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RESEARCH PAPER

Molecular Analyses of Cellulosimicrobium cellulans
Mosul Isolated From Crown Galls of Olea europaea

Ghazwan Q. Hasan

Department of Biology, College of Education for Pure Sciences, University of Mosul, Iraq

Abstract

Olea europaea L. is farmed extensively for its oil in various parts of the world. Olives are abundant in bioactives and
beneficial minerals that may have therapeutic and medicinal applications. Cellulosimicrobium cellulans belongs to the
family Promicromonosporaceae and is classified as a Gram-positive bacillus. Since there is not much research on the
topic, the goal of the current study was to analyze the whole genome sequence of this bacterium. The results showed
that 99.8 % of the raw values agreed well with the reference strain CP017660, with a GC content of 74.5 % and a pairwise
similarity of 98.1 %. The de novo assembly analysis revealed that 3250 contigs totaling 5,272,102 lengths were present,
derived from 20 % of the raw reads that were supplied. However, the findings showed that C. cellulans had 1772
encoding genes for proteins without functions and 2175 expressing genes for particular proteins with particular
functions. The genome annotation result showed 41 completely characterized annotated features, including alanyl-
tRNA synthetase, the aerotolerance protein BatB, argininosuccinate synthase, 3-hydroxyisobutyryl-CoA hydrolase, and
others. The phylogenetic analysis based on the genomic DNA showed that the C. cellulans Mosul strain grouped in a
clade that included closely associated strains, such as CP017660, CP041694, CP020857, CP072387, and CP017660 strains.
Moreover, the heatmap matrix outcomes demonstrated a substantial relationship among C. cellulans and CP041694,
CP072387, CP017660, CP020857, CP101475, and CP053419 strains. Lastly, the subsystem feature results showed that 134
genes encoding enzymes related to vitamins, pigments, cofactors, and prosthetic groups were present, along with 34
genes linked to defense, virulence, and disease.

Keywords: Whole genome sequencing, 16S rRNA, C. cellulans, O. europaea, Crown galls, Heatmap matrix, Genome
annotation

1. Introduction

T he little tree Olea europaea, which belongs to
the Oleaceae family, is often found in western

Asia, Africa, and the Mediterranean Basin [1].
Similar to many Mediterranean woody species that
thrive in semi-arid environments, olive trees also
tolerate soil water availability. Olive adaptability
may be influenced by interactions with advanta-
geous microbes [2]. Gram-positive is the defining
feature of the genus Cellulosimicrobum, which
mostly consists of three species: Cellulosimicrobium
cellulans, Cellulosimicrobium funkei, and Cellulosimi-
crobium terreum. Of these, C. cellulans and C. funkei
have been found to be pathogenic [3]. The short

reads with an output of up to 6 Tb can be sequenced
using Illumina's NovaSeq 6000 sequencing plat-
form. This platform follows the standard Illumina
sequencing procedure, which consists of library
preparation, in situ amplification-based cluster
creation, and synthesis-based sequencing. One of
the main characteristics of the NovaSeq 6000 is its
flexibility [4]. The genome sequence analysis of
C. cellulans MP1 revealed 30 genes involved in the
degradation of cellulases and hemicellulases. Also,
the sequence involved 23 contigs, 4046 protein-
coding genes, 1 mRNA gene, 3 tRNA genes, and 67
rRNA [5]. The Illumina Miseq analysis of the
genome of Cellulosimicrobium sp. TH-20 strain
revealed 3450 open reading frames, 9 rRNA, 51
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tRNA, and 11 genes involved in the biotransfor-
mation of ginsenosides [6]. The 16S rRNA se-
quences of Cellulosimicrobium composti BIT-GX5T
and Cellulosimicrobium funkei CT-R177 strains were
99.17 % and 99.86 % identical to C. cellulans LMG
16121T, respectively [7,8], also the phylogenetic
analysis of the 16S showed present five house-
keeping genes (recA, trpB, rpoB, gyrA, and atpD)
[7].
Scientists worldwide are currently focusing on

bacterial symbionts as possible sources for detecting
new and extremely effective lignocellulose-degrad-
ing enzymes, which can be utilized in a wide range of
sectors, including agriculture, pulp and paper, food,
and biofuel [5]. The synergistic activity of three
distinct groups, including β-glucosidase, endogluca-
nase, and exoglucanase, is responsible for cellulose
hydrolysis [9].While the commonhemicellulases that
are involved in hemicellulose disintegration are
mannanase, arabinofuranosidases, xylanases, and
other enzymes [10]. Among 99 enzymes, glycoside
hydrolases, which break down the majority of plant
biomass, including hemicellulose and cellulose, were
projected to be themost prevalent subfamily found in
C. cellulans [5]. The genome analyses of the Cellulosi-
microbium genus showed an abundant provider of
glycosidases implicated in ginseng biological trans-
formation capabilities and plant growth promotion
[11]. The current study was conducted in order to
investigate the complete genome analysis of
C. cellulans.

2. Materials and methods

2.1. Isolation of C. cellulans

The crown galls isolated from the stems of O.
europaea were thoroughly crushed with a ceramic
mortar and then immersed in ordinary saline to
maintain bacterial viability. The samples were
incubated overnight at 28 ◦C. The nutrient agar me-
diumwasmade by dissolving 28 g of nutritional agar
in 1 L of distilledwater, per the instructions provided
by the Neogen/UK (Spanish) manufacturer. The
streak plate method was applied to spread a tiny
amount of the inoculum onto petri dishes containing
NA medium using an inoculation loop [12]. The mi-
crobes then were isolated by consecutive streaks.
Once bacterial cells were placed on agar plates,
streaking initiated a gradient dilution on the agar
surfaces. The dense growth of bacteria occurred in
the portion of the medium with the fewest bacterial
cells as a result of this range of dilution. To guarantee
purity, single colonies were isolated and picked up
using sterile loops prior to being disseminated into a

fresh NA medium. The C. cellulans colonies were
allowed to grow for 72 h at 28 ◦C [13].

2.2. DNA extraction

The genomic DNA was extracted from a pure
culture of C. cellulans using the cetyl-
trimethylammonium bromide (CTAB) method, as
mentioned byRef. [14], with some changes, including
the incubation of preheatedCTABbuffer for 1 h, then
spinning down of the deposited DNA. with some
modifications (the precipitated DNAwas spun down
at 735 g for 5min after the prepared CTAB buffer was
incubated for 45 min.

2.3. High-throughput sequencing and data analysis

The TruSeq DNA library preparation kits (Illu-
mina, San Diego, CA, USA) were used to create the
library at the DNA Link company/Republic of
Korea. Following the manufacturer's recommenda-
tions, the DNA was sequenced using the Illumina
NovaSeq6000 platform, a 2 × 150 bp reads tech-
nique, and the WGS (PCR-Free 550 prep). To
remove low-quality reads and create clean, high-
quality reads, the DNA raw reads were first run
with Trimmomatic v 0.40 and then through the
Geneious Prime BBDuk program [15,16]. The total
number of FASTQ reads was multiplied by the read
length (151 bp) to get the genome sequencing
coverage, which was then divided by the entire
genome size of the bacterium [16].

2.4. Map to reference

Geneious mapper (medium-low sensitivity) was
used to map DNA data to the reference sequences,
with up to five iterations. The whole reads were
mapped against the CP017660 strain, the primary
causative agent, C. cellulans. The findings were
presented in a report that included statistics in
assembled readings and the overall number of
reads used [15].

2.5. Pairwise alignment

The entire length of the bacterium sequence was
aligned with a closely related sequence, applying
Geneious alignments in Geneious prime. Pairwise
identity and genome variation were reported.

2.6. Phylogenetic tree analysis of genomic DNA

The whole-genome-based phylogenetic tree of
thirteen strains of C. cellulans and the most closely
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related strains was inferred using the REALPHY
tool https://realphy.unibas.ch/realphy/ [17]. The
genome in FASTA format was uploaded to the
server with the default settings. The heatmap ma-
trix of the examined strains was also analyzed
based on the outcomes of the tree alignments.

2.7. Phylogenetic tree of 16S ribosomal RNA

Neighbor joining method was applied to
construct the phylogeny tree. For alignment and
manual optimization, the Geneious Prime V. 11 [15];
http://www.geneious.com was utilized. Sequences
of all aligned lengths were then extracted using
ClustalW alignment. General Time Reversible
(GTR) has been used to recreate the evolutionary
tree. The phylogeny inference was accomplished
using Bayesian inference of phylogeny (MrBayes
3.2.6) [18]. The phylogenetic analysis included
twelve strains.

2.8. De novo assembly

De novo assembly of the entire raw reads was
done using Geneious software assembler. Geneious
software paired the bi-directional reads before
subjecting them to the assembler, then 20 % of the
reads were taken to create over 1000 contigs of
varying lengths, each of which was constructed of
several overlapping assembled reads with a
consensus sequence.

2.9. Genome annotation

The assembled genome was annotated with the
Rapid Annotation using Subsystem Technology
(RAST) server [19]. The SEED tool [20] was used for
predicting functional genes in subsystem
categories.

3. Results

3.1. C. cellulans genomic analysis

The BBduk tool was used to obtain the raw reads
of the C. cellulans genome. The outcomes revealed
that 7440 reads were removed, and 9051 reads were
trimmed to improve the product quality, where
85.97 % of the total reads were covered by K-mer
(Table 1).

3.2. Whole genome reads mapping of C. cellulans

The results showed that 99.8 % of the data
matched the reference genome CP017660 with

98.1 % pairwise identity, and 74.5 % GC content
(Table 2, Fig. 1).

3.3. De novo assembly of the data

The results showed that 3250 contigs with a total
length of 5,272,102 bp were obtained from 20 % of
applied raw reads (Table 3).

3.4. General genome features of C. cellulans

The results showed that C. cellulans contains 2175
encoding genes for specific proteins with specific
functions and 1772 encoding genes for proteins
without functions. These proteins were categorized
with coverage of 90.15, 44.89, and 93.49 % for hy-
pothetical characteristics, local protein family fea-
tures, and protein-encoding features, respectively
(Table 4).

3.5. C. cellulans genome annotation

The genome was annotated using the RAST tool,
and 41 fully classified annotated features were
identified, including 3-hydroxyisobutyryl-CoA hy-
drolase, Aerotolerance protein BatB, Alanyl-tRNA
synthetase, argininosuccinate acid synthase, and
other features (Table 5).

3.6. Phylogenetic tree analysis based on genomic DNA
and 16S rRNA gene of C. cellulans

The phylogenetic analysis showed that isolate C.
cellulans Mosul was positioned in a clade involved
closely related strains of CP101475 (strain TL2;
China: Shandong) from poultry farm
Cellulosimicrobium cellulans strain TL2
chromosome, complete genome - Nucleotide -
NCBI, CP041694 (strain NEB113; USA)
Cellulosimicrobium cellulans strain NEB113
chromosome, complete genome - Nucleotide -
NCBI, CP053419 (72-3: China) from domestic ani-
mals Cellulosimicrobium sp. 72-3 chromosome,
complete genome - Nucleotide - NCBI, CP020857
(TH-20: China; Fusong) from ginseng soil
Cellulosimicrobium sp. TH-20 chromosome,
complete genome - Nucleotide - NCBI, CP072387
(strain ORNL-0100 1; USA) from Human oral cav-
ity Cellulosimicrobium cellulans strain ORNL-0100
chromosome, complete gen - Nucleotide - NCBI,
and CP017660 (Saudia Arabia: Jizan) that collected
from Panicum turgidum Cellulosimicrobium sp. JZ28,
complete genome - Nucleotide - NCBI [11] also
see (Fig. 2). However, the evolutionary analysis of
16S rRNA showed clustering of C. cellulans Mosul
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(PV276936) among a clade of two strains of
CP053419 (72-3: China) from domestic animals, and
CP017660 (Saudia Arabia: Jizan) that collected from
P. turgidum, and a clade of nine strains as shown in
(Fig. 3). The evolutionary analysis based on 16S
rRNA of C. cellulans Mosul is consistent with [11]
and https://www.ncbi.nlm.nih.gov/datasets/
genome/GCF_013127315.1/

3.7. Heatmap matrix of C. cellulans

The heatmap visualization displayed a greater
relationship (high intensity) between C. cellulans
and CP101475, CP072387, CP017660, CP041694,
CP020857, and CP053419 strains, and a moderate
relationship (medium intensity) with CP052757,
CP059447, CP159290, and CP021383, and a limited
relationship (low intensity) with both CP048210 and
CP042174 (Fig. 4).

3.8. Subsystem feature counts of C. cellulans

The subsystem result revealed that 34 genes were
linked to defense, illness, and virulence (Fig. 5).
Enzymes linked to pigments, co-factors, vitamins,
and prosthetic groups are encoded by 134 genes.

3.9. Plant growth promotion and protection

The findings indicated that thiazole synthase,
succinate dehydrogenase (SDH), sulfur acceptor
protein, and sulfur carrier protein are among the
proteins that may be linked to the promotion of
plant growth (Table 5).

3.10. Cell division proteins

Three membrane proteins, FtsQ, FtsL, and cell
division trigger factor, that are expected to be

Table 1. Total raw reads of C. cellulans genomic before and after trimming (producing clean reads) by the BBduk tool in Geneious Prime software.

Bacteria
(total DNAseq)

No. of reads
before trimming

No. of reads
after trimming

Q trimmed K trimmed Total removed quality-trimming
both ends

C. cellulans 52,254,426 52,246,986 9051 reads
(0.02 %)

44,923,358 reads
(85.97 %)

7440 reads
(0.01 %)

Q6.0

The result showed that only 7440 reads have been totally removed and 9051 reads trimmed for their quality, while K-mer trimming
covered 44,923,358 reads.

Table 2. Mapping the whole reads of C. cellulans against CP017660 (Cellulosimicrobium sp).

Accession
number

Reference
bacteria

No. of assembled
reads/bp

Consensus sequence
length/bp

Pairwise Identity
with the ref. virus

Coverage ratio GC content

CP017660 Cellulosimicrobium sp. 48,664,758 4,139,600 98.1 % 99.8 % 74.5 %

The result showed that mapping has covered 99.8 % of the reference genome with 98.1 % pairwise identity and GC content of 74.5 %.

Fig. 1. Assembled reads to the reference sequence of Cellulosimicrobium sp. Mapping to reference shows that the alignment between ref. bacteria
(CP017660; Saudia Arabia: Jizan that collected from P. turgidum) and the examined strain C. cellulans is 98.1 % similar.

Table 3. De novo assembly of the raw reads data.

Statistics Unused Reads All Contigs Contigs ≥ 100 bp Contigs ≥ 1000 bp

Number of 20,770 3250 3175 195
Min Length (bp) 10 24 101 1005
Median Length (bp) 260 262 16,121
Mean Length (bp) 146 1622 1658 22,876
Max Length (bp) 151 121,247 121,247 121,247
N50 Length (bp) 30,443 30,443 38,782
Number of contigs ≥ N50 50 50 38
Length Sum (bp) 3,034,486 5,272,102 5,267,309 4,461,004

The 20 % of the raw reads data was applied to obtain 3250 contigs with total length 5,272,102 bp.
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involved in cell division were found in the
C. cellulans genome (Table 5).

4. Discussion

A variety of amino acids and their derivatives,
such as levan polysaccharide and yeast-lytic en-
zymes such as endo-β-1,3-glucanases, are pro-
duced by C. cellulans and are utilized in the
digestion of yeast cell walls [21,22]. Cellulomonas
cellulans, Oerskovia xanthineolytica, and Arthrobacter
luteus are aliases for C. cellulans, an actinomycete
that excretes lytic enzyme complexes from yeast
cell walls such as endo-β-1,3-glucanases EC
3.2.1.39 and 3.2.1.6 [21,22]. The genome mapping of
C. cellulans showed a similar genome size to some
extent to Cellulosimicrobium sp. JZ28, which was
4,139,600 bp in C. cellulans and 4,378,193 bp in JZ28,
and the GC content was also identical (74.5 %)
with [11]. The genome features result has a
considerable amount of similarity to Ref. [11] in
terms of the number of proteins that they contain.
These proteins were categorized as 90.15 %,
44.89 %, and 93.49 % protein-encoding feature

coverage, features that are hypothetical, and fea-
tures that are in local protein families, respectively
(Table 4). The genomes of C. cellulans have a me-
dian of about 4000 protein-coding genes, a circular
chromosome with a length of 4.2—4.6 million base

Table 4. General genome quality features of C. cellulans generated
using RAST server.

Feature Value

Genome ID 157920.49
Genome name C. cellulans
Reference genome 1710.12
Coarse consistency (%) 98.2
Fine consistency (%) 97.2
Completeness (% 100
Contamination (%) 0.8
Evaluation Group R100 (Cellulomonas

sp. JC225)
Contig count 1
DNA size (bp) 4378193
Contigs N50 (bp) 4378193
Contigs L50 1
Overpresent Roles 25
Underpresent Roles 14
Predicted Roles 1470
Completeness Roles 368
Total Distinct Roles 2018
Protein-Encoding Genes
with Functional Assignment

2175

Protein-Encoding Genes
without Functional Assignment

1772

% Protein-Encoding Feature Coverage 90.15
% Features that are Hypothetical 44.89
% Features that are in Local
Protein Families

93.49

General genome quality features of C. cellulans generated
showed 2175 protein-encoding genes with functional assign-
ment, and 1772 protein-encoding genes without functional
assignment. Also, proteins were classified as 90.15 % protein-
encoding feature coverage, 44.89 % features that are hypotheti-
cal; and 93.49 % features that are in local protein families.

Table 5. Genome annotation of C. cellulans by the RAST server.

Role Annotated
count

3-hydroxyisobutyryl-CoA hydrolase (EC
3.1.2.4)

1

Aerotolerance protein BatB 1
Aerotolerance protein BatC 0
Alanyl-tRNA synthetase (EC 6.1.1.7) 2
Allophanate hydrolase 2 subunit 1 (EC
3.5.1.54)

0

Argininosuccinate synthase (EC 6.3.4.5) 2
Aspartyl-tRNA (Asn) synthetase (EC 6.1.1.23) 2
ATP-dependent Clp protease ATP-binding
subunit ClpX

2

ATP-dependent Clp protease, ATP-binding
subunit ClpC

2

ATP synthase epsilon chain (EC 3.6.3.14) 3
ATP synthase F0 sector subunit a (EC 3.6.3.14) 2
Cell division protein FtsL 0
Cell division protein FtsQ 0
Cell division trigger factor (EC 5.2.1.8) 2
Chorismate mutase II (EC 5.4.99.5) 1
Dephospho-CoA kinase (EC 2.7.1.24) 2
Flagellar assembly protein FliH 0
Flagellar basal body-associated protein FliL 0
Flagellar biosynthesis protein FliO 0
Flagellar biosynthesis protein FliS 0
Flagellar M-ring protein FliF 2
Flagellar protein FliJ 0
Iron-dependent repressor IdeR/DtxR 2
Polyphosphate glucokinase (EC 2.7.1.63) 2
Prolyl-tRNA synthetase (EC 6.1.1.15), bacterial
type

2

PTS system, N-acetylglucosamine-specific IIC
component

1

RNA polymerase sigma factor for flagellar
operon

1

Succinate dehydrogenase cytochrome b-556
subunit

0

Succinate dehydrogenase hydrophobic mem-
brane anchor protein

1

Sulfur acceptor protein => iron-sulfur cluster
assembly SufE

1

Sulfur carrier protein ThiS 0
Thiazole synthase (EC 2.8.1.10) 1
Tricarboxylate transport sensor protein TctE 1
Tricarboxylate transport transcriptional regu-
lator TctD

0

Ubiquinone biosynthesis regulatory protein
kinase UbiB

1

Urease accessory protein UreD 0
Urease accessory protein UreF 2
Uricase (urate oxidase) (EC 1.7.3.3) 2
Uroporphyrinogen-III synthase (EC 4.2.1.75) 0

The genome was annotated using the RAST server, and genome
report showed 41 fully characterized annotated features over the
whole sequence of the strain.
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pairs, and a high G + C concentration. They are
known to have genes for the breakdown of car-
bohydrates, such as cellulases and hemicelluloses,
and to have genes for denitrification and oxygen/
sulfur cycling, which are adaptations to different
environments [5]. The genus Cellulosimicrobium

exhibits considerable genetic variation, according
to full-genome phylogeny. C. cellulans may
comprise several genomospecies, which would
contradict existing taxonomic categories. Using
whole-genome sequencing data, these phyloge-
nomic techniques classify closely related species,

Fig. 2. Phylogenetic tree of genomic DNA of C. cellulans. The tree shows that C. cellulans Mosul is closely related to CP053419, CP020857,
CP072387, and CP017660 strains.

Fig. 3. Evolutionary analysis of C. cellulans based on 16S rRNA gene (PV276936). The tree shows that isolate C. cellulans Mosul was featured
between CP053419 and CP017660, and a clade of nine strains.
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revealing unique species groups and occasionally
casting doubt on conventional classifications based
on the 16S rRNA gene. Research employing
whole-genome data or conserved single-copy
genes offers a more precise and high-resolution
picture of the evolutionary relationships of Cellu-
losimicrobium species [23]. Hydrolytic enzymes
produced by Cellulosimicrobium sp. may help them
to survive in harsh environments and compete
with other natural bacteria [24,25]. The succinate
dehydrogenase (SDH) plays physiological roles in
plants through its effects on stomata function,
fungal defense, root elongation, and photosyn-
thesis. [26]. The thiamin-biosynthesis process

involves the sulfur-carrier protein that is expressed
by this gene. Thiazole-phosphate synthase (ThiG)
catalyzes the formation of the sulfur carrier protein
(ThiS) [27]. The inclusion of the -S-C=N group as
a toxophoric unit in the molecular structure has
been linked to the importance of thiazoles' anti-
bacterial qualities [27,28]. Bacteria cannot survive
without the presence of disome proteins. One
divisome protein that has been suggested to act as
a scaffold protein during divisome construction is
the FtsQBL complex [29]. It implies that mobility to
the mid-cell could only occur after complex for-
mation and that the FtsQ, FtsB, and FtsL connections
may exist in cells before translocation to this region

Fig. 4. Heatmap matrix of the examines strain of C. cellulans and some related isolates based on the multiple alignments.

Fig. 5. Subsystem category distribution statistics of C. cellulans. Each subsystem feature count is displayed in a pie chart, and SEED viewer is used to
demonstrate the subsystem coverage. The percent of proteins included in the subsystems is shown by the green bar of the subsystem coverage, whilst
the percent of proteins excluded from the subsystems is represented by the blue bar.
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[30]. Additionally, it generates cyclo-(dehydroala-L-
Leu), anthranilic acid, and other cyclic dipeptides as
metabolites [31]. Using spectroscopic techniques,
these chemicals were separated from bacterial cul-
tures and identified; anthranilic acid had strong
antifungal efficacy against plant infections [31].
Although there is a study on peptides from marine
sources, no knownnatural products fromC. cellulans
or othermarine sources are known to be “celluloids”
and were classified as straight-chain peptides.
Rather, studies have identified a new class of linear
peptides called cellulamides from the actino-
mycetota genus Cellulosimicrobium, which includes
C. cellulans. The cellulamide A peptides are a novel
discovery from the species C. cellulans, which is
linked to marine organisms [8]. The creation of en-
zymes that degrade plant cell walls, yeast, and even
tough organic pollutants like benzo(a)pyrene is part
of the diversemetabolic protein ofC. cellulans [32]. It
also uses important metabolic processes such as
glycolysis, the TCA cycle, and several others for
biosynthesis and energy production [23]. C. cellulans
uses a variety of carbohydrates, such as lactose,
maltose, sucrose, ribose, glucose, and rhamnose,
those present in cellulose and other compounds
obtained from plants [33]. It also has enzymes that
are capable of hydrolyzing complex poly-
saccharides, like glucans, which are present in the
cell walls of yeast [34]. Moreover, the C. cellulans
probably uses a broad range of vitamins and co-
factors for itsmetabolic functions [35]. Some general
information can be deduced from related bacteria
and metabolic pathways, even though the search
results presented do not reveal many specifics
regarding the precise cofactors and vitamins that
this species needs. It has been shown that C. cellu-
lans may degrade plant cellulosimicrobium, a ni-
trogen metabolism-related activity. Specifically,
strains of C. cellulans have been found to utilize
several types of nitrogen sources and break down
cellulose, xylan, and even the nitrogen-containing
compound quinclorac (QNC) [36—38]. These bacte-
ria have also been connected to the promotion of
plant growth and biocontrol due to their ability to fix
nitrogen and participate in other enzymatic activ-
ities. The ability of C. cellulans to decompose com-
plex materials, such as plant biomass, is well
documented. Because it contains a variety of en-
zymes, including cellulases and hemicellulases, it
can degrade cellulose, hemicellulose, and other
components of plant cell walls [36,37,39]. Further-
more, C. cellulans possesses a unique ability to
degrade significant pollutants such as the
polycyclic aromatic hydrocarbon (PAH) benzo(a)
pyrene [32].

5. Conclusions

The results showed that 99.8 % of the raw values
agreed well with the reference strain CP017660,
with a pairwise similarity of 98.1 % and a GC con-
tent of 74.5 %. Based on 20 % of the raw reads, the de
novo assembly analysis showed that 3250 contigs
with a total length of 5,272,102 were present. The C.
cellulans has 3947 protein-encoding genes. Alanyl-
tRNA synthetase, aerotolerance protein BatB, argi-
ninosuccinate synthase, and others were among the
41 fully defined annotated features that were
revealed by the genome annotation result. The
phylogenetic analysis of the genomic DNA of C.
cellulans Mosul revealed that this strain was
grouped in a clade of most closely related strains,
including CP017660, CP041694, CP020857,
CP072387, and CP017660. Furthermore, the results
of the heatmap matrix showed a strong correlation
between C. cellulans Mosul and the previously
mentioned strains. Finally, the subsystem feature
results revealed 34 genes associated with defense,
virulence, and disease, as well as 134 genes
encoding enzymes related to vitamins, pigments,
cofactors, and prosthetic groups.
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