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bacterium isolated from yam (Dioscorea species)
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Abstract

This study investigated endophytic nitrogen-fixing bacteria isolated from two species of yam (water yam, Dioscorea alata L.,
lesser yam, Dioscorea esculenta L.) grown in nutrient-poor alkaline soil conditions on Miyako Island, Okinawa, Japan. Two bacte-
rial strains of the genus Rhizobium, S-93" and S-62, were isolated. The phylogenetic tree, based on the almost-complete 16S
rRNA gene sequences (1476 bp for each strain), placed them in a distinct clade, with Rhizobium miluonense CCBAU 412517,
Rhizobium hainanense 166", Rhizobium multihospitium HAMBI 29757, Rhizobium freirei PRF 817 and Rhizobium tropici CIAT 899"
being their closest species. Their bacterial fatty acid profile, with major components of C; - cyclo w8c and summed feature 8, as
well as other phenotypic characteristics and DNA G+C content (59.65 mol%) indicated that the novel strains belong to the genus
Rhizobium. Pairwise average nucleotide identity analyses separated the novel strains from their most closely related species
with similarity values of 90.5, 88.9, 88.5, 84.5 and 84.4% for R. multihospitium HAMBI 29757, R. tropici CIAT 899", R. hainanense
CCBAU 57015", R. miluonense HAMBI 29717 and R. freirei PRF 817, respectively; digital DNA-DNA hybridization values were
in the range of 26-42%. Considering the phenotypic characteristics as well as the genomic data, it is suggested that strains
S-93"and S-62 represent a new species, for which the name Rhizobium dioscoreae is proposed. The type strain is S-937 (=NRIC

0988"=NBRC 114257"=DSM 1104987).

Bacteria of the genus Rhizobium have been isolated from a
variety of sources and are of great environmental and agri-
cultural importance. Rhizobia, which are used extensively for
their nitrogen-fixing ability, are generally isolated from the
nodules of leguminous plants. However, in recent studies,
novel species of Rhizobium have been isolated from envi-
ronmental samples [1, 2] as well as non-leguminous plants,
including rice [3-5], maize [6] and grasses [7]. In these
non-leguminous plants, some species of Rhizobium, such as
Rhizobium leguminosarum, have been reported to promote
plant growth [8].

Yam (Dioscorea species) is a tropical tuber crop. At present, 644
species are classified in the family Dioscoreaceae [9], among
which the six most cultivated as staple foods are Dioscorea
rotundata Poir (white guinea yam), Dioscorea cayenensis
Lam (yellow yam), Dioscorea alata L. (water yam), Dioscorea

esculenta L. (lesser yam), Dioscorea dumetorum (Kunth)
and Dioscorea bulbifera L. (aerial yam). Yams are important
in the tropics and subtropics, including in the yam belt of
West Africa and in other countries such as Sri Lanka and
Japan. More than 60 million people in West Africa depend
on yams for food [10]. However, yam cultivation requires
adequate soil fertility with high organic matter content. In
West Africa, yam is cultivated as the first crop after clearing
forests or after long-term fallow [11], a practice that has led
to serious deforestation. Despite this, yam tuber yields remain
low because of the rapid decline in soil fertility [11], which in
turn has led to an increase in cultivation area to meet demand.
Research on increasing yam tuber yield through application of
chemical fertilizers has failed to improve productivity [11, 12].
Although limited in non-leguminous tropical crops, the use
of plant growth-promoting bacteria is a promising alternative
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Fig. 1. Phylogenetic tree based on 16S rRNA gene sequences of S-62 and S-93" and their close species by Maximum Likelihood method.
Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of
pairwise distances estimated using the Maximum Composite Likelihood (MCL) approach, and then selecting the topology with superior
log likelihood value. Bootstrap values based on 1000 replications are given as percentages at the branching points. Numbers indicate

percentages greater than 70%.

to chemical fertilizers. Recently, nitrogen-fixing bacteria have
been isolated from yam species [13, 14].

