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Research Article 

INTRODUCTION 

Major recent advancements in microbiology have oc-

curred, particularly bacterial taxonomy and genomics. 

With this 2020 reclassification of the genus Niallia, a 

new light is being shed on the Bacillaceae family. This 

reclassification, in which Niallia is individualized from 

the extended genus of Bacillus, highly signifies detailed 

phylogenetic relationships of these common bacteria. 

The name " Niallia " has been given in honor of Profes-

sor Niall A. Logan as a result of his extensive and semi-

nal research in the field of Bacillus taxonomy and com-

prehension, which has been central to the redevelop-

ment of the taxonomic structure of the Bacillaceae fami-

ly (Gupta et al., 2020). 

Among the main characteristic features, the Bacillaceae 

family possesses the ability to be motile, biochemically 

able to grow both in aerobic and anaerobic conditions 

of growth and capable of forming endospores. Other-

wise, these organisms have recently been found to 

possess their specific forms of niche ecological adapta-

tion and biochemical properties. For example, some 

Niallia species have been found to grow in almost any 

environment that presents in great amounts with sew-

age and soil, having a temperature range of 30-37 de-

grees Celsius as the optimum for their growth (Thorat 

et al., 2022).Also, the molecular evidence based on two 

identified Conserved Signature Indels ( CSIs ) found in 

the proteins confirmed that Niallia has molecular fea-

tures that differentiate it from other Bacillaceae and 

establish its classification in the previously described 

family genome species (Srivastava and Dafale, 2024). 

The genomic investigation of members of the genus 

Niallia is important for deepening our existing 
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knowledge of both microbial evolution and ecological 

dynamics. Whole-genome sequencing of microorgan-

isms can serve to uncover many novel metabolic path-

ways and disclose unique gene functions that give in-

sights generally important for biotechnological applica-

tions in bioremediation, bioenergy production, and inno-

vative bioproducts (Varjani, 2017; Bohra et al., 2019; 

Behrendorff, 2021). Apart from making an in-depth 

analysis with regard to microbial ecology and biodiversi-

ty, this also illustrates applications in different scientific 

and industrial fields. The present research focused on 

isolating the genus Niallia from heavily oil-contaminated 

soils and, consequently, their identification by means of 

16S rRNA gene sequencing. Besides that, the study 

was also focused on the deep whole-genome analysis 

of Niallia sp. with a view to characterization, organiza-

tion, and functionality of genes involved in the metabo-

lism of aromatic compounds.  

 

MATERIALS AND METHODS 

Sample collection and processing  

Oil-contaminated soil samples were collected in the 

Mosul governorate close to electrical generators. Sam-

ples from three locations were collected twice. The 

samples were collected in sterile containers before their 

delivery to the laboratory. In the lab, one gram of each 

soil sample was added to 9 ml of sterile distilled water, 

thoroughly mixed, and then serial dilutions were pre-

pared. Serial dilutions in concentrations 103, 104, and 

105 were prepared, and 0.1 mL from each was asepti-

cally transferred and inoculated onto separate plates 

containing nutrient agar. The plates were incubated at 

37°C for 24-48 hours to promote microbial growth 

(Wojtowicz  et al., 2023). 

 

Extraction and purification of genomic DNA 

The DNA was extracted from the bacterial isolates us-

ing Geneaid Genomic DNA Purification kit. The concen-

tration of the DNA was measured using the Nanodrop 

spectrophotometer and the purity was measured by 

taking the absorption reading at 280/260 nm. 

 

Genome sequence submission 

 The genome sequence of Niallia sp. was deposited as 

Niallia sp. SS-2023 into the NCBI GenBank repository 

under the accession number JASSVR000000000. This 

was done through the NCBI online submission portal, 

ensuring that the data were formatted in FASTA format 

with associated metadata for completeness.  

