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ABSTRACT: A Gram-positive, rod-like, and aerobic bacterium labeled JD154T was recovered from the rhizosphere
soil of a mulberry tree, a medicinal plant, in Yunnan Province, China. It proved a closely knit relationship to the genus
Saccharibacillus via the 16S rRNA gene sequence comparison, showing the highest similarity of 96.4% to Saccharibacillus
kuerlensis DSM 22868T and Saccharibacillus sacchari DSM 19268T. The considerate low average nucleotide identity
(77.1–80.0%) and digital DNA-DNA hybridization values (17.7–25.6%) with other Saccharibacillus strain genomes
indicated strain JD154T as a new genetic species. It grew effectively between 10–37 °C and a pH range of 5.0–9.0,
optimally thriving at 20–30 °C and a pH of 7.0–8.0. Major cellular fatty acids found in the strain were anteiso-C15:0, C16:0,
iso-C14:0, and iso-C15:0. The primary respiratory quinone documented was menaquinone-7, and the polar lipids were
diphosphatidylglycerol and phosphatidylglycerol. Evaluation of its genome revealed gene clusters potentially involved
in processes such as phosphate solubilization and indole acetic acid biosynthesis. Evidence of these plant growth-
promoting characteristics was confirmed by indole-3-acetic acid (IAA) production (11.04±0.04 µg/ml) and phosphate-
solubilizing (P-solubilizing) activity. Taking into account the unique genetic and phenotypic characteristics, strain
JD154T is suggested to represent a novel species within the genus Saccharibacillus, proposed to be titled Saccharibacillus
mori sp. nov.
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INTRODUCTION

Rivas et al initially proposed the genus Saccharibacillus
[1] with its description, later revised by Sun et al [2]
upon observing the enzymic characteristics of S. de-
serti WLJ055T. This genus is characterized by Gram-
stain-variable, facultatively anaerobic, and rod-shaped
attributes with menaquinone-7 as the key respira-
tory quinone and anteiso-C15:0 as the predominant
fatty acid. Currently, Saccharibacillus, a genus host-
ing 5 validly described species (https://lpsn.dsmz.de/
genus/Saccharibacillus), includes type strains from
varied ecosystems, ranging from the apoplastic fluid
of Saccharum officinarum [1] to desert soil [3], lead-
cadmium tailing soil [4], and the inner tissues of field-
grown cotton [5]. Recent studies by Bziuk et al [6]
found Saccharibacillus spp. to be the principal bacteria
in the barley seed microbiome via 16S rRNA gene
amplicon sequencing.

This research detailed our findings from the isola-
tion of strain JD154T from the soil of rhizosphere of a
medicinal plant (mulberry tree), identification of it as
a new species within the genus Saccharibacillus based
on physiological, chemotaxonomic, and phylogenetic
features. Together with this discovery, we delved into
the plant growth-promoting potential of strain JD154T

by exploring genes linked to IAA biosynthesis and

phosphate solubilization. We confirmed these charac-
teristics through functional tests by IAA production and
phosphate solubilization.

MATERIALS AND METHODS

Acquisition and identification of the
microorganisms

Strain JD154T was obtained from rhizosphere soil of
a mulberry tree in Yuxi city, Yunnan Province, China,
a region located at the geographical coordinates of
101°43′5′′ E and 24°20′3′′ N. The strain was isolated
using the methodology outlined by Jiang et al [7]. Se-
lection of distinctive colonies from the isolation plates
was carried out, followed by streaking onto freshly
made peptone-yeast extract-glycerol (PYG) agar slants
(g/l: peptone 3, yeast extract 5, glycerol 10, betaine
hydrochloride 1.25, sodium pyruvate 1.25, agar 15,
pH 7.2) [7]. The purified strains were then preserved
on PYG agar at 4 °C and in glycerol suspensions (20%
v/v) at −80 °C.

