyltransferase), and
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RT13143 (biosynthesis of (1–2)-β-glucan), have shown
high similarity with S. meliloti 1021.

Rhizobial surface polysaccharides (SPSs), including the
capsular polysaccharides (KPS), exist in close proximity to
plant-derived membranes throughout the infection process.
It is known that SPSs are essential for bacterial survival and
adaptation and as potential determinants of nodulation and/
or host specificity (Le Quéré et al. 2006); they have been
detected only in S. meliloti 1021 (Kereszt et al. 1998), in S.
fredii strains USDA 257 (Forsberg and Reuhs 1997) and
HH103 (Parada et al. 2006), and in Rhizobium sp. NGR234
(Le Quéré et al. 2006). In PRF 81, three CDS similar to
SPSs were detected: RT11392, showing similarity with the
capsular gene rkpH of S. meliloti 1021 (50%); rkpI,
showing similarity to S. meliloti 1021 (48%) and S. fredii
HH103 (46%); and RT10314, similar to rkpJ, responsible
for the export of the capsular polysaccharide, also showing
higher BLASTP similarity with S. fredii (55%) and S.
meliloti 1021 (54%). No homology was found between the
CDS encoding for KPS in PRF 81 and the sequenced
genomes of R. etli, R. leguminosarum, M. loti, or B.
japonicum. This is the first time that genes participating in
the biosynthesis of KPS have been described in R. tropici,
and it is noteworthy that the EPS and LPS of PRF 81
resemble those of S. meliloti (typical from temperate
regions and capable of forming indeterminate nodules)
and of R. leguminosarum and M. loti, than of other tropical
rhizobia, such as the rhizobial strain NGR 234.

Nitrogen fixation and nodulation genes

Several CDS related to the process of biological N2 fixation
were detected in the draft genome of PRF 81, including
genes related to the biosynthesis of the nitrogenase (nifN,
nifR nifS, nifU, and nifW) and to the regulation of the
expression of these genes (nifA, ntrB, ntrC, ntrX, and ntrY).
We also identified six nif (nifA, nifN, nifR, nifS, nifU, and
nifW) and three fix (fixA, fixB, and fixR) genes.

In R. tropici, nod genes have been studied using strain
CIAT 899 as a model, and the gene organization and
function on the operon nodDABCSUIJHPQ has been
elucidated (Vargas et al. 1990; Sousa et al. 1993; Manyani
et al. 2001). In the genome of PRF 81, we found 12 CDS
related to nodulation with half of these not previously
reported in R. tropici (Table 1). The nodC gene is
responsible for the biosynthesis of the basic structure of
the Nod factor, and in PRF 81, the highest BLASTP
similarity was found with CIAT 899 (Folch-Mallol et al.
1996). Another gene resembling CIAT 899 is nodU, a 6-0-
carbomoyl-transferase involved in the addition of the
carbomoyl in the non-reductor extreme of the Nod factor
(Waelkens et al. 1995) and detected in all rhizobia except
for R. leguminosarum (Young et al. 2006). nodU is

apparently related to host specificity, as mutants of CIAT
899 have decreased nodulation of Leucaena but not of the
common bean (Waelkens et al. 1995).

With regards the nod genes related to the RND efflux
pump, the ATP-binding protein I (NodI) described in CIAT
899 (Folch-Mallol et al. 1996; Manyani et al. 2001) is 100%
similar to two CDS of PRF 81, RT23334 and RT23345.
However, two other contiguous CDS (RT20830 and
RT20846) were found, possibly representing a second NodIJ
system. Those CDS show high BLASTP similarity (83% and
88%, respectively) to two type I secretion proteins of R.
leguminosarum bv. trifolii (AAL14907.1), and also with
HndI and HndJ proteins of Agrobacterium. In R. etli CFN
42, mutants of nodIJ delay the exportation of Nod factors
(Cárdenas et al. 1996), while in S. fredii HH103, in addition
to the delay, the mutants also release different structures of
Nod factors (M. Megías, unpublished). This is the first time
that a second nodIJ transport system has been described in R.
tropici. Interesting is also the CDS RT05132, which is
similar to the RND efflux system outer membrane lipopro-
tein NodT of bacteria belonging to the genera such as
Burkholderia and Pseudomonas but with no homologs in
any rhizobia studies to date. The efflux transporter NolG of
S. meliloti 1021 is 50% similar to RT22697 and has also
never been reported in R. tropici. Functionality of these new
genes should be investigated in R. tropici, as they could play
a role in nodulation of different hosts or in the kinetics of
nodulation.