 

Genome assembly and annotation  

Depending on Bankevich et al. (2012), the raw se-

quence reads were assembled into contigs de novo 

using the SPAdes 3.5 bioinformatics tool, incorporating 

k-mer lengths of 21, 33, 55, and 77. Assembly statis-

tics, such as N50 - L50, total contig count, and genome 

coverage were produce using QUAST software 

(Gurevich et al., 2013). The annotation of the assem-

bled genome was conducted using RASTserver (Aziz 

et al., 2008), and the SEED tool was employed to pre-

dict functional genes in subsystem categories 

(Overbeek et al., 2014). 

 

Phylogenetic analysis 

To explain the evolutionary relationships of Niallia sp., 

the Type Strain Genome Server (TYGS) was used to 

construct a whole-genome-based phylogenetic tree in 

comparison with its closest related strains, SS-2023 

(Meier-Kolthoff and Göker, 2019). The genome se-

quence in FASTA format was submitted to the TYGS 

platform using default settings. Further, the phylogenet-

ic tree was generated using the FastME 2.0 program 

(Lefort et al., 2015). The resultant tree was examined 

for branching patterns and inter-strain distances that 

give an idea about the evolutionary linkages and com-

mon ancestry of Niallia sp.  

 

In silico DNA-DNA Hybridization analysis  

The DNA-DNA hybridization values were retrieved us-

ing the Genome-to-Genome Distance Calculator 

(GGDC) web tool based on WGSs for Niallia sp. SS-

2023 and related strains, delineating their exact relat-

edness both quantitatively in genetic studies and taxo-

nomically (Meier-Kolthoff et al., 2022).  

 

Analysis of phylogenetic trees based on the 16S 

rRNA gene 

Homologous sequences of the 16S rRNA gene from 

Niallia sp. SS-2023 were obtained by nucleotide se-

quence searching using the BLASTn tool against the 

NCBI GenBank database. The MEGA-11 software was 

used for constructing the 16S rRNA-based phylogenet-

ic tree, and the bootstrap analyses were performed 100 

times to ensure robust phylogenetic inference. The re-

sultant analysis has yielded a detailed comparison of 

evolutionary relatedness based on conserved riboso-

mal gene sequences (Tamura et al., 2021). 

 

Genome comparisons 

The BLAST Ring Image Generator (BRIG) software 

was utilized to compare the genome sequences of Nial-

lia sp. SS-2023 with closely related Niallia species. This 

generated a visual representation highlighting both the 

similarities and differences between the Niallia sp. SS-

2023 genome and other related genomes (Alikhan et 

al., 2011). 

 

RESULTS  

Several of the key features of the Niallia sp. SS-2023 

strain genome is shown in Table 1, which gives the 
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general genome characteristics generated by QUAST 

software and the RAST server. QUAST software and 

the RAST server. The GC content is 39.2% in the ge-

nome. The order of magnitude for the length of the ge-

nome is approximately 3.78 million base pairs. Eighty-

six contigs constituted this genome, so the genome has 

some degree of complexity. This strain's genetic poten-

tial is further put into perspective with 3,852 protein-

coding sequences and 60 tRNA genes present in this 

organism, which might indicate strong potential for pro-

tein synthesis. Finally, the N50 value is 143,700, indi-

cating that there were longer contigs and a high-quality 

assembly. 

In Fig.1, the bar graph representation of data from the 

RAST server more significantly augments this analysis 

by separating subsystem proteins with green bars from 

non-subsystem ones in blue bars. This analysis gives 

the proportion of the genome devoted to certain meta-

bolic functions and forms the whole picture of any or-

ganism
'
s metabolic and physiological characteristics. 