The genomic DNA from the strain JD154T was
extracted, and the 16S rRNA gene was amplified using
a methodology described by Li et al [8]. The amplified
product was sequenced by Sangon Biotech (Shang-
hai, China). The resulting sequence was compared
to the available 16S rRNA gene sequences in Gen-
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Bank using BLAST and the EzTaxon-e server, to ascer-
tain its likely taxonomic standing. Subsequent multi-
sequence alignments and phylogenetic reconstructions
were done with MEGA (version 11) [9]. Construc-
tion of a phylogenetic tree involved a neighbor-joining
method [10], employing K values, and complete gap
deletion [11, 12]. Maximum parsimony [13] and
maximum-likelihood [14] algorithms were also used
for phylogenetic consideration of the strain. Bootstrap
analysis based on 1,000 random replicates [15] was
used to confirm tree robustness.

Parallel assays incorporated reference strains
S. kuerlensis DSM 22868T and S. sacchari DSM 19268T,
sourced from the German Collection of Microorgan-
isms and Cell Cultures GmbH (DSMZ).

Morphological and physiological characterization

Growth medium tests

In order to thoroughly understand the growth proper-
ties of the isolate and contribute to its taxonomy, strain
JD154T was cultured under different conditions on
various agar media. These included nutrient agar, tryp-
tone soy agar (TSA; Difco, Sparks, USA), Reasoner’s 2A
agar (R2A; Difco), Luria-Bertani agar (LB; Difco), and
International Streptomyces Projects Medium 2 (ISP 2;
Difco) [16].

Temperature, pH, and NaCl tolerance tests

Tests were conducted to measure the isolate optimal
temperature and pH growth range and salt tolerance,
following the methods described previously [8].

Gram staining and microscopic observation

Gram staining was performed, followed by observa-
tions under the light microscope (Axio A1 Vario, Zeiss,
Oberkochen, Germany). Motility of the cells was
examined using the semisolid nutrient agar medium
(SNA) (g/l: peptone 10, beef extract 3, NaCl 5, agar
3, pH 7.2) and the hanging drop method [17]. Mor-
phological characteristics of the cells were examined
using transmission electron microscopy (JEOL JEM-
1010, Tokyo, Japan).

Carbon assimilation tests and metabolic characteri-
zation

Carbon compound assimilation ability was tested us-
ing GEN III Microplates (Biolog, USA). The oxidase
activity was detected using Analytical Profile Index
oxidase reagent (API; bioMérieux, Craponne, France)
according to the manufacturer’s instructions. Cata-
lase activity was assessed by evaluating the produc-
tion of bubbles with addition of a drop of 3% (v/v)
hydrogen peroxide. Tests for hydrolysis of cellulose
and starch, gelatin liquefaction, milk coagulation and

peptonization, and nitrate reduction were performed
as Dong et al [18]. Voges-proskauer (VP) [19] and
methyl-red (MR) [20] tests were performed using
glucose-peptone broth medium. Other metabolic tests
were conducted using API 50CH and API ZYM test
kits. Tests for specific physiological and metabolic
traits were performed such as IAA production and P-
solubilizing ability, which might be leveraged for plant
growth promotion. The ability of the strain to produce
IAA was assessed using colorimetric methods [21, 22].
For evaluation of P-solubilizing ability, strain JD154T

was cultured on TSA plates for 48 h at 28 °C, followed
by spot-inoculation on National Botanical Research
Institute’s phosphate growth medium (NBRIP) (g/l:
glucose 10, Ca3(PO4)2 5, MgCl2 5, MgSO4 ·7 H2O
0.25, KCl 0.2, (NH4)2SO4 0.1, agar 15, pH 7.0).
After incubation at 28 °C for 7 days, the phosphate
halo diameter (HD) and colony diameter (CD) were
measured, and the HD/CD value was calculated. The
presence of a phosphate halo indicated P-solubilizing
ability with a value of HD/CD > 1 considered as the
criterion for colony selection. HD/CD > 1.5 indicated
a strong P-solubilizing ability [23].

Chemotaxonomic properties

Cell biomass collection

The cell biomass was collected from tryptic soy broth
(TSB) at 28 °C until the cells reached exponential
growth phase (48 h).

