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Abstract
Two strains (TRM95111T and TRM95001T) of Gram-stain-negative, aerobic, rod-shaped mycrobacteria
were isolated from the nodule and rhizosphere of Lotus japonicus grown in the campus of Tarim
University in Alar, Xinjiang, China. Strain TRM95111T and strain TRM95001T shared 93.1% 16S rRNA
gene sequences similarity with each other and had 98.2% and 97.9% 16S rRNA gene sequence similarity
to the closest species Rhizobium subbaraonis JC85T and Rhizobium halotolerans AB21T, respectively.
Phylogenetic analyses based on 16S rRNA gene sequences, two housekeeping gene sequences (recA,
atpD) and core genes showed that two strains belonged to the genus Rhizobium. The values of digital
DNA-DNA hybridization (dDDH) between strain TRM95111T and the closest strains R. subbaraonis JC85T

and R. azooxidifex Po 20/26T were 21.8% and 21.4%, respectively. The dDDH values between strain
TRM95001T and the closest strains R. halotolerans AB21T and R. flavum YW14T were 22.6% and 26.7%,
respectively. Whole genome average nucleotide identity (ANI) values of the strain TRM95111T were
75.6%-77.5% and strain TRM95001T were 79.2%-79.6%, compared to their closely related strains. The G + 
C content values of strain TRM95111T and TRM95001T were 65.1 mol% and 60.7 mol%, respectively.
Two isolates contained predominant quinone of Q-10 and the major fatty acids was C18:1ω7c. The polar

lipids of strain TRM95111T included unidentified aminophospho lipids (APL1-3), unidentified
phospholipids (PL1-2), phosphatidylcholine (PC), unidentified lipids (L1-5) and phospholipids of
phospholipids of unknown structure containing glucosamine (NPG), compared to the polar lipids of strain
TRM95001T including unidentified aminophospho lipids (APL1-3), unidentified phospholipids (PL1-2),
phosphatidylcholine (PC), unidentified lipids (L2-5), hydroxy phosphatidy ethanolamine (OH-PE) and
phospholipids of phospholipids of unknown structure containing glucosamine (NPG). Nodulation tests
showed that two strains could induce nodules formation in L. japonicus. Based on genomic, phenotypic
and phylogenetic analyses, strain TRM95111T and strain TRM95001T are suggested to represent two
new species of the genus Rhizobium, whose names are proposed as Rhizobium alarensis sp. nov. and
Rhizobium halophilensis sp. nov. The type strains are TRM95111T (= CCTCC AB 2021116T = JCM34826T)
and TRM950011T (= CCTCC AB 2021095T = JCM34967T), respectively.

Introduction
Rhizobia have great environmental and agricultural importance because their symbioses with legumes
are responsible for most of the atmospheric nitrogen fixation on earth. Rhizobium species usually fix
nitrogen after colonization inside the root nodules of legumes and are usually isolated from the root
nodules of various leguminous plants (Rahi et al. 2020). However, some Rhizobium species have also
been isolated from soil (Su et al. 2021), rhizosphere soil (Hang et al. 2019) and non-leguminous plants,
such as rice (Zhao et al. 2017), maize (Celador et al. 2017) and grasses (Zhang et al. 2014). At the time
of writing the genus contains more than 351 species (http://www.bacterio.cict.fr/qr/rhizobium.html)
including the recently described Rhizobium dioscoreae (Ouyabe et al. 2020), Rhizobium ruizarguesonis
(Jorrin et al. 2020), Rhizobium rhizophilum (Gao et al. 2020) and Rhizobium changzhiense (Zhang et al.



Page 3/20

2021). Some strains have been found that they have no nodulation genes and cannot nodulate, although
they are still classified phylogenetically into Rhizobium. Currently, the classification system of rhizobia
based upon the sequence analysis of whole genome is stable. In order to find rhizobia that can form
nodules, this paper describes two new Rhizobium strains, Rhizobium alarensis sp. nov., TRM95111T and
Rhizobium halophilensis sp. nov., TRM95001T, isolated from the root nodule and rhizosphere of Lotus
japonicus based on polyphasic taxonomic approach.