The comparative genomic analysis presented in Fig. 2 

and Table 2 provides important insights into the posi-

tion of Niallia sp. SS-2023 in relation to other type 

strains. The data show that Niallia taxi M5HDSGI-1T 

has a relatively high in silico DNA-DNA hybridization 

(DDH) value of 38.2% with Niallia sp. SS-2023, sug-

gesting a closer genetic relationship within the Niallia 

genus. The similar GC content further supports the 

close relationship between these two strains. In con-

trast, Neobacillus notoginsengisoli JCM 30743 exhibits 

a much lower DDH value of 13.1% with Niallia sp. SS-

2023, indicating significant genetic distance. The con-

siderable difference in GC content further corroborates 

the distinction between these strains. 

The phylogenetic tree presented in Fig. 3 illustrates the 

evolutionary relationships among the Niallia sp. SS-

2023 (indicated by the black circle) and its closely relat-

ed strains based on 16S rRNA gene sequences. The 

data reveals that Niallia sp. SS-2023 is closely related 

to Niallia taxi M5HDSG1-1T and Niallia circulans 

FDAARGOS 343, as evidenced by the high bootstrap 

values of 71 and 82, respectively. These values, along 

with the branch lengths, suggest that Niallia sp. SS-

2023 is more closely related to these strains than oth-

ers, such as Bacillus mesophilum IITR-54, which is on 

a distinctly separate branch with a bootstrap value of 

100, indicating a distant relationship. 

Table 3 further elucidates the genetic relationships 

among Niallia sp. SS-2023 and related species. The 

data shows that Niallia circulans (FDAARGOS_343) 

exhibits a 99.80% similarity, indicating an extremely 

close genetic relationship, which suggests a recent 

common ancestor. Similarly, Niallia taxi (M5HDSG1-

1T) has a similarity of 99.52%, also pointing to a very 

close relationship within the same genus. As the simi-

larity percentages decrease further down the list, the 

strain's relationship becomes more distant, as exempli-

fied by the 97.06% similarity with Bacillus mesophilum 

(IITR-54).  

Feature Value 

Genome total length (pb) 3,776,428 

Number of contigs 86 
Largest contig (pb) 277,889 
Smallest contig (bp) 217 
GC content (%) 39.2 
Total of protein-coding 
sequences (CDSs) 

3,852 

Number of tRNA genes 60 
N50 143,700 

Table 1. General genome features of Niallia sp. SS-2023 

generated using QUAST software and RAST server  

 

 

Digital isDDH 

value (%) 

Percent  

G+C (%) 
δ- value 

Genome Size 

( pb) 

Number of 

proteins 

Niallia taxi M5HDSG1-1T 38.2 37.5 0.40 5,791,551 5411 
Neobacillus notoginsengisoli JCM 30743 13.1 43.78 0.46 4,776,323 4594 
Niallia alba MCC 3998 14.6 35.6 0.43 5,241,236 4695 
Bacillus vallismortis DV1-F-3 13.1 43.7 0.37 3,871,829 4036 
Bacillus spizizenii TU-B-10 13.3 43.8 0.42 4,207,222 4297 
Bacillus infantis DSM 19098 13.3 45.6 0.45 4,978,725 5134 
Niallia circulans NBRC 13626 14.3 35.5 0.49 5,097,246 4964 

Robertmurraya siralis JCM 12213 13.2 37.9 0.44 5,003,679 4953 

Robertmurraya kyonggiensis JCM 17569 13.3 38.1 0.39 4,772,772 4593 

Bacillus yapensis XXST-01 13.3 38.1 0.40 4,601,158 4620 

Bacillus benzoevorans DSM 5391 13.2 40.1 0.47 4,698,353 4639 

Neobacillus niacini NBRC 15566 13.2 38.1 0.46 6,183,708 5928 

Peribacillus huizhouensis DSM 105481 13.2 37.2 0.37 5,022,604 4749 

Bacillus cihuensis FJAT-14515T 13.1 37.0 0.35 5,429,919 5037 

Cytobacillus oceanisediminis CGMCC 

1.10115 
13.3 40.8 0.43 5,627,752 5438 

Mesobacillus zeae DSM 103964 13.2 43.2 0.45 4,255,717 4439 

Niallia nealsonii FO-92 14.6 34.6 0.46 4,691,494 4253 

Table 2. Genome Pairwise comparisons of Niallia sp. SS-2023 genome vs. type strain genomes based on isDDH, GC 

