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Abstract— Tuberculosis (TB) is an alarming infectious disease well spread in the world. This serious illness is responsible for millions of deaths every 
year in many countries. The Pakistan position in the ranking of TB cases is 8th among the 22 high burden countries, whereas average multiple drug 
resistance is 15%. Resistant strains to rifampin are commonly found worldwide, especially in developing countries, and this phenotype is associated 
with more than one mutation in the rpoB gene, which encodes the bacterial RNA polymerase β-subunit. The aim of the present study was to detect the 
probable cause of resistance against rifampin through the sequencing of the rpoB gene in a well-established bacterial collection obtained from Pakistani 
MDR-MTB patients. After culture procedures and a drug resistance investigation, we selected samples, isolated and sequenced the DNA from all rifam-
pin resistant strains. To better understanding of this event, we made multiple alignments to clarify the correlation between the sequenced M. tuberculosis 
isolates and the M. tuberculosis reference strain H37Rv. Based on our results, consecutive mutations in amino acid of different codons in specific and 
highly sensitive regions of the rpoB gene were observed. The following new mutations detected here were earlier not reported from Pakistani clinical 
isolates: codons 509, 511, 513, 518, 519, 521, 522 and 526. 
Key words — mutations; rpoB gene; MDR-MTB; clinical isolates; Pakistan. 
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1 INTRODUCTION                                                                     

 
 

TUBERCULOSIS (TB), a severe infectious disease caused by M. 
tuberculosis, is a global health problem. Since last decade this illness 
has undergone a remarkable resurgence in incidence. In 2008, the 
estimation of TB was 8.9-9.9 million and 9.6-13.3 million for inci-
dent and prevalent cases, respectively [1]. Briefly, a global overview 
showed that a small number of cases were observed in the regions of 
the Eastern Mediterranean (7%), Europe (5%) and Americas (3%). 
On the other hand, most of the estimated number of cases occurred 
in Asia (South-East Asia and the Western Pacific WHO regions) 
(55%) and Africa (30%). Therefore, considering the geographical 
location and according to the indicators reported by the World Health 
Organization, Pakistan is in a high-risk area for TB (Asia). Unfortu-
nately, TB has been neglected by health services of Pakistan, alt-
hough this disease has been more prevalent in this country. Accord-
ing to a WHO report, the Pakistan position in the ranking of TB cas-
es is 8th among the 22 high burden countries. Considering the East-
ern Mediterranean Region, Pakistan contributed around 44% of the 
TB burden [1]. 
Nowadays, we are facing a new challenge around the entire world 
and a real threat, to control the tuberculosis, specifically the drug 
resistant strains of M. tuberculosis. In this context, intractable TB 

can be considered a deadly disease in recent times. Even with inten-
sive therapy, the observed rate of mortality is 20%, and the resistance 
rate found in the high burden countries is 15% [2]. Emergence of 
multidrug resistance is due to resistance against the major anti-TB 
drugs, at least to rifampin and isoniazid, and these strains are called 
MDR-MTB [3]. Resistance against isoniazid (INH) is due to changes 
in coding of the regulatory region of inhA and due to mutations 
mainly in the katG gene but also in the ahpC, oxyR, ndh, and kasA 
genes [4]. Considering the resistance against rifampin (RIF), this 
event occurs due to one or more alterations in any base of codon 
located in the hyper-variable region of rpoB gene, which encodes the 
bacterial RNA polymerase β-subunit [5]. 
Polymerase chain reaction (PCR) is a well-developed technique and 
has been extensively used for the diagnosis and detection of re-
sistance markers of numerous infectious diseases including TB. Am-
plification through PCR and sequencing of PCR product detects the 
various mutations within the amplified fragment of rpoB gene, which 
predicts the cause of drug resistance, allowing the rapid detection of 
rifampin resistant strains of M. tuberculosis [6]. 
The aim of the present study was to detect the probable cause of 
resistance against rifampin by the amplification of the hot spot re-
gion of the rpoB gene through site specific primers in a well-
established bacterial collection obtained from Karachi, Pakistani 
MDR-MTB patients. 
2 Material and Methods 
Bacterial Isolates: M. tuberculosis clinical isolates were sequentially 
recovered from pulmonary tuberculosis patients from Ohja Institute 
of Chest Disease (OICD), located in Karachi, Sind, Pakistan. There-
fore, only one isolate per patient was included in the present study. 
The reference strain M. tuberculosis H37Rv was also included in this 
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investigation. All bacterial isolates were cultured on L-J medium and 
processed for DNA isolation and further analysis. Selection of the 
clinical isolates was based on macroscopic characterization (colony 
morphology) and microscopic presentation (AFB staining).  
2.1 DNA Extraction: 
From solid (L-J medium) 3 to 5 colonies were suspended in 1ml of 
sterile distilled water (molecular biology grade), incubated at 95˚C 
for 30 min, kept for 15 min in ultrasonic bath. Tubes were centri-
fuged at 13000 rpm for 10 min at 4˚C. Supernatant was transferred in 
a new tube, and 2µl of supernatant was used for PCR [4]. 
2.3 PCR Amplification:  
157bp fragment of rpoB gene a hyper-variable region was amplified 
by using synthetic oligonucleotide primers; 5’-
GCACGTCGCGGACCTCCA-3’ and 5’-
TCGCCGCGATCAAGAGT-3’ [7-10]. The PCR amplification was 
carried out with an initial denaturation at 94˚C for 10 min, followed 
by 40 cycles of 94˚C for 1 min, annealing 45C for 1 min and exten-
sion 72˚C for 1 min. The PCR product was finally extended at 72˚C 
for 7 min for final extension for rpoB gene. 
2.4 Gel Electrophoresis:  
Gel electrophoresis was performed for visual analysis of amplified 
PCR product.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

5µL of PCR products were separated through 2% agarose, horizontal 
gel electrophoresis by 80 volts of electric current. Gel was stained 
with 0.5µg/ml ethidium bromide, subsequently visualized by UV 
(Ultraviolet) and photographed [11]. 
 
2.5 PCR Product Sequencing: 
The straightforward technology to detect the mutation is PCR-DNA 
sequencing [12, 13]. For sequencing purposes, PCR products were 
sent to the Macrogen Company, Korea. DNA sequence data were 
analyzed through applied bio system sequence Scanner v1.0 soft-
ware, and mutations were observed by comparing with H37Rv 
(NC_000962.2) reference strain by using the NCBI web link 
(www.ncbi.nlm.nih.gov/BLAST). 
3 Results 
rpoB gene PCR product visualization:  
The 157bp hyper-variable region of rpoB gene amplified product 
displayed a positive band when exposed to UV light for visual analy-
sis (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DNA  
Marker 

1 2 3 4 NC 9 

Amplified PCR product of rpoB gene fragment visualized in 2% agarose 

 

Fig. 1. 157 bp fragment of amplified product displayed a positive band 
when exposed to UV light, after gel electrophoresis. 
• 1-5 represents the clinical isolate of M.tuberculosis. 
• **NC PCR Negative control (PCR without M.tuberculosis DNA). 
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3.1 Sequence analysis:  
We investigated mutations to confer rifampin resistance in pulmo-
nary TB patients. All examined clinical isolates were resistant to 
rifampin. The 157bp amplified region were sequenced covering hy-
per-variable region from codon 507 to 533 [14]. Our investigations 
revealed new mutations when a comparative BLAST with H37Rv 
was run by the online NCBI BLAST tool. We detected 13 different 
combinations of mutations in the rpoB gene in examined MDR-MTB 
strains, 5 of them displayed silent mutations, and 4 previously re-
ported and 4 non-reported mutations were detected (Ta-
ble).Variability of mutations was also observed in codon 526 with 3 
different combinations of mutations. Whereas a high frequency of 
mutation, significantly at codon 518, has been seen with 60% in all 
examined clinical isolates, all mutations at codon 518 of rpoB gene 
were to N518I (Figure 2). In addition, it has been noticed that more 
than 1 concomitant substitution mutations frequently observed in 8 
clinical isolates (Figure 3). This subsequent study in rifampin re-
sistant clinical isolates is an important addition to previous data; 
these new mutations can play significant role in the rifampin re-
sistance event. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2 Nucleotide sequence accession numbers:  
The new alleles found in this study have been submitted in DDBJ 
(DNA data bank of Japan) under accession no: AB711167, 
AB711168, AB711169, AB711170, AB711171, AB711172, 
AB711173, AB711174, AB711175, AB711176, AB711177 and 
AB711178. 
4 Discussion 
The major point of concern is that individuals involved with MDR-
MTB strains are complicated to treat compared to those individuals 
infected with drug-susceptible strains. In this study thirteen different 
mutations in the rpoB gene were detected from Karachi, Pakistan, 
which is an important addition in investigation of global drug re-
sistance rpoB gene mutations. Rifampin is a crucial drug in tubercu-
losis treatment. It is rarely found as mono-resistance. It is also con-
sidered a marker for multiple drug resistance (MDR) strains [15]. 
Rifampin resistance in M. tuberculosis is associated with mutations 
in the rpoB gene; it has been demonstrated in a genetic study that 
more than 95% resistance is due to mutations in rpoB gene [16]. 

