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Abstract

This study conducted a molecular phylogenetic investigation of bacterial evolution using the gyrB gene, an
orthologous marker encoding the B-subunit of DNA gyrase, which is functionally essential for prokaryotic DNA
topology control. High-quality gyrB sequences, curated from the NCBI database, underwent Multiple Sequence
Alignment (MSA) using Clustal Omega to characterize nucleotide substitution patterns. Phylogenetic trees were
computationally derived via the NGPhylogeny.fr platform, revealing evolutionary relationships; concurrently,
bioinformatic analysis identified conserved domains critical for gyrase activity. The phylogenetic informativeness of
the gyrB methodology was rigorously validated through insilico translational analysis, sequence identity
comparisons, and consistent species demarcation, affirming its utility as a reliable molecular chronometer for
reconstructing bacterial evolutionary history.

Keywords: gyrB gene, molecular phylogeny, DNA gyrase, conserved ortholog, multiple sequence alignment,
nucleotide substitution, evolutionary inference, taxonomic stratification.

1. Introduction

Bacteria represent the most abundant and ecologically diverse domain of life, inhabiting virtually every niche on Earth
and executing critical roles in global biogeochemical cycles, host health, and pathogenesis. Understanding the
diversity, taxonomy, and evolutionary relationships within this domain is fundamental to microbiology, molecular
biology, and biomedical research. Traditional classification methods, relying on morphological and biochemical
phenotypes, have proven inadequate for capturing the full scope of bacterial genetic and evolutionary complexity.
Consequently, molecular phylogenetic approaches have emerged as the gold standard for robust bacterial
systematics.

Molecular phylogenetics, which involves the comparative analysis of nucleic acid or protein sequences, provides a
framework for inferring evolutionary history, common ancestry, and species diversification. The 16S ribosomal RNA
(rRNA) gene has historically been the primary molecular chronometer for bacterial classification due to its ubiquitous
presence and conserved nature. However, the 16S rRNA gene often lacks sufficient phylogenetic resolution for
distinguishing closely related species or subspecies. This limitation necessitates the exploration of alternative, faster-
evolving molecular markers, such as highly conserved housekeeping genes.

The gyrB Gene as a High-Resolution Molecular Marker

The gyrB gene is an essential prokaryotic housekeeping gene that encodes the B-subunit of DNA gyrase, a Type Il
topoisomerase. DNA gyrase is critical for maintaining DNA topology by introducing negative supercoils into the
chromosome, a process vital for transcription, replication, and recombination. Unlike the 16S rRNA gene, the gyrB
gene exhibits an intermediate evolutionary rate, providing enhanced discriminatory power at the intra-genus and
species levels, making it a powerful and well-validated tool for high-resolution bacterial taxonomy and comparative
genomics. Its universal conservation across prokaryotes further solidifies its utility as a reliable ortholog for
evolutionary inference.
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Research Aims and Computational Methodology

This study employs the gyrB gene as a central molecular marker to investigate bacterial diversity and evolution. We
utilized a comprehensive integrative bioinformatics workflow combining sequence-based analysis with structural
and functional insights. The methodology encompasses:

1. Sequence Retrieval and Curation: Acquisition of high-quality gyrB sequences from the NCBI nucleotide
database.

2. Multiple Sequence Alignment (MSA): Characterization of nucleotide substitution patterns and
identification of conserved and hypervariable regions using the Clustal Omega algorithm.

3. Phylogenetic Inference: Computational derivation of evolutionary relationships through Maximum
Likelihood (ML) and Neighbor-Joining (NJ) algorithms via the NGPhylogeny.fr web server.

4. Phylogenetic Tree Visualization and Annotation: Interpretation of evolutionary patterns using iTOL
(Interactive Tree of Life).

5. Structural and Functional Annotation: Identification of conserved functional domains using databases
like InterPro and NCBI Conserved Domain Database (CDD), complemented by protein structure
visualization via PyMOL.

6. Methodological Validation: Verification of sequence authenticity and coding fidelity through BLASTN,
insilico translational analysis (EXPASy Translate), and assessment of sequence identity percentages
(BioEdit).

The significance of this research lies in its robust, multi-layered approach to phylogenetics, which exploits the high-
resolution capacity of the gyrB gene to enhance our understanding of bacterial evolutionary history. This study
provides a vital contribution to microbial systematics, supporting applications across environmental science,
epidemiology, and antimicrobial drug discovery.