Materials And Methods

Isolation of Rhizobium strain and preservation
Strain TRM95111T was isolated from the root nodules of Lotus japonicus grown in the campus of Tarim
University in Alar, Xinjiang, China (40˚17' N, 81˚23' E). The isolation experiments were as described by
Ouyabe et al.(2019a; 2019b). Briefly, samples were washed with sterilized distilled water to remove dust
and then surface sterilized in a solution of 70% ethanol for 30 s and in 2.5% sodium hypochlorite (NaClO)
for 60 s before ten rinses in sterile distilled water. The samples were then macerated using a sterilized
mortar and pestle containing 10 mL autoclaved normal saline (0.9% NaCl). One millilitre of plant
macerate was streaked onto yeast extract-mannitol agar (YMA). Among the appeared colonies on plates,
bacteria with different colony morphologies were picked up and purified by repeated streaking, and these
bacteria were preserved as glycerol suspensions (20%, v/v) at -80 °C. The strain TRM95111T was
routinely cultivated on YMA plates at 25 °C for 2-3 days. 

Strain TRM95001T was isolated from the rhizosphere of L. japonicus grown in the campus of Tarim
University in Alar City, Xinjiang, China (40˚17' N, 81˚23' E). The rhizosphere soil sample of 1 g was added
to 10 mL ddH2O and mixed evenly, and then diluted with distilled water to 10-3 and 10-4 dilution
inoculated them on the Nutrient Agar (NA). Among the appeared colonies on plates, bacteria with
different colony morphologies were picked up and purified by repeated streaking, and these bacteria were
preserved as glycerol suspensions (20%, v/v) at -80 °C. The strain TRM95001T was routinely cultivated on
NA plates at 25 °C for 3-4 days.

Morphological and Phenotypic characterisation
Cell morphological and micromorphological properties of strain TRM95111T and strain TRM95001T, were
observed by scanning electron microscopy (SEM, FEI APREO-S) after incubation on YMA and NA at 25 °C
for 3 and 4 days, respectively. The temperature of TRM95111T and TRM95001T for growth was assessed
on YMA and NA media at 5, 10, 15, 20, 25, 30, 35, 40, 45 and 50 °C by measuring turbidity at 600 nm
using a spectroscopic method (UV-5800 PC), adjust to different temperature 35-40 °C (at intervals of 1.0
temperature unit). Tolerance of NaCl was tested 0-10% NaCl (0, 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10%, w/v), adjust
to different pH values 4.0-11.0 (at intervals of 0.5 pH unit) using the appropriate biological buffers as
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described by Xu et al. (2005). The incubation times for temperature, NaCl, and pH range tests were 2
days. The utilization of various materials as sole sources was tested by using GENIII MicroPlates (Biolog)
in accordance with the manufacturer's instructions. Antibiotic susceptibility was tested on YMA and NA
agar plates inoculated with strains using filter paper discs containing the following compounds ( 1 µg, 2.5
µg, 5 µg, 10 µg, 30 µg, 50 µg, 100 µg, 300 µg per disc ): amikacin, ampicillin, chloramphenicol,
erythromycin, kanamycin, nalidixic acid, streptomycin, sulfate, tetracycline and vancomycin. After
incubating at 25 °C for 2 days, the inhibition zones were measured according to the method described by
(Zhong et al. 2016). 

Determination of 16S rRNA gene sequence and
phylogenetic analyses
The genomic DNA of strains TRM95111T and TRM95001T was extracted by the method of Marmur et al.
(1961). 16S rRNA gene was amplified using the universal primers 27F and 1492R set by Lane et
al. (1985). The amplicons were ligated into the pMD19-T vector (TaKaRa, China), transformed into
Escherichia coli DH5α strain and sequenced by Personal Biotechnology Co., Ltd (Shanghai, China) to
obtain a complete sequence. The determined 16S rRNA gene sequences of the two strains were BLAST-
searched against the GenBank and EzBioCloud (http://www.ezbiocloud.net) databases. Housekeeping
genes (recA and atpD) were amplified using primers as described by Gaunt et al. (2001). Related
sequences for housekeeping genes were obtained from GenBank and edited with BioEdit program.
Multiple alignments were from closely related Rhizobium species and sequence similarity was calculated
using the EzBioCloud server. Sequences were aligned using the Clustal W program in MEGA X (Kumar et
al. 2018). Phylogenetic trees were constructed using MEGA X with the neighbor-joining (Saitou and
Nei 1987), maximum-likelihood (Felsenstein 1981) and minimum-evolution (Rzhetsky and Nei 1992)
algorithms. Bootstrap analysis (1000 resamplings) was performed to evaluate the tree topology
(FelseZnstein et al. 1985). Bradyrhizobium japonicum USDA 6T (AP012206) was used as an outgroup.

