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Seven rhizobacterial isolates from the root nodules of
several leguminous plants were obtained from various
cultural areas in Mosul, Iraq for this study. The SM21
and SM32 isolated from Medicago sativa L., SM27,
SM30, and SM43 from Trifolium alexandrinum L., and
SM1 and SM33 from Vigna unguiculata L were used to
determine which could produce indole-3-acetic acid.
After 3 days of incubation in an LB liquid medium, the
SM32 isolate produced a maximum output of 21.43 g
mL. It reached 72.96 g mL™' with an ideal tryptophan
content of 3 mg mL™? supporting the process. The
molecular characteristics of the SM32 rhizobacteria
isolate, with a total genome length of 4,583,676 base
pairs, were similar to those of E. cloacae. 4,348 CDSs
were coded for proteins and 75 RNA genes. This first
version of the full genome shotgun sequence of E.
cloacae SM32 was deposited at the
DDBJ/ENA/GenBank  under  accession  number
JBEFMZ000000000 (BioProject accession number
PRINA1121377 and BioSample accession number
SAMNA41748806). The NCBI Prokaryotic Genome
Annotation Pipeline (PGAP) added the annotation.

Keywords: IAA production, Whole genome sequence, Rhizobacteria, Enterobacter

cloacae.
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Introduction

Only a small number of nodule bacteria have been examined out of the many species
and types of legumes. A distinguishing characteristic of legume plants is their capacity
to form a mutualistic symbiosis for using atmospheric nitrogen as a source with bacteria
known as rhizobia, which are members of the Rhizobiaceae family under
Alphaproteobacteria (23). Additionally, certain Gammaproteobacteria, such as
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Enterobacter, Pseudomonas, Pseudoalteromonas, Leclercia, and Pantoea have been
identified from the root nodules of several legume plants (13). Therefore, the link
between legumes and bacteria for nitrogen fixation may be far more ubiquitous than
previously thought.

Indole-3-acetic acid (IAA) is an important plant hormone of the auxin family. It is
one of the most basic and widespread hormones, naturally regulating nearly all aspects
of plant growth, including cell division, elongation, development, and senescence (8).

Apart from plants, many rhizosphere bacteria species belonging to different genera
can produce IAA (11, 19 and 20). They include Acetobacter, Acinetobacter,
Arthrobacter, Azotobacter, Azospirillum, Bacillus, Bradyrhizobium, Burkholderia,
Herbaspirillum, Mesorhizobium, Paenibacillus, Pantoea, Pseudomonas, Rhizobium,
Rhodococcus, Rouxiella, Serratia, Streptomyces, Stenotrophomonas, and Klebsiella.

It is believed that bacteria that produce I1AA lengthen and develop roots, thereby
increasing their surface area and allowing plants to absorb greater nutrients in culture
(5). A crucial mechanism for plant growth in rhizobacteria is the synthesis of IAA and
the solubility of iron and phosphate (7).

Little is known about the bacterial endophytes found in the root nodules of
Medicago sativa plants grown in Mosul, Iraq, that do not modulate. This study aimed
to isolate and characterize the rhizobacterial endophyte extracted from the alfalfa root
nodules by molecular means. In addition to genes and characteristics linked to biotic
and antibiotic resistance, the genome sequence of Enterobacter cloacae SM32 is
reported in this work.

Materials and Methods

Isolating the Rhizobacterial Strains: Several leguminous plants were collected from
Mosul City's cultural districts and their rhizosphere and transported to the Molecular
Biology Laboratory of the Department of Biology at the College of Pure Sciences.
Isolation of the rhizobacterial strains was done according to (27).

Test for synthesizing indole-3-acetic acid (IAA) by Rhizobacterium SM32: The
pure rhizobacterial isolates were cultivated in liquid cultures of the YEMB medium
and then incubated for 24 hours at 28°C. Subsequently, 0.1 ml of the liquid culture was
transferred to a conical flask holding 20 ml of liquid LB media and incubated at 150
rpm for 1, 2, 3, and 4 days. The liquid cultures that had undergone fermentation were
centrifuged at 3000 rpm for thirty minutes. Two to three drops of O-phosphoric acid
were added to two milliliters of the suspension.