content, δ- value, Genome size and Number of proteins. 
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The variety of genes involved in the metabolism of aro-

matic compounds is emphasized in Table 4. The SalA 

gene, acting as a salicylate hydroxylase, plays a pivotal 

role in the catabolism of  salicylate and gentisate and in 

the degradation of salicylate esters. Likewise, the BenK 

gene, functioning as a benzoate MFS transporter, is 

essential for the breakdown of benzoate. The presence 

of genes like FAHF and QuiB in multiple pathways un-

derscores the interconnected nature of aromatic com-

pound metabolism, suggesting these genes may serve 

versatile roles in various biochemical processes. SalE 

is a significant secondary metabolite produced by 

NRPS/PKS gene clusters. The biosynthesis of cate-

cholate-type siderophores, which chelate iron in iron-

limited conditions, is often connected to these com-

pounds, which support bacterial survival and growth. 

A comprehensive genomic analysis of Niallia sp. SS-

2023, set against the backdrop of its close relatives, is 

presented in Fig. 4. At the center of the figure is the 

genome of Niallia sp. SS-2023, represented in grey, 

indicates its scale up to 3.5 megabase pairs (Mbp) as a 

reference point. Surrounding this, a black ring illustrates 

the GC content, highlighting the proportion of guanine 

and cytosine and identifying regions of high GC con-

centration.  

Furthermore, the purple and light green rings show the 

GC skew, providing perspectives on the equilibrium of 

guanine and cytosine throughout the DNA and suggest-

Fig. 1. Subsystem category distribution statistics of Niallia sp. SS-2023. The genome was annotated using the Rapid 

Annotation System Technology (RAST) server. The pie chart showed the count of each subsystem feature, and the sub-

system coverage was displayed using SEED viewer. The green bar of the subsystem coverage corresponds to the per-

centage of the proteins included in the subsystems, while the blue bar corresponds to the percentage of the proteins that 

are not included in the subsystems 

Fig. 2. Phylogenetic taxonomy tree of Niallia sp. SS-2023 using TYGS server. The final tree was constructed with 

FastME 2.0 approach based on the balanced minimum evolution method (100X pseudo-bootstrap support values). La-

bels on leaves are indicated by association to species and subspecies clusters, genomic GC percent, δ-values, overall 

genome size and the total number of proteins 



 

667 

Al-Sanjary, S. I. H. and Burhan, S.T. / J. Appl. & Nat. Sci. 17(2), 663 - 670 (2025) 

ing replication trends by showcasing positive and nega-

tive skews. The outer layers of the figure feature col-

ored rings that represent the genomes of four linked 

Niallia species. These colored segments denote genet-

ic similarities and differences when compared to the 

reference genome of Niallia sp. SS-2023, allowing for a 

visual evaluation that highlights both genomic conser-

vation and diversity between these species. 

 

DISCUSSION 

This approach is expected to extend present 

knowledge of the genomic and metabolic potential of 

this ecologically and industrially important bacterial ge-

nus. Molecular identification through 16S rRNA gene 

sequencing and whole-genome analysis confirmed the 

isolate as Niallia sp. SS-2023, with its genomic features 

indicating strong metabolic potential. 

The genome sequencing of Niallia sp. SS-2023 identi-

fied 86 contigs spanning 3.78 million base pairs, and 

the GC content of 39.2% includes 3,852 protein-coding 

sequences and 60 tRNA genes. These characteristics 

are consistent with its ability to adapt to various envi-

ronments by regulating complex metabolic processes, 

as Hou et al. (2021) noted in their study of related Nial-

lia species. RAST analysis revealed a key metabolic 

speciality, showing 223 features dedicated to carbohy-

drate metabolism, 220 linked to amino acids, and nota-

ble activity in protein metabolism 143 features and nu-

cleoside/nucleotide processing 120 features. These 

results suggest effective energy production, storage, 

and protein turnover, which is in agreement with the 

work of Fuentes et al. (2014), which demonstrated the 

diversity of microbial metabolic processes in environ-

mental adaptation. 