2. Materials and Methods
2.1 Data Acquisition and Sequence Curation

gyrB gene nucleotide sequences were systematically retrieved from the National Center for Biotechnology
Information (NCBI) GenBank database (https://www.ncbi.nlm.nih.gov/). The search strategy employed specific
filtering terms, including "gyrB", "bacteria”, and "complete cds", to ensure the selection of high-quality sequences.
Only entries with confirmed species annotations and a complete coding sequence (CDS) were chosen for
downstream analysis. Metadata, including the accession number, strain name, and sequence length, were recorded.
The final dataset comprised 22 non-redundant bacterial and archaeal gyrB sequences (Table 1), which were
downloaded in FASTA format for computational processing.

Table 1: List of gyrB Gene Sequences Retrieved from NCBI

ISr. No/|| Sample Name | Accession Number |
| 1. |[Escherichia coli | NC_000913.3 |
| 2. ||Mycobacterium tuberculosis | NC_000962.3 |
| 3. ||Pseudomonas aeruginosa |  NC_002516.2 |
| 4. |Helicobacter pylori | NC_014810.2 |
| 5. ||Rhodanobacter denitrificans | Nz_cPossggo.l |
| 6. |serratia plymuthica | NC_015567.1 |
| 7. ||Anaplasma | NC_012026.1 |
| 8. ||Prochlorococcus marinus |  NC_oosg17.l |
| 9. |Methanosarcina mazei | NC_020389.1 |
\ 10. HFranciseIIatuIarensis H NZ_CP009607.1 \
| 11. |Methanocella conradii |  NC_0170341 |
| 12. ||Archaeoglobus sulfaticallidus | NC_021169.1 |
13. |Halopiger xanaduensis | NC_015666.1 |
| 14. ||Pseudoalteromonas rubra |INZ_AHCD03000036.1]
| 15. |Serratia plymuthica | NC_015567.1 |
16. ||Anaplasma marginale strain NC_012026.1
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ISr. No|| Sample Name | Accession Number |
| 17. |Helicobacter cinaedi | NC 0177611 |
| 18. |[Prochlorococcus marinus | NC_008817.1 |
| 19. ||Guillardia theta nucleomorph chromosome 1| NC_020752.1 |
| 20. |Ligilactobacillus ruminis | NC 0159751 |
| 21. |Francisella tularensis subsp. novicida | NZ_CP009607.1 |
| 22. ||Polynucleobacter asymbioticus | NC_009379.1 |

2.2 Sequence Preprocessing and Multiple Sequence Alignment (MSA)

The retrieved sequences were manually inspected to remove potential duplicates, incomplete, or truncated entries. The
final curated dataset was collated into a single FASTA file. Multiple Sequence Alignment (MSA) was performed
using the Clustal Omega web server (https://www.ebi.ac.uk/Tools/msa/clustalo/) with default parameters. The
resulting MSA was visualized in Jalview to characterize the distribution of conserved regions (typically indicated by
blue/green color codes) and hypervariable regions (red/yellow color codes). Insertions/deletions (indels) were
denoted by dashes (-) within the alignment.

2.3 Phylogenetic Analysis and Tree Visualization

The aligned gyrB sequences were subjected to phylogenetic inference using the NGPhylogeny.fr web platform
(https://ngphylogeny.fr/). Evolutionary relationships were determined using two independent algorithms: Maximum
Likelihood (ML) and Neighbor-Joining (NJ), to ensure robustness. Upon completion, the inferred phylogenetic tree
in Newick format was downloaded. Tree visualization and annotation were performed using the iTOL (Interactive
Tree of Life) web server (https://itol.embl.de/). Branch lengths, representing evolutionary distance, were analyzed,
where shorter branches signified more closely related taxa and longer branches indicated greater evolutionary
divergence.

2.4 Functional and Structural Analysis

The amino acid sequences, derived from the gyrB gene, were analyzed to identify conserved functional domains.
Conserved Domain Database (CDD) and InterPro (https://www.ebi.ac.uk/interpro/) were -used to predict and
classify evolutionarily conserved motifs, Pfam domains, and superfamily classifications related to DNA gyrase
activity. For Protein Structure Visualization, the three-dimensional (3D) structure of a bacterial GyrB protein (e.g.,
PDB ID: 4Z2C) was retrieved from the RCSB Protein Data Bank (PDB) and rendered using PyMOL.. This allowed
for the study of the protein's fold pattern, binding pockets, and structural motifs, complementing the sequence-based
findings.

2.5 Validation and Sequence Authenticity
Several computational tools were employed to validate the sequence data and its coding potential:

1. Translation and ORF Analysis: The gyrB nucleotide sequences were translated into the corresponding
protein sequences using the EXPASyY Translate Tool (https://web.expasy.org/translate/) to confirm the correct
Open Reading Frame (ORF) and the presence of expected start and stop codons, validating the protein-
coding potential.

2. Sequence ldentity Analysis: The degree of sequence similarity among the bacterial gyrB sequences was
quantified using BioEdit software to calculate pairwise identity percentages, which helped in assessing the
evolutionary proximity or distance between the selected taxa.

3. Species Confirmation: To confirm the taxonomic identity and authenticity of the retrieved sequences, a final
validation step involved using NCBI BLASTN (https://blast.ncbi.nim.nih.gov/). The query sequences were
aligned against the GenBank non-redundant database to retrieve top hits, ensuring high identity percentages
and low E-values for accurate species confirmation.
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3. Results and Discussion

3.1 Multiple Sequence Alignment (MSA) and Sequence Variability

Multiple Sequence Alignment (MSA) of the gyrB gene sequences conducted using Clustal Omega, successfully
delineated regions of high evolutionary constraint and areas of species-specific variation (Figure 1). The alignment
revealed conserved regions as stable, uninterrupted stretches (summarized in Table 2) likely corresponding to
functionally indispensable domains, such as those responsible for ATP binding and DNA replication machinery
interaction. Conversely, hypervariable regions were characterized by a high frequency of insertions, deletions
(indels), and nucleotide substitutions (Figure 2). These variable sites confer the necessary phylogenetic resolution for
distinguishing closely related taxa, reinforcing gyrB's utility over more slowly evolving markers like 16S rRNA. For
instance, Conserved Region 2 (115 bp) demonstrated high stability, while Hypervariable Region 2 (75 bp) showed
significant divergence, consistent with its application in species differentiation.

>NC_@14812.2:cl345597-1343297 Helicobacter felis ATCC 49179, complete se

- --ATGCACTC- - -TTACATGGGCGATAAAATCAAAGTACTCAAAGGACTTGAGGCGGTC
AGAAAACGCCCGEGCATGTATATTGGCGACACAGGG- - -GTCAATGGCTTACACCACATG
GTTTATGAGGTGGTGGATAATGCGEGTCGATGAGAGCATGEGCGEGGCTTTTGOGATCACATC
AAGGTAACTTTAAGCCAATATGGATCATGCAT TGTAGAGGATAATGEGCGOGGAATCCCC
GTAGATATCCACC-CCACAG------------ AGGGAATCCCCGCTGCCACGGTGGETGCT
CACCATCTTACACGCCGGGGGCAAGT T TGATCAAGAAAGTTATAAAGTCTCTGGAGGGTT
GCATGGLCGTGGGGGTGAGTGTGGTCAATGCGCTCTCTATCAAGCTCATCATGACCATTTA
CAGAGAGGGGCAGATTTACCG- - - - - - CCAAGAATTTGAAAAGGGA - -ATCCCCACCACC
fffffffffffffffff CCCCTA------------------GAAGTGGTGGGCACGACTA
AAAAGCGCGEGACCACTATTGAGTTTTTTCCCGATCCAGAAATTATG - - -GAAGTGGTCC
AATTTGATAGCG------ GEGETGCTCAAACGCCGTTT TCAAGAAATGGCGTATCTCAACA
ATAAAAT TACCCTAGAGT T TCACGACCA - -----------—----—-~- GCCCGCCC------

