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MDR TB–The Lethal Sound of Silent Mutations
Saeeda Baig

Department of Biochemistry, Ziauddin University, Karachi, Pakistan

The emergence of the multidrug-resistant tuberculosis (MDR-
TB) strains, poses a serious health challenge to developing
countries, including Pakistan, which is the 4th highly vulnerable
MDR-TB  country  in  the  world.  The  consistent  increase  in
annual  TB  rates  is  due  to  the  emergence  of  resistance  of
MDR-TB strains to isoniazid (INH),  rifampicin (RIF),  strepto-
mycin, pyrazinamide, and ethambutol, the first-line drugs for
TB control. In Pakistan, approximately 570,000 TB cases were
reported in 2019 with an incidence rate of 263/100,000. It is
attributed  mostly  to  a  high  burden  of  MDR-TB,  RR-TB
(rifampicin resistant), as well as isoniazid resistance. Preva-
lence of pre-XDR-TB (pre-extensive drug resistance) is also
reported,  including MDR-TB,  fluoroquinolone and amikacin,
kanamycin, and capreomycin, the second-line injectales.

Research around the world has identified that  tuberculosis
drug resistance is not only caused by inadequate or failed treat-
ment but also due to the molecular basis of drug resistance
which includes data on silent mutations concerning first-line
TB drugs, leading to transmission of resistant strains. Silent or
synonymous mutations, such as those on codon 514 of rpoB,
warns the emergence of Mycobacterium tuberculosis rifamp-
in-susceptible  strains.1  Studies  from  Pakistan  have  also
reported silent mutations at various codons. Sequence anal-
ysis of MDR-TB isolates resistant to isoniazid and rifampicin, at
codon 528 (CGC to CGT) in the rpoB gene, a silent mutation
detected in the RRDR region.2 Another study from Pakistan
reported 531 and 513 codon mutations on rpoB gene. A double
mutation in the rpoB gene was observed in 12% of the cases.
Mutations at codon 315 and 299 of katG gene were observed.
The control group had 28.6% MDR positive cases, whereas, the
treated group were 100% positive.3 In 2022, the tuberculosis i-
solated data from Pakistan, from 2003 to 2020 was assessed
by using the whole genome sequencing. Microbacterium tuber-
culosis genetic diversity showed the most significant associa-
tion with the nusG gene, the potential transmissible pheno-
type (p = 5.8 × 10–10) and the cause of circulating drug resis-
tance mutations in Pakistan.4
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Studies from Iran reported by Norouzi et al. showed silent muta-
tions  on  other  codons.5  They  detected  in  one  of  the  MDR
isolates, in the inhA gene at nucleotide 649 showing L649L a
silent synonymous substitution. Rifampin susceptible studies
conducted in Mexico, using the mycobacteria growth indicator
tube (MGIT) system, showed rifampin-resistance in 13 isolates
tested through Xpert® MTB/RIF assay. A discrepancy in results
was observed during the DNA sequencing analysis.  A  silent
mutation, P514P was detected in 7 (53.8%) isolates, whereas,
three different types of missense mutations (S531L, D516Y, and
L511P) were observed in three isolates and three were without
any mutation. The researchers concluded that DNA sequencing
through  specialised  centres  should  be  necessitated  for  all
Xpert®  MTB/RIF-diagnosed  rifampin-resistant  cases  for  early
detection of the emergence of disputed, silent mutations or
hetro-resistance.6

The emergence of resistant strains is attributed to the muta-
tions in the genome of Mycobacterium tuberculosis, altering
some genes in the targeted anti-tuberculosis drugs, including
rpoB gene and katG gene. Researchers submitted resistant clin-
ical isolates to DNA sequencing to determine the frequency of
disputed  and  silent  mutations.  The  resistance  mechanism
which  develops  in  Mycobacterium  tuberculosis  is  generally
different from other bacteria. It has been found to be associated
with the structural changes in the genome of Mycobacterium
tuberculosis.

Silent  or  synonymous  mutations  are  considered  benign  or
neutral  ever  since  the  1960s,  when  the  genetic  code  was
resolved that protein sequence is not altered because of their
presence.  They  are  especially  ignored  in  the  studies  where
investigations  are  being done on disease-causing mutations.
Some recent researchers claimed that the synonymous muta-
tions  are  not  benign.  To  check  this  hypothesis,  Shen  et  al.
conducted an experiment in 2022 by introducing mutations in
yeast cells.7 Using CRISPR/Cas9 genome editing, they targeted
21 genes for nonsense, non-synonymous or synonymous muta-
tion, and constructed 8,000 mutant strains in yeast cells. They
were surprised to find out that in contrast to synonymous muta-
tions,  22.8% were  neutral,  75.9% of  them were  significantly
harmful, whereas 1.3% were significantly beneficial.

Researchers have discovered that synonymous mutations can
influence and alter the genetic process of translation, starting
from initiation by binding of transcription factor (TF), altering
transcriptional process, from splicing of pre-mRNA to its folding
and stability, hindering initiation, and efficiency of translation
totally modifying the protein sequence with loss of function.8,9
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These findings imply that identifying synonymous mutation is
equally important since they, like non-synonymous mutations,
are also virtually involved in causing some diseases. Worldwide
studies show a region-specific continuous evolution of MDR-TB. A
comprehensive research evaluation is required for the detection
of mutations and the development of effective strategies for TB
control. Since MDR-TB is linked to genomic variants that alter the
basic  mode  of  action  causing  TB  resistance,  it  is,  therefore,
possible by understanding the basic changes in drug targets
genotypic resistance to various drugs could be predicted and
used for treatment. Identification of lineages of virulent strain
types and drug resistance will help in phylogenetic studies of
transmission clusters to assist in targeting the source.4
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