Metabolic analysis revealed that Niallia sp. SS-2023 

degradation ability of aromatic compounds, which are 

recognized as carbon and energy sources for different 

bacteria. In particular, identifying genes such as SalA, 

FAHF, QuiB, and BenK confirm their involvement in 

pathways for aromatic degradation.  

The SalA gene, responsible for salicylate hydroxylase, 

is important and required in the microbial degradation 

of esters of salicylates, an important step in degrada-

tion pathways of aromatics.  Enzymatic activity can 

generate compounds that may be of real importance to 

bioremediation practices.This potential environmental 

use includes detoxifying heavily contaminated sites, as 

Species name Strain name Accession No. Similarity (%) 

Niallia circulans FDAARGOS_343 RIBP01000004.1 99.80 

Niallia taxi M5HDSG1-1T MK355518.1 99.52 

Niallia nealsonii DSM 15077 EU656111.1 99.46 

Niallia circulans ATCC 4513 AY724690.1 98.98 

Niallia sp. mt7 FZRH01000015.1 98.64 

Bacillus dakarensis Marseille-P3515 LT707409.1 97.42 

Bacillus sp. IDA3504 AJ544784.1 97.41 

Niallia oryzisoli 1DS3-10 KT886063.1 97.21 

Cytobacillus gottheilii WCC 4585 FN995266.1 97.14 

Bacillus benzoevorans DSM 5391 D78311.1 97.07 

Bacillus mesophilum IITR-54 JN210567.1 97.06 

Cytobacillus oceanisediminis H2 GQ292772.1 97.05 

Robertmurraya kyonggiensis NB22 JF896450.1 97.03 

Table 3. Most related Niallia species with their accession numbers show homology with Niallia sp. SS-2023 retrieved 

from NCBI database 

Fig. 3. Neighbor-Joining phylogenetic trees showing the 

relationship between Niallia sp. SS-2023 (indicated in 

black circle) and the closely related strains based on 16S 

rRNA sequences using MEGA-11 software with a scale 

length of 0.01. The percentage of replicate trees in which 

the associated strains clustered together in the bootstrap 

test (100 replicates) are shown next to the branches 
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pointed out by Costa et al. (2019). The enzyme's func-

tion underlines its relevance by allowing microorgan-

isms to engage in the effective metabolism of generally 

toxic compounds of complex structure, hence justifying 

a wider application in environmental biotechnology. 

Similarly, the FAHF gene encoding fumarate acetoace-

tate hydrolase acts at the terminal step of gentisate 

degradation by catalyzing the conversion of fumaryl 

acetoacetate to fumarate and acetoacetate. This reac-

tion has been considered important for the complete 

mineralization of aromatic compounds to nontoxic by-

products, emphasizing its role in microbial pathways 

linked to environmental sustainability. In a similar case, 

fumarate acetoacetate hydrolase, as presented in sev-

eral works, for example, the one done by Fuchs et al. 

(2011), has been proven to be an extremely important 

enzyme which secures the efficiency of degradation 

processes, hence central for the destruction of aromatic 

contaminants. 

The QuiB gene encodes 3-dehydroquinate dehydra-

tase, an enzyme implicated in both the biosynthesis 

and degradation of aromatic compounds. It catalyzes 

the transformation of DAHP into chorismate and is in-

volved in the breakdown of quinate, further indicating 

metabolic versatility in Niallia sp. Such a dual function 

is important in cellular homeostasis and optimally utiliz-

ing available nutrients, as reported by Maes et al. 

(2004). This versatility underscores the adaptability of 

the organism to various ecological conditions, where 

metabolic efficiency is vital for its survival and use of 

resources. 