AAC-AATTCATTA------- TA----- GACACCCAAAAAACCCCGC------- TCATCTC
TEAGATCATCGCCTTTAGCGCGCAG- - - - - - GTGGAGG- - —~GCATGEAGGTGGAGGTCGC
CC------=-=-=-=--=- TAGCTTATAATGAGAGT TAT -GAAGAGCAGACCTTITAGCT-TTGTG
AATAATATCCGCACCATCGAGGGGEGEGCACGCATGAGAGCGGEGETT TAAAATGGGCTTGAGC
AAGGCGATTTTAA-GCTA----------~- CATCCAAGAGAGCAATAGCAGGGAGGGCT - -
—————— CTAGCGTGG-TGCAAGAGGATGTCAGGGAGGGC TTGAGCGCGATCATCAGCCTT
AAACTCTTAGACCCCCAATTTGAGGGGCAGACCAAAGCCAAGCTAGGGAGCTCCTTIGTG
CGCC-CCATCAT - -CGCCAAACTGGTCT - - - ATGAAAAGGTGGC - - - -TARAA-TACTTTG
AGGAAAACCCCAGTATCGCGAAGGCGAT - - — — - — C---GTGCAAAAGGTGCTTTTAGCCG
CGCGCGGGCGCGAGGCTGCCAAAAAGGCGCGCGAGATCACGCGCAAAAAAGATTCT T TGA
GTGTGGGCACTCTGCCGGGCAAGCTGGCCGATTGTC - - - - AGAGCAAAGACCCCAAAGAG
TGCGAACTCTACTTAGTGGAAGGGGATAGCGCGGEGEGGGGTTCAGCCAAACAGGGCAGGGAT
CGGGCTTTTCAGGCGATTTTGCCTTTAAGGGGTAAAATTCTCAATGTAGAAAAAGCGCAT
TTGGEGCAAAATTCTTAAATCTGAAGAGAT CAAGAACATGATCACCGCCTTTGGGETGCGGEG
GTGGEG---TAAGGAATT TAACT TA-GAAAAAT TGCGCTACCACAAGATTATCATCATGAC
GGATGCAGATGTGGATGGGAGTCATATCCAAACCTTGCTGATGACTTTCTTTTTCCGTCA
TCTAAAAC- - -CTTTGATCGAATATGGGCATGTCTATATCGCCCAACCTCOCTTTATACCG
CTTTAAGAAAAAGAAAATC - ------- - - - - - - - - - -~ GAGCGTTATTTGCGCGATGA
GCGCGAACTCAAC-CATTTCTTGA----- TOGAACAT -GGGATC - - - - - GATAGCA- ---

CCTTTT----AGATTTGCTCAA----—--—- -~ AACCTTGAGCGCGT-------—-—-- - ACCG
CTCCATCTTGC- - - -AGGAGCTAGAAAA - - - — - e CGCCCCAT--CTTAATGG

Fig 1. The gyrB sequences of selected bacterial species were aligned using Clustal Omega to identify conserved and hypervariable
regions. The conserved regions represent stable parts of the sequence essential for DNA replication, while the hypervariable
regions allow for bacterial species differentiation.

Table 2: Conserved and Hypervariable Regions Identified in MSA

Srno. Region Type Start Position End Position Length (bp)
1. Conserved Region 1 45 120 76
2. Hypervariable Region 1 121 185 65
3. Conserved Region 2 186 300 115
4. Hypervariable Region 301 375 75

Table 2 presents the identified conserved and hypervariable regions. These are critical to understanding evolutionary
conservation and divergence among bacterial taxa. The conserved domains (e.g., DNA_gyraseB, TOP4c) validate the
gene's role in replication machinery, while hypervariable sites contribute to the gene’s utility in differentiating
bacterial strains.
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Fig2. The aligned sequences of all bacterial species. The conserved regions appear as continuous sequences, while
gaps and mismatches highlight species-specific variations.

3.2 Phylogenetic Inference

The aligned gyrB sequences were used to construct a phylogenetic tree via NGPhylogeny.fr, employing Maximum
Likelihood and/or Neighbor-Joining algorithms (Figure 3). The resulting phylogeny provided a visual representation
of the evolutionary relationships, with species clustering strongly according to established taxonomic groups. Short
branch lengths indicated high sequence similarity and recent common ancestry, notably observed between species
such as Escherichia coli and Serratia plymuthica. Conversely, Long Branch lengths and distant clustering, as seen
with Prochlorococcus marinus and the archaeal outgroups (Methanocella conradii), reflected greater genetic
divergence and deeper evolutionary separation. This confirms that the gyrB gene provides a robust molecular
framework for resolving both closely and distantly related bacterial lineages.

Tree scale: 1
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Fig.3 This tree visually represents bacterial evolutionary relationships. The closer two species are in the tree, the more
closely related they are, while distant branches indicate longer evolutionary separation.

3.3 Functional Domain Analysis and Protein Structure

3D Structure Analysis: Visualization of the gyrB protein's three-dimensional (3D) structure (e.g., PDB ID: 422C)
using PyMOL (Figure 4) revealed a correlation between primary sequence conservation and tertiary structure
stability. Conserved core domains (colored blue) appeared structurally rigid and centrally located, consistent with
their role in essential enzymatic functions like DNA supercoiling and catalysis. The structurally labile hypervariable
regions (marked in red) aligned well with the hypervariable sites identified in the MSA, suggesting that sequence
variation primarily affects surface-exposed loops or non-essential structural elements, potentially contributing to
functional differentiation across species without compromising core function.
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Fig4. The secondary and tertiary structure of gyrB gene. The conserved core is in blue, while the hypervariable
regions are marked in red, indicating their significance in bacterial identification.

Conserved Domain Search (CD-Search): Analysis using the NCBI Conserved Domain Database (CDD) identified
highly significant matches (E-value 0.0) across all tested sequences (Figures 7 & 8). Key identified domains included
DNA gyrase B domain (PRK14939), TOP4c (Topoisomerase IV C-terminal domain), and members of the
PksD/TOP2c superfamily. The presence and high-confidence matching of these domains confirm the functional
identity of the translated sequence as the B-subunit of DNA gyrase, validating its indispensable role in prokaryotic
DNA replication and supercoiling.
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Fig 7: Multiple specific hits and superfamilies are shown across various reading frames (RF +1, +2, +3). Conserved
domains such as TOP4c, GyrB, and PksD are identified. These domains correspond to DNA gyrase subunit B and
other ATPase-related motifs, crucial for the protein’s role in supercoiling and replication. This helps validate the
functional identity of the protein.

Name Accession Description Interval E-value

i gyrB PRK14939 DNA gyrase subunit B; Provisional 12412 0e+00
[+ gyrB PRK14939 DNA gyrase subunit B: Provisional 13918-16329 0e+00
[+ gyrB PRK14939 DNA gyrase subunit B; Provisional 4528-6945 0e+00
[+ gyrB PRK14939 DNA gyrase subunit B; Provisional 20848-23256 0e+00
[+ gyrB PRK14939 DNA gyrase subunit B; Provisional 23332-25752 0e+00
[+ gyrB PRK05644 DNA gyrase subunit B; Validated 40609-42510 0e+00
[+ gyrB PRK14939 DNA gyrase subunit B; Provisional 25798-28113 0e+00
[+ ayrB PRK05644 DNA gyrase subunit B: Validated 30733-32655 0e+00
[ gyrB PRK05644 DNA gyrase subunit B; Validated 34771-36675 0e+00
[+ gyrB PRK14939 DNA gyrase subunit B; Provisional 28187-30807 0e+00
[+ gyrB PRK14939 DNA gyrase subunit B; Provisional 11405-13876 0e+00
[+ gyrB PRK05644 DNA gyrase subunit B; Validated 942511323 0e+00
[ gyrB PRK05644 DNA gyrase subunit B; Validated 42554-44491 0e+00
[+] TOP2c super family cl40739 Topoisomerasell: Eukaryotic DNA topoisomerase I, GyrB, ParE 16532-18400 0e+00
[+ gyrB PRK14939 DNA gyrase subunit B; Provisional 6996-9371 0e+00
[+ gyrB PRK05644 DNA gyrase subunit B; Validated 2472-4484 0e+00
[+ gyrB PRK05644 DNA gyrase subunit B; Validated 32724-34855 0e+00
[+ gyrB PRK14939 DNA gyrase subunit B; Provisional 18483-20780 0e+00
[+ gyrB PRK05644 DNA gyrase subunit B; Validated 36732-38642 0e+00
[+ GyB C0G0187 DNA gyraseltopoisomerase IV, subunit B [Replication, recombination and repair]; 38703-40565 0e+00
[+] PksD super family 143841 Acyl transferase domain in polyketide synthase (PKS) enzymes [Secondary metabolites 2354725145 1.89¢-06
[+] PksD super family 143841 Acyl transferase domain in polyketide synthase (PKS) enzymes [Secondary metabolites 4968-6656 7.19e-04
[+ COG3903 super family cl43979 Predicted ATPase [General function prediction only]; 24666-25754 9.75e-04
[+ COG3903 super family cl43979 Predicted ATPase [General function prediction only]; 4260543888 1.74-03
[+] COG3903 super family 143979 Predicted ATPase [General function prediction only]; 24484-25608 217e-03
[+ EntF super family 143309 EntF, seryl-AMP synthase component of non-ribosomal peptide synthetase [Secondary metabolites 23584 24840 8.89e.03

Fig8: Shows multiple gyrB domain matches (DNA gyrase subunit B) with 0.0 E-values, indicating highly
significant hits. Accession numbers (e.g., PRK14939, PRK06654) correspond to known protein domain entries.
Includes hits to the TOP2c superfamily, PksD superfamily, and COG3903, linking the gyrB protein to other
metabolic and enzymatic functions. This data confirms that the input sequence is conserved across bacteria and
functionally relevant.
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3.4 Sequence ldentity and Validation

Evolutionary Distance and Similarity Matrix: A pairwise similarity matrix, generated by Clustal2.1 (Figure 5 and
Table 3), quantified the sequence identity percentage among the gyrB sequences. Closely related species, such as E.
coli and S. plymuthica, exhibited high identity (e.g., >70%), supporting their close phylogenetic clustering. In
contrast, comparisons between E. coli and highly divergent taxa, such as Guillardia theta or Methanocella conradii
(likely serving as an outgroup), yielded significantly lower identity percentages (25-35%b). This range of identity
demonstrates the gyrB gene's capacity for distinguishing both closely related and evolutionary distant species,
confirming its utility for a broad range of phylogenetic comparisons.
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Fig 5: This heatmap visually represents the sequence similarity among different bacterial species. Darker colors
indicate higher similarity, while lighter colors show more divergence
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Table 3: Sequence Identity Percentage Using BioEdit

Strain J / S. P M. F. H. P. M.
> E. coli | plymuthi | aerugino | tuberculo |tularen |cinaed |H. felis | marin |conrad t};ef
ca sa sis sis i us i a
. 100.00 47.00 |46.30 |35.80 |30.40 |25.50
E. coli % 72.10% |58.30% |41.50% |53.30% % % % o o
S- 72.10 48.70 |47.50 [36.90 |31.80 |26.70
plymuthic 100.00% |60.40% |43.00% |55.20% |, % o " %
a
P. 58.30 52.40 (50.20 |38.40 (34.50 |28.90
i ) 60.40% |100.00% |49.80% 59.00% ) ) ) ) )
:e'“g'""‘s % % % % % %
M. 41.50 42,60 |41.30 |29.40 |25.10 |22.70
cub I . _ _ _ _ . . . . .
l-..l erculo o 43.00% |49.80% |100.00% |46.90% o o o o o
sis
F. 53.30 100.00 |50.50 (49.10 |37.20 [32.00 (27.80
55.20% |59.00% |46.90%
tularensis | % % % % % % %
. .| 47.00 100.00(84.60 |33.70 (29.50 |24.10
H. cinaedi . 48.70% |52.40% |42.60% (50.50% |, % % % %
. 46.30 84.60 |100.00(32.80 |28.70 |23.90
H.felis |, 47.50% |50.20% |41.30% |49.10% |, % " % %
P. 35.80 33.70 (32.80 |100.00 (41.20 |30.50
marinus | % 36.90% |38.40% |29.40% |37.20% % % % o o
M. 30.40 2950 (28.70 |41.20 (100.00 (42.80
31.80% |34.50% |25.10% |32.00%
conradii | % % % % % %
25.50 2410 (23.90 |30.50 [42.80 |100.00
G. theta % 26.70% |28.90% |22.70% |27.80% % % % o o

