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ABSTRACT

Background: By the year 2030, it will be seven more times difficult and seven times more of 14,600
pills to treat one person with drug resistant tuberculosis (TB) if we fail in the use of ‘Omics therapy’.
A curated database of the National Centre for Biotechnology Institute (NCBI): Comprehensive
Antibiotic Resistance Database (CARD) provides high-through-put referenced information on
antibiotics resistance. Methods: This study employed a less expensive but high accuracy software-
based approach; Comprehensive Antibiotics Resistance Database to identify the resistance genes
within the genomes of Mycobacterium tuberculosis across the five continents. Thirty complete
genomes of Mycobacterium tuberculosis were retrieved and their respective accession numbers and
locations were categorized into Perfect and Strict genes. Results: The least number of
Mycobacterium tuberculosis complete genome sequences were retrieved from the America
followed by Antarctica and Africa with 10%, 10%, 25% prevalence respectively. The continents
with the highest number of sequences were Asia and Europe which account for 25% and 33.3%
respectively. The prevalence of genes categorized under the strict category from CARD database
with mdsB, mdsA, AAC(6')-laa, sdiA, golS TEM-1, tetW , ANT(4")-Ib, had 100% prevalence each
(present in all the 30 complete genome sequences retrieved), arlR, arlS, mepR, mgrA had the
prevalence rates of 25%, each, mepA, Lmrs, FosB had the prevalence rates of 33.3% each.

Introduction

Tuberculosis (TB) is one of the leading
causes of death worldwide. The emerging drug
resistance is a serious global threat and poses
significant challenge to public health. According to
the recent world health organization (WHO) report,
there were an estimated 10.0 million cases of TB and
1.3 million deaths during the year 2017. India alone
accounted for 24% of global multi-drug resistant
TB (MDR-TB) incidence and 27% of global TB
incidence among HIV-negative individuals [1].
Whole genome sequencing (WGS) studies from
across the globe have revealed genetic diversity of
Mycobacterium tuberculosis (M. tuberculosis) and
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have provided significant insights into its evolution
and transmission [2]. They have also revealed
specific genotypes associated with drug resistance.
However, these tests rely on a limited number of
mutations. There have been several instances where
phenotypic resistance could not be explained by
known mutations associated with drug resistance [3-
8]. Global frontline molecular diagnostics such as
line probe assays and Xpert MTB/RIF used for
diagnosis of drug resistant TB, have been developed
based on these genetic markers [9]. However, these
tests rely on a limited number of mutations. There
have been several instances where phenotypic
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resistance could not be explained by known
mutations associated with drug resistance [3]. A
recent study comparing the efficacy of Xpert
MTB/RIF with line probe assay for detection of
rifampicin mono-resistant M. tuberculosis reported
the utility of country specific probes, to increase the
sensitivity of Xpert MTB/RIF in India [4, 9-15].

As earlier stated, the continued emergence
of MDR, extensively drug resistant (XDR) and total
drug resistant (TDR) strains have further hampered
the effective disease control. For the whole world
not to be launched into the complete era of TDR
strains; a more high-through-put method of
diagnosis is of great necessity. Conventional
methods of diagnosis are greeted with flaws
resulting from dearth in power especially in Africa
where expertise requirement, political and economic
instability and other technical fallibilities is deeply
rooted. Hence, the opportunities offered by whole
genomes (totality of genetic makeup) through
Bioinformatics (Biomolecular information of an
organism) approach. This study employed a less
expensive but high accuracy software-based
approach ‘omics therapy’; (CARD) to identify the
resistance genes within the genomes of M.
tuberculosis across the five continents.

Materials and Methods

Retrieval of complete genome sequence of
Mycobacterium tuberculosis
A total of 30 different complete genome sequences

(FASTA format) of M. tuberculosis were retrieved
from NCBI nucleotide database.

FASTA is a DNA and protein sequence alignment
software package first described in 1985. Its legacy
is the FASTA format which is now ubiquitous in
bioinformatics. It stands for Fast Adaptive
Shrinkage Threshold Algorithm.

Detection of antibiotic resistant genes in bacteria
group

The complete genome sequences of M.tuberculosis
were analyzed to detect the presence or absence of
antibiotic resistant genes and mutants Analysis were
carried out using the Comprehensive Antibiotic
Resistance Database (CARD). The Resistant Gene
Identifier (RGI) was employed for detection of the
resistant genes and mutants present. The
antimicrobial resistance (AMR) genes were
categorized as perfect and strict.