Genome sequencing and core gene analysis
The whole genomes of strain TRM95111T and strain TRM95001T were sequenced by Personal
Biotechnology Co., Ltd (Shanghai, China). As representatives of the isolates, the whole-genome
sequences of two strains were determined using the Illumina NovaSeq platform. Quality-filtered sequence
reads were denovo assembled using SPAdes (http://cab.spbu.ru/software/spades/). The genomic
features were annotated using the Prokaryotic Genome Annotation Pipeline (PGAP) at GenBank. The
predicted coding sequences were translated and used as queries to search the COG database. Genome-
based phylogeny was inferred with the whole genome sequences available for representatives of the
family Rhizobium using Prokaryotic Genomics and Comparative Genomics Analysis Pipeline (PGCGAP
analysis). The reliability of the nodes was evaluated using gene support index. The G+C content of two
strains was obtained by whole genomic DNA. Average nucleotide identity (ANI) values were calculated

http://www.ezbiocloud.net/
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using the orthoANI calculator (https://www.ezbiocloud.net/tools/ani; Yoon et al. 2017). Digital  DNA-DNA
hybridization (dDDH) values were calculated at the Genome-to-Genome Distance Calculator (GGDC)
website using formula 2 described by Meier-Kolthoff et al. (2013). 

Chemotaxonomic Analysis
The cells were collected by centrifugation, washed with distilled water, and freeze-dried. Analysis of the
diaminopimelic acid isomers was performed as described by Hasegawa et al. (1983). Amino acids and
sugars of whole-cell hydrolysates were analyzed following the method of Staneck and Roberts.
(1974). Polar lipids were extracted and separated by two-dimensional thin-layer chromatography (TLC)
and identified following the method of Minnikin et al. (1984). Menaquinones were extracted and analyzed
by HPLC according to the method of Collins and Jones. (1981). The profile of the cellular fatty acids were
determined for strains grown on YMA and NA media for 4 days at 30 °C. Cellular fatty acids were assayed
using the Microbial Identification System (MIDI Sherlock version 6.0) (Sasser et al. 1990) .

Nodulation test and functional genes analysis 
To confirm the symbiotic properties of strain TRM95111T and strain TRM95001T with
L. japonicus nodulation test was performed. Seeds of L. japonicus were surface sterilized, pregerminated
and inoculated according to the standard method of (Vincent et al. 1970). After germination on solid
nitrogen-free Murashige and Skoog (MS) salt medium (Gibco-BRL) which included 0.8% (w/v) agar and
1.5% (w/v) sucrose, 4 day-old seedlings were inoculated by dripping 200 μl bacterial suspension at 108

c.f.u. ml-1 onto the root tip. Nodulation was observed after 45 days of grown. Non-inoculated plants were
used as negative controls.

Results And Discussion

Morphological, cultural and physiological characteristics
The colonies of strain TRM95111T were white coloured, circular, convex, aerobic, with entire margins
cultivated on YMA agar plates for 3 days at 25 °C. The scanning electron microscopy (SEM) image
showed that the strain was rod-shaped (1.05-1.10 μm in length and 0.26-0.30 μm in width) without
flagella (Supplementary Fig. 1(left)) incubated at 25 °C, 1% NaCl (w/v) and pH 7.0 for 3 days. Strain
TRM95111T was able to grow at 12-37 ℃ (optimum, 25 °C) , pH 6.0-9.0 (optimum, 7.0) and NaCl < 3%
(w/v). Based on the results of GENIII MicroPlates, strain TRM95111T was positive for utilization of i-
erythritol, D-fructose, α-D-glucose, gentiobiose, myo-inositol, D-maltose, D-mannitol and sucrose, but
negative for glycogen, formic acid and α-hydroxy-butyric acid in consistent with the closest strains. Strain
TRM95111T was positive for utilizating inosine, α-D-lactose and acetic acid, while the reference strains
are negative. The nitrate reduction, oxidase, starch hydrolysis and urease were positive. H2S production,
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catalase production, lipase, melanin production, milk coagulation and peptonisation were
negative. Cellulose and Tween 20, 40, 60 and 80 were hydrolysed. The differential characteristics
between strain TRM95111T and its reference strains were summarized in Table 1.

