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ABSTRACT Microbial genomes are being extensively studied using next-generation
sequencing technologies in order to understand the changes that occur under different
selection regimes. In this work, the number and type of mutations that have occurred
in three Bradyrhizobium diazoefficiens USDA 110T strains under laboratory conditions
and during selection for a more motile phenotypic variant were analyzed. Most of the
mutations found in both processes consisted of single nucleotide polymorphisms, single
nucleotide deletions or insertions. In the case of adaptation to laboratory conditions,
half of the changes occurred within intergenic regions, and around 80% were insertions.
When the more motile phenotypic variant was evaluated, eight single nucleotide poly-
morphisms and an 11-bp deletion were found, although none of them was directly
related to known motility or chemotaxis genes. Two mutants were constructed to eval-
uate the 11-bp deletion affecting the alpha subunit of 2-oxoacid:acceptor oxidoreduc-
tase (AAV28_RS30705-blr6743). The results showed that this single deletion was not re-
sponsible for the enhanced motility phenotype.

IMPORTANCE The genetic and genomic changes that occur under laboratory conditions
in Bradyrhizobium diazoefficiens genomes remain poorly studied. Only a few genome
sequences of this important nitrogen-fixing species are available, and there are no ge-
nome-wide comparative analyses of related strains. In the present work, we sequenced
and compared the genomes of strains derived from a parent strain, B. diazoefficiens
USDA 110, that has undergone processes of repeated culture in the laboratory envi-
ronment, or phenotypic selection toward antibiotic resistance and enhanced motility.
Our results represent the first analysis in B. diazoefficiens that provides insights into
the specific mutations that are acquired during these processes.

KEYWORDS laboratory adaptation, single nucleotide polymorphism, swimming
motility, comparative genomics

Microbes are well suited to be studied under laboratory conditions due to several
features, including their ease of growth and storage, short generation times, and

discrete genome sizes. The types of genetic changes and the frequencies with which
they accumulate in evolving populations over time guides a general understanding of
any biological system (1). These genetic changes occur at random genomic positions
and are selected either by neutral selection during repeated growth under laboratory con-
ditions or by positive selection (e.g., applying a selective pressure such as antibiotic resist-
ance, or artificially selecting strains with higher motility, among others). During long periods
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of repeated growth in rich media, genetic changes are accumulated in a process sometimes
called the “domestication” of strains (2–4), while genetic changes that occur during the
selection of variants with a desired phenotype are guided by a selective pressure (5–7)
imposed by the researcher. Genetic studies on the number and type of mutations acquired
during repeated growth or the selection of phenotypic variants have been focused so far
on a limited number of species. For example, the genetic changes accumulated over
20,000 Escherichia coli generations in a long-term experiment (8) show that discrete duplica-
tion events can lead to novel phenotypic traits (9). However, the genetic changes that drive
the selection of other phenotypic traits in different species remain unexplored.

Bradyrhizobium diazoefficiens is a symbiotic bacterium of the order Rhizobiales that can
nodulate soybean to fix atmospheric nitrogen. There are no previous comparative genomic
studies on this species, neither under repeated growth in the laboratory nor during the
selection of phenotypic variants. B. diazoefficiens USDA 110T was first sequenced in 2002 by
Kaneko et al. (10) (GenBank accession number NC_004463). In 2016, Davis-Richardson et al.
deposited a new sequence of B. diazoefficiens USDA 110 at NCBI (NZ_CP011360) as a prod-
uct of a genome-wide analysis of DNA methylation (11).

In the current work, we sequenced three B. diazoefficiens strains from our laboratory:
our own stock of B. diazoefficiens USDA 110 (LP USDA 110), LP 3004, and LP 3008. The
original USDA 110 stock that gave origin to LP USDA 110 was received from the U.S.
Department of Agriculture at least 35 years ago. LP 3004 is a spontaneous streptomycin-resist-
ant strain obtained from LP USDA 110 in 1994 in our laboratory. LP 3008 is a higher-motility
strain derived from LP 3004 by recurrent selection from the external rings of swimming halos
and reinoculation into new plates after 13 rounds of selection, obtained in 2003 (12, 13). All
strains were routinely used in the laboratory and maintained as frozen stocks at 280°C that
were renewed every 5 years. We analyzed the genetic changes that accumulated in LP USDA
110 and LP 3004 under laboratory culture conditions by comparing their genome sequences
with the reference sequence of Davis-Richardson and colleagues (11). Additionally, the ge-
nome of the more motile LP 3008 strain was compared against its parent strain (LP 3004) in
order to identify the mutations responsible for its enhanced motility.

RESULTS

The sequence of B. diazoefficiens USDA 110 obtained by Davis-Richardson et al. (11)
(hereafter, DR USDA 110) was used in this work as the reference genome sequence.
The three genome sequences of B. diazoefficiens obtained in this work were compared
with that sequence, and a new comparison between DR USDA 110 and that published by
Kaneko et al. (10) (hereafter, K USDA 110) was also conducted.

Genetic changes in B. diazoefficiens LP USDA 110 and LP 3004 compared with
the reference sequence DR USDA 110. We employed Snippy v3.1 software (14) to
identify variations between both USDA 110 genome sequences available at NCBI. A total of
125 polymorphisms were found (see Table S1 at https://ibbm.conicet.gov.ar/althabegoiti/
table_s1/); however, some of them could be errors that arose in the Davis-Richardson
sequencing and assembly (PacBio), since our three newly sequenced strains and K USDA
110 shared 48 of these 125 mutations. In addition, we detected 72 mutations exclusive of K
USDA 110 and consider that they also could be sequencing errors that arose because of the
low quality of the methods employed in 2002. Moreover, we compared the previously de-
posited genome sequences of K USDA 110 and DR USDA 110 with those of LP USDA 110,
LP 3004, and LP 3008 and performed a phylogenetic analysis of the core single nucleotide
polymorphisms (SNPs). The results show that our strains are more similar to the DR USDA
110 sequence (Fig. 1); therefore, we decided to continue using this sequence as the refer-
ence. Also, our results provide evidence that most contig boundaries are common among
our strains, which might indicate that there were few or no variations in the mobile element
positions (Fig. 2B), which is in agreement with nearly clonal strains where no large genomic
rearrangements have occurred.