Statistical analysis

All the resultant data were exported from
RGI pool for statistical analysis using Excel
Microsoft word version 2013.

Results

Distribution of complete genome sequences of
M.tuberculosis per location
The locations from which the whole genome of

M.tuberculosis sequences retrieved for this study
was shown in figure (1). The highest number of M.
tuberculosis were retrieved from the Antarctica and
America then followed by Africa, with 10%, 10%
and 25% respectively. The continents with the least
number of sequences are Asia and Europe with
33.3%, and 50% respectively.

Figure 1. Percentage distribution of complete genome of M. tuberculosis bacteria per continent.
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Prevalence of ‘perfect’ resistant genes present in the complete genome of M.tuberculosis sequences

Figure 2. Percentage distributions of mutants’ genes categorized under ‘Perfect’.
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Figure 3. Resistant gene categorized under “perfect” and their accession numbers.
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Percentage distribution of ‘strict’ resistant genes present in the complete genome of M.tuberculosis
sequences

Figure 4. Percentage distribution of resistant genes categorized under ‘strict’
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Figure 5. Resistant genes categorized under ‘strict’ in all the 30 complete genome sequences retrieved.
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Discussion

All the prevailing resistance genes as
indicated in figure (2) were similar to works in
earlier studies. The presence of genes under the
‘perfect’ category from CARD-RGI analysis in each
of the whole genome sequences represented by their
accession humbers is shown in figure (3). Figure 4
shows the prevalence of genes categorized under the
strict category from CARD database with  APH(6)-
Id, APH(3")-Ib, sul2, tet(B), KpnF, KpnE, gyrB,
bacA, vanl, farB, mecR1, tetW, patB, smeD, smeR,
iri, emrR, ampCl1, baeR, marA, H-NS, mdtK, msbA,
mdfA, KdpE, acrB, ampH, mepR, LmrS, blaz,
(100%) each. folC, FolP, Bla2, Blal, mphL
(50%)each. FosB, RbpA, murA, (33.33%) each. The
mutant genes norA, mecA, (25%) each. adeF
(7.14%). The presence of genes under the ‘strict’
category from CARD-RGI analysis in each of the
whole genome sequences represented by their
accession number is shown in figure (5). Drug
resistance in M. tuberculosis is the result of
chromosomal mutations in existing genes that are
passed along through vertical descent that is, passed
from mother to daughter cells. Unlike many other
bacterial pathogens, M. tuberculosis rarely
recombines via lateral exchange of DNA [1] and
also lacks plasmids. Many of the resistance
determinants were discovered before the sequencing
of the M. tuberculosis genome was completed. The
resistance genes are shorted into two, which are
perfect and strict. In all there are fourteen(14)
perfects and forty-one(41) stricts ~ mdsB, mdsA,
AAC(6)-laa, sdiA, golS TEM-1, tetW , ANT(4")-Ib,
arlR, arlS, mepR, mgrA, mepA, Lmrs, FosB,
APH(6)-1d, APH(3")-1b, sul2, tet(B), KpnF, KpnE,
gyrB, bacA, vanl, farB, mecR1, tetW, patB, smeD,
smeR, iri, emrR, ampCL1, baeR, marA, H-NS, mdtK,
msbA, mdfA, KdpE, acrB, ampH, mepR, LmrS,

blaz, folC, FolP, Bla2, Blal, mphL, FosB, RbpA,
murA, norA, mecA, adeF mutants have been
successfully  identified. ~ The  drug-resistant
tuberculosis outbreaks in Tugela Ferry and other
regions of South Africa highlight the need for early
and accurate diagnosis of drug resistance [16,17].
Several studies have shown association of the
genetic variations with pathogenesis and drug
resistance [8]. Global frontline molecular
diagnostics such as line probe assays and Xpert
MTB/RIF used for diagnosis of drug resistant TB,
have been developed based on these genetic markers
[9, 18-20].

Conclusions

The current omics approach has yielded
predictive theories about the prevailing drug
resistance mutants across various regions and
locations thereby laying solid foundation for its
usage and applicability for wet laboratory analysis.
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