Strain TRM95001T was a Gram-negative, aerobic, short rods, 1.12-1.20 μm long and 0.45-0.5 μm wide,
without flagella (Supplementary Fig. 1(right)) incubated at 25 °C, 1% NaCl (w/v) and pH 7.0 for 4 days.
Colonies on NA medium were circular, raised, pale yellow and opaque within 4 days at 25 ℃. The growth
of strain TRM95001T was observed at 12-37 ℃, (optimum, 25 °C), at pH 6.0-9.0 (optimum, 7.0) and 0-
7.0% NaCl (w/v) (optimum, 1%). Strain TRM95001T was positive for utilization of i-erythritol, D-fructose,
α-D-glucose, gentiobiose, myo-inositol, inosine, D-maltose, D-melibiose, but negative for utilization of D-
arabitol, dextrin, D-fructose, gentiobiose, glycogen, α-D-lactose, D-maltose, sucrose, D-sorbitol, D-trehalose,
L-histidine and N-acetyl-D-glucosamine. Strain TRM95001T was positive for propionic acid, α-hydroxy-
butyric acid, while the reference strains are negative. Positive for catalase, lipase, oxidase, starch
hydrolysis, urease, milk coagulation and peptonisation, and hydrogen peroxide, negative for production of
H2S production, reducing nitrate to nitrite and melanin production. The other differential characteristics of

strain TRM95001T with its reference strains were summarized in Table 1. 

Table 1

 Differential phenotypic characteristics of strain TRM95111T, strain TRM95001T and their closely related
species of the genus Rhizobium
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Characteristics 1 2 3 4 5 6

Temperature for growth (℃) 12-37 25-30 25-30 12-37 25-37 10-40

(25) (25) (25-30) (25) (30) (30)

pH for growth 6-9(7) 6.0-7.5(7) 6-8(8) 6-9(7) 6-9(8) 6-10(7)

NaCl tolerance for growth (%, w/v) 0-3 0-3 0-3 0-7 0-3 0-4

D-Arabitol + ND + - + -

Dextrin - ND ND - ND ND

i-Erythritol + + + + ND ND

D-Fructose + + + - + +

L-Fructose + + - + + -

α-D-Glucose + + + + + +

Gentiobiose + + + - ND ND

Glycogen - - - - - ND

myo-Inositol + + + + + +

Inosine + - - + ND ND

α-D-Lactose + - - - + ND

D-Maltose + + + - + +

D-Mannose + ND + + + -

D-Mannitol + + + + + +

D-Melibiose + ND - + - -

D-Raffinose + - + + ND ND

L-Rhamnose + - + + + -

D-Sorbitol - + + - + -

Sucrose + + + - + +

D-Trehalose + ND + - ND -

Formic acid - - - + + ND

Acetic acid + - - + ND ND

Propionic acid + + - + - +

L-Histidine + + - - - ND
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L-Alanine + ND - + + +

L-Serine + + - + ND -

L-Proline + + - + + +

α-Hydroxy-butyric acid - - - + - +

N-Acetyl-D-glucosamine + ND + - + +

γ-Amino-butryric acid - - - + ND ND

DNA G+C (%) 65.1 67.7 62.8 60.7 62.5 62.8

Species/strains: 1, Rhizobium alarensis sp. nov. (TRM95111T) ; 2 , Rhizobium subbaraonis JC85T;
3, Rhizobium azooxidifex Po 20/26T; 4, Rhizonium halophilensis sp. nov. (TRM95001T); 5, Rhizobium
halotolerans AB21T; 6, Rhizobium flavum YW14T; +, positive -, negative, ND, not detected. Data of 2, 3, 5
and 6 were from Ramana et al. (2013), Behrendt et al. (2016), Diange et al. (2013), Gu et al. (2014),
respectively.

Molecular phylogenetic analyses
The almost complete 16S rRNA gene sequences of strain TRM95111T (1513 bp) and strain TRM95001T

(1449 bp) were obtained through PCR amplification and sequencing and they shared 93.1% similarity
with each other. The 16S rRNA gene sequence of strain TRM95111T was with high sequence similarity to
Rhizobium subbaraois JC85T (GenBank accession no. OBQD01000060; 98.2%) and Rhizobium
azooxidifex Po 20/26T (GenBank accession no. LN832063; 97.2%). For phylogenetic analyses, the 16S
rRNA gene sequences of closely related type strains were obtained from the EZBioCloud database, the
phylogenetic study based on neighbor-joining, maximum-likelihood and maximum-parsimony methods
also approveed that strain TRM95111T was clustered together with Rhizobium subbaraois JC85T and
Rhizobium azooxidifex Po 20/26T (Fig. 2, Fig. S1, Fig. S2). The 16S rRNA gene sequence of strain
TRM95001T had high sequence similarity to Rhizobium halotolerans AB21T (GenBank accession no.
JX307098, 97.9%) and Rhizobium  flavum YW14T (GenBank accession no. MUXO01000043, 97.5%). The
phylogenetic study (based on the neighbor-joining, maximum-likelihood and maximum-parsimony
methods) also approved that strain TRM95001T formed a clade with Rhizobium halotolerans AB21T and
Rhizobium  flavum YW14T (Fig. 2, Fig. S1, Fig. S2).

