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Abstract 
Rifampin interacts with the beta-subunit of RNA Polymerase (rpoB), thereby hindering 

transcription. Mutations in the rpoB locus confer conformational changes leading to defective 
binding of the drug to rpoB and consequently resistance. Polymerase chain reaction-single-strand 
conformation polymorphism (PCR-SSCP) and direct sequencing have been established as a rapid 
screening test for the detection of mutation in rpoB gene, which is responsible for rifampin 
resistance of Mycobacterium tuberculosis species. In this study, a total of 37 strains of M. 
tuberculosis, 16 sensitive and 15 resistant of Isfahan isolates, and 6 resistant strains obtained from 
Pasteur institute of Iran, were used. They were confirmed as M. tuberculosis by conventional 
methods and amplification of DR gene a region that belongs to M. tuberculosis complex group. 
Their sensitivity or resistance to Rifampin was initially determined by proportion method. The 
193-bp region of the rpoB gene was then amplified and PCR-SSCP patterns of rifampin resistance 
(RIFr) and rifampin susceptible (RIFs) strains were determined by electrophoresis on 10% 
acrylamide gels and silver staining. Also 8 samples of 193-bp rpoB amplicons with different PCR-
SSCP patterns from Rifr and one from Rifs were sequenced. By PCR-SSCP analysis, 7 PCR-SSCP 
distinguishable patterns were recognized in the Isfahan RIFr strains. Although 6 of these patterns 
were different from sensitive strain, one pattern was identical to sensitive standard strain H37Rv. 
Six resistant strains from Pasteur institute of Iran demonstrated two patterns that one of them was 
alike to pattern 4 of Isfahan RIFr but other was different. 15 out of 16 RIFs isolates demonstrated 
PCR-SSCP banding patterns similar to that of sensitive standard strain H37Rv. However, one of 
the sensitive isolates demonstrated different pattern. After determinations the rpoB sequences of 
the resistance strains, different mutations were seen in codon 523(GGG/GGT), 526(CAC/TAC), 
531(TCG/TTG) and 511(CTG/TTG). This study demonstrated the high specificity (93.8%) and 
sensitivity (95.2%) of PCR-SSCP method. Presence of different PCR-SSCP banding patterns that 
were observed in this study is in accordance with the results of similar studies in other parts of the 
world. The two most prevalent mutations were missense mutations at the positions Ser-531 (TCG/ 
TTG: Ser/Leu) and His-526 (CAC/TAC: His/Tyr). This finding is comparable to the results of 
early studies demonstrating the rpoB mutation frequencies in isolates from other parts of the world. 
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Introduction 

In the last decade, tuberculosis (TB) has reemerged 

as one of the leading causes of death with nearly 3 
million deaths annually [1]. These death rates, however, 
only partially depict the global TB threat; more than 
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80% of TB patients are in the economically productive 
age of 15 to 49 years. The emergence of AIDS and 
decline of socioeconomic standards contribute to the 
disease’s resurgence in industrialized countries [2]. 

Advanced antituberculosis chemotherapy and 
improved conditions have recently led to a striking 
decline in the living incidence of tuberculosis in 
developed countries, however, in developing countries 
the disease is still one of the major threats to public 
health. Even in developed countries TB is reemerging in 
association with human immunodeficiency virus 
infection [3]. A more alarming aspect of human 
immunodeficiency virus infection-related tuberculosis is 
the emergence of multidrug-resistant strains of M. 
tuberculosis (MDRTB) [3-6]. 

Drug-resistant TB is a widespread phenomenon. The 
common finding has been a high rate of primary 
resistance to isoniazid and to the combination of 
isoniazid and rifampin [7]. In 2000, the Centers for 
Disease Control reported an 11% rate of primary 
isoniazid resistance and 2% of primary multidrug 
resistance in Mexican states [8]. An alarming rate of 
resistant (17.2%) to all the four commonly used 
antimycobacterial agents for treatment and prophylaxis 
of tuberculosis, including rifampin, was reported by 
local practitioners [9]. Characterization of the rpoB gene 
(a region responsible for synthesis of beta-subunit of 
RNA polymerase) in E. coli demonstrated that Rifampin 
(RIF) specifically interacts with the subunit of RNA 
polymerase, thereby hindering transcription, and that 
mutations in the rpoB locus conferred conformational 
changes leading to defective binding of the drug and 
consequently resistance [10]. Subsequently, the rpoB 
locus from M. tuberculosis (MTB) was characterized 
and mutations conferring the resistant trait were 
identified. Most mutations were determined to be 
restricted to an 81-bp core region and are dominated by 
single nucleotide changes, resulting in single amino acid 
substitutions, although inframe deletions and insertions 
also occur at lower frequencies. The consistency of 
mutations in the rpoB locus and the RIFr phenotype 
(>95%) has marked clinical implications. Because it 
may act as a surrogate marker for MDRTB, RIF’s 
resistance has prompted development of various 
diagnostic tests to improve the sensitivity of mutation 
detection. Although automated sequencing has been 
unambiguously applied to characterize mutations 
associated with RIF resistance, a number of other 
techniques such as Single-stranded conformational 
polymorphism (PCR-SSCP) [11-13], have been 
successfully applied to detect these mutations. PCR-
SSCP analysis for the detection of mutations 
responsible for conferring drug-resistance is 