Four milliliters of culture suspension were mixed with 2 ml of Salkowski solution
and incubated for 30 minutes. A spectrophotometer set at 353 nm was used to measure
the amount of 1AA created when the color changed to red. The medium that was not
rhizobacteria-inoculated was utilized as a control group. Concentrations of 10, 20, 30,
40, 50, 60, 70, 80, 90, and 100 puL mI* slandered IAA were prepared for the standard
curve. A spectrophotometer at a wavelength of 535 nm was used to record optical
densities (14).

DNA isolation: DNA isolation and the following molecular steps were conducted at
the Molecular Lab Company in Mosul using a genomic DNA isolation kit from GeneEd
Company. Genomic DNA was directly isolated from the root nodules of the
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Rhizobacteria (SM32) which were isolated from the root nodules of leguminous plants
according to the manufacturer’s directions. The DNA was measured for concentration
and purity and kept at -20°C until needed.

Polymerase chain reaction: PCR was carried out in a 20 pL reaction volume with
Promega USA's GoTaq G2 Green Master Mix. The entire 16S rRNA gene region was
amplified using the universal primers 27F AGAGTTTGATCMTGGCTCAG and
1522R AAGGAGGTGATCCARCCGCA (22). As instructed by the manufacturer, 100
ng of template DNA and 1 pM of primer concentration were added.

The 16S rRNA gene PCR program was set up as follows: 1 minute of denaturation
at 95°C followed by 30 cycles of amplification, which included 30 seconds of
denaturation at 95°C, 30 seconds of annealing at 55°C, and 1 minute of extension at
72°C. At 72°C, the last extension stage was chosen. On a 1% agarose gel, the PCR
products were separated and stained with Midori Green Advance DNA stain. As a
molecular weight marker, a 100 bp DNA marker from New England Biolabs, UK was
employed.

Sequencing DNA and searching for homology: The 16S rRNA gene PCR products
were purified and forwarded to the Psomagen sequencing firm (USA). Using the NCBI
BLAST program, the recovered sequences were compared for similarity to published
genes that had been added to GenBank.

Submissions of genomes to NCBI GenBank: Under the accession number
JBEFMZ000000000, the genomic sequence of E. cloacae SM32 was made available
at DDBJ/ENA/GenBank.

Assembly and annotation of the genome: Using the SPAdes 3.5 bioinformatics
program (4), the raw reads were de novo assembled to contigs with k-mer lengths of
21, 33, 55, and 77. Assembly data were produced using the QUAST program (9). The
RAST server was used to annotate the assembled genome (3). The functional genes in
the subsystem categories were predicted using the SEED program (21).

Phylogenetic tree based on the entire genome: Using the Type Strain Genome Server
(TYGS) (15), the phylogenetic tree of E. cloacae SM32 and its closest relatives was
inferred based on their whole genomes. With the default parameters, the genome was
uploaded to the server in FASTA format. The TYGS incorporates the FastME 2.0 tool
(12) for inferring the tree.

Analysis of DNA-DNA hybridization in silico (isDDH): Based on whole genome
sequence data, the isSDDH values between E. cloacae SM32 and the most closely
related strains were calculated using the GGDH bioinformatics tool (16).

Phylogenetic tree study of the 16S rRNA gene: The NCBI GenBank database's
sequences and the E. cloacae SM32 sequence were compared for homology using the
nucleotide Basic Local Alignment Search Tool (BLASTN) tool. The phylogenetic tree
was created based on the MEGA-11 program and bootstrap (100X) analysis (26).

Identification of antibiotic resistance genes in E. cloacae SM32 genome: The
Comprehensive Antibiotic Resistance Database (CARD) tool version 3.2.6 was
utilized to identify the antibiotic resistance genes present in the genome of E. cloacae
SM32 (2).