Genome sequencing and phylogenetic analysis
The genome of strain TRM95111T was 5.19 Mbp in length and consisted of 306 contigs. The depth of
coverage was 389 × and the genomic DNA G + C content was 65.1 mol%, which was lower than the G + C
content of Rhizobium subbaraois JC85T (67.7 mol%), but higher than the G + C content of Rhizobium

https://www.ezbiocloud.net/16SrRNA?ac=OBQD01000060
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azooxidifex Po 20/26T (52.8 mol%). The distribution of genes into COG functional categories revealed
that the percentage of genes was assigned to inorganic ion transport and metabolism (5.5%),
carbohydrate transport and metabolism (5.9%), transcription (7.2%), amino acid transport and
metabolism (8.8%) and function unknown (23.7%) (Table 2). The dDDH values between strain
TRM95111T and the most closely related strain Rhizobium subbaraois JC85T and Rhizobium album NS-
104T were calculated to be 21.7% and 21.4%, whereas the ANI values between them were 77.5% and
75.6%, respectively, which were lower than DDH of 70% and ANI of 95-96% for species delineation (Goris
et al. 2007; Chun et al. 2018). Strain TRM95001T contained genome sequence of 4.36 Mbp distributed to
41 contigs, with the coverage of 323 × and DNA G + C content of 60.7 mol%, which was lower than the G
+ C contents of Rhizobium halotolerans AB21T and Rhizobium flavum YW14T (62.5 and 62.8 mol%). The
distribution of genes into COG functional categories revealed that the percentage of genes was assigned
to carbohydrate transport and metabolism (5.4%), transcription (5.9%), inorganic ion transport and
metabolism (6.1%), amino acid transport and metabolism (7.9%) and function unknown (23.8%) (Table
2). The dDDH values between strain TRM95111T and the most closely related strain Rhizobium
halotolerans AB21T and Rhizobium flavum YW14T were calculated to be 21.7% and 26.7%, whereas ANI
values between them were 79.6% and 79.2%, respectively. The dDDH and OrthoANI values between strain
strain TRM95111T, TRM95001Tand their closely related type strains of the genus Rhizobium were given
in Table 3. The genomes of strain TRM95111T and TRM95001T contained 589 core genes by the
PGCGAP analysis. Neighbour-joining phylogenotic tree (Fig. 3) based on 589 core genes showed that the
position of strain strain TRM95111T were tightly associated with Rhizobium subbaraois JC85T. Strain
TRM95001T was closely clustered with Rhizobium halotolerans AB21T and Rhizobium flavum YW14T. 

Chemotaxonomic characteristics
The whole cell sugars of strain TRM95111T were identified as arabinose, glucose and  ribose. Cells of the
strain were found to contain meso-diaminopimelic acid as the diagnostic amino acid. The detected polar
lipids were unidentified aminophospho lipids (APL1-3), unidentified phospholipids (PL1-2),
phosphatidylcholine (PC) , unidentified lipids (L1-5) and phospholipids of unknown structure containing
glucosamine (NPG) (Fig. S3). The predominant menaquinones were identified as Q-10. The major fatty
acids of strain TRM95111T (> 5% of the total amounts) were C18:1 ω7c ( 63.6%), C19:0 cyclo ω8c (10.8%),
C16:0 (8.3%), C18:1 ω7c 11-methyl (5%), summed feature 2 (5.0%). This profile was consistent with other

species in the genus Rhizobium. The minor differences between strain TRM95111T and its closely
relatives (Rhizobium subbaraonis JC85T and Rhizobium azooxidifex Po 20/26T) were shown in Table 4. 

The whole cell sugars of strain TRM95001T were identified as arabinose, galactose, glucose and ribose.
Cells of strain TRM95001T were found to contain D, D-diaminopimelic acid as the diagnostic amino acid.
The detected polar lipids were  unidentified aminophospho lipids (APL1-3), unidentified phospholipids
(PL1-2), phosphatidylcholine (PC), unidentified lipids (L2-5), hydroxy phosphatidy ethanolamine (OH-PE)
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and phospholipids of phospholipids of unknown structure containing glucosamine (NPG) (Fig. S4). The
predominant menaquinones were identified as Q-10. The predominant fatty acids of strain TRM95001T

comprised C18:1 ω7c (68.4%), C19:0 cyclo ω8c (12.2%), and C16:0 (8.0%). This profile was consistent with

other species in the genus Rhizobium. The minor differences between strain TRM95001T and its closely
relatives (Rhizobium halotolerans AB21T and Rhizobium flavum YW14T) were shown in Table 4. 