increasingly useful. In particular, the development of 
nonisotopic PCR-SSCP analysis has simplified the 
procedure, enhancing its utility in routine laboratories 
[11,12]. 

SSCP analysis, involves amplification of a segment 
of the gene encoding for the specific drug target and 
comparison of PCR products of drug-sensitive and 
drug-resistant strains by SSCP, in which mutations 
usually result in an altered pattern [4,5]. However, 
recent studies have questioned its sensitivity and 
specificity [15]. We investigated the usefulness of PCR-
SSCP to detect mutations in the rpoB gene of M. 
tuberculosis strains and also determine the PCR-SSCP 
pattern of rifampin-resistant and rifampin-sensitive 
strains isolated in Isfahan from 2002 to 2004 to 
accordance with those have been reported from other 
geographic areas. 

Material and Methods 

Fifty three M. tuberculosis strains, which were 
isolated in Isfahan laboratories and TB center of Isfahan 
from 2002 to 2004, and also six strains from Pasteur 
Institute of Iran were used in this study. All isolates 
were characterized by conventional methods (Staining 
of smears by Ziehl Neelsen method, Growth rate in 
days, Pigment production in the colonies, Colony 
morphology of isolate, nitrate reduction test and niacin 
test) [17] and specific amplification of DR gene 
region(a region of gene which only present in M. 
tuberculosis complex) [16]. Also the drug-susceptible 
strain H37Rv DNA was included in this study. 

The in-directed test was used for testing pure cultures 
of M.TB isolates. The number of CFU (Colony Forming 
Unit) on the rifampin-containing slant was compared 
with the number on control medium inoculated with 
similar dilutions. The breakpoint value of >1% was used 
to classify the organisms as resistant [17]. 

All isolates were cultured in 7H9 broth for about ten 
days and then were tested for resistance to rifampin by 
agar proportion method. Briefly, appropriate 
concentrations of RIF (4 µg/ml) were added to 
Lowenstein-Jenes (L.J) medium. Subsequently, L.J 
medium without and with rifampin were inoculated with 
0.1 ml of 10−2 and 10−4 dilutions of a McFarland 1.0 
concentration of a suspension of each isolate of M. 
tuberculosis. The inoculated plates were then incubated 
at 37°C for 3 weeks. The isolate was considered 
susceptible to rifampin if the number of colonies grown 
on the drug-containing plate was <1% of the number of 
colonies grown on the rifampin-free control. An isolate 
was considered resistant if 1% or more grew on the 

drug-containing plate. 
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Chromosomal DNA of 37 clinical isolates that were 
identified as belonging to M. tuberculosis was extracted 
by conventional methods [19,20]. Briefly Mycobacterial 
strains were cultured for three weeks at 37°C in 6 ml of 
Middlebrook 7H9 liquid medium with Dubos oleic 
albumen complex enrichment and 0.05% Tween 80. 
Cells were heat-killed at 80°C for 30 min, and then 
harvested by centrifugation at 9000 g for 30 min. To the 
cell pellet, added 550 µl lysozyme (10 mg/5.50 ml TE 
Buffer), 700 µl of 10% SDS and 60 µl proteinase K 
solution. Then 100 µl of 5M NaCl and 80 µl of 
CTAB/NaCl were added. The DNA was purified by 
chlorophorm/isoamylalcohol extraction and isopropanol 
precipitation. The pellet was washed twice in 70% etha-
nol, and then resuspended in TE buffer (50 mM Tris, 
100 mM EDTA, pH 8.0). The concentration of extracted 
DNA was measured using spectrophotometere. 10 ng of 
extracted DNA was used for PCR amplifications. 