Comparison of genomes: E. cloacae SM32 was aligned with the closest species
using the GView-GenoCat tools (25).
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Results and Discussion

Local rhizobacterial isolates are isolated: Seven distinct rhizobacterial strains were
successfully recovered from the root nodules of several leguminous plants after the
nodules were crushed and sterilized, as indicated in Table 1. Rhizobium sp. Was
isolated from Mimosa pudica root nodules by earlier researchers (24). Additionally,
endophytic bacteria were recovered by researchers from peanuts (10) and soybeans (1).

Table 1: Plant hosts and isolated rhizobacteria.

Isolate No. Plant hosts
SM1 Vigna unguiclata L.
SM21 Medicago sativa L.
SM27 Trifolium alexandrinum L.
SM30 Trifolium alexandrinum L.
SM32 Medicago sativa L.
SM33 Vigna unguiclata L.
SM43 Trifolium alexandrinum L.

Testing isolated rhizobacteria for the synthesis of IAA: The ability to produce IAA
was demonstrated by all seven isolates (Table 2) which reached their maximum
production levels after three days of incubation. Isolate SM32 produced the maximum
in the LB medium achieving 21.43 pug mL™ and an intense pink color with the highest
OD value at 535 nm. It was further molecularly characterized by sequencing its entire
genome. After 4-days incubation, isolate SM21 produced a minimum of 5.39 ug mL™.
(18) isolated ten rhizospheric soil bacteria after two days of incubation and discovered
that the mr3 isolate produced the most IAA (22 ug mL™?) in the LB medium. (17) found
that poor IAA generation was the outcome of incubation durations exceeding 72 hours.

Table 2: Local rhizobacterial isolates producing IAA p/mL in LB medium.

Isolate No. Incubation period/Day
1 2 3 4
SM1 5.88*+0.538 10.33+0.27 14.51+0.31 6.03+1.75
SM21 3.81+1.60 7.29+0.04 10.10+0.45 5.39+0.65
SM27 6.22+1.43 10.11+1.08 13.93+0.22 6.71+0.90
SM30 6.19+1.00 10.58+1.10 14.77+0.98 8.50+1.18
SM32 9.15+0.72 16.99+0.16 21.43+0.17 10.90+1.13
SM33 3.77+0.80 5.98+0.09 11.46+0.14 7.48+0.36
SM43 5.5+1.11 9.47+0.41 16.31+0.08 9.12+1.66

* Mean value of triplicates; $: SD of triplicates.

Adding tryptophan to the LB medium produced a positive influence on IAA
synthesis (Table 3). When 3.0 g mL™* of tryptophan was added to the LB medium and
incubated for 3 days, the maximum production was 72.96 ug mL?. After 3-days
incubation, the mean value dropped to 69.73 mg mL™ due to production inhibition from
the increase in tryptophan content. L-tryptophan is referred to as an IAA precursor as
it improves the production of IAA when added to a medium. According to (18),
tryptophan was the preferred amino acid for IAA production in all five isolates. The
medium supplemented with 0.1, 1.5, and 0.05% of IAA produced the highest amounts
of IAA.
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Table 3: Tryptophan concentration-dependent production of IAA (ug mL™1) in
LB medium supplemented by the SM32 rhizobacteria isolate.

Tryptophan mg mL? Incubation period/ Day
1 2 3
0.0 9.09*+0.188 17.01+0.32 21.38+0.26
1.0 23.76+1.03 41.55+0.09 45.33+0.56
2.0 35.00+0.79 37.90+0.72 56.42+0.41
3.0 45.11+0.85 63.01+1.15 72.96+1.01
4.0 43.58+0.42 60.99+1.06 69.28+0.73

*: Mean value of triplicates; §: SD of triplicates.

Whole-genome assembly and sequencing: This resulted in an image that displays
the differences and similarities between the genome sequences of other bacteria and E.
cloacae SM32 as a set of concentric rings. The genome of the SM32 local isolate
underwent hole-genome sequencing. Its estimated length was 4,583,676 base pairs (bp)
(Table 4). The length of the smallest number of contigs, or 501 bps, was 50% of the
genome. The local isolate SM32 belongs to the Enterobacteriaceae family, with a
genome size comparable to other members of the same family, according to
phylogenetic analysis comparing protein coding genes. The SM32 isolate has a GC
content of 55.48%. Within the order Enterobacterales of the Enterobacteriaceae family,
the local isolate E. cloacae SM32 is classified as a member of the phylum
Proteobacteria of the gamma-proteobacteria class.

Specialty genes were also present in the SM32 isolate's genome. Several antibiotic
genes were included in the whole-genome sequencing of E. cloacae SM32, according
to results acquired from the CARD database. The antibiotic resistance genes (ARGS)
found in the SM32 genome of the E. cloacae isolate are listed in Table 4. A
chromosomal blaCMH-3 gene with a 98.69% identity is noteworthy. Thus, this is the
first instance of multidrug-resistant genes in a single narrow spectrum blaCMH-3 beta-
lactamase in an lraqi E. cloacae strain, SM32. Additionally, the FosA2 gene for
fosfomycin resistance was found. This gene was also identified by (6) in an E. cloacae
ST473 strain from clinical infections linked to a multidrug resistance (MDR)
phenotype in Nigeria.
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Table 4: Antibiotic resistance genes in the genomic sequence of E. cloacae SM32.

Resistance Drug class Resistance Predicted Percentage
gene mechanism phenotype identity
baeR Aminoglycoside antibiotic, Antibiotic Neomycin, 100

Aminocoumarin antibiotic efflux Amikacin,
Kanamycin A,
Tobramycin,
Novobiocin,
Gentamicin
ramA Fluoroquinolone antibiotic, Antibiotic Tigecycline, 99.12
Monaobactam, Carbapenem, efflux, Tetracycline,
Cephalosporin, Reduced Rifampin,
Glycylcycline, Cephamycin, permeability Chloramphenicol,
Penam, Tetracycline to antibiotics Ampicillin,
antibiotic, Rifamycin Cefalotin, Triclosan
antibiotic, Phenicol
antibiotic, Penem,
Disinfecting agents and
antiseptics
CRP Macrolide antibiotic, Antibiotic Erythromycin, 99.05
Fluoroguinolone antibiotic, efflux Cloxacillin,
Penam Oxacillin,
Norfloxacin
blaCMH- Cephalosporin Antibiotic Unknown 98.69
3 inactivation
FosA2 Phosphonic acid antibiotic Antibiotic Fosfomycin 95.74
inactivation
00XA Fluoroquinolone antibiotic, Antibiotic Tigecycline, 90.79
Glycylcycline, Tetracycline efflux Ciprofloxacin,
antibiotic, Nitrofurantoin,
Diaminopyrimidine Trimethoprim
antibiotic, Nitrofuran
antibiotic
rsmA Fluoroguinolone antibiotic, Antibiotic Trimethoprim, 85.25
Diaminopyrimidine efflux Chloramphenicol
antibiotic, Phenicol antibiotic
leuO Nucleoside antibiotic, Antibiotic Acriflavine, 81.12
Disinfecting agents and efflux Puromycin
antiseptics

Gene annotation and prediction: Whole genome shotgun (WGS) isolation of E.
cloacae SM32 isolate. With the accession number JBEFMZ010000000, this version of
the project (01) included the sequences JBEFMZ010000001-JBEFMZ010000298.
The NCBI Prokaryotic Genome Annotation Pipeline (PGAP) contributed to the
annotation. (see https://www.ncbi.nIm.nih.gov/genome/annotation_prok/.) According
to the unique genome identifier, this genome has 4,348 CDSs (protein-coding
sequences) and 75 RNA genes (Table 5, Fig. 1).