The variant-calling analysis against the DR USDA 110 genome resulted in 61 muta-
tions for LP USDA 110 and 53 for LP 3004, most of them implying a 1-bp change. In
total, 49 mutations were common to both LP USDA 110 and LP 3004. Of the 61
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mutations found in LP USDA 110, including 9 single nucleotide polymorphisms (SNPs),
3 single nucleotide deletions (SNDs), and 49 single nucleotide insertions (SNIs), 45%
were located within intergenic sequences, and 11 were only found in LP USDA 110
(Fig. 2A). The effect of each mutation is specified in Table S1 (https://ibbm.conicet.gov
.ar/althabegoiti/table_s1/). On the other hand, of the 53 changes in LP 3004 (6 SNPs, 2
deletions, and 45 SNIs), 3 are present only in this strain, 1 is shared with LP USDA 110,
and 1 is shared with LP 3008 (Fig. 2A). The three mutations exclusive to LP 3004 are a
12-bp deletion and two SNPs. The deletion is particular since it generates an in-frame
deletion at position 52554, locus AAV28_RS00270-bll0687 (new annotation-old annota-
tion). The SNPs are located at positions 520764 and 2595743 and correspond to a syn-
onymous mutation in the locus AAV28_RS02285-blr1088 and an alteration in an inter-
genic region, respectively. The SNP at position 5260582 is common to LP 3008 and is
located in the rpsL gene (AAV28_RS023835-bll5405). This SNP is crucial because this
gene encodes the unique 30S ribosomal protein S12 (15–18), and this mutation allows
the ribosome to function in the presence of streptomycin, explaining the antibiotic-re-
sistant phenotype displayed by this strain. The SNP within rpsL of LP 3004 and LP 3008

FIG 2 Comparison of the draft genome sequences of LP USDA 110, LP 3004, and LP 3008. (A) Venn diagram of the DNA polymorphisms
found comparing the reference strain DR USDA 110 and each of the strains sequenced, using Snippy software. The overlapping areas show
the number polymorphisms shared between the three sequenced strains of this study. (B) Genome comparison between LP USDA 110, LP
3004, and LP 3008 and the reference strain DR USDA 110. The innermost to outermost circles indicate the position of the single nucleotide
insertions (SNIs, squares), single nucleotide polymorphisms (SNPs, circles), and single nucleotide deletions (SNDs, triangles). Multiple
nucleotide deletions are represented by yellow triangles. The genome assemblies were mapped against the reference genome (black line).
The locus tag (old annotation) of the genes presenting a polymorphism is shown. The colors indicate the strains as follows: blue, LP USDA
110; red, LP 3004; and green, LP 3008. The orange circles represent the SNPs on the rpsL gene.

FIG 1 Maximum-likelihood phylogenetic tree generated using the SNPs of the core genome. Snippy-core was used to
generate the alignment of the core genome SNPs between the sequences of the reference strains USDA 110, K USDA
110 (Kaneko et al.) (10), and DR USDA 110 (Davis-Richardson et al.) (11) and the draft genome sequences of LP USDA
110, LP 3004, and LP 3008. The shading corresponds to the conservation level. The letters in red indicate the mutation
on the rpsL gene of LP 3004 and LP 3008 which provides streptomycin resistance. The numbers at the nodes indicate
bootstrap support.
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produces a conservative change from lysine (K) to arginine (R) in position 87 of the
protein.

Genetic changes between B. diazoefficiens LP 3008 and LP 3004. LP 3008 was obtained
from LP 3004 by the selection of phenotypic variants with increased swimming motility in
semisolid agar and a derepressed expression of lateral flagella in Götz mannitol medium (12).
Interestingly, aside from the mutations shared by both strains, 9 additional mutations unique
to LP 3008 were found (Table 1, Fig. 2A and B). These genetic changes could be attributed ei-
ther to the divergence under laboratory conditions of each strain (as observed between LP
USDA 110 and the DR USDA 110 reference genome) or to the higher ability of LP 3008 to
swim in semisolid agar medium. Regarding LP 3008, none of its mutations were located in
flagellar or chemotaxis genes. Among the mutations, one of them corresponds to an 11-bp
deletion that generates a frameshift in the alpha subunit of the 2-oxoacid:acceptor oxidore-
ductase (AAV28_RS30705-blr6743) gene, involved in the central carbohydrate metabolism
pathways in B. diazoefficiens, according to the KEGG PATHWAY database (19). Blr6743 and
Blr6744 are alpha and beta subunits of an oxidoreductase that uses coenzyme A (CoA) and
ferredoxin as cofactors and is responsible for the oxidation of pyruvate to acetyl-CoA or 2-oxo-
glutarate to succinyl-CoA. Furthermore, Blr6743 and Blr6744 were found expressed in a pro-
teomic study of B. diazoefficiens LP USDA 110, both in the cytoplasmic and membrane frac-
tions (20). Thus, the deletion in the alpha subunit of the enzyme could cause a metabolic
alteration in LP 3008, triggering its enhanced swimming phenotype.

The remaining eight mutations unique to LP 3008 are SNPs. The SNP at position 52242,
locus AAV28_RS00270-bll0687, generates a stop codon in this gene. Bll0687 is a far homo-
log of the E. coli ada gene (33% sequence identity, 83% coverage), encoding a putative
methylated-DNA–[protein]-cysteine S-methyltransferase. Bll0687 presents two conserved
domains (21), an AraC-type DNA-binding domain (positions 8 to 124) and an AdaB domain
(O6-methylguanine-DNA–[protein]-cysteine methyltransferase, positions 130 to 293). It has
been shown that these two Ada domains in E. coli can function independently, activating
the transcriptional regulator Ada to stimulate the Ada regulon (22). This response has been
deeply studied in E. coli, where the expression of four genes, ada, alkB, alkA, and aidB, was
increased and induced alkylation resistance (23). Homologs for all these genes are present in
B. diazoefficiens. In LP 3008, the acquired stop codon likely results in a truncated Ada protein,
disturbing its methyltransferase domain (Table 1). Although Bll0687 was not found in the
previously mentioned proteomic study (20), it may be a consequence of the bacterial
growth conditions used or a putative low protein concentration. Additionally, transposon
insertion mutants for homologs of the E. coli Ada protein in Ensifer meliloti (24, 25) did
not show a distinctive phenotype.