Nodulation test and nodule genes analysis
Strain TRM95111T and TRM95001T could form nodules in L. japonicus (Fig.S5). By analyzing the whole
genome of TRM95111T and TRM95001T, both of them contained nodG, nodQ, nodN, nodT, nodV, nodW,
nolG, nolF, nolR, noeK, noeJ and nifS gene. 

Description of Rhizobium alarensis sp. nov. and Rhizobium
halophilensis sp. nov.
Rhizobium alarensis (a.lar.en'sis N.L.neut. adj. Alarensis, representing where the type strain was isolated). 

Strain TRM95111T grown on YMA agar plates for 3 days at 25 °C and cells were circular, smooth, convex,
white coloured and rod shaped (1.05-1.10 μm in length and 0.26-0.30 μm in width). Strain
TRM95111T occured at 12-37 °C (optimum, 25 °C), pH 6.0-9.0 (optimum, pH 7.0) and 0-3% (w/v) NaCl
(optimum, 1%). The following substrates were utilized on Biolog GENIII microplates: D-arabitol, D-
cellobiose, i-erythritol, D-frucose, L-frucose, D-fructose-6-PO4, D-galactose, α-D-glucose, D-glucose-6-
PO4, gentiobiose, glycerol, 3-methyl-glucose, myo-inositol, inosine,  α-D-lactose, D-maltose, D-mannose, D-
mannitol, D-melibiose, D-raffinose, L-rhamnose, stachyose, sucrose, D-trehalose, D-turanose, , pectin,
acetic acid, N-acetylneuraminic acid, D-aspartic acid, L-aspartic acid, D-gluconic Acid, D-glucuronic, L-
glutamic acid, α-keto-glutaric acid, D-malic acid, L-malic acid, mucic acid,    propionic acid, quinic acid, D-
salicin, D-saccharic acid, L-alanine, L-arginine,  N-acetyl-D-galactosamine, N-acetyl-D-glucosamine, N-
acetyl-β-D-mannosamine, β-methyl-D-glucoside, glucuronamide, L-histidine, L-serine, L-pyroglutamic and
urea. The following are not utilized: acetoacetic acid, bromo-succinic acid, γ-amino-butryric acid, α-keto-
butyric acid, citric acid, dextrin, formic acid, D-galacturonic,  L-galactonic, gelatin, glycogen, glycyl-L-
proline, α-hydroxy-butyric acid, β-hydroxy-D, L-butyric acid, p-hydroxy-phenylacetic acid, D-lactic acid
methyl ester, L-lactic acid, methyl pyruvate, D-serine and D-sorbitol. The nitrate reduction, oxidase, starch
hydrolysis and urease were positive. H2S production, lipase, catalase production, melanin production,
milk coagulation and peptonisation were negative. Cellulose and Tween 20, 40, 60 and 80 were
hydrolysed. The whole cell sugars consisted mainly of  ribose, glucose and arabinose. Contained meso-
diaminopimelic acid as the diagnostic cell wall amino acid. The detected polar lipids were unidentified
aminophospho lipids, unidentified phospholipids, phosphatidylcholine, unidentified lipids and
phospholipids of unknown structure. The predominant menaquinones was identified as Q-10. Major fatty
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acids of strain TRM95111T (> 5% of the total amounts) were Summed Feature 8 (C18:1ω7c and/or C18:1

ω6c), C19:0 cyclo ω8c, C16:0 and C18:1 ω7c 11-methyl. 

The type strain TRM95111T (= CCTCC AB 2021116T = JCM 34826T) was isolated from the nodules of L.
japonicus in Alar, Xinjiang, China. The G+C content of type strain was 65.1 mol%. The GenBank accession
numbers for the genome and 16S rRNA gene sequence of strain TRM 95111T were JAKGBU000000000
and MZ366481, respectively. 

Rhizobium halophilensis (ha.lo.philensis'. Gr. n. hals halos, salt; L. part. adj. philensis, tolerating; N.L. part.
adj. halophilensis, referring to the salt-tolerating ability of this microorganism).