PCR reactions (50 µl) contained target DNA (10 ng), 
15 pmol primers, 2 mM dNTP (Pharmacia Biotech), 2.5 
U Taq polymerase, 1.5 mM MgCl2, and 5 µL 10X 
buffer. The reaction was performed in a thermal cycler 
from PCR Hybid (Omnigene). 

The sequence of primers for the tuberculosis rpoB 
locus were as follows: upstream primer (rpo 105)  
5′-CGTGGAGGCGATCACACCGCAGACGT-3′ and 
downstream primer (rpo 273) 5′-GACCTCCAGC 
CCGGCACGCTCACG-3′, which produce a 193-bp 
amplicons [20]. 

Samples were then subjected to one cycle of 96°C for 
5 min, followed by 40 cycles of 96°C for 1 min, 55°C 
for 1 min, 72°C for 30 sec, and one final cycle of 72°C 
for 10 min to complete the elongation of the PCR 
intermediate products. PCR products were then run on 
2% agarose gels made up in 0.5X Tris-Borate-EDTA 
(TBE) buffer and examined for the presence of the 193-
bp band after ethidium bromide staining [21,22]. 

The PCR products were SSCP analyzed by 
electrophoresis on 10% acrylamide gels. In brief, the 
SSCP gel was made by mixing 10 mL 40% acrylamide 
solution, 25.6 mL dH2O, 4 mL 10xTBE, 30 µL 
TEMED and 300 µL ammonium persulfate. About 6 µl 
of amplified product was mixed with 4 µl of loading 
buffer (95% formamide, 20 mM EDTA, and 0.05% 
bromophenol blue) and the mixtures were boiled for 4 
min, cooled on ice for 5 min, and then loaded on the gel 
at 1 W for 14-16 h in cold room. The gel was silver 
stained by using 10% gacial acetic acid as fix/stop 
solution; silver nitrate solution (2 g AgNO3 in 2 L 
ultrapure water and 3 mL 37% formaldyde) as stain 
solution and solution contains 60 g sodium carbonate, 2 
L ultrapure water, and 3 mL 37% formaldyde and 400 
µL sodium thiosulfate as developing solution. 

Eight samples of 193-bp rpoB amplicons with 
different PCR-SSCP patterns from Rifr and one from 
Rifs were sequenced. The products were not purified, 
and were sequenced by using primer rpo105 with 
Applied Biosystems 377 automated sequence protocol 
(ABI PRISMTM Dye Terminator, by an Italy Company). 
All post runs analysis was performed using Clustalw, 
version 1.82, and software, EMBL-EBI. Each sequence 
was compared both with the control strain sequence and 
with the published rpoB sequence (GenBank accession 
NC 000962 REGION: 759805..763323). 

Results 

All of the clinical isolates that were acid fast, slender, 
curved rods and red to pink colors with colony 
morphology rough, crumbly, waxy and non pigmented 
(cream colored) and were nitrate positive with the 
specific band of amplified DR gene (Fig. 1) considered 
as M. tuberculosis. [16,17]. 

Using 1% proportion method on Lewenstein-Jensen 
medium, the sensitivity or resistance of M. tuberculosis 
isolates was determined. Of 53 isolates of M. 
tuberculosis, 15 strains were determined as Rifampin 
resistant and with 16 strains of rifampin sensitivity used 
in this study (Table 1). 

When PCR was performed with the amplification of 
a 193 bp rpoB gene, all strains had identical 193 bp 
rpoB gene products on 2% agarose gel electrophoresis, 
like to H37Rv strain (Fig. 2a-c). 

SSCP assays were repeated at least two times with all 
isolates. Mutations were detected on a non-denaturated 
gel by analyzing migration patterns due to the 
conformational variability of single-stranded rpoB gene. 
Different PCR-SSCP patterns were obtained from 
rifampin-resistant strains and a susceptible control, 
H37Rv. On the basis of the SSCP results, the 21 RIFr 
isolates were grouped in seven groups. One main 
category: group one, 1 isolate (4.75%), group two, 2 
isolates (9.5%), group three, 1 isolate (4.75%), group 
four, 9 isolates (42.8%), group five, 5 isolates (23.8%), 
group six, 1 isolate (4.75%), group seven, 2 isolates 
(9.5%). Six resistant strains from Pasteur Institute of 
Iran were grouped in four, 5 strains (83.3%) and seven, 
1 strain (16.7%) (Table 1). 

Some typical SSCP gel electrophoresis patterns 
corresponding to the rpoB amplicons are represented in 
Figures 4, 5, and 6. