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Abstract: 
Mycobacterium tuberculosis (Tuberculosis or TB) is 

a significant infectious disease that has a high rate of 

morbidity and mortality in most countries around 

the world. The growing development of strains of 

TB resistant to drugs has emerged as a serious 

social-health problem, and threat to the efficacy of 

conventional antibiotic treatment. The disease is 

chosen to be studied because it continues to pose a 

global burden and the detection of resistance is an 

urgent need and should be done as soon as possible. 

The late detection of resistance mutations can lead 

to subsequent and ineffective treatment and further 

spread of the disease. Traditional diagnostic and 

phenotypic susceptibility tests are time intensive and 

they need special laboratory facilities which are not 

accessible in most areas. Conversely, bioinformatics 

methods that are based on genomes are faster, 

scalable and reproducible and cover wider genes. 

The existing molecular diagnostic techniques are 

directed at a few genetic targets and might lack the 

ability to identify new or uncommon mutations. 

These gaps are overcome with the introduction of 

whole-genome workflows of analysis, which allow 

simultaneous screening of several locus resistance-

associated loci. A bioinformatics pipeline based on 

Galaxy was used in this investigation to analyse 

genomic data sets of Mycobacterium tuberculosis. 

The workflow allowed the effective quality 

evaluation, the genome assembly and the detection 

of the variants in the essential resistance genes. A 

number of single nucleotide polymorphisms and 

insertion-deletion mutations associated with drug 

resistance were discovered. The results show a 

faster rate of detection and greater consistency of 

analysis than the traditional methods. On the whole, 

this paper demonstrates how open-source genomic 

platforms can be used to effectively perform rapid 

surveillance of resistance and integrate them into the 

contemporary plans of tuberculosis control and 

precision-medicine. 
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I. Introduction: 
Tuberculosis (TB) is a chronic infectious 

disease resulting from Mycobacterium tuberculosis 

and remains one of the major causes of death caused 

by one bacterial pathogen on the planet [1]. TB is an 

extremely widespread disease even with the 

existence of standardized courses of treatment 

because of socioeconomic inequality, late detection, 

and the development of strains that are resistant to 

drugs [2]. MDR and extensively drug-resistant 

(XDR) tuberculosis have greatly diminished 

therapeutic achievement and augmented medical 

expenses in the world [3]. The slow rate at which 

the bacteria grows is one of the greatest constraints 

of TB control since it increases the laboratory 

culture time and postpones the clinical decision-

making [4]. Moreover, the traditional treatment 

methods involve the use of multidrug therapy that 

involves prolonged administration of the drug and 

may cause non-compliance and adverse reactions by 

patients, as well as fail to achieve full eradication of 

the pathogen [5]. Although it is viewed to be 

reliable, phenotypic drug susceptibility testing can 

take weeks to give its results, which puts those with 

potential infection at risk of further spreading and 

failing to respond to treatment [6]. These issues 

highlight the importance of fast, accurate, and 

scalable methods of diagnosing resistance at genetic 

level, which can be detected before deterioration of 

the clinical situation. 

Along with the fast development of 

sequencing methods, the genomic analysis provided 

by bioinformatics has become the strong competitor 

of the classical laboratory diagnostics [7]. Through 

genome sequencing, the entire gene structure of 

bacteria can be assessed and single nucleotide 

https://www.who.int/teams/global-tuberculosis-programme/tb-reports
https://doi.org/10.3390/antibiotics3030317
https://doi.org/10.1186/s12916-016-0575-9
https://doi.org/10.1128/jcm.00202-21
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polymorphisms (SNPs), insertions, deletions, and 

structural changes that relate to drug resistance can 

be identified [8]. A number of computational 

systems have been created to handle high-

throughput sequencing data, such as the command-

line pipelines and web-based analysis platforms. Of 

these, Galaxy has received tremendous interest as an 

open-source and user-friendly platform that can tie 

numerous bioinformatics applications together in a 

graphical interface, allowing reproducible and easily 

accessible analysis to be performed without 

advanced programming skills [9][10]. Quality 

control, genome assembly, read alignment, variant 

calling and functional annotation are common 

analysis steps of such workflows. Unlike other 

methods of analyzing data, reference-guided 

alignment, de-novo assembly, and hybrid 

comparative analysis are popular techniques used to 

ascertain the precision of mutation detection and 

validate genome [11]. With these various modes of 

computation available, microbial genomics has 

become broader and allowed scale resistance 

surveillance to become more possible. 