Two other interesting SNP mutations found uniquely in LP 3008 that could result in
global changes are those found at position 2257, locus AAV28_RS00010-bll0635 (rho),
and at position 6604916, locus AAV28_RS30020-bll6610 (mraW). Both mutations result
in missense variations involving a replacement of arginine (R) with serine (S). In the
transcription termination factor Rho, the change does not affect any functional domain, as
the R365S substitution is located in a low-conserved and exposed position among ortholo-
gous sequences, according to our analysis using ConSurf (26). Alterations near position 365
did not show any evident phenotype in a previous study (27). On the other hand, MraW is a
methyltransferase described in E. coli, responsible for the methylation of the 1402 cytosine
(N4 methylation) of the 16S rRNA (23, 28). 16S rRNAs are highly conserved and have some
positions with special modifications; for example, m4Cm1402 plays a role in adapting the P
site of the ribosome to enhance the decoding fidelity (23, 29). The R111 of MraW is moder-
ately conserved (ConSurf score, 7), which implies that the R111S mutation present in LP
3008 could be relevant for the observed phenotype. Although it has been noted that in E.
coli, the 16S rRNAmodifications are not needed for the functional activity of in vitro-reconsti-
tuted ribosomes (28), several studies indicate that MraW could be important for bacterial fit-
ness, stress tolerance, and virulence and might be essential in some bacteria (24, 29–31).
Additionally, a recent report shows a new function for E. coliMraW as a DNA methylase with
a wider role, affecting different flagellar genes and promoters and therefore implicated in
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motility (32). The remaining five LP 3008 specific mutations are all missense variants. As indi-
cated in Table 1, one SNP is located in locus AAV28_RS05940-bll1846, which encodes a hy-
pothetical protein without characterized domains. This SNP occurs in variable positions
(ConSurf) and replaces R with K, suggesting that it could be a conservative mutation. Also,
this protein is only present in Bradyrhizobiaceae, with some distant homologs in species
from the genera Ensifer, Mesorhizobium, and Microvirga. The second SNP is situated at posi-
tion 2189956, locus AAV28_RS09610-bll2621. Bll2621 is homologous to an L,D-transpeptidase
which is involved in peptidoglycan biosynthesis in E. coli (33). The SNP occurs within a con-
served region that affects the YkuD domain, indicating that this protein function might be
altered, although transposon insertion mutants in the homologous protein SMc04338 of E.
meliloti (45% identity, 80% coverage) do not have a strong phenotype (24, 25). The third
SNP of this group is located at position 7163641, locus AAV28_RS32660–bll7128, whose
product is an eight-transmembrane domain protein annotated as a cell division protein;
however, the mutation occurred in a variable position (ConSurf) of the C-terminal region, in
which no functional domains were annotated. Additionally, some bll7128 orthologs in the
genus Bradyrhizobium presented a conservative K–R substitution. The fourth SNP of this set is
positioned within an intergenic region, position 8413344, between genes AAV28_RS38515–
blr8303 and AAV28_RS38520–blr8304, not affecting their promoters and near the 39
region of both mRNAs. Finally, the fifth SNP of this set is found at position 8677994, locus
AAV28_RS39765-bll0256, which encodes an AraC family transcriptional regulator and
apparently does not affect the unique helix-turn-helix (HTH) domain of the protein. Yet
this amino acid appears at a conserved position within homologous proteins according to
ConSurf. However, none of the similar proteins of E. meliloti 1021 (PSI-BLAST search,$70%
query coverage; E value, ,1.1024) produced an altered phenotype when mutated by
transposon insertion (24, 25).

Blr6743 is not responsible for the enhancedmotility phenotype of B. diazoefficiens LP
3008. LP 3008 has two phenotypic characteristics, a higher motility trait in 0.3% (wt/vol) agar-
containing Götz medium (34) compared with the wild type (wt) and the expression of the lat-
eral flagellum (composed of Laf proteins) in the same liquid medium, while LP 3004 only
expresses the subpolar flagellum (composed of FliC proteins). Nine mutations were found in
LP 3008, one of them consisting of an 11-bp deletion. The deletion occurs at amino acid 174/
640 of the 2-oxoacid:acceptor oxidoreductase alpha subunit (Blr6743), resulting in a frameshift
in the polypeptide. The protein Blr6743 seems to catalyze an oxidative decarboxylation pro-
cess, with ferredoxin being the cognate cofactor. This protein has two annotated domains, the
first one (Pfam: PF01558) between amino acids 47 and 213. The PF01558 family domain
includes a region of the large protein pyruvate-flavodoxin oxidoreductase and the whole pyru-
vate ferredoxin oxidoreductase gamma subunit protein. The second domain (Pfam: PF01855),
amino acids 248 to 412, includes the N-terminal structural domain of the pyruvate ferredoxin
oxidoreductase that binds thiamine diphosphate. Therefore, Blr6743 could be involved in the
oxidation of pyruvate to acetyl-CoA or 2-oxoglutarate to succinyl-CoA. Since both domains
were affected by the frameshift, the activity of this protein could be affected and explain the
observed phenotype. Nonetheless, the process by which the cell drives the overexpression of
the lateral flagellum, which produces an enhanced motility phenotype in swimming plates, is
yet unknown (12).

We complemented the wild-type allele of blr6743 in the LP 3008 genomic background.
We cloned 348 bp of the allele from LP 3004 into the suicide vector pK18mobsacB to obtain
pK18mobsacB::Up_wt and transferred it to LP 3008, to obtain an LP 3008 blr6743 wt.
However, the phenotype was not reversed with the complementation of the wild-type allele
(Fig. 3A and C). As a second approach, we employed LP 3004 to perform an in-frame deletion
of the blr6743 and blr6744 genes, which are separated by only 3 bp. We tested the flagellin
production of strain LP 3004 D6743-6744 (lacking the 2-oxoacid:acceptor oxidoreductase
enzyme) in liquid cultures and its phenotype in swimming plates of Götz medium, but no
changes were found in the lateral flagella production or motility, respectively (Fig. 3B and C).