Polar lipid extraction and identification

Polar lipids were extracted [24] and then separated us-
ing two-dimensional thin layer chromatography (TLC),
a method commonly used to distinguish between dif-
ferent classes of lipids based on their chemical proper-
ties and mobility [24].
Visualization of lipids
Following TLC, various lipid classes were identified
using different staining techniques. (i) General lipids:
Visualized using a molybdatophosphoric acid solution.
(ii) Aminolipids: Revealed using a ninhydrin solution.
(iii) Phospholipids: Detected with molybdenum blue.
(iv) Glycolipids: Identified using α-naphthol solution.

Menaquinones extraction and analysis

The menaquinones were isolated using a method by
Collins et al [25] and then analyzed using high-
pressure liquid chromatography (HPLC) [26].

Fatty acid profile analysis

Cellular fatty acids were extracted according to the
protocol [27] and identified using gas chromatogra-
phy (Agilent 6890N, Santa Clara, USA) with the help
of Sherlock Microbial Identification System using the
database (TSBA6) for comparison [27].
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Genome sequencing and basic analysis

The whole-genome sequencing was executed using
Illumina HiSeq 4000 system (Illumina, SanDiego,
CA, USA) at the Beijing Genomics Institute (Beijing,
China). The library construction process included
randomly shearing the genomic DNA by a Bioruptor
ultrasonicator (Diagenode, Denville, NJ, USA) and
physico-chemical methods, leading to the creation of
read libraries.

The sequenced reads were then assembled using
SOAPdenovo v1.05 software. A set of contigs from
the short-read sequencing data was produced, which
were sequences of contiguous DNA bases obtained
from a particular read. Then, the genome quality was
estimated by the CheckM pipeline, which offered a
robust and extensive approach to ensure the under-
standing of the quality of microbial genomes recovered
from a single isolate. Calculation of Digital DNA-
DNA hybridization (dDDH) values and average nu-
cleotide identity (ANI) values was conducted using the
Genome-to-Genome Distance Calculator (GGDC, ver-
sion 3.0; http://ggdc.dsmz.de/ggdc.php) [28] and the
ezbiocloud platform [29], respectively, to compare the
isolate with other relevant strains. For the construction
of a reliable core gene phylogeny, EasyCGTree software
package (https://github.com/zdf1987/EasyCGTree4)
was used under the Windows operating system (OS).
The algorithm used in this software was initially intro-
duced by Zhang et al [30]. The evolutionary distance
was calculated using IQ-Tree 1.6.1 software [31]. After
the construction of robust core gene phylogeny, gene
prediction was carried out on the genome assembly us-
ing glimmer3 (http://www.cbcb.umd.edu/software/
glimmer), which employed Hidden Markov models.
The recognition of tRNA, rRNA, and sRNAs was deter-
mined by tRNAscan-SE [32], RNAmmer, and the Rfam
database, respectively. Tandem repeat annotation was
performed using the Tandem Repeat Finder (http://
tandem.bu.edu/trf/trf.html). Lastly, functional and
pathway analyses allowed us to understand the func-
tionalities of specific genes and their active involve-
ment in different biological pathways. The genome
sequences of the reference strains facilitated provid-
ing a broader context to compare and understand
genomic data. To gain insights into the functionality
and pathways, functional and pathway analyses were
performed using the BlastKOALA web tool of the KEGG
database [33]. Predictions of gene clusters involved
in natural product formation were accomplished using
antiSMASH 7.0 [34]. The reference genome sequences
were downloaded from the NCBI genome database
(https://www.ncbi.nlm.nih.gov/genome).