This paper describes two Rhizobia strains, S-93" and S-62,
isolated from Dioscorea species as endophytic plant growth-
promoting bacteria [15, 16]. A polyphasic taxonomic approach
considering the genomic features of these strains suggest that
they represent a new species of the genus Rhizobium.

ISOLATION AND ECOLOGY

Endophytic nitrogen-fixing bacteria were isolated from the
roots, stems, leaves and tubers of water yam and lesser yam,
using a culture-dependent method [17]. The plants were
grown in pots containing a Holocene limestone soil with
the typical pH range of pH 6.5-8.0. The soil is considered
nutrient-poor and is locally referred to as shimajiri mahaji
[18] on Miyako Island, Okinawa, Japan. The experimental
conditions were as described in Ouyabe et al. [15, 16]. Briefly,
samples were washed with sterile distilled water to remove
dust and then surface-sterilized in a solution of 70% ethanol
for 30s and in 2.5% sodium hypochlorite (NaClO) for 60s
before four rinses in sterile distilled water. The samples
were then macerated using a sterilized mortar and pestle
containing 10 ml autoclaved normal saline (0.85% NaCl). One
millilitre of plant macerate was streaked on plates containing
solid nitrogen-free modified Rennie (MR; pH 6.8) medium
[19] under laminar flow. Individual colonies were cultured on
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fresh MR medium and pure bacterial colonies were obtained.
Strains S-93" and S-62 were among those selected for further
analysis. S-93" was isolated from the root of Dioscorea escu-
lenta L., accession E-1, and S-62 was isolated from the roots
of Dioscorea alata L., accession A-62.

The plant growth-promotion ability of the two strains was
evaluated by assessing their nitrogenase activity, hormone and
siderophore production, and inorganic phosphate solubiliza-
tion. An acetylene reduction assay was used to qualitatively
determine nitrogen fixation ability [20], using a semi-solid
nitrogen-free MR medium incubated at 30 °C for 5 days. Acet-
ylene gas was injected into tubes to create an atmosphere with
a final concentration of 10% (v/v). The amount of acetylene
converted to ethylene was measured by injecting 1 ml atmos-
phere into a gas chromatograph equipped with a flame ioniza-
tion detector and a Porapak N column (GC 2014; Shimadzu
Corp.). Pakovskaya’s agar [21] plates were prepared for
qualitative and quantitative solubilization analysis of calcium
phosphate. Bacteria were spotted on the plate in triplicate and
incubated at 30°C for 7 days. Strains forming visible clear
halos around the colonies were considered calcium phosphate
solubilizers. Quantitative analysis was performed by deter-
mining the solubilization index. Indole 3-acetic acid (IAA)
production was also determined [22] in triplicate. Bacterial
strains were grown in 300 ml flasks containing 50 ml Luria
broth supplemented with L-tryptophan (0.5 mg ml™) for 48 h
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Table 1. ANI and dDDH values of the novel strains and the most closely related Rhizobium species

Strains: 1,5-93"; 2, S-62; 3, Rhizobium multihospitium HAMBI 2975"; 4, Rhizobium tropici CIAT 899"; 5, Rhizobium hainanense CCBAU 57015T; 6, Rhizobium
miluonense HAMBI 29717, 7, Rhizobium freirei PRF 817; 8, Rhizobium lusitanum P1-77. Values above and below the diagonal line of asterisks (*) represent

dDDH and ANIb values, respectively.

ANIb/dDDH 1 2 3 4 5 6 7 8

1 * 86.5 42.6 38.3 37.3 29.6 29.8 27.5
2 98.3 * 42.7 38.1 37.2 29.6 29.8 27.6
3 90.4 90.5 * 36.8 39.7 30.3 30.7 28.2
4 88.9 88.9 88.3 * 35.9 29.6 33.4 31.4
5 88.5 88.6 89.5 87.8 * 30.0 30.3 27.9
6 84.4 84.3 85.0 84.2 84.7 * 43.7 29.7
7 84.4 84.3 84.9 86.5 84.7 90.7 * 33.1
8 82.8 82.9 83.4 85.4 83.3 84.3 86.1 *

on a rotary shaker. The broth was centrifuged at 10000 g for
15min. The cell-free supernatant was collected and the IAA
concentration was measured at an optical density of 530 nm
with a spectrophotometer. Siderophore production was evalu-
ated on CAS plates following a previously described protocol
[23]. Bacterial colonies were spotted on the CAS plates in
triplicate and incubated at 30°C for 7 days. The presence
of visible clear halos around the colonies was indicative of
siderophore production, the index of which was determined
as the ratio of total halo diameter to colony diameter.