DISCUSSION

Here, we analyzed the genomic changes in closely related strains, all derivatives of
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B. diazoefficiens USDA 110 that underwent different selection processes. The results
suggest that under laboratory culture conditions over a long time, most of the mutations
consist of 1-bp SNDs, SNIs, or SNPs, with half of the SNPs located in noncoding regions
and, apparently, without a particular phenotype (4, 35). In this process, SNIs are the most
common mutations, accounting for 80% in LP USDA 110 and 85% in LP 3004, probably
caused by errors in DNA replication generated by strand slippage, since they are, predomi-
nantly, an extra C or G in poliC or poliG sequences, respectively. Furthermore, they could
be errors of the sequencing techniques in the homopolymer sequence. In particular, in LP
3004, the mutation in rpsL was selected by growing B. diazoefficiens LP USDA 110 in rich
medium supplemented with streptomycin as the selective pressure (A. Lodeiro, unpub-
lished data). On the other hand, when 13 rounds of selection to improve motility were per-
formed, the number of total changes decreased, but most of them were located in coding
regions. However, none of these mutations directly affected genes related to motility,
whether structural or regulatory, nor in chemotaxis proteins, as occurred in seven evolved
strains of E. coli obtained by a similar selection process. In that work, the authors found
mutations in genes related to flagellar function, metabolism, and transport, among others
(36). The number of mutations they found ranged from two to nine SNPs per sequenced
strain, similar to our finding for B. diazoefficiens LP 3008. Conversely, two publications that
performed and screened library mutant libraries of Salmonella enterica (37) and E. coli (38)
found that higher motility phenotypes are due to alterations in different proteins that are
not directly associated with motility.

The nine mutations found in our study, or combinations of them, are likely responsi-
ble for the high-motility phenotype. We initially thought that the most likely candidate
was the deletion of Blr6743, the 2-oxoacid:acceptor oxidoreductase subunit alpha,

FIG 3 Phenotypic characterization of B. diazoefficiens blr6743 mutants in different genomic backgrounds.
Swimming plates in 0.3% (wt/vol) agar containing Götz medium incubated at 28°C were performed for LP 3008
and LP 3008 carrying blr6743 wt (A) and LP 3004 and LP 3004 D6743-6744 (B). (C) Swimming performance of LP
3008, LP3008 blr6743 wt, LP 3004, and LP 3004 D6743-6744. Cells of each of these strains were inoculated
individually onto a plate, and the diameter of the halo was measured at the indicated times. Four technical
replicates of each strain were performed. (D) SDS-PAGE of extracellular B. diazoefficiens proteins of LP 3004 (lane
1), LP 3004 D6743-6744 (lane 2), LP 3008 (lane 3), LP 3008 blr6743 wt (lane 4), and a positive control (1) with
both flagellin proteins of B. diazoefficiens. Each experiment was repeated twice.
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since we hypothesized that this mutation could generate a metabolic change effect
resulting in the observed phenotype. Nevertheless, after replacing the mutated gene
with its wild-type version in the LP 3008 background, or deleting the genes blr6743
and 6744 in LP 3004, we could not observe any phenotypic change, at least with this
single alteration.

On the other hand, some SNPs are less likely candidates, such as Bll7128, which presents a
K ! R substitution in a variable region that is also present in some Bll7128 orthologs within
the genus Bradyrhizobium; Bll1846, where the SNP is R ! K and occurs in a variable position,
suggesting that the protein might be unaltered, or the SNP at the intergenic region. For the
rest of the mutations, it is more difficult to hypothesize about their involvement in the
observed phenotype. As an example, DNA alteration in AAV28_RS30020-bll6610 could lead to
lower motility, indicating a possible indirect role of mraW. Recently, the role of MraW as DNA
methylase has been described, with implications for motility (32), highlighting MraW as one of
the most likely candidates to explain the high-motility phenotype of LP 3008. Xu et al. (32)
found 336 genes and 219 promoters which showed a decrease of methylation in the mraW
mutant, including 4 flagellar gene and promoter sequences. Additionally, they observed that
MraW directly binds to the four flagellar gene sequences and identified a common motif in
the differentially methylated regions of their promoters and coding sequences. However, we
could not find the motifs with certainty in either the flagellar genes of E. coli or those of B.
diazoefficiens.

MATERIALS ANDMETHODS
DNA extraction and sequencing. Total DNA was extracted from B. diazoefficiens from liquid cultures

in arabinose-gluconate (AG) medium (39) using the QIAamp DNA minikit (Qiagen). The genomes of LP
3004 and LP 3008 were sequenced using the Illumina HiSeq 2000 platform with 100-bp paired-end reads,
achieving a final coverage of 380� and 245�, respectively. The genome of LP USDA 110 was sequenced using
the MiSeq platform with 150-bp paired-end reads and 300� coverage.

Bacterial strains and culture conditions. The strains used in this study were B. diazoefficiens LP
USDA 110, LP 3004, and LP 3008 and Escherichia coli DH5a and S17-1 (Bethesda Research Laboratory). B.
diazoefficiens cells were stored in glycerol stocks at 220°C and in yeast extract-mannitol agar (YMA) (40) at
4°C. For conjugation, peptone-salts-yeast extract (PSY)-arabinose was used (41). If needed, chloramphenicol
(Cm), kanamycin (Km), or streptomycin (Sm) was added at a final concentration of 20 mg ml21, 150 mg ml21,
and 400 mg ml21, respectively. E. coli strains were grown at 30°C in LB (42). If needed, Km was added at a final
concentration of 10 mg ml21. The pK18mobsacB plasmid (43) was used for cloning and conjugation.

To analyze flagella in a liquid medium, bacteria were cultured in minimal Götz medium (34), and for swim-
ming motility analysis, bacteria were inoculated with a sterile toothpick onto the same medium containing
0.3% (wt/vol) agar as previously described (12) and were incubated for 10 days.

Construction of mutant strains. DNA amplifications were carried out by PCR using Pfu polymerase
(Productos Bio-Logicos, Buenos Aires, Argentina) in a Biometra TOne thermocycler (Analytik Jena, Jena,
Germany). The oligonucleotide primers used in this study were supplied by Genbiotech SRL (Buenos
Aires, Argentina). Digestions were achieved using Promega (Biodynamics SRL, Buenos Aires,
Argentina) enzymes as necessary. DNA sequencing was performed using a DNA sequencing service
(Macrogen Corp., Seoul, South Korea).