Colonies of strain TRM95001T grown on NA agar plates for 3 days at 30 °C were circular, convex, light
yellow colored and rod shaped (1.12-1.20 μm in length and 0.45-0.50 μm in width). Strain
TRM95001T occured at 12-37 °C (optimum, 25 ℃), pH 6.0-9.0 (optimum, pH 6.5-7.0) and 0-7% (w/v) NaCl
(optimum, 1%) . The following substrates were utilized on Biolog GENIII microplates  D-arabitol, i-
erythritol, D-fructose, L-fructose, α-D-glucose, inosine, myo-inositol, α-D-lactose, D-mannose, D-mannitol,
D-maltose, D-melibiose, D-raffinose, L-rhamnose, sorbitol, sucrose, D-trehalose, D-cellobiose, D-galactose,
gentiobiose, 3-methyl-glucose, glycogen, glycerol, D-turanose, stachyose, D-malic acid, L-malic acid,
propionic acid, D-salicin, β-methyl-D-glucoside, N-acetyl-D-glucosamine, N-acetyl-β-D-mannosamine, D-
serine, N-acetyl-D-galactosamine, N-acetylneuraminic acid, D-glucose-6-PO4, D-fructose-6-PO4, D-aspartic
acid, gelatin, glycyl-L-proline, L-alanine, L-arginine, L-aspartic Acid, L-glutamic acid, L-histidine, L-
pyroglutamic,            L-serine, pectin, D-gluconic Acid, D-glucuronic glucuronamide, mucic acid,      quinic
acid, α-keto-glutaric acid and urea. The following were not utilized: dextrin, D-galacturonic,             L-
galactonic, D-saccharic acid, p-hydroxy-phenylacetic acid, methyl pyruvate,   D-lactic acid methyl ester, L-
lactic acid, citric acid, bromo-succinic acid, γ-amino-butryric acid, α-hydroxy-butyric acid, β-hydroxy-D, L
butyric acid,          α-keto-butyric acid, acetoacetic acid, acetic acid and formic acid. Positive for catalase,
oxidase, urease, lipase, starch hydrolysis, milk coagulation and hydrogen peroxide, negative for H2S
production, reduction of nitrate to nitrite and melanin production. The whole cell sugars consisted mainly
of arabinose,  galactos, glucose and ribose,e. Contained D, D-diaminopimelic acid as the diagnostic cell
wall amino acid. The detected polar lipids were unidentified aminophospho lipids, unidentified
phospholipids, phosphatidylcholine, unidentified lipids, hydroxy phosphatidy ethanolamine and
phospholipids of unknown structure containing glucosamine. Major fatty acids of strain TRM95001T

were Summed Feature 8 (68.4%), C19:0 cyclo ω8c , and C16:0. Q-10 was the major the quinone.

The type strain TRM95001T (= CCTCC AB 2021095T = JCM34967T) was isolated from the rhizosphere of
L. japonicus in Alar, Xinjiang, China. The G+C content of type strain was 60.1 mol%. The GenBank
accession numbers for the genome and 16S rRNA gene sequence of strain TRM95001T were
JAKJHS000000000 and MZ336521, respectively. 
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Table  2  

Number of genes associated with general COG functional categories in the   genome of Rhizobium
alarensis TRM95111T and Rhizonium halophilensis TRM95001T
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Code
 

Function TRM95111 TRM95001

Count  Percent  Count  Percent 

C  Energy production and conversion 268 5.1% 237 5.3%

D Cell cycle control, cell division, chromosome
partitioning

28 0.5% 28 0.6%

E Amino acid transport and metabolism 456 8.8% 350 7.9%

F Nucleotide transport and metabolism 95 1.8% 81 1.8%

G Carbohydrate transport and metabolism 307 5.9% 239 5.4%

H Coenzyme transport and metabolism 143 2.7% 115 2.6%

I Lipid transport and metabolism 125 0.02%  106 2.4%

J Translation, ribosomal structure and biogenesis 174 3.3% 165 3.7%

K Transcription 373 7.2% 260 5.9%

L Replication, recombination and repair 163 3.1% 152 3.4%

M Cell wall/membrane/envelope biogenesis 225 4.3% 177 4.0%

N Cell motility 38 0.7% 33 0.7%

O Posttranslational modification, protein turnover,
chaperones

146 2.8% 135 3.0%

P Inorganic ion transport and metabolism 288 5.5% 273 6.1%

Q Secondary metabolites biosynthesis, transport
and catabolism

87 1.7% 75 1.7%

S Function unknown 1233 23.7% 1059 23.8%

T Signal transduction mechanisms 187 3.6% 205 4.6%

U Intracellular trafficking, secretion, and vesicular
transport

66 1.3% 53 1.2%

V Defense mechanisms 62 1.2% 36 0.8%

－ Not in eggNOG 745 14.3% 669 15.0%

  

