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Abstract
The genus Bradyrhizobium is considered to be widespread and abundant group of symbiotic bacteria in
many plant-soil ecosystems. However, the ecological versatility of this phylogenetic group remains highly
understudied in man-made ecosystems, mainly due to the lack of pure cultures and genomic data. To
further expand our understanding of this genus for human health, we analyzed the high quality draft
genome of Bradyrhizobium strain BL, isolated from a municipal wastewater treatment plant in Ningbo,
China. The Bradyrhizobium sp. BL draft genome has a total size of 7,718,431 bp with an overall G + C
content of 46.43%. From a total of 7236 predicted sequences, 7176 and 60 are protein and RNA coding
sequences, respectively. Moreover, 63.51% of the predicted genes were assigned into to Clusters of
Orthologous Groups (COG) functional categories. The Bradyrhizobium sp. BL genome contains various
defense mechanisms against antibiotics that up to predicted 60 antibiotic resistance coding genes. The
Bradyrhizobium sp. BL genome contains 237 termed virulence factors coding genes which show its
potential pathogenicity. This study provides important insights into the genomic diversity of the genus
Bradyrhizobium and provides a foundation for future comparative genomic studies that will generate a
better understanding of the antibiotic resistance process.

Introduction
Antibiotics are hailed as the greatest harvest of the medical profession in the 20th century. They have
been widely used in medical, agricultural and animal husbandry since they were discovered. However,
long-term excessive use of antibiotics or abuse of antibiotics will make a huge difference to ourselves
and our living environment. The threat also leads to the widespread spread of antibiotic-resistant bacteria
[1]. At present, a large number of studies have found that resistant microorganisms are widely spread in
water, soil, air and other media and in animals and plants [2, 3].

The sewage treatment plant is a gathering place for urban sewage and wastewater. The antibiotic
pollutants discharged from various pollution sources are collected into urban sewage treatment plants
through different channels [4, 5], some of the resistant bacteria in the sewage are removed by the
treatment technology, and the other part of the resistant bacteria are discharged into the environment
through the water outlet of the sewage treatment plant, causing secondary impact on the urban
environment such as natural water. Therefore, understanding and studying the resistant microorganisms
in the e�uent of sewage treatment plants is particularly important for the biological risk assessment and
control of wastewater treatment and reuse [4].

In this experiment, we carried out water sampling research from the e�uent of Beilun Yandong
Wastewater Treatment Plant in Ningbo, and isolated and identi�ed a kind of resistance microorganisms
of sulfamethoxazole, trimethoprim and erythromycin. We performed the whole genome sequencing of
this resistant microorganism isolated from the sewage treatment plant and determined that the resistant
microorganism belongs to Bradyrhizobium. The dataset has been submitted to the European Nucleotide
Archive (ENA) and is reported here.
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Materials And Methods
Isolation of the bacterial strain.

Sewage sample was diluted 30 times and pipetted 100 µL diluent in YEP-Agar medium (Yeast extract
5.0 g/L, peptone 10.0 g/L, NaCL 5.0 g/L, and agar 15.0 g/L) for 72 hours at 30oC. The growing bacterial
colonies were sub-cultured. Here, we selected and isolated sulfamethoxazole (8.0 mg/L), trimethoprim
(4.0 mg/L) and erythromycin (4.0 mg/L) resistant bacteria. After three generation puri�cations, a puri�ed
isolate BL was obtained.

Genome sequencing and assembly.

We got water samples containing resistant microorganisms from a sewage treatment plant outlet, then
extracted strains and genomic DNA from water samples. Genomic DNA was isolated by using a
commercial kit (Thermo Fisher). The quality of isolated DNA was checked using a Qubit �uorimeter
(Thermo Fisher). Genomic DNA sequencing were performed using Illumina Hiseq™ to obtain raw image
data, which were then converted to the original sequencing reads by CASAVA Base Calling analysis. The
raw data quality value and other information were statistically analyzed, and the quality of the sampled
data was visually evaluated using FastQC, then the data was processed by Trimmomatic to obtain clean
data [6]. For the clean data that have been obtained, the SPAdes was used to splice [7], and the contigs
complement GAP obtained by splicing were used by GapFiller [8]. We used PrInSeS-G for sequence
correction, correcting clipping errors during splicing and insertion of small fragments [9].

Gene prediction.

Prokka is a collection of genetic element prediction tools that call Prodigal to predict coding genes,
Aragorn predicts tRNA, RNAmmer predicts rRNA, and Infernal predicts miscRNA [10]. The predicted gene
elements are eventually aggregated and completed the preliminary note. Meanwhile, we used
RepeatModerler to perform the repeated sequence prediction of the assembly results, and then used
RepeatMasker to �nd the position and frequency of each type of repeat sequence on the genome
segment.

Genome annotation and protein classi�cation.

We used NCBI Blast to compare gene protein sequences with multiple databases to obtain functional
annotation information [11]. These databases are VFDB, CARD, PHI-base and other virulence factors and
drug resistance databases as well as CDD, KOG, COG, NR, NT, PFAM, Swissprot, TrEMBL, KEGG. At the
same time, we used HMMER3 to compare the gene protein sequence with the CAZy database to obtain
functional annotation information [12]. In addition, we used TMHMM for transmembrane protein
prediction analysis [13], SignalP for signal peptide prediction analysis [14], LipoP for lipoprotein
prediction analysis [15], ProtCamp for protein subcellular localization analysis, IslandPath-DIOMB for
genomic island prediction analysis, and PhiSpy for prophage prediction analysis.
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Comparative genomics and phylogenetic analysis.

We used NCBI Blast to compare the predicted 16S rRNA gene sequence with the NCBI database [11],
obtained the information of the homologous strain, and constructed the phylogenetic tree. The
phylogenetic tree was built using neighbor-joining method [16] and the evolutionary distances were
computed using the Maximum Composite Likelihood method [17] available on MEGA7 phylogenetic suite
[18]. The PGAP was used to perform pan-genome analysis and homologous gene cluster analysis based
on the homologous strain gene information [19], and a phylogenetic tree was constructed based on the
homologous gene.

Results And Discussion
Genome sequencing information Genome project history.  

The genus Bradyrhizobium within the Alphaproteobacteria is traditionally associated with legumes and
was proposed by Jordan [20] for all slow-growing strains from the genus Rhizobium. Bradyrhizobium
species are symbiotic bacteria inducing the formation of nitrogen-�xing nodules on the roots of plants
[21], and could be resistance to different antibiotics [22]. Because Bradyrhizobium sp. BL was isolated
from wastewater sewage treatment plant, its genome was expected to yield insights that microbiological
characteristics of antibiotic resistance in wastewater treatment. The draft genome sequence of
Bradyrhizobium sp. BL was completed on 27/07/2013. The high-quality draft genome is available in the
European Nucleotide Archive (ENA) under study accession number PRJEB34501. Phylogenetic analysis
of strain BL built by 16sr DNA sequences, compared with representative Bradyrhizobium species strains
showed that it was a novel specie of the genus Bradyrhizobium (Figure 1). This result con�rmed by pan-
genome based phylogenetic analysis of Bradyrhizobium sp. BL, based on the homologous strains gene
information (Figure 2).

Genome properties.

The Bradyrhizobium sp. BL draft genome consists of 61,051,394 reads and has a total size of 7,718,431
bp with an overall G + C content of 46.43% (Table 1). From a total of 7236 predicted sequences, 7176 and
60 are proteins and RNA coding sequences, respectively. Moreover, 63.51% of the predicted genes were
assigned into to Clusters of Orthologous Groups (COG) functional categories (Table 2).

Insights from the genome sequence.

Bradyrhizobium sp. BL shares a core genome including 2061 orthologous protein clusters with 15
representative Bradyrhizobium species strains (Figure 3). Moreover, Bradyrhizobium sp. BL features 550
unique genes (Figure 3). The Bradyrhizobium sp. BL genome contains various defense mechanisms
against antibiotics that up to predicted 60 antibiotic resistance coding genes. Bradyrhizobium sp. BL
encodes multidrug resistance proteins (MdtA, MdtB, MdtC), multidrug e�ux pump subunit (AcrB),
multidrug e�ux pump subunit (AcrB), and e�ux pump membrane transporter (BepE, BepG), which keep it
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alive under stress of sulfamethoxazole, trimethoprim and erythromycin (supplementary information table
1 and 2). Moreover, Bradyrhizobium sp. BL genome contains 237 termed virulence factors coding genes
which show its potential pathogenicity (supplementary information table 3 and 4).

Conclusions
In this study, the genome of Bradyrhizobium sp. BL was analyzed, demonstrating that Bradyrhizobium sp.
BL shares a signi�cant amount of genomic features with other representatives of the genus. The results
regarding growth conditions and antibiotic resistance of Bradyrhizobium sp. BL clearly suggest a niche
differentiation between different species of Bradyrhizobium genus. The Bradyrhizobium sp. BL genome
will facilitate a better understanding of the metabolic versatility of the genus Bradyrhizobium and will be
useful for future comparative studies, especially those with a focus on antibiotic resistance.
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Table 1. Bradyrhizobium sp. BL genome characteristics.

S. No Name   Genome characteristics and resources  

1 ENA Genome Accession Number   PRJEB34501  

2 Sequence type   Illumina Hiseq  

3 Total number of Reads   61,051,394  

4 Read length   148.54  

5 Overall coverage   >100×  

6 Mapped reads   86.80%  

7 Estimated genome size 7,718,431 bp  

8

9

10

11

GC content

Protein coding genes

tRNA coding genes

rRNA coding genes                            

  64.43%

7176

57

3

           

 

 



Page 9/12

Table 2. Summary of the average number of genes and percentage of each genome representing each COG

functional category associated with Bradyrhizobium sp. BL evaluated in this study.

Code Value %age Description

C 354 6.97 Energy production and conversion
D 30 0.58 Cell cycle control, cell division, chromosome partitioning
E 536 10.28 Amino acid transport and metabolism
F 64 1.23 Nucleotide transport and metabolism
G 336 6.45 Carbohydrate transport and metabolism
H 179 3.43 Coenzyme transport and metabolism
I 251 4.81 Lipid transport and metabolism
J 193 3.70 Translation, ribosomal structure and biogenesis
K 458 8.79 Transcription
L 127 2.44 Replication, recombination and repair
M 244 4.68 Cell wall/membrane/envelope biogenesis
N 27 0.52 Cell motility
O 202 3.87 Posttranslational modification, protein turnover, chaperones
P 305 5.85 Inorganic ion transport and metabolism
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Figure 1

Phylogenetic analysis of Bradyrhizobium sp. BL, compared with representative Bradyrhizobium species
strains. The phylogenetic tree was built using neighbor-joining method and the evolutionary distances
were computed using the Maximum Composite Likelihood method available on MEGA7 phylogenetic
suite. The scale bar indicates 0.001 substitutions per nucleotide position.



Page 11/12

Figure 2

Pan-genome based phylogenetic analysis of Bradyrhizobium sp. BL, compared with representative
Bradyrhizobium species strains. The phylogenetic tree was built using neighbor-joining method and the
evolutionary distances were computed using the Maximum Composite Likelihood method available on
MEGA7 phylogenetic suite. The scale bar indicates 500 substitutions per nucleotide position.
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Figure 3

Flower plots of homologous genes of Bradyrhizobium sp. BL, compared with representative
Bradyrhizobium species strains. Here, “novel” represents Bradyrhizobium sp. BL.