Existing molecular and genomic detection 

techniques have also shown significant gains in 

speed and sensitivity compared to the traditional 

assays [12]. Polymerase chain reactions (PCR)-

based assays, line probe assays and whole-genome 

sequencing offer both focused and global mutation 

screening technology [13]. Nevertheless, most of the 

specific molecular methods are limited to predefined 

regions of a gene and can be unable to identify rare 

or new mutations, thus limiting their diagnostic 

scope [14]. Whole-genome sequencing with 

pipelines of bioinformatics surpasses these 

restrictions through the concurrent analysis of many 

resistance-associated genes and provides greater 

levels of analytical resolution [15]. Past researches 

have shown a consistent recognition of mutation at 

key loci like rpoB, katG and inhA, which confirms 

the validity of genome based methods in predicting 

rifampicin and isoniazid resistance [16][17]. 

Moreover, analytical systems that run online have 

achieved enhanced accessibility, and the 

calculations have become less demanding; hence, 

genomic studies can now be conducted in resource-

constrained environments [18]. The accumulating 

evidence has pointed to the fact that incorporation of 

genome-oriented bioinformatics processes in the 

study of tuberculosis greatly improves the accuracy 

of diagnosis, speed of resistance detection, and 

informs the treatment approaches. 

 

 

Methods 

1. Data Collection and Dataset 

Preparation:  

Transparency and reproducibility of the 

analysis process: Whole-genome sequencing (WGS) 

datasets of Mycobacterium tuberculosis isolates 

were obtained in the publicly available genomic 

repositories to warrant reproducibility and 

transparency of the analysis process [1][12]. 

FASTQ-paired-end sequencing files were filtered to 

include those that are complete, have the correct 

read length, and contain other metadata information 

including sample origin and sequencing platform. 

Datasets that had sufficient read depth and had little 

missing data were only included to ensure the 

reliability of analysis. The chosen datasets were 

loaded in the Galaxy framework that acted as the 

hub of analysis in all the subsequent bioinformatics 

processes [9][13]. A full Galaxy workflow was 

created and implemented on the present study 

including the Illuminapaired-end sequencing data at 

the NCBI Sequence Read Archive (SRR2934175) 

(SRR33380960).Before the analysis, integrity and 

format checks on files were conducted to avoid 

interrupted pipeline and compatibility with analysis 

tools. 

 

2. Workflow Design and Platform 

Integration 

The whole genomic analysis was 

performed with the open-source accessibility, 

reproducibility attributes, and graphical user 

interface of the Galaxy web-based bioinformatics 

platform which allows complex analysis without the 

need to know all the ins and outs of advanced 

programming [9][18]. A workflow design was 

created where the output of any given analytical tool 

served as the input of the next stage. The sequential 

combination reduced the risk of computational 

errors and provided the systematic processing of 

data. The default tool parameter was not changed 

unless particular quality standards necessitated the 

need to change them in order to ensure consistency 

between samples. The system was automated to 

save workflow histories, parameter logs and 

execution records on Galaxy so that they could be 

used to support methodological transparency and 

reproducibility. 

 

https://doi.org/10.1016/j.bjid.2022.102332
https://doi.org/10.1371/journal.pone.0148676
https://doi.org/10.1093/bioinformatics/btt086
https://doi.org/10.7717/peerj.6857
https://doi.org/10.1128/msphere.00991-21
https://doi.org/10.1186/s12859-021-04401-3
https://doi.org/10.1101/2024.12.23.629682
https://doi.org/10.1186/s12864-021-08139-3
https://doi.org/10.1093/bib/bbac041
https://doi.org/10.1016/j.cmi.2016.09.005
https://doi.org/10.1038/ncomms5792
https://www.who.int/teams/global-tuberculosis-programme/tb-reports
https://doi.org/10.1128/msphere.00991-21
https://doi.org/10.1371/journal.pone.0148676
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Fig1: The whole-genome sequencing analysis 

pipeline based on the Galaxy system that will be 

used to identify drug-resistance mutations in 

Mycobacterium tuberculosis. 

 

3.Quality Assessment of Raw Sequencing Reads

     

  

First quality checking was performed with 

the help of FastQC, a standard quality-checking tool 

which is aimed at assessment of integrity of 

sequencing reads [10]. A number of quality 

measures were measured, such as per-base sequence 

quality scores, the distribution of GC content, the 

level of sequence duplication, overrepresented 

sequences, and the presence of contamination with 

adapters. Reads with abnormal percentages of GC or 

with large areas of low quality were marked to be 

corrected with preprocessing. This measure ensured 

that reliable data were used to conduct downstream 

analyses and minimized false variants discovery. 