The B. diazoefficiens LP 3004 D6743-6744 deletion mutant was obtained using the unmarked in-frame
deletion strategy as previously described (44). To generate the construction, a 348-bp fragment of the upstream
region of blr6743 and a 344-bp fragment downstream of blr6744 were amplified using the primer pairs
Up_Fw_6743 (59-AAA AGA ATT CAT GAT GGT GGC GAT GAA C-39)/Up_Rv_6743 (59-GCC GTC GAC GGA TCC
GAG GCA GTT CTG CAA GGC CCA GTC-39) and Dw_Fw_6744 (59-TGC CTC GGA TCC GTC GAC GGC CAA GAT
CGA CGC GGA CTA C-39)/Dw_Rv_6744 (59-AAA AAA GCT TGA CCC ATA CCC TTC AAC TGG-39), respectively.
The resultant fragments were purified and combined as the template to be amplified with the primer
pair Up_Fw_6743/Dw_Rv_6744. The 713-bp fragment obtained was cloned into the EcoRI/HindIII sites
of the pK18mobsacB vector to generate pK18mobsacB::6743-6744. The gene replacement was made
by mobilization of the construction from E. coli S17-1 to B. diazoefficiens LP 3004 by biparental mating, and
the simple crossover (cointegrate) was selected by Km resistance. To induce double-crossover recombination,
the selected transconjugants were plated onto yeast mannitol agar (YMA) supplemented with 10% (wt/vol) su-
crose. The resulting clones were checked by PCR using primers outside the recombination region,
Fw_cheq_6743 (59-CAA CAT CTT CCC CTC CAA CA-39)/Rv_cheq_6744 (59-CGG CGA CGA CTA CCA GAA C-39),
in order to select the mutant genotype, and the correct in-frame deletion was verified by DNA sequencing.

To interchange the allele of LP 3008 with the wild-type one, the fragment Up was amplified with the
primer pair Up_Fw_6743/Up_Rv_6743 using LP 3004 as the template for the PCR (Up_wt). The fragment was
cloned into the EcoRI/HindIII sites of the pK18mobsacB vector to generate pK18mobsacB::Up_wt. After that, the
procedure was the same as before; in the first selection with Km, the B. diazoefficiens LP 3008 genome con-
tained the plasmid and two Up fragments, one wild type and one altered (Up_wt and Up_del, respectively).
When the second crossover was selected with 10% (wt/vol) sucrose, the transconjugants could have the
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fragments Up_wt or Up_del. In order to check which one of the alleles was selected, a PCR employing the pri-
mers Up_Fw_6743/Up_Rv_6743 was performed and the product of the reaction was observed in a 2.5% aga-
rose gel because the 11-bp difference was noticeable. The fragments of LP 3004 and LP 3008 were used as
controls. If two similar-size fragments appeared (around 348 bp), the plasmid was not excised from the chro-
mosome, and the clone was discarded. The resulting clones were checked by PCR using primers outside the
recombination region, Fw_cheq_6743/Dw_Rv _6743, and the correct in-frame deletion was verified by DNA
sequencing.

Flagellin separation and analysis. The preparation of flagellins was carried out as described previ-
ously (13). Briefly, rhizobia grown in liquid medium to an optical density at 500 nm (OD500) of 1.0 were
vortexed for 5 min and centrifuged at 10,000 � g for 30 min at 4°C. The supernatant was collected and incu-
bated with 1.3% (vol/vol) polyethylene glycol 6000 and 166 mM NaCl for 2 h at 4°C. This suspension was centri-
fuged at 11,000 � g for 40 min at 4°C, and the pellet was finally resuspended in phosphate-buffered saline. For
analysis, the samples were boiled in Laemmli loading buffer for 10 min and then separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (45). Polypeptide bands were revealed using Coomassie
brilliant blue R250.

Polymorphism analysis. The raw reads of the three strains were quality filtered using Trimmomatic
v0.38 software (46) and assembled using Unicycler software v0.4.7 (47); the resulting contigs were mapped
with minimap2 v2.17 (48) to the reference genome. Haploid variant calling was performed using Snippy v3.1
(https://github.com/tseemann/snippy) via its docker image (https://hub.docker.com/r/ummidock/snippy
_tseemann). The raw sequences from LP USDA 110, LP 3004, LP 3008, and K USDA 110 were analyzed using
Snippy with the DR USDA 110 sequence as the reference. Snippy-core was then used to build a core SNP align-
ment, which was used to construct a phylogenetic tree with PhyML v3.3.3 software. The K80 DNA evolutionary
model was selected, as indicated using ModelTest-NG (49), and nonparametric bootstrap (1,000 replicates) was
used for branch support. Snippy software was also applied to identify the SNPs among the strains of this work,
using the DR USDA 110 sequence as the reference. Venn diagrams were generated using the Venn tool at http://
bioinformatics.psb.ugent.be/webtools/Venn/. A Circos plot was generated using Circos v0.69-8 software (50).

To assess whether an SNP could result in a mutation affecting the protein function, we used the
ConSurf server (26) to assign a score from 1 to 9, indicating the degree of conservation of any position
in the ortholog family, and a possible functional role.

Additionally, orthologs of the proteins that presented SNPs were found using BLASTP (E value, ,1024;
query coverage, .70%) to search for associated mutant phenotypes at the Fitness Browser (http://fit
.genomics.lbl.gov) database. Searches with no hits were repeated using PSI-blast instead.

Data availability. The raw reads of LP USDA 110, LP 3004, and LP 3008 have been deposited in the
NCBI Sequence Read Archive (SRA) database and can be accessed under the accession numbers SRR11840083,
SRR12102326, and SRR12102325, respectively.

ACKNOWLEDGMENTS
This work was supported by Proyecto de Cooperación Interuniversitaria UAM-

SANTANDER con América Latina 2017 to 2018. F.M. and C.D. are fellows of CONICET.
M.J.L., A.L., E.M., J.I.Q., and M.J.A. are members of the Scientific Career of CONICET

(Argentina).
We declare no conflicts of interest.

REFERENCES
1. Conrad TM, Lewis NE, Palsson BO. 2011. Microbial laboratory evolution in

the era of genome-scale science. Mol Syst Biol 7:509. https://doi.org/10
.1038/msb.2011.42.

2. Eydallin G, Ryall B, Maharjan R, Ferenci T. 2014. The nature of laboratory
domestication changes in freshly isolated Escherichia coli strains. Environ
Microbiol 16:813–828. https://doi.org/10.1111/1462-2920.12208.

3. Liu B, Eydallin G, Maharjan RP, Feng L, Wang L, Ferenci T. 2017. Natural
Escherichia coli isolates rapidly acquire genetic changes upon laboratory
domestication. Microbiology (Reading) 163:22–30. https://doi.org/10
.1099/mic.0.000405.

4. Marks ME, Castro-Rojas CM, Teiling C, Du L, Kapatral V, Walunas TL,
Crosson S. 2010. The genetic basis of laboratory adaptation in Caulobacter
crescentus. J Bacteriol 192:3678–3688. https://doi.org/10.1128/JB.00255-10.

5. Barrick JE, Yu DS, Yoon SH, Jeong H, Oh TK, Schneider D, Lenski RE, Kim JF.
2009. Genome evolution and adaptation in a long-term experiment with Esch-
erichia coli. Nature 461:1243–1247. https://doi.org/10.1038/nature08480.

6. Barrick JE, Lenski RE. 2009. Genome-wide mutational diversity in an evolv-
ing population of Escherichia coli. Cold Spring Harb Symp Quant Biol 74:
119–129. https://doi.org/10.1101/sqb.2009.74.018.

7. Herring CD, Raghunathan A, Honisch C, Patel T, Applebee MK, Joyce AR,
Albert TJ, Blattner FR, van den Boom D, Cantor CR, Palsson BO. 2006.
Comparative genome sequencing of Escherichia coli allows observation
of bacterial evolution on a laboratory timescale. Nat Genet 38:1406–1412.
https://doi.org/10.1038/ng1906.

8. Lenski R. 2004. Phenotypic and genomic evolution during a 20,000-gener-
ation experiment with the bacterium Escherichia coli. Plant Breeding Rev
24:225–265.

9. Blount ZD, Barrick JE, Davidson CJ, Lenski RE. 2012. Genomic analysis of a
key innovation in an experimental Escherichia coli population. Nature 489:
513–518. https://doi.org/10.1038/nature11514.

10. Kaneko T, Nakamura Y, Sato S, Minamisawa K, Uchiumi T, Sasamoto S,
Watanabe A, Idesawa K, Iriguchi M, Kawashima K, Kohara M, Matsumoto M,
Shimpo S, Tsuruoka H, Wada T, YamadaM, Tabata S. 2002. Complete genomic
sequence of nitrogen-fixing symbiotic bacterium Bradyrhizobium japonicum
USDA110. DNA Res 9:189–197. https://doi.org/10.1093/dnares/9.6.189.

11. Davis-Richardson AG, Russell JT, Dias R, McKinlay AJ, Canepa R, Fagen JR,
Rusoff KT, Drew JC, Kolaczkowski B, Emerich DW, Triplett EW. 2016. Inte-
grating DNA methylation and gene expression data in the development
of the soybean-Bradyrhizobium N2-fixing symbiosis. Front Microbiol 7:
518. https://doi.org/10.3389/fmicb.2016.00518.

12. Althabegoiti MJ, López-García SL, Piccinetti C, Mongiardini EJ, Pérez-
Giménez J, Quelas JI, Perticari A, Lodeiro AR. 2008. Strain selection for
improvement of Bradyrhizobium japonicum competitiveness for nodula-
tion of soybean. FEMS Microbiol Lett 282:115–123. https://doi.org/10
.1111/j.1574-6968.2008.01114.x.

13. Althabegoiti MJ, Covelli JM, Perez-Gimenez J, Quelas JI, Mongiardini EJ,
Lopez MF, Lopez-Garcia SL, Lodeiro AR. 2011. Analysis of the role of the
two flagella of Bradyrhizobium japonicum in competition for nodulation

Analysis of Three B. diazoefficiens Genomes

Volume 9 Issue 3 e00569-21 MicrobiolSpectrum.asm.org 9

https://github.com/tseemann/snippy
https://hub.docker.com/r/ummidock/snippy_tseemann
https://hub.docker.com/r/ummidock/snippy_tseemann
http://bioinformatics.psb.ugent.be/webtools/Venn/
http://bioinformatics.psb.ugent.be/webtools/Venn/
http://fit.genomics.lbl.gov
http://fit.genomics.lbl.gov
https://www.ncbi.nlm.nih.gov/sra/SRR11840083
https://www.ncbi.nlm.nih.gov/sra/SRR12102326
https://www.ncbi.nlm.nih.gov/sra/SRR12102325
https://doi.org/10.1038/msb.2011.42
https://doi.org/10.1038/msb.2011.42
https://doi.org/10.1111/1462-2920.12208
https://doi.org/10.1099/mic.0.000405
https://doi.org/10.1099/mic.0.000405
https://doi.org/10.1128/JB.00255-10
https://doi.org/10.1038/nature08480
https://doi.org/10.1101/sqb.2009.74.018
https://doi.org/10.1038/ng1906
https://doi.org/10.1038/nature11514
https://doi.org/10.1093/dnares/9.6.189
https://doi.org/10.3389/fmicb.2016.00518
https://doi.org/10.1111/j.1574-6968.2008.01114.x
https://doi.org/10.1111/j.1574-6968.2008.01114.x
https://www.MicrobiolSpectrum.asm.org


of soybean. FEMS Microbiol Lett 319:133–139. https://doi.org/10.1111/j
.1574-6968.2011.02280.x.

14. Seemann T. 2015. Snippy v3.1. https://github.com/tseemann/snippy.
15. Bjorkman J, Samuelsson P, Andersson DI, Hughes D. 1999. Novel ribosomal

mutations affecting translational accuracy, antibiotic resistance and virulence
of Salmonella typhimurium. Mol Microbiol 31:53–58. https://doi.org/10.1046/j
.1365-2958.1999.01142.x.

16. Blas-Galindo E, Cava F, Lopez-Vinas E, Mendieta J, Berenguer J. 2007. Use
of a dominant rpsL allele conferring streptomycin dependence for posi-
tive and negative selection in Thermus thermophilus. Appl Environ Micro-
biol 73:5138–5145. https://doi.org/10.1128/AEM.00751-07.

17. Springer B, Kidan YG, Prammananan T, Ellrott K, Bottger EC, Sander P.
2001. Mechanisms of streptomycin resistance: selection of mutations in
the 16S rRNA gene conferring resistance. Antimicrob Agents Chemother
45:2877–2884. https://doi.org/10.1128/AAC.45.10.2877-2884.2001.

18. Timms AR, Steingrimsdottir H, Lehmann AR, Bridges BA. 1992. Mutant
sequences in the rpsL gene of Escherichia coli B/r: mechanistic implica-
tions for spontaneous and ultraviolet light mutagenesis. Mol Gen Genet
232:89–96. https://doi.org/10.1007/BF00299141.

19. Kanehisa M, Goto S. 2000. KEGG: Kyoto Encyclopedia of Genes and
Genomes. Nucleic Acids Res 28:27–30. https://doi.org/10.1093/nar/28.1.27.

20. Cogo C, Perez-Gimenez J, Rajeswari CB, Luna MF, Lodeiro AR. 2018. Induc-
tion by Bradyrhizobium diazoefficiens of different pathways for growth in
D-mannitol or L-arabinose leading to pronounced differences in CO2 fixa-
tion, O2 consumption, and lateral-flagellum production. Front Microbiol
9:1189. https://doi.org/10.3389/fmicb.2018.01189.

21. Marchler-Bauer A, Bo Y, Han L, He J, Lanczycki CJ, Lu S, Chitsaz F,
Derbyshire MK, Geer RC, Gonzales NR, Gwadz M, Hurwitz DI, Lu F,
Marchler GH, Song JS, Thanki N, Wang Z, Yamashita RA, Zhang D, Zheng
C, Geer LY, Bryant SH. 2017. CDD/SPARCLE: functional classification of
proteins via subfamily domain architectures. Nucleic Acids Res 45:
D200–D203. https://doi.org/10.1093/nar/gkw1129.

22. Mielecki D, Wrzesi�nski M, Grzesiuk E. 2015. Inducible repair of alkylated
DNA in microorganisms. Mutat Res Rev Mutat Res 763:294–305. https://
doi.org/10.1016/j.mrrev.2014.12.001.

23. Zhao M, Zhang H, Liu G, Wang L, Wang J, Gao Z, Dong Y, Zhang L, Gong
Y. 2016. Structural insights into the methylation of C1402 in 16S rRNA by
methyltransferase RsmI. PLoS One 11:e0163816. https://doi.org/10.1371/
journal.pone.0163816.

24. Price MN, Wetmore KM, Waters RJ, Callaghan M, Ray J, Liu H, Kuehl JV,
Melnyk RA, Lamson JS, Suh Y, Carlson HK, Esquivel Z, Sadeeshkumar H,
Chakraborty R, Zane GM, Rubin BE, Wall JD, Visel A, Bristow J, Blow MJ,
Arkin AP, Deutschbauer AM. 2018. Mutant phenotypes for thousands of
bacterial genes of unknown function. Nature 557:503–509. https://doi
.org/10.1038/s41586-018-0124-0.

25. Salas ME, Lozano MJ, Lopez JL, Draghi WO, Serrania J, Torres Tejerizo GA,
Albicoro FJ, Nilsson JF, Pistorio M, Del Papa MF, Parisi G, Becker A, Lagares
A. 2017. Specificity traits consistent with legume-rhizobia coevolution
displayed by Ensifer meliloti rhizosphere colonization. Environ Microbiol
19:3423–3438. https://doi.org/10.1111/1462-2920.13820.

26. Ashkenazy H, Abadi S, Martz E, Chay O, Mayrose I, Pupko T, Ben-Tal N.
2016. ConSurf 2016: an improved methodology to estimate and visualize
evolutionary conservation in macromolecules. Nucleic Acids Res 44:
W344–W350. https://doi.org/10.1093/nar/gkw408.

27. Mitra P, Ghosh G, Hafeezunnisa M, Sen R. 2017. Rho protein: roles and
mechanisms. Annu Rev Microbiol 71:687–709. https://doi.org/10.1146/annurev
-micro-030117-020432.

28. Sergeeva OV, Bogdanov AA, Sergiev PV. 2015. What do we know about ri-
bosomal RNA methylation in Escherichia coli? Biochimie 117:110–118.
https://doi.org/10.1016/j.biochi.2014.11.019.

29. Kimura S, Suzuki T. 2010. Fine-tuning of the ribosomal decoding center
by conserved methyl-modifications in the Escherichia coli 16S rRNA.
Nucleic Acids Res 38:1341–1352. https://doi.org/10.1093/nar/gkp1073.

30. Carrion M, Gomez MJ, Merchante-Schubert R, Dongarra S, Ayala JA. 1999.
mraW, an essential gene at the dcw cluster of Escherichia coli codes for a
cytoplasmic protein with methyltransferase activity. Biochimie 81:879–888.
https://doi.org/10.1016/S0300-9084(99)00208-4.

31. Kyuma T, Kimura S, Hanada Y, Suzuki T, Sekimizu K, Kaito C. 2015. Ribo-
somal RNA methyltransferases contribute to Staphylococcus aureus viru-
lence. FEBS J 282:2570–2584. https://doi.org/10.1111/febs.13302.

32. Xu X, Zhang H, Huang Y, Zhang Y, Wu C, Gao P, Teng Z, Luo X, Peng X,
Wang X, Wang D, Pu J, Zhao H, Lu X, Lu S, Ye C, Dong Y, Lan R, Xu J. 2019.
Beyond a ribosomal RNA methyltransferase, the wider role of MraW in
DNA methylation, motility and colonization in Escherichia coli O157:H7.
Front Microbiol 10:2520. https://doi.org/10.3389/fmicb.2019.02520.

33. Magnet S, Dubost L, Marie A, Arthur M, Gutmann L. 2008. Identification of
the L,D-transpeptidases for peptidoglycan cross-linking in Escherichia coli.
J Bacteriol 190:4782–4785. https://doi.org/10.1128/JB.00025-08.

34. Götz R, Limmer N, Ober K, Schmitt R. 1982. Motility and chemotaxis in
two strains of Rhizobium with complex flagella. J Gen Microbiol 128:
789–798. https://doi.org/10.1099/00221287-128-4-789.

35. Katani R, Cote R, Kudva IT, DebRoy C, Arthur TM, Kapur V. 2017. Compara-
tive genomics of two super-shedder isolates of Escherichia coli O157:H7.
PLoS One 12:e0182940. https://doi.org/10.1371/journal.pone.0182940.

36. Ni B, Ghosh B, Paldy FS, Colin R, Heimerl T, Sourjik V. 2017. Evolutionary
remodeling of bacterial motility checkpoint control. Cell Rep 18:866–877.
https://doi.org/10.1016/j.celrep.2016.12.088.

37. Bogomolnaya LM, Aldrich L, Ragoza Y, Talamantes M, Andrews KD,
McClelland M, Andrews-Polymenis HL. 2014. Identification of novel factors
involved in modulating motility of Salmonella enterica serotype typhimurium.
PLoS One 9:e111513. https://doi.org/10.1371/journal.pone.0111513.

38. Kakkanat A, Phan MD, Lo AW, Beatson SA, Schembri MA. 2017. Novel
genes associated with enhanced motility of Escherichia coli ST131. PLoS
One 12:e0176290. https://doi.org/10.1371/journal.pone.0176290.

39. Sadowsky MJ, Tully RE, Cregan PB, Keyser HH. 1987. Genetic diversity in
Bradyrhizobium japonicum serogroup 123 and its relation to genotype-
specific nodulation of soybean. Appl Environ Microbiol 53:2624–2630.
https://doi.org/10.1128/aem.53.11.2624-2630.1987.

40. Vincent J (ed). 1970. A manual for the practical study of the root nodule
bacteria. Blackwell Scientific Publications, Oxford, UK.

41. Regensburger B, Hennecke H. 1983. RNA polymerase from Rhizobium
japonicum. Arch Microbiol 135:103–109. https://doi.org/10.1007/BF004
08017.

42. Sambrook J, Fritsch EF, Maniatis YT (ed). 1989. Molecular cloning: a labo-
ratory manual, 3rd ed. Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY.

43. Schäfer A, Tauch A, Jäger W, Kalinowski J, Thierbach G, Pühler A. 1994.
Small mobilizable multi-purpose cloning vectors derived from the Esche-
richia coli plasmids pK18 and pK19: selection of defined deletions in the
chromosome of Corynebacterium glutamicum. Gene 145:69–73. https://
doi.org/10.1016/0378-1119(94)90324-7.

44. Sukdeo N, Charles TC. 2003. Application of crossover-PCR-mediated dele-
tion-insertion mutagenesis to analysis of the bdhA-xdhA2-xdhB2 mixed-
function operon of Sinorhizobium meliloti. Arch Microbiol 179:301–304.
https://doi.org/10.1007/s00203-003-0532-9.

45. Laemmli UK. 1970. Cleavage of structural proteins during the assembly of
the head of bacteriophage T4. Nature 227:680–685. https://doi.org/10
.1038/227680a0.

46. Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for
Illumina sequence data. Bioinformatics 30:2114–2120. https://doi.org/10
.1093/bioinformatics/btu170.

47. Wick RR, Judd LM, Gorrie CL, Holt KE. 2017. Unicycler: resolving bacterial
genome assemblies from short and long sequencing reads. PLoS Comput
Biol 13:e1005595. https://doi.org/10.1371/journal.pcbi.1005595.

48. Li H. 2018. Minimap2: pairwise alignment for nucleotide sequences. Bioin-
formatics 34:3094–3100. https://doi.org/10.1093/bioinformatics/bty191.

49. Darriba D, Posada D, Kozlov AM, Stamatakis A, Morel B, Flouri T. 2020.
ModelTest-NG: a new and scalable tool for the selection of DNA and pro-
tein evolutionary models. Mol Biol Evol 37:291–294. https://doi.org/10
.1093/molbev/msz189.

50. Krzywinski M, Schein J, Birol I, Connors J, Gascoyne R, Horsman D, Jones
SJ, Marra MA. 2009. Circos: an information aesthetic for comparative genomics.
Genome Res 19:1639–1645. https://doi.org/10.1101/gr.092759.109.

Lozano et al.

Volume 9 Issue 3 e00569-21 MicrobiolSpectrum.asm.org 10

https://doi.org/10.1111/j.1574-6968.2011.02280.x
https://doi.org/10.1111/j.1574-6968.2011.02280.x
https://github.com/tseemann/snippy
https://doi.org/10.1046/j.1365-2958.1999.01142.x
https://doi.org/10.1046/j.1365-2958.1999.01142.x
https://doi.org/10.1128/AEM.00751-07
https://doi.org/10.1128/AAC.45.10.2877-2884.2001
https://doi.org/10.1007/BF00299141
https://doi.org/10.1093/nar/28.1.27
https://doi.org/10.3389/fmicb.2018.01189
https://doi.org/10.1093/nar/gkw1129
https://doi.org/10.1016/j.mrrev.2014.12.001
https://doi.org/10.1016/j.mrrev.2014.12.001
https://doi.org/10.1371/journal.pone.0163816
https://doi.org/10.1371/journal.pone.0163816
https://doi.org/10.1038/s41586-018-0124-0
https://doi.org/10.1038/s41586-018-0124-0
https://doi.org/10.1111/1462-2920.13820
https://doi.org/10.1093/nar/gkw408
https://doi.org/10.1146/annurev-micro-030117-020432
https://doi.org/10.1146/annurev-micro-030117-020432
https://doi.org/10.1016/j.biochi.2014.11.019
https://doi.org/10.1093/nar/gkp1073
https://doi.org/10.1016/S0300-9084(99)00208-4
https://doi.org/10.1111/febs.13302
https://doi.org/10.3389/fmicb.2019.02520
https://doi.org/10.1128/JB.00025-08
https://doi.org/10.1099/00221287-128-4-789
https://doi.org/10.1371/journal.pone.0182940
https://doi.org/10.1016/j.celrep.2016.12.088
https://doi.org/10.1371/journal.pone.0111513
https://doi.org/10.1371/journal.pone.0176290
https://doi.org/10.1128/aem.53.11.2624-2630.1987
https://doi.org/10.1007/BF004<?A3B2 re 3j?>08017
https://doi.org/10.1007/BF004<?A3B2 re 3j?>08017
https://doi.org/10.1016/0378-1119(94)90324-7
https://doi.org/10.1016/0378-1119(94)90324-7
https://doi.org/10.1007/s00203-003-0532-9
https://doi.org/10.1038/227680a0
https://doi.org/10.1038/227680a0
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1371/journal.pcbi.1005595
https://doi.org/10.1093/bioinformatics/bty191
https://doi.org/10.1093/molbev/msz189
https://doi.org/10.1093/molbev/msz189
https://doi.org/10.1101/gr.092759.109
https://www.MicrobiolSpectrum.asm.org

	RESULTS
	Genetic changes in B. diazoefficiens LP USDA 110 and LP 3004 compared with the reference sequence DR USDA 110.
	Genetic changes between B. diazoefficiens LP 3008 and LP 3004.
	Blr6743 is not responsible for the enhanced motility phenotype of B. diazoefficiens LP 3008.

	DISCUSSION
	MATERIALS AND METHODS
	DNA extraction and sequencing.
	Bacterial strains and culture conditions.
	Construction of mutant strains.
	Flagellin separation and analysis.
	Polymorphism analysis.
	Data availability.

	ACKNOWLEDGMENTS
	REFERENCES