Through comparative genome analysis, the genome sequence of E. cloacae SM32
offers a chance to learn more about the distinctions between the several strains of E.
cloacae that involve endophytic plants and human pathogenic strains. Furthermore, the
SM32 strain carries genes whose roles and pathogenic potential are still unknown. The
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draft genome sequence of the plant growth-promoting rhizospheric bacteria E. cloacae
SBP-8 was disclosed by Singh et al. (2017) who further demonstrated that the isolate
SBP-8's genome was made up of one plasmid with 85,398 bp and a chromosome with
48,54,065 bp.

Table 5: General genomic properties of E. cloacae SM32 produced using the
RAST server and QUAST software.

Feature Value
Genome total length (bp) 4,583,676
Number of contigs 298
Largest contig (bp) 188,733
Smallest contig (bp) 501
GC content (%) 55.48
Total of protein-coding sequences (CDSs) 4,348
Number of RNA genes 75
N50 46,588

Subsystem Feature Counts
W Phages, Prophages, Transposable elements, Plasmids (3)
B Potassium metabolism (15)
W Photosynthesis (0)
M Phosphorus Metabolism (28)
W Cell Wall and Capsule (30)
Fatty Acids, Lipids, and Isoprenoids (57)
B Motility and Chemotaxis (14)
® Dormancy and Sporulation (1)
B Membrane Transport (85)
@ Amino Acids and Derivatives (393)
W Respiration (128)
® M Stress Response (97)
@ W Metabolism of Aromatic Compounds (31)
@ Nucleosides and Nucleotides (99)
® W Nitrogen Metabolism (38)
® Cofactors, Vitamins, Prosthetic Groups, Pigments (166)
® W DNA Metabolism (77)
® M Virulence, Disease and Defense (61)
@ M Iron acquisition and metabolism (41)
® M RNA Metabolism (72)
® W Sulfur Metabolism (25)
@ W Cell Division and Cell Cycle (7)
Carbohydrates (379)
Regulation and Cell signaling (59)
Miscellaneous (18)
Secondary Metabolism (5)
Protein Metabolism (291)

Subsystem Coverage Subsystem Category Distribution

pEeee

Fig. 1: Distribution statistics of the E. cloacae SM32 subsystem. The Rapid
Annotation System Technology (RAST) server was used to annotate the genome.

Comparing genomes: For the comparative genomic study, the hole-sequenced
genomes of ten Enterobacter strains isolated from various behaviors were selected
(Table 6). The global alignment of genome rearrangement, performed using the
software Mauve, shows that in terms of genome size (bp) and percentage of G+C
content, the E. cloacae ATCC 13047 strain and the E. cloacae SM32 local isolate of
the species are 100% attached (Table 6, Fig. 2).
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Table 6: Pairwise comparisons of the isDDH, GC content, 8-value, genome size,
and protein count of the E. cloacae SM32 genome with other closely related

genomes.
E. cloacae SM32 vs. Digital Percent &- Genome Size  Number of
closely related genomes isDDH G+C (%) value (bp) proteins
value (%0)
E. cloacae ATCC 13047 91.1 55.48 0.131 4,583,676 4315
E. cloacae subsp. 85.3 54.58 0.132 5,598,795 5518
dissolvens ATCC 23373
E. sichuanensis 37.0 55.24 0.318 4,869,039 4620
WCHECL1597
E. roggenkampii DSM 36.5 55.54 0.21 4,899,997 4474
16690
E. quasiroggenkampii 36.4 55.69 0.20 4,805,203 4452
WCHECL1060
E. vonholyi E13 35.8 55.58 0.257 4,579,976 4240
E. dyke sii E1 35.3 55.85 0.196 4,509,323 4161
E. asburiae ATCC 35953 35.0 55.47 0.204 4,806,219 4426
E. chuandaensis 090028 T 34.7 55.68 0.214 4,629,218 4359
E. bugandensis EB-247 34.5 56 0.19 4,717,613 4332