FastQC created quality reports in the form of 

graphs, which were analyzed to identify the need to 

optimize trimming thresholds. 

 

4. Read Trimming and Pre-processing 

     

  After quality evaluation, Trim 

Galore was used to remove the sequences of the 

adapters and erase poor-quality nucleotide bases in 

the sequencing reads [9]. The Phred quality score 

was set to 20 to eliminate all others except those of 

high confidence, thus enhancing accuracy of 

assembling and variants detection downstream. 

Reads that were shorter than the minimum length 

background were shelved to avoid fragmentation of 

assembly. This preprocessing phase contributed a 

great deal to the cleanliness of the data and reduced 

the amount of noise in the analyses. FastQC was re-

used to evaluate the quality improvement of the 

trimmed output files before the process of assembly. 

 

5. De-novo Genome Assembly  

     

  Good, clean reads were then 

subjected to de-novo assemblies of the genome with 

SPAdes, a graph-based assembler best optimized 

through bacterial genome assembly [11]. To 

enhance continuity in contigs and the reduction of 

assembly gaps, the assembler was combined with 

several k-mer sizes. This method has made it 

possible to reconstruct genomes without using a 

reference genome, therefore limiting the bias in the 

alignment process and supporting the discovery of 

new structural variations. Assembly products were 

the reconstructions of genomic regions in the form 

of contiguous sequences (contigs). The assembly 

step was the structural basis of the further mutation 

and comparative study. 

 

6. Assembly-Validation and Statistical-

Evaluation. 

The produced assemblies were assessed 

with the help of QUAST, which is a genome 

assembly evaluation tool offering detailed statistics 

[10]. The parameters examined were the total 

genome length, N50 value, L50 value, percentage of 

the genome covered and the number of contigs as 

well as the percentage of GC. Assemblies that were 

either too poorly covered or too fragmented were 

excluded to ensure that the quality of analysis was 

good. These indicators monitored the completeness 

of the structures and reliability of reconstructed 

genomes before the screening of mutations. The 

validation procedure minimized the risk of 

assembling incorrect sequences that affect the 

further detection of variants. 

 

7. Reference-Guided Alignment  

      

Mycobacterium Tuberculosis Trimmed 

reads of sequencing were aligned to a standard 

https://doi.org/10.1093/bioinformatics/btt086
https://doi.org/10.1371/journal.pone.0148676
https://doi.org/10.7717/peerj.6857
https://doi.org/10.1093/bioinformatics/btt086
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reference genome with the Burrows-Wheeler 

Aligner (BWA) algorithm [15]. The step made it 

possible to position reads correctly and revealed 

mismatches or insertions over the reference 

sequence. The alignment files were then translated 

to binary alignment map (BAM) and sorted to 

obtain best computational performance during 

variant calling. The duplicated reads were identified 

and eliminated to minimize the false-positive 

mutation signals. Reference-guided alignment 

offered a comparative system of detection of 

genomic variation. 

 

8. Variant Calling and Mutation filtering. 

     

  

The identification of genomic variants was 

done with SAMtools and BCFtools that helped in 

identifying single nucleotide polymorphisms (SNPs) 

and small insertion-deletion mutations [8][16]. 

Parameters of variant filtering were set to minimum 

read depth set to more than 10x, mapping quality set 

to remove low-confidence detections, and allele 

frequency set to eliminate low-confidence 

detections. This strategy of filtering multi-layers 

enhanced the accuracy of mutations and biased 

analysis. The variant dataset of high confidence 

generated was used to screen and annotate the 

resistance genes and their functionalities. 

 

 

9. Resistance and Lineage Prediction Drug.

     

  

TB-Profiler is an automated database that 

compares genomic mutations against curated 

resistance and lineage databases to perform 

functional annotation of variants that were detected 

[11][17]. The analysis has highlighted the screening 

of well-established resistance related genes like 

rpoB, katG, inhA, gyrA and embB that have been 

frequently associated with the resistance to 

rifampicin, isoniazid and fluoroquinolone. TB-

Profiler made it possible to simultaneously predict 

antibiotic resistant phenotypes and phylogenetic 

lineage. This two-fold analysis had helped in 

supporting clinical relevance and epidemiological 

interpretation of genomic findings. 

 

10. Reproducibility and Data Management.

     

 All the steps of analysis have been carried 

out in the integrated Galaxy environment and the 

tools were interoperable, using the same parameters 

and making the complete results reproducible 

[9][18]. Execution logs and workflow histories were 

automatically stored, which allowed checks and 

recreation of the results of the analysis. The modular 

architecture of the platform minimized the 

complexity of the computations and provided the 

ability to scale to big genomic datasets. This 

methodological system and reproducibility 

enhanced reliability and validity of the mutation 

detection process. 

Table:1Summarize the selected (High confidence) mutations and identified known drug resistance 

associated genes, like this rpoB(rifampicin resistance),katG(isoniazid resistance),gyrA(fluoroquinolone 

resistance) , gidB (streptomycin resistance). 

 

Gene Mutation Drug 

Resistance 

Mutation Type Effect 

rpoB 

(rifampicin resistance) 

Ser450Leu Rifampicin SNP Alters RNA polymerase 

beta subunit 

KatG 

(isoniazid resistance) 

Ser315Thr Isoniazid SNP Reduces enzyme activation 

inhA promoter -15C Isoniazid Promoter 

mutation 

Increases gene expression 

gyrA 

(fluoroquinolone 

resistance) 

Asp94Gly Fluoroquinolone SNP Affects DNA gyrase 

activity 

https://doi.org/10.1186/s12864-021-08139-3
https://doi.org/10.1016/j.bjid.2022.102332
https://doi.org/10.1093/bib/bbac041
https://doi.org/10.7717/peerj.6857
https://doi.org/10.1016/j.cmi.2016.09.005
https://doi.org/10.1371/journal.pone.0148676
https://doi.org/10.1038/ncomms5792
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gidB 

(streptomycin resistance) 

 

Gly69Asp Streptomycin SNP Alters 16S rRNA 

methyltransferase 

embB Met306Val Ethambutol SNP Affects 

arabinosyltransferase 

pncA His57Asp Pyrazinamide SNP Impairs pyrazinamidase 

enzyme 

rpsL Lys43Arg Streptomycin SNP Alters ribosomal protein 

S12 

 

II. Results and Discussion 
1. Assemblies and Assemblies Quality Metrics.

     

   

The Galaxy workflow was able to work 

with the chosen Mycobacterium tuberculosis 

sequencing dataset and provide assemblies of high 

quality genome that can be further analyzed by a 

variant analysis that could be used to evaluate 

downstream mutation analysis. Base-quality 

distributions were also greatly enhanced by quality 

control and trimming, and the cleaner reads were 

obtained. The de-novo assembly produced 

continuous sequences of genomes that shared a 

similar measure of structure between samples. N50 

and L50 values were found to be acceptable, GC 

content was found to be stable and coverage depth 

was found to be sufficient to show reliable genome 

reconstruction. These indicators ensured that the 

preprocessing and assembly phase offered a solid 

base of accurate detection of variants. The same 

quality parameters have been found in other past 

genome-based TB studies, which indicate that 

regular assembly pipelines can generate comparable 

and reproducible results [3][6]. 

 

 
Fig 2: FastQC per-base sequence quality report for illumina paired end reads of 

M.tuberculosis(Accession SRR2934175) 

 

2. Variant Identification and Mutation Profile.

     

       

The variant calling analysis revealed a high number 

of confidence single nucleotide polymorphisms 

(SNPs) and a few insertion-deletions throughout the 

genome, which were observed in both the coding 

and non-coding regions. A limited set of high-

confidence variants was then obtained by filtering a 

set of variants by read depth and mapping quality. It 

https://doi.org/10.1186/s12916-016-0575-9
https://doi.org/10.1038/s41598-023-27516-4
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was also found that a significant percentage of these 

mutations fell in genes that had been found to be 

related to antibiotic resistance and others in 

intergenic areas with possible regulatory 

consequences. The total mutation load of the 

observed isolates is indicative of the evolutionary 

plasticity of M. tuberculosis to antimicrobial 

pressure in its genome. Large-scale whole-genome 

sequencing of SNP densities and mutation 

distributions have been reported to be similar 

between large-scale studies, and indicates the 

validity of the variant-calling strategy employed 

during this study [7][15]. 

 

3. Resistance to Drugs Associated Genes. 

                     

The resistance screening of known drug-resistance 

loci illustrated extensive mutations in the rpoB, 

katG, and inhA genes, as these are usually linked 

with rifampicin and isoniazid resistance in 

Mycobacterium tuberculosis. Other differences were 

found in gyrA and embB, which hint to potential 

resistance to fluoroquinolones and ethambutol, 

respectively. Phenotype prediction and lineage 

assignment were both made possible through rapid 

prediction of functional annotation using resistance 

databases. Positional clustering and frequency of 

mutations in these genes is consistent with the world 

reported hotspots areas which increases the 

diagnostic importance. These loci have been 

previously identified in genomic studies as 

important determinants of first-line as well as 

second-line drug resistance, thus confirming the 

biological importance of the identified variants 

[2][16][18]. 

 

4. Comparison with the Existing Research.

     

  

Compared to the Genomic studies published in the 

past, the mutation patterns found in this study 

showed high levels of concordance in both 

distribution patterns of genes and hotspots of 

resistance. Previous work using command-line 

pipelines also found similar frequencies of variants 

and patterns of gene-specific mutation, but the 

workflow Galaxy system used in this case offered a 

more convenient and simplified analysis platform 

without reducing the analysis capabilities [4][9]. In 

addition, it has been demonstrated that web-

integrated pipelines lower technical barriers and 

enhance reproducibility especially in resource 

constrained research environments. The consistency 

of the current results with the available genomic 

data sets shows that the used workflow can be 

considered technically feasible and biologically 

valid [6][12]. 

 

5. Efficiency of the Workflow and Analytical 

Reliability.    

   

In addition to mutation identification, the installed 

Galaxy workflow was efficient in operation, 

reducing the number of manual operations and 

allowing a smooth flow of data between the analysis 

steps. Semi-automated logging, standardization of 

parameters and modular integration of tools 

increased the reproducibility and reduced human 

induced variability. These strengths are especially 

applicable in genomic surveillance programs on a 

large scale where consistency and scalability is 

required. Other comparable assessments in previous 

bioinformatics studies have highlighted the fact that 

reproducible web-based workflows can have a great 

role to play with regard to providing reliable 

antimicrobial-resistance surveillance [8][10]. 

In general, these results indicate that 

whole-genome bioinformatics analysis in a Galaxy-

based pipeline provides a useful method to identify 

clinically significant mutations and predetermine 

antimicrobial resistance in Mycobacterium 

tuberculosis. This close concordance with the prior-

reported trends of mutations is a demonstration of 

the scientific soundness of the workflow and points 

at its applicability to the practice in terms of the 

tuberculosis genomic surveillance and precision-

medicine efforts. 

 

Table:2 Summarize the Resistance report 

Drug Genotypic 

Resistance 

 

Mechanisms 

 

 

Rifampicin NO NO 

Ethambutol NO NO 

Pyrazinamide NO NO 

Moxifloxacin NO NO 

Levofloxacin NO NO 

Bedaquiline NO NO 

Delamanid NO NO 

https://doi.org/10.1038/srep46327
https://doi.org/10.1186/s12864-021-08139-3
https://doi.org/10.3390/antibiotics3030317
https://doi.org/10.1093/bib/bbac041
https://doi.org/10.1038/ncomms5792
https://doi.org/10.1128/jcm.00202-21
https://doi.org/10.1371/journal.pone.0148676
https://doi.org/10.1038/s41598-023-27516-4
https://doi.org/10.1128/msphere.00991-21
https://doi.org/10.1016/j.bjid.2022.102332
https://doi.org/10.1093/bioinformatics/btt086
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Pretomanid NO NO 

Linezolid NO NO 

Amikacin NO NO 

Kanamycin NO NO 

Capreomyci NO NO 

Clofazimine NO NO 

Isoniazid YES inhA c.-777C>T 

(0.98) 

 

Streptomycin YES gid p.Leu79Ser 

(1.00) 

 

Ethionamide YES inhA c.-777C>T 

(0.98) 

 

 

III. Conclusion 
This study has shown that a Galaxy-based 

bioinformatics workflow is a useful and 

reproducible method to analyze whole-genome 

sequencing data of Mycobacterium tuberculosis. 

The combination of the sequential analytical tools 

into the Galaxy platform helped provide systematic 

processing of the sequencing reads, which leads to 

trustworthy genome assemblies and correct variant 

detection. Complex genomic analyses are also 

simplified through the use of an open-source and 

web-based setting and the accessibility to the 

researchers is enhanced. 

The results of analysis found numerous 

variants of different genomes, several of which are 

of high-confidence single nucleotide polymorphisms 

(SNPs) and insertion-deletion mutations in the 

genome. Noteworthy, mutations were identified in 

some important drug-resistance genes namelyrpoB, 

katG and inhA which are linked to resistance of 

first-line anti-tuberculosis drugs. These results 

demonstrate the usefulness of genome-based 

bioinformatics pipelines to ensure the quick 

identification of drug-resistance mutations and 

justify the use of reproducible computation pipelines 

to tuberculosis studies and genomic surveillance. 
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