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Abstract
Rhizobium aethiopicum sp. nov. is a newly proposed species within the genus Rhizobium. This species includes six
rhizobial strains; which were isolated from root nodules of the legume plant Phaseolus vulgaris growing in soils of
Ethiopia. The species fixes nitrogen effectively in symbiosis with the host plant P. vulgaris, and is composed of
aerobic, Gram-negative staining, rod-shaped bacteria. The genome of type strain HBR26T of R. aethiopicum sp. nov.
was one of the rhizobial genomes sequenced as a part of the DOE JGI 2014 Genomic Encyclopedia project
designed for soil and plant-associated and newly described type strains. The genome sequence is arranged in 62
scaffolds and consists of 6,557,588 bp length, with a 61% G + C content and 6221 protein-coding and 86 RNAs
genes. The genome of HBR26T contains repABC genes (plasmid replication genes) homologous to the genes found
in five different Rhizobium etli CFN42T plasmids, suggesting that HBR26T may have five additional replicons other
than the chromosome. In the genome of HBR26T, the nodulation genes nodB, nodC, nodS, nodI, nodJ and nodD are
located in the same module, and organized in a similar way as nod genes found in the genome of other known
common bean-nodulating rhizobial species. nodA gene is found in a different scaffold, but it is also very similar to
nodA genes of other bean-nodulating rhizobial strains. Though HBR26T is distinct on the phylogenetic tree and
based on ANI analysis (the highest value 90.2% ANI with CFN42T) from other bean-nodulating species, these nod
genes and most nitrogen-fixing genes found in the genome of HBR26T share high identity with the corresponding
genes of known bean-nodulating rhizobial species (96 100% identity). This suggests that symbiotic genes might be
shared between bean-nodulating rhizobia through horizontal gene transfer. R. aethiopicum sp. nov. was grouped
into the genus Rhizobium but was distinct from all recognized species of that genus by phylogenetic analyses of
combined sequences of the housekeeping genes recA and glnII. The closest reference type strains for HBR26T were
R. etli CFN42T (94% similarity of the combined recA and glnII sequences) and Rhizobium bangladeshense BLR175T
(93%). Genomic ANI calculation based on protein-coding genes also revealed that the closest reference strains were
R. bangladeshense BLR175T and R. etli CFN42T with ANI values 91.8 and 90.2%, respectively. Nevertheless, the ANI
values between HBR26T and BLR175T or CFN42T are far lower than the cutoff value of ANI (> = 96%) between
strains in the same species, confirming that HBR26T belongs to a novel species. Thus, on the basis of phylogenetic,
comparative genomic analyses and ANI results, we formally propose the creation of R. aethiopicum sp. nov. with
strain HBR26T (=HAMBI 3550T=LMG 29711T) as the type strain. The genome assembly and annotation data is
deposited in the DOE JGI portal and also available at European Nucleotide Archive under accession numbers
FMAJ01000001-FMAJ01000062.
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Introduction
Some bacteria are capable of forming a nitrogen-fixing
symbiosis with various herbal and woody legumes. Some
other bacterial species involve in nitrogen-fixation as
free-living soil organisms [1]. Biological nitrogen fixation
by root-nodule forming bacteria in symbiosis with legume plants play significant roles in agricultural systems.
The symbiosis provides a nitrogen source for the legumes and consequently improve legume growth and
agricultural productivity.
Common bean (Phaseolus vulgaris) (http://plants.us
da.gov/core/profile?symbol=PHVU) is one of the bestknown legume plants cultivated worldwide for food. It
was originally domesticated in its Mesoamerican gene
center, including Mexico, Colombia, Ecuador and northern Peru [2] and in the Andean center in the regions
from Southern Peru to northern Argentina [3]. At
present, it is widely cultivated in several parts of the
tropical, sub-tropical and temperate agricultural systems
[4] and used as a vital protein source mainly for lowincome Latin Americans and Africans [5]. In Ethiopia,
beans are commonly grown as a sole crop or intercropped with cereals, such as sorghum and maize, at altitudes between 1400 and 2000 m above sea level [6].
Bean plants make symbiotic associations promiscuously
with several root-nodule forming nitrogen-fixing bacterial species commonly known as rhizobia. Studies thus
far show that this legume forms symbiotic associations
mainly with rhizobia belong to Alphaproteobacteria,
such as Rhizobium phaseoli, Rhizobium tropici [7], Rhizobium leguminosarum [8], Rhizobium etli [8], Rhizobium giardinii, Rhizobium gallicum [9], Rhizobium
leucaenae [10], Rhizobium lusitanum [11], Rhizobium
vallis [12], Rhizobium ecuadorense [13]. Rhizobium
mesoamericanum [14], Rhizobium freirei [15], Rhizobium
azibense [16], Rhizobium acidisoli [17], Ensifer meliloti
[18], Ensifer fredii [19], Ensifer medicae [20] and Ensifer
americanum [21]. Rhizobial species belonging to Betaproteobacteria, such as Burkholderia phymatum [22]
was also found capable of forming nodules on common
bean plants.
16S rRNA gene sequence similarity and DNA–DNA
hybridization techniques have been used as standard
methods for describing new bacterial species. However,
the 16S rRNA gene sequence divergence between closely
related species is low and thus cannot differentiate
closely related species found in the same genus [23–25].
The DDH technique was once considered as the gold
standard method, and strains classified in the same species should have 70% or greater DDH relatedness among
each other [26–29]. However, DDH results vary between
different laboratories and this incurs inconsistent classification of the same species [30]. On the other hand, the
multilocus sequence analysis method, using the
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sequences of several housekeeping protein coding genes,
have been successfully used for species identification and
delineation [24, 25, 31, 32]. The genome-wide ANI
method, which was first proposed by Konstantinidis and
Tiedje [33] has recently successfully been used for classification of various bacterial species [34, 35]. Depending
on the methods used for ANI calculation or the nature
of bacterial genome sequences, 95 or 96.5% ANI value
[34, 35] corresponds to the classical 70% DNA–DNA relatedness cutoff value for strains of the same species.
The advancement of sequencing techniques and its falling price have made genomic data for many bacterial
species available for comparison [36]. Consequently, the
ANI is becoming the method of choice in current bacterial taxonomic studies.
In our previous study, we isolated a group of rhizobial
bacteria from nodules of common bean growing in the
soils of Ethiopia. These bacteria formed a unique branch
that was distinct from recognized species of the genus
Rhizobium in phylogenetic trees constructed based on
MLSA [24]. In order to compare strains using genomewide ANI with reference genomes and to describe this
group as a new Rhizobium species, the representative
strain Rhizobium sp. HBR26 (hereafter Rhizobium
aethiopicum sp. nov. HBR26T) was selected for sequencing. This project was a part of the DOE JGI 2014 Genomic Encyclopedia of Type Strains, Phase III, the
genomes of soil and plant-associated and newly described type strains sequencing program [37]. In this
study, we present classification and general features of R.
aethiopicum sp. nov. including the description of the
genome sequence and annotation of the type strain
HBR26T.

Organism information

Classification and features

The strain HBR26T is the type strain of R. aethiopicum
sp. nov. This strain and other strains in the novel species
were isolated from nodules of common bean plants in
Ethiopia. Based on multiple housekeeping gene analysis,
the closest validly published species was R. etli [24]. In
this study, a partial 16S rRNA gene tree was constructed
by retrieving more and recently published reference sequences from the GenBank database. In the phylogenetic
tree, the novel species grouped together and showed
high 16S rRNA gene sequence similarity (99%) with
strains in the neighbor groups R. etli CFN42T, Rhizobium vallis CCBAU65647T, Rhizobium phaseoli
CIAT652, Rhizobium pisi DSM30132T, Rhizobium binae
BlR195T, and R. bangladeshense BLR175T (Fig. 1). We
also analyzed the housekeeping genes recA and glnII to
resolve the relationships between strains in novel species
and known species in the R. leguminosarum complex
group [24]. In the phylogenetic tree reconstructed based