In relation to the biosynthesis of Nod factors, nodG and
nodN are responsible for modifications in the structure of the
Nod factor and were present in PRF 81. RT11914 shows
high BLASTP similarity (92%) with nodG of R. legumino-
sarum, encoding a 3-oxoacyl-(acyl) carrier protein reductase
involved in the biosynthesis and transfer of common fatty
acids (López-Lara and Geiger 2001); high homology was
also found with other rhizobia (Table 1), but this putative
gene has never been reported in R. tropici. nodN (RT05456)
showed high BLASTP similarity with the protein of CIAT
899. In addition, RT14525 showed similarity with noeJ,
responsible for the activity of mannose-1-phosphate guanylyl
transferase of CIAT 899 (Nogales et al. 2002) and similar
proteins in other rhizobia (Table 1). nolF showing low
similarity to a gene encoding for a glucosamine synthetase
described in S. meliloti 1021 (Galibert et al. 2001) has also
never been reported in R. tropici.

R. tropici nodulates legumes of tropical origin such as
the common bean and Leucaena spp., and it was amazing
to find that the nodulation genes of PRF 81 and CIAT 899
resemble more closely those of S. meliloti and R.
leguminosarum, symbionts of temperate legumes. We have
expected the nodulation genes to show higher similarity
with those of tropical rhizobia such as Rhizobium sp. NGR
234 and mainly of R. etli, considered as the main symbiont
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of the common bean in the Mesoamerican center of genetic
diversification (Segovia et al. 1993; Grange et al. 2007).
This finding also raises the issue that although described as
a common bean symbiont (Martínez-Romero et al. 1991),
the lack of similarity of nodulation genes of R. tropici PRF
81 with R. etli—the predominant species in the both the
Mesoamerican and the Andean centers of genetic origin
(e.g., Segovia et al. 1993; Aguilar et al. 2004; Grange et al.
2007)—adds more evidences to the hypothesis that R.
tropici might originally be the symbiont of other host
legumes, e.g., Mimosa or Gliricidia that later adapted to
nodulate the common bean (Menna et al. 2006; Pinto et al.
2007). However, the results might also emphasize the
highly promiscuous nature of R. tropici (e.g., Michiels et al.
1998). Finally, we should mention that the genomes of two
other symbionts of the common bean, R. gallicum and R.
giardinii, have not been studied yet; however, the agro-
nomic importance of R. giardinii is strict, as the species is
non-effective in fixing N2 with the common bean (Amarger
et al. 1997), and R. gallicum is rarely observed in surveys
performed in Brazil (e.g., Mostasso et al. 2002; Grange and
Hungria 2004; Pinto et al. 2007).

Final comments

R. tropici is predominant in the nodules of field-grown
common bean plants in Brazil, when both Mesoamerican
and Andean cultivars are used as trap hosts (e.g., Hungria

et al. 2000, 2003; Mostasso et al. 2002). This trait has been
attributed to the intrinsic properties of the species, partic-
ularly tolerance of acidic and high-temperature conditions
(Martínez-Romero et al. 1991; Graham et al. 1994; Hungria
et al. 2000, 2003), resulting in stronger competitiveness
under the often stressful tropical conditions in Brazilian
soils (Mercante et al. 1998; Hungria et al. 2000, 2003;
Mostasso et al. 2002). Another major attribute is the higher
symbiotic stability of R. tropici in comparison to other
common bean rhizobial species, probably due to the
presence of a unique copy of the nifH gene (Martínez et
al. 1985; Quinto et al. 1985; Martínez-Romero et al. 1991;
Geniaux et al. 1993). Based on these properties, a strain
selection program was established in Brazil in 1994 and
PRF 81 has been identified as an elite strain and is now
used in commercial inoculants for the common bean crop
(Hungria et al. 2000, 2003). PRF 81 is thus a good
representative of both the biotechnological potential and
also the rhizobial diversity still to be revealed in the tropics.
The approach used in this study has resulted in an
interesting panoramic view of the genome of PRF 81, at a
cost affordable to many laboratories. Most importantly, a
broad range of novel genes have been described.