RESULTS AND DISCUSSION

Morphological and physiological characteristics

Strain JD154T grew well on TSA, LB, R2A, and ISP 2 at
28 °C. Growth occurred on TSA at 10–37 °C (optimum

20–30 °C), 0–7% NaCl (optimum 0–1% NaCl), and
pH 5.0–9.0 (optimum pH 7.0–8.0). After 48 h of
cultivation at 28 °C, colonies of strain JD154T on TSA
appeared circular (0.9–1.2 mm in diameter), light-
pink, convex, and opaque. The cells were motile, rod-
shaped with lophotrichous flagella, and Gram-stain-
positive. Cells were found to be approximately 0.8–
1.1 µm in width and 2.0–3.9 µm in length (Fig. S1).
This strain was positive for catalase activity and neg-
ative for oxidase activity, cellulose hydrolysis, starch
hydrolysis, H2S production, nitrate reduction, gelatin
liquefaction, milk coagulation and peptonization, and
VP and MR tests. Notably, the strain showcased
the ability to produce IAA and solubilize phospho-
rus. According to the linear regression equation (y =
0.0255x + 0.0411, R2 = 0.9992) (Fig. S2), the IAA
content generated by strain JD154T was calculated to
be 11.04±0.04 µg/ml, in the tryptone-yeast extract-
CaCl2 (TYC) broth medium (g/l: tryptone 5, yeast
extracts 3, CaCl2 ·2 H2O 0.872, L-tryptophan 0.612).
The P-solubilizing activity test revealed HD/CD values
of 1.4±0.1 for strain JD154T, indicating its moderate
ability to solubilize phosphorus.

Chemotaxonomy

The major polar lipids of the strain were identified as
diphosphatidylglycerol (DPG) and phosphatidylglyc-
erol (PG) (Fig. S3). The primary fatty acid compo-
sition included anteiso-C15:0 (52.8%), C16:0 (12.0%),
iso-C14:0 (9.3%), and iso-C15:0 (7.8%) (Table S1). The
predominant respiratory quinone was identified as
MK-7. These main chemotaxonomic properties were
aligned with the typical characteristics of the genus
Saccharibacillus.

Phylogenetic analysis

Based on the 16S rRNA gene sequence (1544 bp),
JD154T showed close similarities to S. kuerlensis DSM
22868T (96.4%) and S. sacchari DSM 19268T (96.4%)
but still fell below the species differentiation threshold
(98.65%) [35]. They formed a distinct clade in the
phylogenetic tree, emphasizing its specific classifica-
tion within the genus Saccharibacillus (Fig. 1).

Genome features

The sequenced genome of JD154T was highly com-
plete (with a completeness score of 98.62% and a
contamination score of 1.23%), generated from 63
qualified scaffolds. It possessed a total of 5,290 coding
genes, 54 tRNA genes, 5 other ncRNA genes, and
48 pseudogenes. The genome size was 6,275,545 bp
with DNA G+C content being 59.2%. Both ANI values
(< 80%) and dDDH values (< 23.4%) between strain
JD154T and other Saccharibacillus species were below
the bacterial species differentiation threshold [28, 29]
(Table S2). In the phylogenomic tree constructed
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Fig. 1 Phylogenetic tree generated with neighbor-joining method based on the 16S rRNA gene sequences of strain JD154T

and the related strains of the family Paenibacillaceae. Streptomyces albus DSM 40313T (AJ621602) was used as an outgroup.
Bar, 0.02 substitutions per nucleotide position. Filled circles indicated that the corresponding nodes were also recovered in
the trees generated with the maximum-likelihood and maximum parsimony methods.

based on core gene analysis, strain JD154T was dis-
tinctly positioned within the cluster of the genus Sac-
charibacillus (Fig. S4).

The JD154T genome encompassed genes involved
in IAA biosynthetic pathways and phosphate uptake/-
solubilization, showing its potential contribution to
plant growth. The tryptophan-dependent pathways in-
clude the indole-3-acetamide (IAM), indole-3-pyruvic
acid (IPyA), indole-3-acetonitrile (IAN), tryptamine
(TAM), and tryptophan side-chain oxidase (TSO) path-
ways [36, 37], and the IAM, IPyA, and TAM pathways
were found to be the main genes involved (Table S3).
Additionally, the putative genes responsible for phos-
phate uptake and solubilization were also detected in
the genome of strain JD154T. Some of these genes
such as alkaline phosphatase gene (phoA), phosphate-
specific transporter gene (pst), alkaline phosphatase
affinity transport system gene (phn), and glycerol-3-
P uptaking gene (ugp) [38, 39] have been extensively
investigated. Strain JD154T harbored the phosphate
transporter and conversion genes (pstABCS). These
results indicated that strain JD154T might have the
potential to convert inorganic phosphate into a sol-
uble form [38]. Furthermore, the presence of the
phnCDEP gene cluster suggested that this strain could
enhance phosphate uptake in plants, thus promoting