. Enterobacter_bugandensis_EB_247.gbk

B Enterobacter_chuandaensis_090028.gbk

I Enterobacter_asburiae_ ATCC_35953.gbk

. Enterobacter_dykesii_E1.gbk

I Enterobacter_vonholyi_E13.gbk

[l Enterobacter_quasiroggenkampii_WCHECL1060.gbk
. Enterobacter_roggenkampii_DSM_16690.gbk

. Enterobacter_sichuanensis_ WCHECL1597.gbk

. Enterobacter_cloacae_subsp._dissolvens_ATCC_23373.gbk
- Enterobacter_cloacae_ATCC_13047.gbk

'. - Enterobacter_cloacae_SM32.gbk

"_ B GC content

- (I GC skew

Fig. 2: Comparing genomes of the ten most closely related bacterial species with
E. cloacae SM32. The E. cloacae SM32 genome is represented by the innermost
red circle.

Phylogenetic analysis: The local SM32 isolate is shown to form a cluster with E.
cloacae ATCC 13047 and E. cloacae subsp. dissolvens ATCC23373 according to the
phylogenetic tree. E. cloacae is polyphyletic, according to the phylogenetic tree, and
is grouped with other Enterobacter members at a different position (Fig. 3, Fig. 4 and
Table 7).
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Fig. 3: E. cloacae SM32's phylogenetic taxonomy tree created with the TYGS
service. The final tree was built using the FastME 2.0 technique and the
balanced minimum evolution method (100X pseudo-bootstrap support values).

Enterobacter quasiroggenkampii WCHECI-1060 (KY979139)
Enterobacter hormaechei ATCC 49162 (AFHR01000079)
Enterobacter sichuanensis WCHECI1597 (POVL01000141)
Enterobacter mori LMG 25706 (GL890774)

Enterobacter pseudoroggenkampii 155092 (OP930963)

Enterobacter ludwigii EN-119 (JTLO01000001)

Enterobacter kobei DSM 13645 (CP017181)

Enterobacter vonholyi E13 (VTUC01000023)

Enterobacter chuandaensis 090028 (MK049966)

Enterobacter oligotrophicus CCA6 (LC368255)

- @ Enterobacter cloacae SM32

Enterobacter cloacae ATCC13047 (CP001918)

Enterobacter cloacae subsp. dissolvens ATCC 23373 (Z96079)

Enterobacter wuhouensis WCHEW1202 (SJOO0100031)

98

Enterobacter roggenkampii EN-117 (CP017184)
Fig. 4: Neighbor-joining phylogenetic trees created with MEGA-11 software

showing the link between the closely related strains of E. cloacae SM32 (black
circle) and 16S rRNA sequences.
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Table 7: Similarity of E. cloacae SM32 with bacterial species submitted to NCBI.

Species Strain Accession No. Similarity (%0)
E. cloacae ATCC 13047 CP001918 99.84
E. cloacae subsp. Dissolvens ATCC 23373 796079 99.84
E. oligotrophicus CCAG6 LC368255 99.37
E. kobei DSM 13645 CP017181 98.89
E. ludwigii EN-119 JTLO01000001 98.89
E. hormaechei ATCC 49162 AFHR0100079 98.73
E. sichuanensis WCHECI1597 POVL01000141 98.73
E. quasiroggenkampii WCHECI-1060 KY979139 98.73
E. vonholyi E13 VTUCO0100023 98.73
E. pseudoroggenkampii 155092 OP930963 98.57
E. mori LMG 25706 GL890774 98.42
E. chuandaensis 090028 MKO049966 98.27
E. roggenkampii EN-117 CP017184 98.25
E. wuhouensis WCHEW1202 SJOO00100031 98.10
Conclusions

The primary finding of this study is that, to the extent of our knowledge, no previous
report has been made on the Enterobacter cloacae found in the roots of Medicago sativa
L. plants growing in Mosul, Irag. Additionally, this is the first research that addressed
the entire genome sequence of a local isolate of E. cloacae that shows promise in the
ability to produce large amounts of the indole-3-acetic acid.
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