Highly conservative rpoB genes play an essential role in physiology 
of the M. tuberculosis. The rpoB not only encode β-subunit of poly-
merase, it is also engaged to other genes rpoA, rpoC and rpoD genes. 
These genes produce proteins involved in gene transcription [5].  
Our depicted mutations in the rifampin resistance-determining re-
gion (RRDR) 507 to 533 rpoB gene are comparable to those reported 
from other parts of global world, which reflect a global pattern of 
rifampin resistance rpoB gene mutations [16]. In our sequencing 
analysis a novel pattern of mutation at codon 518 Asparagines (N) to 
Isoleucine (I) detected most frequently in examined strains, and a 
comparative data of different amino acids gave an understanding for 
further analysis of probable effects of the mutation. It has an associa-
tion to previously published data [15, 17]. Mutations at codon 509 
Serine (S) to Arginine (R), at codon 519 Asparagine (N) to Aspartate 
(D) and at codon 521 Leucine (L) to Methionine (M) were not re-
ported earlier from Pakistan. Some similar mutations on other co-
dons have been reported from this geographical region [18, 19]. We 
also detected some silent mutations at codon 511, 513 and 522. Fur-
thermore, we detected the variable mutations at 526 of rpoB gene 
and variability at codon 526 reported by various researchers around 
the world including Pakistan [19]. Mutations in our study showed an 
association to previously reported data [2, 4, 6, 7, 10, 20]. 
In this investigation 60% for all examined isolates demonstrated 
mutations at codon 518 and 20% at codon 526 that might present the 
most important mutations in isolates from Karachi (Figure 2). Some 
similar mutations were reported earlier from Pakistani isolates at 
codon 515, 516 and 526, while at codon 511, 513 and 522 we ob-
served a new pattern of substitution mutations from same geograph-
ical area [18, 19]. Our analysis also identified no mutations detected 
in four of our examined strains, although these were resistant to ri-
fampin. Same observations have been reported by other groups and 
suggested that mutation outside the hyper variable region might 
cause resistance against tuberculosis [8]. There is also another possi-
bility that in such resistant strains, changes occurred in genes whose 
products may participate in antibiotic permeation or metabolism 
[13]. A characteristics finding of our study is the high frequency of 
double mutations occurring at two separate codons in 7 isolates, 
whereas in sample number 2, three substitutions mutation were de-

TABLE  
MUTATIONS IN RPOB GENE CONFERRING RESISTANT TO RIFAMPIN 

IN MDR-MTB PAKISTANI ISOLATES 
*Codon 

No. 
 

Mutated 
bases 
 

Type of Muta-
tions 
 

Change in Amino 
acid 
 

509 
511 
513 
515 
516 
518 
519 
521 
521 
522 
526 
526 
526 

AGC to AGA  
CTG to TTG 
CAA to CAG 
ATG to ATC 
GAC to TAC 
AAT to ATC 
AAC to GAC 
CTG to ATG 
CTG to CTC 
TCG to TCC 
CAC to CGC 
CAC to CAT 
CAC to CTC 

Substitution 
Silent 
Silent 
Substitution 
Substitution 
Substitution 
Substitution 
Substitution 
Silent 
Silent 
Substitution 
Silent 
Substitution  
  

S to R 
L no change 
Q no change 
M to I 
D to Y 
N to I 
N to D 
L to M 
L no change 
S no change 
H to R 
H no change 
H to L 
 