The acetylene reduction assay revealed the ability of S-937
and S-62 to fix nitrogen. These strains were also found to
produce IAA and to solubilize inorganic calcium-phosphates
with similar indexes. However, siderophore production was
detected only in S-93™.

16S rRNA GENE PHYLOGENY

Nearly complete bacterial 16S rRNA gene sequences of strains
S-93"and S-62 were amplified and sequenced. A cell suspen-
sion (20 pl) was treated with Proteinase K (5ul) at 60°C for
20 min and 95°C for 5min to disrupt the cells. Amplification
was done with the primers 9F (5'-GAGTTTGATCCTG-
GCTCAG-3') and 1541R (5'-AAGGAGGTGATCCAGCC-3")
using the Thermal Cycler PTC-200 (Marshall Scientific).
PCR was performed as described in Arief et al. [24]. The ABI
PRISM 310 Genetic Analyzer (Thermofisher Scientific) was
used for sequencing. Obtained sequences of 1477 bp (S-937)
and 1476bp (S-62) long were used to perform a similarity
search of the bacterial 16S database of the EzBioCloud [25].

The 16S rRNA gene-based phylogenetic tree was recon-
structed to determine the taxonomic position of the two novel
strains within the genus Rhizobium using MEGA X software
[26] with Ensifer fredii LMG 62177 as an outgroup.

A total of 31 strains, including S-93" and S-62, were found
to be closely related to a diverse variety of known Rhizo-
bium species [15, 16]. The nearly complete 16S rRNA gene
sequences of S-93" and S-62 were used to determine their
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taxonomic position within the genus Rhizobium. R. miluon-
ense CCBAU 412517 (98.93% similarity to strain S-937),
R. multihospitium HAMBI 29757 (98.93%), R. freirei PRF 81"
(98.93%) R. hainanense 166" (98.86%), and R. tropici CIAT
899" (98.86%) were the closest species. Similarities with
other species were less than 98.7%. The similarity between
strains S-93" and S-62 was 99.93%, place them in a separate
clade with their most closely related species, as shown on the
phylogenetic tree (Fig. 1), indicating that the two strains are
possibly novel species. The phylogenetic tree was based on the
16S rRNA gene sequences of S-62 and S-937, and their close
species by maximum-likelihood method. Initial tree(s) for
the heuristic search were obtained automatically by applying
Neighbor-Join and BioN]J algorithms to a matrix of pairwise
distances estimated using the maximum composite likelihood
approach, and then selecting the topology with superior log
likelihood value. Bootstrap values based on 1000 replications
are given as percentages at the branching points. Numbers
indicate percentages greater than 70%. The novel strains and
their closest related species share some common ecological
features, such as having been isolated from tropical and
subtropical soil conditions.

GENOMIC FEATURES
DNA-DNA hybridization of draft genomes

In addition to the nearly complete sequence of the 16S rRNA
gene, the draft genomes of the two strains were sequenced
as recommended by Chun et al. [27], who suggested that
16S rRNA gene similarity and DNA-DNA hybridization
approaches can be used in combination for species clas-
sification. The two strains, S-93T and S-62, were cultured
on nutrient agar plates at 30°C for 48 h. Sequencing of the
whole genome was carried out using the DNeasy Blood and
Tissue Kit (Qiagen.com) according to the manufacturer’s
instructions. The sequences were used to reconstruct the
bacterial genome using the Unicycler version 0.4.7 program.
The average nucleotide identity (ANI) of strains S-93" and
S-62 with their closely related type strains (i.e., R. miluonense
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Table 2. Features of carbon assimilation and acid production of Rhizobium dioscoreae sp. nov. strains as determined by API tests and phylogenetically
related species

Strains: 1,5-93"; 2, 5-62; 3, Rhizobium miluonense CCBAU 412517, 4, Rhizobium hainanense 166™; 5, Rhizobium multihospitium CCBAU 834017; 6, Rhizobium
freirei PRF 817, 7, Rhizobium tropici CIAT 899", +, Positive; -, negative; w, weakly positive; ND, no data.