plant growth. And the genome of strain JD154T

also contained the P-solubilization-related gene clus-
ters phoABHLU and ugpB (Table S4) [39, 40]. A
biosynthetic gene cluster (BGC) region that encoded
a terpene compound was discovered between loci
174,060 bp and 194,953 bp (totaling 20,893 bp). The
similarity between this BGC and that of carotenoids
was 33%. Carotenoids play a crucial role in scavenging
the superoxide anion radicals generated during the
process of photosynthesis, owing to their ability to
absorb and transfer electrons [41, 42]. The presence
of the BGC hinted at the strain’s ability to influence
plant growth directly or indirectly.

Description of Saccharibacillus mori sp. nov.

Saccharibacillus mori can be described as mo′ri. L.
gen. n. mori of a mulberry tree, of Morus, the generic
name of the white mulberry, Morus alba L., from which
the type strain, JD154T (= CPCC 101409T = KCTC
43346T), was isolated (from a plant rhizosphere soil
in Yunnan Province, China).

Cells are Gram-stain-positive with an approximate
length of 2.0–3.9 µm and a width of 0.8–1.1 µm, and
motile with lophotrichous flagella. Upon 48 h incuba-
tion at 28 °C, colonies on TSA medium are light-pink,
convex, and opaque. Growth occurs on TSA within
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Table 1 Differential physiological and biochemical compar-
ison of strain JD154T and the closely related type strains in
the genus Saccharibacillus.

Characteristic 1 2 3

Temperature range for growth ( °C) 10–37 15–42 4–42
pH 5–9 5–10 5–10
Salt tolerance (%) 0–7 0–5 0–8

Carbon source utilized for growth:
3-Methyl Glucose + − +
Acetoacetic Acid − + +
Bromo-Succinic Acid + − −
Citric Acid + − −
D-Arabitol + − −
D-Aspartic Acid + − −
D-Cellobiose − + −
Dextrin − + +
D-Fructose − + +
D-Fructose-6-PO4 + − −
D-Galactose − + +
D-Galacturonic Acid + − −
D-Gluconic Acid − + +
D-Glucose-6-PO4 + − −
D-Glucuronic Acid + − −
D-Lactic Acid Methyl Ester + − −
D-Malic Acid + − −
D-Maltose − + +
D-Mannitol − + −
D-Mannose − + +
D-Melibiose − + −
D-Raffinose − + −
D-Saccharic Acid + − −
D-Salicin − + −
D-Serine + − +
D-Sorbitol + − +
D-Trehalose − + −
Gelatin + − −
Gentiobiose − + −
Inosine + − +
L-Alanine + − −
L-Arginine + − −
L-Aspartic Acid + − −
L-Galactonic Acid Lactone + − −
L-Glutamic Acid + − −
L-Histidine + − −
L-Malic Acid + − −
L-Pyroglutamic Acid + − −
Methyl Pyruvate + − +
N -Acetyl Neuraminic Acid + − −
N -Acetyl-D Galactosamine + − −
N -Acetyl-D Glucosamine − − +
Pectin − + +
Stachyose + + −
Sucrose − + −
Tween 40 + − −
α-D-Glucose − + −
α-D-Lactose − + +
α-Keto-Butyric Acid − − +
α-Keto-Glutaric Acid + − −
β-Hydroxy-D, L-butyric Acid + − −
β-Methyl-D Glucoside − + −
γ-Amino-Butryric Acid + − −

a temperature range of 10–37 °C (optimum at 20–
30 °C), a NaCl concentration between 0–7% (optimum
at 0–1% NaCl), and at pH levels ranging from 5.0–

Table 1 Continue . . .