* E.coli codon numbering system is used. 
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Fig. 2. Graphical peak shows the percentage of mutations at 
each codon. Maximum frequency of mutations detected at co-
don 518,   20% mutations at codon 526 found in examined iso-
lates. 
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tected on different codons, although a mutation at codon 526 in the 
same strains was a silent mutation (Figure 3). To understand the ge-
netic features, the CLUSTALW2 tool was used in our study. The 
multiple alignments by CLUSTALW2 among our examined strains 
and H37Rv was made to understand the pattern of substitution muta-
tions at different codons in various examined strains, which give a 
clear understanding about the change in mutated codon bases as 
compared to H37Rv (Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

With a significant global reservoir of M. tuberculosis disease and 
thread of multiple drug resistance (MDR), there is a great need for 
novel research into this old age disease. Our results improve the un-
derstanding of rifampin resistance at a molecular level by providing 
data about mutations happening at different codons of rpoB gene 
among the MDR clinical isolates from Karachi, Pakistan. This sub-
sequent study reports new mutations responsible for rifampin (RIF) 
resistance in Pakistani isolates. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                                               526         522   
07-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGAGGGTCAACCCCGA 60 
12-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGCGGGTCAACCCCGA 60 
01-rpoB-gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGCGGGTCAACCCCGA 60 
13-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
10-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
11-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCGGA 60 
14-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
15-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
20-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
rpoB-gene-H37Rv       CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
22-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
23-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
21-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 

        19-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
18-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
17-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
16-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
05-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
08-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
06-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
04-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
02-rpoB-gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTAGGTCAACCCCGA 60 
03-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 
09-rpoB-Gene-MTB      CTCACGTGACAGACCGCCGGGCCCCAGCGCCGACAGTCGGCGCTTGTGGGTCAACCCCGA 60 

                   **********************************************  ********* ** 
      521  519 518    516 515 513     511 509 

07-rpoB-Gene-MTB      CAGCGGGTTGTTCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
12-rpoB-Gene-MTB      CAGCGGGTTGTTCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
01-rpoB-gene-MTB      CAGCGGGTTGATCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
13-rpoB-Gene-MTB      CAGCGGGTTGTTCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
10-rpoB-Gene-MTB      CAGCGGGTTGTTCTGGTCCATGAATTGGCTCAACTGGCTGGTGCCGAAGAACTCCTTGAT 120 
11-rpoB-Gene-MTB      CAGCGGGTTGTTCTGGTCCATGAACTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
14-rpoB-Gene-MTB      CAGCGGGTTGTTCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
15-rpoB-Gene-MTB      CAGCGGGTTGTTCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
20-rpoB-Gene-MTB      CAGCGGGTTGTTCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
rpoB-gene-H37Rv       CAGCGGGTTGTTCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
22-rpoB-Gene-MTB      CAGCGGGTTGATCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
23-rpoB-Gene-MTB      CAGCGGGTTGATCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
21-rpoB-Gene-MTB      CAGCGGGTTGATCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
19-rpoB-Gene-MTB      CAGCGGGTTGATCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
18-rpoB-Gene-MTB      CAGCGGGTTGATCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
17-rpoB-Gene-MTB      CAGCGGGTTGATCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
16-rpoB-Gene-MTB      CAGCGGGTTGATCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
05-rpoB-Gene-MTB      GAGCGGGTTGATCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
08-rpoB-Gene-MTB      CATCGGGTTGATCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
06-rpoB-Gene-MTB      CAGCGGGTTGATCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
04-rpoB-Gene-MTB      CAGCGGGTCGATCTGGTCCATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
02-rpoB-gene-MTB      CAGCGGGTTGATCTGGTCCATGAATTGGCTCAGCTGTCTGGTGCCGAAGAACTCCTTGAT 120 
03-rpoB-Gene-MTB      CAGCGGGTTGATCTGGTACATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 
09-rpoB-Gene-MTB      CAGCGGGTTGTTCTGGTAGATGAATTGGCTCAGCTGGCTGGTGCCGAAGAACTCCTTGAT 120 

   ** ***** * ******  ***** ******* *** ***********************          

Comparative multiple alignment of MDR-MTB 

    

 

Fig. 3. Multiple alignments of mutated (negative strand) sequences with wild type H37Rv clarify the mutations in our examined 
MDR-MTB strains. 
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