Characteristics 1 2 3% 4* 5% 6* 7*

Acid production (API 50 CH):

Glycerol - - + + " + +
Erythritol + + + + + + +
D-Ribose - - ND ND ND ND ND
D-Xylose + + + + + w +
L-Xylose - - + + + + -
D-Adonitol - - w + + + +
Methyl B-p-xylopyranoside - - + + + w +
p-Galactose + + ND ND ND ND ND
D-Fructose w w + + + w +
L-Sorbose - - + A w w _
L-Rhamnose w w + + + w +
Dulcitol - - w \ w -
Inositol w w + A + w +
p-Sorbitol - - + + w w —
Methyl a-p-mannopyranoside - - - - w _ _
Methyl a-p-glucopyranoside - - + + + w 4
Amygdalin - - + + w - -
Arbutin - - + + + + w
Salicin - - + w + + w
Cellobiose - - + + + w +
Lactose - - + w + w w
Melibiose - - + w + w w
Sucrose - - + w + w +
Trehalose - - + + + w +
Inuline - - ND ND ND ND ND
Melezitose - - - w _ _ _
Raffinose - - + w + w w
Starch - - ND ND ND ND ND
Glycogen - - + + + + -
Xylitol - - + + w w -
Gentiobiose - - + + + w w
p-Turanose - - + + + w w
D-Lyxose w - + + + w +
p-Tagatose - - + w w w -
Continued
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Table 2. Continued

Characteristics 1 3* 4% 5% 6* 7*
D-Fucose + + ND ND ND ND ND
L-Fucose + + ND ND ND ND ND
D-Arabitol - - + + + w +
L-Arabitol - - w + w + A
Potassium gluconate - - ND ND ND ND ND
Potassium 2-cetogluconate - - ND ND ND ND ND
Potassium 5-cetogluconate - - ND ND ND ND ND
L-Arabinose + + ND ND ND ND ND

Assimilation and hydrolysis (API 20NE):
D-Arabinose w - + + + w +
p-Glucose + + + + + + +
D-Mannose + + + + + + +
D-Mannitol + + + + + w +
N-Acetylglucosamine + + + \ + + -
Aesculin (hydrolysis) + + ND ND ND ND ND
Maltose + + + + + w +
Aesculin ferric citrate + + ND ND ND ND ND
Potassium gluconate - - ND ND ND ND ND
Capric acid - - ND ND ND ND ND
Adipic acid - - ND ND ND ND ND
Malic acid + + ND ND ND ND ND
Citric acid (as trisodium citrate) + + ND ND ND ND ND
Phenylacetic acid - - ND ND ND ND ND
Potassium nitrate reduction + + ND ND ND ND ND

Hydrolysis:
L-Arginine - - ND ND ND ND ND
Urease - - ND ND ND ND ND
Gelatin (bovine origin) - - ND ND ND ND ND

*Data of the closely related species were obtained from [47].

CCBAU 412517, R. hainanense 166", R. multihospitium
HAMBI 2975", R. freirei PRF 81" and R. tropici CIAT 899"),
selected based on the results of the 16S rRNA gene data, was
calculated using the averagenucleotide identity-BLAST (ANIb)
algorithm [28]. Digital DNA-DNA hybridization (dDDH)
was also calculated using the BLAsT+ method of the Genome-
to-Genome Distance Calculator version 2.1 [29]. The results
were based on formula 2 [30].