The ability of Niallia sp. SS-2023 to degrade hydrocar-

bons is important for bioremediation in ecosystems 

contaminated with oil. Hydrocarbon-degrading bacteria, 

which enrich in such environments by having specific 

enzymatic pathways, vary in degradation mechanisms 

according to hydrocarbon complexity and different en-

zymes involved, as observed by Xu et al. (2018). 

Based on the comparative genomic analyses for strains 

of Niallia, such as those done by Gupta et al. (2020), 

Niallia sp. With such efficiency in hydrocarbon degrada-

tion, SS-2023 will probably be a similarly capable agent 

for oil spill cleanup. 

Co-metabolic interaction with aromatic compounds is 

one of the metabolic pathways of Niallia sp. SS-2023, 

enhancing its potential for biotechnological applica-

tions. For example, the BenK gene, a benzoate MFS 

transporter, supports the degradation of benzoate and 

further underlines the utility of the organism in bioreme-

diation. The works of Wojtowicz et al. (2023) and Patel 

et al. (2022) have demonstrated that Niallia species 

work effectively under both aerobic and anaerobic con-

ditions, with adaptability advantageous in the oxygen-

limited environments typical of oil-contaminated re-

gions. The synergistic microbial consortia further in-

creased the bioremediation potential of  Niallia sp. it 

forms, especially to tackle complex oil pollutants. Ac-

cording to Bidja Abena et al. (2019), cooperative inter-

actions in such microbial consortia have been noted to 

enhance the efficiency of bioremediation processes of 

marine and terrestrial environments that have been 

contaminated with crude oil. These collaborative micro-

bial networks thus provide a formidable framework to 

Gene System Function 

SalA 
Salicylate and gentisate catabolism 

Salicylate ester degradation 
Salicylate hydroxylase (EC 1.14.13.1) 

FAHF 
Gentisate degradation 

Salicylate and gentisate catabolism 
Fumarylacetoacetate hydrolase family protein 

QuiB 

Common Pathway For Synthesis of 

Aromatic Compounds (DAHP  

synthase to chorismate) Quinate  

3-dehydroquinate dehydratase I (EC 4.2.1.10) 

BenK Benzoate degradation benzoate MFS transporter BenK 

SalE 
Salicylate and gentisate catabolism 

Salicylate ester degradation 

Salicylate and gentisate catabolism 

Salicylate ester degradation 

Table 4. Genes involved in the metabolism of aromatic compounds 

Fig. 4. Showing Niallia sp. SS-2023 genome compared 

against four close related Niallia species. The innermost 

grey circle represents the genome of Niallia sp. SS-2023. 

The rings show GC content (black) and GC skew (purple/

light green). The next rings represent the genomes of oth-

er Niallia species, which are indicated in different colors. 

Regions without color in the ring indicate the absence  

of the region and the difference among the genome  

sequences 
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address challenges in hydrocarbon contamination and 

further advance the effectiveness of microbial remedia-

tion strategies. The enzymatic and genomic potential of 

Niallia sp. SS-2023 makes it one of the most adaptable 

and efficient candidates for environmental biotechnolo-

gy. The degradation of hydrocarbons and aromatic pol-

lutants justifies its use for environmental pollution, es-

pecially in ecosystems suffering from oil spills. 

 

Conclusion  

Detailed genetic characterization of " Niallia sp. SS-

2023" decries revealed its genetic makeup and potenti-

ality for bioremediation purposes, especially in the deg-

radation of hydrocarbon pollutants in oil-polluted envi-

ronments. When coupled with metabolic features, the 

organism's genetic features place it as an essential 

resource in the natural attenuation of pollutants, which 

is a promising avenue for future applications in biotech-

nology-related environmental cleanups. Further re-

search is needed to fully understand and harness the 

potential of " Niallia sp. SS-2023" in works of eco-

restoration and pollution control. 
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