A particularly interesting aspect is the observation that
the genome of PRF 81 is comprised of genes showing
similarity with more than a hundred microorganisms
(considering the functional classification in the KEGG
database), none of which, surprisingly, represents more than

Table 1 Nodulation genes detected in the genome draft of Rhizobium tropici PRF 81 and higher BLASTP similarity with other microorganisms

Gene CDSa Percentage of identity in BLASTP

nodC RT23361 Rhizobium tropici CIAT 899 (100%), Sinorhizobium sp. BR 816 (66%), Mesorhizobium loti MAFF303099
(66%), R. etli CFN42 (60%), Rhizobium sp. N33 (58%), Burkolderia tuberum STM678 (57%)

nodGb RT11914 R. leguminosarum LPR5045 (92%), Agrobacterium tumefaciens C58 (90%), Sinorhizobium meliloti 1021
(89%), M. loti MAFF303099 (88%), Rhizobiun sp. N33 (88%), Mesorhizobium sp. BNC1 (80%)

nodI RT23345,
RT23334

R. tropici CIAT 899 (100%), M. loti MAFF303099 (85%), Rhizobium sp. NGR234 (84%), S. meliloti 1021
(83%), Sinorhizobium sp. BR816 (79%), Rhizobium sp. N33 (79%)

nodIb

(=hndI)
RT20830 R. leguminosarum bv. trifolii (83%), A. tumefaciens C58 (70%), S. meliloti 1021 (67%)

nodJa

(=hndJ)
RT20846 R. leguminosarum bv. trifolii LPR5045 (88%), A. tumefaciens C58 (86%), S. meliloti 1021 (80%), Azoarcus

sp. EbN1, Bradyrhizobium japonicum USDA 110, Mesorhizobium sp. BCN1 (71%)
nodN RT05456 R. tropici CIAT 899 (92%), A. tumefaciens C58 (74%), S. meliloti 1021 (72%), R. leguminosarum bv. viceae

(70%)
nodTb RT05132 No homology with rhizobia; 33% with Burkholderia cenocepacia AU 1054 (33%), Burkholderia cepacia

R18194 (31%), Pseudomonas syringae pv. syringae B728a (32%)
nodU RT23354 R. tropici CIAT 899 (100%), Sinorhizobium sp. BR816 (82%), Rhizobium sp. NGR234 (77%), B. japonicum

USDA 110 (73%), S. fredii USDA257 (73%), Bradyrhizobium sp. SNU001 and WM9 (72%), R. galegae
(67%)

noeJ RT14525 R. tropici CIAT 899 (96%), Rhizobium sp. NGR234 (66%), Brucella abortus biovar 1 9-941 (63%), B.
japonicum USDA110 (59%)

nolFb RT22693 S. meliloti 1021 (35%), A. tumefaciens C58 (34%)
nolGa RT22697 S. meliloti 1021 (50%), A. tumefaciens C58 (46%), Chromobacterium violaceum ATCC 12472 (43%)

a Coding DNA sequence(s)
b Described for the first time in R. tropici
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19% of the CDS with putative known functions. This
mosaic of genes seems to be built to confer saprophytic
competence and versatility. Interesting also is the similarity
to genes related to nodulation and to superficial structures
of Sinorhizobium rather than with the major symbiont of
the common bean in the genetic centers of origin of the
legume, R. etli, or with another common bean symbiont, R.
leguminosarum. These findings might be indicative of two
concepts: the first one that R. tropici could the symbiont of
another indigenous legume that adapted to nodulate the
common bean, and the second one reinforcing the very
promiscuous nature of this rhizobial species, being capable
of nodulating a wide range of legumes.
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