Results of the genome analysis revealed that the G+C contents
of these strains were 59.65 and 59.55 mol% for S-93" and S-62,
respectively, which are in the range of the genus Rhizobium
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[31]. dDDH has been used as a standard technique in the
classification of prokaryotes [29]. The results of the dDDH
analyses in this study indicated a DNA-DNA relatedness of
86.5% between S-93" and S-62. DNA-DNA relatedness was
in the range 27.5-42.6% between S-93" and closely related
Rhizobium species (Table 1). As the DNA-DNA relatedness
value for the definition of bacteria species should be approxi-
mately or greater than 70% [32, 33], the values obtained in
this study indicate that S-93" and S-62 belong to the same
species, but are distinct from the validly published species of
the genus Rhizobium.
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Table 3. Cellular fatty acid profiles of strains S-93" and S-63 and related type strains

Strains: 1,5-93"; 2, 5-62; 3, Rhizobium miluonense CCBAU 412517, 4, Rhizobium hainanense 166"; 5, Rhizobium multihospitium CCBAU 834017; 6, Rhizobium
tropici CIAT 8997; 7, Rhizobium leguminosarum USDA 2370". -, Not detected or detected at <0.1%.

Fatty acids 1 2 3 41 5t 6 7t

Ciso 5.1 53 11.7 6.3 2.9 10.0 6.3
C,.,iso 3-OH 33 11 5.7 2.9 7.8 14.0 -
C,,,iso 32 4.0 - 1.3 2.7 1.0 1.2
Coa 22 2.7 - 03 15 - -
C 0 3-OH 3.2 1.4 6.5 3.5 4.9 8.0 1.7
Cii 35 3.6 2.8 3.9 12 - 3.1
C,,., @7c 11-methyl 1.2 - - 0.8 1.4 5.0 2.0
C,,,, cyclo w8c 39.5 443 21.0 38.8 - 10.0 1.7
C,,, 2-OH 29 - - 19 38 - -
C,,3-OH 4.6 2.1 2.2 - 3.0 2.0 1.8
Summed feature 2* 1.0 - 44 - 2.9 - 12.8
Summed feature 8* 26.2 30.6 442 30.1 43.1 - 57.9

*Summed features denote two or more fatty acids that could not be separated into known individual fatty acids. Summed feature 2 comprised

C

14:0

3-0OH and/or C

16:1is0

I'and an unknown equivalent with a chain length of 10.928, and summed feature 8 comprised C,,, @7c and/or C,  wéc.
Summed feature 8 corresponds to the summed feature 7 of Tighe et al. [46].

tData were obtained from Zhang et al. [48], Tighe et al. [46], Han et al. [49] and Gil-Serrano et al. [50].

To confirm the genetic relationship between the novel strains
and their most closely related species, the ANIb test was
performed. The genome sequences of six Rhizobium species
(R. multihospitium HAMBI 29757, R. tropici CIAT 8997,
R. hainanense CCBAU 57015, R. miluonense HAMBI 29717,
R. freirei PRF 81" and R. lusitanum P1-7") were downloaded
from the GenBank database and compared with each other
and with S-93" and S-62. The ANID value between S-93" and
S-62 was 98.3%. The ANIb values of the isolates to their most
closely related strains ranged from 82.88 to 90.70% (Table 1).
Based on the recommended ANI threshold value of 95-96%
for bacterial species identification [32], the ANIb results of
this study confirmed that S-93T and S-62 are novel species.
The genomic features of the two strains are provided as Table
S1 (available in the online version of this article).

Multilocus sequence analysis

Multilocus sequence analysis (MLSA) has been proposed
as either a complementary or alternative high-resolution
method for elucidating the phylogenetic relationship between
species within bacterial genera [34]. MLSA was used in this
study as an additional method to confirm the results obtained
from the dDDH. Genome-based phylogenetic analysis was
carried out by using an original pipeline for all closely related
species. Orthologous protein sequences were extracted based
on the bidirectional best BLAST hit analysis for all genomic
pairs using BLASTp version 2.5.0 (National Center for Biotech-
nology Information, NCBI) [35] with a minimum identity
of 35% and a minimum sequence coverage of 60% in both
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directions. Amino acid sequences in each ortholog group
were aligned using MAFFT 7.310 [36] in the L-INS-i mode.
All alignments were trimmed using Gblocks 0.91b [37] with
‘stringent’” block parameters, followed by the concatenation
of all trimmed alignments. Where necessary, multiple align-
ments of amino acid sequences were back-translated to their
original nucleotide sequences codon-by-codon, and the
resultant nucleotide sequence alignments were trimmed and
concatenated as described above. The concatenated amino
acid and/or nucleotide sequences were subjected to phylo-
genetic analysis by the maximum-likelihood method using
RAxML 8.2.11 [38] with the rapid bootstrap option; the JTT
amino acid substitution model and/or the GTR nucleotide
substitution model were used. Phylogenetic analysis by the
neighbour-joining method was performed using cLUSTAL_w
2.1 [39] with the default settings.