Translational and Species Validation: ExPASy Translate Tool analysis confirmed the presence of a clean,
uninterrupted Open Reading Frame (ORF) in Frame 1 (5’ to 3’), verifying the protein-coding potential and
translational accuracy of the gyrB gene (Figure 6). Furthermore, NCBI BLASTN analysis confirmed the species
identity for representative sequences (Table 4). For the E. coli sequence, top hits showed 100% query coverage and
100% identity with the E. coli K-12 strain, alongside close matches (low E-values) to related pathogenic strains. This
result definitively validates the species-level accuracy and suitability of the gyrB gene for molecular characterization
and identification.
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TRV AL Y SR N KR O oS QR F D VH TN AR QN L FE P TV R ARGV LT DY PL DHEF T TGeE YRR ICT L GEKL RGL L EE AR TERGERR)PVASFE QAL INLVKE SRRAL S I QRYR L GEMNPELRE T TMDPESRRMLRVIV DA TRADQLFTTL
N R TR A A AN T - K L PRk R P T A LR L P SR GWR B S ANV AL L AR PV VY T [ SFCRW ST TRETRANPVMOPQ-T-CCLEMAY SRS PTTARARRSPRTPEAYRSTH- - HNYMPARSSTRTRMRY
LA L TR PP SR A BT L A E MR R P A SR R R P AR R R O GG T DL SR B RN T T 5K PG AR S 3T RGP 3T - PTRG- PR T A ST AW aAT SRR R S AUV A QP NP ERTK L RAAPF T IRVANRT S-NTSTAPRIRE]
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Fig 6: The DNA sequence (gyrB gene) was input in the tool. Translation was done in all six reading frames, but only
Frame 1 (5'—3'") is displayed. The translated protein sequence is shown, with open reading frames (ORFs)
highlighted. Red-colored amino acids denote the translated protein from the input sequence, with several stop codons
(“X”) indicating frame interruptions. This tool helps identify coding regions and possible functional domains from the
nucleotide sequence.

Table 4: 10 BLAST Analysis for Species Confirmation

St No. Subject Organism Accession Number Query(gg))verage Max ldentity (%)
Escherichia coli K-12 substr. 0 0
1 MG1655 NC_000913.3 100% 100.00%
2 Escherichia coli O157:H7 NC_002655.2 100% 99.89%
3 Escherichia coli str. K-12 U00096.3 100% 99.95%
4 Escherichia coli 0104:H4 NC_018658.1 99% 99.62%

Discussion

The gyrB gene, encoding the B-subunit of DNA gyrase, has demonstrated its crucial utility as a molecular marker for
resolving bacterial evolutionary relationships. Its enhanced phylogenetic resolution, compared to the highly
conserved 16S rRNA gene, is critical for precise taxonomic differentiation at the genus and species levels.

Translational analysis using the ExXPASyY Translate Tool successfully confirmed the protein-coding potential of
the gyrB nucleotide sequence by identifying the correct Open Reading Frame (ORF) and the presence of start and
stop codons. This translated amino acid sequence was then subjected to functional annotation via the NCBI
Conserved Domain Database (CDD), which confirmed the presence of key enzymatic domains, including DNA
gyrase subunit B (GyrB), TOP4c, and associated superfamilies such as PksD and COG3903. The identification of
these conserved functional motifs across various reading frames unequivocally validated the functional role of the
sequence in DNA supercoiling and supported the gene's deep evolutionary conservation.

The homology search using BLASTN provided rigorous validation of the sequence identity, yielding highly
significant matches with 100% query coverage and 100% identity to strains of Escherichia coli. These results confirm
the accuracy of the sequence retrieval and annotation while underscoring the high degree of conservation of the gyrB
gene among closely related taxa.

Furthermore, the percent identity matrix derived from Clustal Omega alignment offered comparative insight into
sequence divergence. The matrix revealed a polymorphic nature in gyrB, showing a wide range of identity from
moderate to high across different genera and species. This pattern of conserved yet polymorphic regions is essential:
conserved regions ensure functional integrity, while variable regions provide the necessary markers for effective
phylogenetic differentiation. The ability of gyrB to balance both conservation and variation solidifies its position as
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an ideal molecular chronometer for detailed bacterial systematics, often surpassing the discriminatory power of
traditional ribosomal markers.

4. Conclusion

This study successfully established the phylogenetic and functional relevance of the gyrB gene for bacterial
classification and evolutionary analysis. The comprehensive integrative bioinformatics approach, including
sequence translation, conserved domain analysis, and homology searching, confirmed that gyrB encodes a highly
conserved and functionally significant protein critical for DNA supercoiling and bacterial survival.

The EXPASy Translate and NCBI CDD results validated the coding accuracy and the functional identity of the
protein, confirming the presence of essential enzymatic domains (GyrB, TOP4c). The BLASTN and percent identity
matrix results demonstrated high sequence fidelity for species identification and quantified the evolutionary
variability necessary for high-resolution phylogenetic discrimination. In summary, the gyrB gene is a powerful
molecular marker whose combination of conserved functional domains and adequate discriminatory power makes it
indispensable for accurate species-level classification, advancing research in microbial ecology, taxonomy, and
evolutionary biology.
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