Characteristic 1 2 3

Enzyme activity of:
Acid phosphatase + − +
Esterase (C4) − + +
Leucine arylamidase − w +
α-Chymotrypsin − − +
α-Galactosidase + − +
β-Glucuronidase + − +

API 50CH result:
D-Arabinose − − +
D-Ribose − + +
D-Sorbitol − − +
D-Turanose + − +
Dulcitol − − w
Glycerol − + +
Inositol − + +
Inulin − − +
L-Fucose − − +
L-Sorbose − − +
L-Xylose − − +
Methyl-α-D-Glucopyranoside − w w
Methyl-β-D-Xylopyranoside − + +
N -Acetylglucosamine + − w
Xylitol + − w

Strains: 1, JD154T; 2, S. kuerlensis DSM 22868T; and 3, S. sac-
chari DSM 19268T . +, positive; −, negative; w, weakly pos-
itive. All data were from this study. All strains were positive
to esterase lipase (C8), naphthol-AS-BI-phosphohydrolase,
α-glucosidase, β-glucosidase, and β-galactosidase and neg-
ative to alkaline phosphatase, cystine arylamidase, lipase
(C14), N -acetyl-β-glucosaminidase, trypsin, valine arylami-
dase, α-mannosidase, and β-fucosidase. All strains could
produce acids from L-arabinose, amygdalin, arbutin, D-
cellobiose, D-fructose, D-galactose, D-glucose, D-lactose, D-
maltose, D-mannitol, D-mannose, D-melezitose, D-melibiose,
D-raffinose, D-trehalose, D-xylose, esculin ferric citrate, gen-
tiobiose, L-rhamnose, potassium gluconate, salicin, and su-
crose. All strains could use D-turanose, fucose, glycerol, L-
rhamnose, and myo-inositol as the sole carbon source.

9.0 (optimum at pH 7.0–8.0). Positive for catalase
reaction, while negative for oxidase reaction, cellulose
hydrolysis, starch hydrolysis, H2S production, nitrate
reduction, gelatin liquefaction, milk coagulation and
peptonization, VP and MR tests. The polar lipids
found in this strain are diphosphatidylglycerol and
phosphatidylglycerol. The major respiratory quinone
of the strain is MK-7. The fatty acid profile consists
of anteiso-C15:0, C16:0, iso-C14:0, and iso-C15:0 as the
predominant components (> 5%). The type strain,
JD154T (= CPCC 101409T = KCTC 43346T), was
isolated from a medicinal plant rhizosphere soil in
Yunnan Province, China. The genome size of strain
JD154T is 6.3 Mbp and the genomic G+C content is
59.2%.

CONCLUSION

The comprehensive phenotypic and genotypic crite-
ria effectively differentiated strain JD154T from other
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validly described Saccharibacillus species. Compelling
results support the designation of isolate JD154T as a
new species of Saccharibacillus, dubbed Saccharibacil-
lus mori sp. nov. Moreover, the presence of genes
involved in hormone biosynthesis and phosphate sol-
ubilization pathways indicated that the strain could
function as a plant growth promoting (PGP) bacterium.
This discovery could have significant implications not
just for taxonomical purposes but potentially in agri-
cultural applications as well, considering the PGP po-
tentials of strain JD154T. Continuation of research
in this area could unveil more about its capacities
to promote plant growth and thereby contribute to
sustainable agricultural practices.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found at http://dx.doi.org/10.2306/scienceasia1513-1874.
2024.047.
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Appendix A. Supplementary data

Fig. S1 Transmission electron micrograph of the motile cell of strain JD154T.

Fig. S2 IAA standard curve and the absorbance value of strain JD154T. The circle colored in orange represented the absorbance
value of the strain JD154T.
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Fig. S3 Polar lipid profiles for strain JD154T after separation by two-dimensional TLC. Detection by spraying with
(a) molybdatophosphoric acid reagent, (b) ninhydrin stain reagent, (c) molybdenum blue stain reagent, and (d) p-
anisaldehyde stain reagent. DPG, diphosphatidylglycerol; PG, phosphatidylglycerol.