Table 3 

The dDDH and OrthoANI values of strains TRM 95111T, TRM 95001T and their closely related species of
the genus Rhizobium
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Target
strain 

Similar strains 16S rRNA
similarity

G+C

(%)

dDDH
value%

ANI
value%

TRM95111 Rhizobium
subbaraois JC85T

98.2 67.7 21.8 77.5

Rhizobium album NS-104T 97.2 61.9 21.4 75.6

TRM95001 Rhizobium
halotolerans AB21T

97.9 62.5 22.6 79.6

Rhizobium flavum YW14T 97.5 62.8 26.7 79.2

  

Table 4 

Cellular fatty acid composition of TRM95111T, TRM95001T and the related species of the
genus Rhizobium
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Fatty acids 1 2 3 4 5 6

Saturated fatty acids            

C16:0 8.3 6.9 3.4 8.0 13 4.9

C17:0 tr - - tr 1.0 -

C18:0 1.2 1.2 - 1.1 2.2 2.2

Unsaturated fatty acids            

C15:1 ω8c tr - - tr - -

C16:1 ω7c 1.9 - - - - -

Methylated fatty acids            

C18:1 ω7c 11-methyl 5.0 - - tr tr -

C19 : 0 10-methyl - - 1.9 - 1.3 1.2

Hydroxy fatty acids            

C16:0 3-OH tr tr 1 1.3 - tr

C18:0 3-OH 1.9 1.1 1.5 - 2.2 -

Cyclopropane acids            

C19:0 cyclo ω8c 10.8 8.9 13.6 12.2 10.9 tr

Summed Feature *            

Summed Feature 2 5.0 4.3 7.1 4.5 3.2 4.3

Summed Feature 3 2.0 2.0 1.9 2.1 1.3 tr

Summed Feature 8 63.6 69.2 69.3 68.4 62.8 79.5

Species/strains: 1, Rhizobium alarensis sp.nov. TRM95111T; 2 , Rhizobium subbaraonis JC85T;
3, Rhizobium azooxidifex Po 20/26T; 4, Rhizonium halophilensis sp. nov. (TRM95001T ); 5, Rhizobium
halotolerans AB21T; 6, Rhizobium flavum YW14T; +, positive -, negative.  Data were expressed as
percentages of total fatty acids. tr, <1.0 % of total fatty acids; -, not detected. Data of 2, 3, 5 and 6
were from Ramana et al. (2013), Behrendt et al. (2016), Diange et al. (2013), Gu et al. (2014), respectively.

*Summed features consist of two or more fatty acids that could not be separated by gas
chromatography. Summed feature 2 (one or more of C14:03-OH, iso-C16:1 I); summed feature 3 (
C16:1 ω7c and /or C16:1 ω6c); summed feature 8 (composed of C18:1 ω7c and/or C18:1 ω6c)
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Figures

Figure 1

(left) Scanning electron micrograph of strain TRM 95111T cultivated on YMA medium for 3 days at 25 °C.
Bar, 2 μm. Fig. 1 (right) Scanning electron micrograph of strain TRM 95001T cultivated on NA medium for
4 days at 25 °C. Bar, 2 μm.



Page 19/20

Figure 2

Neighbour-joining phylogenetic tree based on 16S rRNA (1513 bp, 1449 bp) gene sequences showing the
relationships of strain TRM95111T, TRM95001T and their closely related Rhizobium species. The
corresponding algorithms were achieved using the MEGA X. The topology of the phylogenetic tree was
evaluated by the bootstrap resampling method of Felsenstein (1985) with 1000 replicates. Only values
above 50% were indicated. Bradyrhizobium japonicum USDA 6T (AP012206) was used as an outgroup.
Bar, 0.01 substitutions per nucleotide position. 
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Figure 3

Phylogenetic tree generated with the neighbor-joining algorithm based on the core gene sequences
showing the phylogenetic positions of strain TRM95111T, TRM95001Tand related taxa. Bootstrap values
above 50% were shown on the nodes as percentages of 1000 replicates. Bradyrhizobium japonicum
USDA 6T was used as an outgroup. The scale bar equaled 0.1 changes per nucleotide position.
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