The phylogenetic tree reconstructed using MLSA is shown
in Fig. S1. The results confirmed that S-93T and S-62 are two
strains of the same species. Moreover, among the closely
related species identified using the 16S rRNA gene sequences
analysis, the MLSA-based phylogenetic tree revealed R. multi-
hospitium HAMBI 2975" as the species most closely related to
the two strains reported in this study.

Pan-genome analysis

The Pan-Genome Analysis Pipeline (PGAP) tool [40]
was used to identify core, accessory, and unique protein
families in S-93" and S-62 and their closest species
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(R. multihospitium HAMBI 29757). Families are based on the
clusters of orthologous groups (COG) of proteins database.
Genomic protein sequence data were obtained from the NCBI
database. Pan-genome analysis is increasingly being used as
a tool for clarifying and improving conventional and other
genomic-based methods of bacterial classification [41]. The
genomes of strains S-93" and S-62 were compared with that of
R. multihospitium HAMBI 2975, which was shown to be their
closest relative by the genome-based phylogenetic analysis.
For pan-genome analysis, the protein sequence data for S-937,
S-62 and R. multihospitium HAMBI 2975 were obtained with
reference to Refseq assembly accessions GCF_009176305,
GCF_009176325 and GCF_900094585, respectively.

The genomes of the three strains comprise 7576 protein-
encoding gene families, 4965 of which belong to the core
genome (Fig. S2). In strains S-93" and S-62, 280 (5%) and 431
(7%) gene families, respectively, were included in the unique
genomes, whereas 1148 (17%) gene families were assigned to
R. multihospitium HAMBI 2975". The distribution of COG
categories in the pan-genome is shown in Fig. S3. In the core
genomes, major categories were related to transport, tran-
scription and primary metabolic processes, including amino
acid transport and metabolism (E), carbohydrate transport
(G), cell wall/membrane/envelope biogenesis and metabo-
lism (M), and transcription (K). Moreover, a large number
of gene families related to transcription were included in
the accessory genomes of strains S-93" and S-62 compared
with other categories, and these gene families accounted for
a large proportion of the unique genome of R. multihospitium
HAMBI 2975". These results indicate that strains S-93" and
S-62 are relatively close to each other and likely diverged
from R. multihospitium. Interestingly, genes related to the
bacterial type IV secretion system (T4SS), also known as the
legume-rhizobia symbiosis system [42], were found in the
accessory genome of strains S-93" and S-62 (Table S2), as well
as the type VI secretion system (T6SS) (Table S3) involved
in the host plant infection [43]. Protein sequences encoded
by homologous genes were identified in some of the Rhizo-
bium genomes. These homologous proteins showed 70-80%
similarity values to those of strains S-93" and S-62 (details
not shown). Thus, the T4SS and T6SS of strains S-93T and
S-62 could potentially be adapted to the yam environment
for infection and symbiosis as endophytic beneficial bacteria.

PHYSIOLOGY AND CHEMOTAXONOMY

The phenotypic characterization of S-93" and S-62 was
performed using the API 20NE and API 50 CHB/E tests
(bioMérieux) according to manufacturer’s instructions for
carbohydrate assimilation and acid production. The API tests
were incubated at 30°C for 24-48h. Biochemical reactions
were recorded as positive or negative and eventually weak
according to the change in colour observed and interpreted
with reference to the manufacturer’s manual.