Fig. S4 Maximum-likelihood core gene phylogenetic tree based on protein sequences of the genomes of strain JD154T and
related strains of the family Paenibacillaceae. Bootstrap values are shown at the branch points nodes. RefSeq assembly
accession number is indicated in the bracket. Insulambacter thermoxylanivorax DA-C8T (RefSeq assembly accession no.
GCA_015472005.1) is used as an outgroup (not shown in Figure). Bar, 0.2 substitutions per protein position.
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Table S1 Cellular fatty acid content (> 1.0%) of strain JD154T and the reference type strains of the genus Saccharibacillus.

Fatty acid 1 2 3

Saturated fatty acid
C14:0 2.7 3.9 7.6
C16:0 12.0 21.7 25.2
iso-C14:0 9.3 6.6 7.7
iso-C15:0 7.8 2.2 3.0
iso-C16:0 7.0 3.6 6.3
iso-C17:0 1.3 1.1 0.8
anteiso-C15:0 52.8 50.4 45.2
anteiso-C17:0 2.0 4.8 2.3

Unsaturated fatty acid
C16:1 ω11c – 5.6 –

Strains: 1, JD154T; 2, S. kuerlensis DSM 22868T; and 3, S. sacchari DSM 19268T. –, not detected.

Table S2 The ANI and dDDH values between strain JD154T and other related type strains of the genus Saccharibacillus.

1 2 3 4 5 6

1 – 17.7 20.0 23.4 21.0 23.1
2 77.1 – 19.4 23.0 19.6 22.3
3 77.9 77.4 – 24.1 78.7 24.6
4 80.0 78.1 78.5 – 25.5 76.2
5 78.0 77.4 91.4 78.9 – 25.7
6 78.9 78.3 78.7 94.4 78.8 –

Strains: 1, JD154T; 2, S. kuerlensis DSM 22868T; 3, S. sacchari DSM 19268T; 4, S. deserti KCTC 33693T; 5, S. endophyticus
JM-1350T; and 6, S. qingshengii H6T. Values in bold forms were the dDDH, and ones in normal forms were ANI.

Table S3 Genomic analysis of indole-3-acetic acid (IAA) biosynthesis pathways in strain JD154T.

Pathway Enzyme JD154T

Indole-3-acetamide (IAM) Trypthophan 2-monooxygenase (EC:1.13.12.3) –
Amidase (EC:3.5.1.4) +

Indole-3-pyruvic acid (IPyA) Trp aminotransferase (EC:2.6.1.27) –
Indolepyruvate decarboxylase (EC:4.1.1.74) +
Aldehyde dehydrogenase (EC:1.2.1.3) +

Tryptamine (TAM) Trp decarboxylase (EC:4.1.1.28) –
Monoamine oxidase (EC:1.4.3.4) –
Aldehyde dehydrogenase (EC:1.2.1.3) +

Table S4 Genes involved in phosphate solubilization in the genome of strain JD154T.

Gene Gene annotation E.C. Number

phnD Phosphonate transport system substrate-binding protein
phnC Phosphonate transport system ATP-binding protein [EC:7.3.2.2]
phnE Phosphonate transport system permease protein
phnP Phosphoribosyl 1,2-cyclic phosphate phosphodiesterase [EC:3.1.4.55]
phoA, phoB Alkaline phosphatase [EC:3.1.3.1]
phoH, phoL Phosphate starvation-inducible protein PhoH and related proteins
phoU Phosphate transport system protein
pstA Phosphate transport system permease protein
pstB Phosphate transport system ATP-binding protein [EC:7.3.2.1]
pstC Phosphate transport system permease protein
pstS Phosphate transport system substrate-binding protein
ptsH Phosphocarrier protein HPr
ugpB Sn-glycerol 3-phosphate transport system substrate-binding protein
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