The phenotypic characteristics of the strains S-93" and S-62
were analysed in terms of sole carbon utilization and fatty acid
profile. API 50CH and API 20NE tests were used to evaluate
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the utilization of carbon sources. The results are presented
in Table 2.

The cellular fatty acid profiles of S-93" and S-62 were deter-
mined and compared with those of close species, referenced
from published papers. The strains were grown on trypticsoy
agar medium for 48 h at 30 °C and lyophilized. The lyophilized
cells were used for fatty acid analysis, as described in Mueller
et al. [44]. About 20 mg dried cells were saponified and meth-
ylated. The protocol of the Sherlock Microbial Identification
System (MIDI) [45] was followed and gas chromatography
(6890N, Agilent Technologies) was performed using MIDI
Sherlock software version 6.2 and the TSBA6 database version
6.2 for the identification of the fatty acids.

Fatty acid profiling can be used as reliable method for differ-
entiation of bacteria [46]. In this study, a total of 13 and 10
fatty acids were found in S-93" and S-62, respectively. The
results showed that the major fatty acids of S-93" and S-62 are
C,,,, cyclo w8c and those from summed feature 8 (Table 3).
However, some differences were observed in fatty acids
C,,,®7c 11-methyl, C , 2-OH, and those from summed
feature 2, which were found in S-93" but were not detected
or were detected in low amounts in S-62. The fatty acid profile
containing C , = cyclo @8c and summed feature 8 (C, w7c
and/or Cl,, ®6¢) supports inclusion of the strains in the

genus Rhizobium [46]

DESCRIPTION OF RHIZOBIUM DIOSCOREAE
SP. NOV.

Rhizobium dioscoreae (di.os.co.reae. N.L. gen. n. dioscorea of
the plant genus Dioscorea species).

Cells are Gram-strain negative, aerobic non-spore forming
rods (0.4-0.5x2-2.2 um). Colonies on MR medium (pH 6.8)
are circular, opaque and white at 30°C after 48 h incuba-
tion. Optimal cell growth occurs between pH 7 and 10. Acid
production is positive for erythritol, p-xylose, D-galactose,
D-fucose, L-fucose and aesculin, and a negative reaction is
found for glycerol, D-ribose, L-xylose, D-adonitol, methyl
B-p-xylopyranoside, L-sorbose, dulcitol, p-sorbitol, methyl
a-D-mannopyranoside, methyl- a-D-glucopyranoside,
amygdalin, arbutin, salicin, cellobiose, lactose, melibiose,
sucrose, trehalose, inulin, melezitose, raffinose, starch,
glycogen, xylitol, gentiobiose, D-turanose, D-lyxose,
D-tagatose, D-arabitol, L-arabitol, potassium gluconate,
potassium 2-ketogluconate and potassium 5-ketogluconate.
Assimilation of L-arabinose, D-mannose, D-mannitol,
N-acetylglucosamine, maltose, malic acid, trisodium citrate,
reduction of potassium nitrate, fermentation of p-glucose,
and hydrolysis of esculin ferric citrate are positive, and
assimilation of potassium gluconate, capric acid, adipic acid
and phenylacetic acid are negative. In addition, reactions
are negative for arginine dihydrolase, gelatin hydrolysis and
urease in the API 20NE test. Major fatty acids are C cyclo
w8c,C w7cand/or C  6c. The DNA G+C content of the

18:1 18:1

type strain is 59.65mol%.
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The type strain, S-93T (=NRIC 0988"™=NBRC 114257"=DSM
1104987), was isolated from the roots of lesser yam (Dioscorea
esculenta L.), grown in nutrient-poor alkaline soils on Miyako
Island in Okinawa Prefecture, Japan, as endophytic nitrogen-
fixing bacteria. Strain S-62, isolated from the root of water
yam (Dioscorea alata L.), is also classified in this species.

16S rRNA gene sequences of the two novel strains were
submitted to the DDJB/ENA/GenBank under the acces-
sion numbers LC498520 (S-93") and LC483383 (S-62). The
sequences of the draft genome were deposited in the DDBJ
under the accession numbers BLAJ01000000 (S-93") and
BLAI01000000 (S-62).
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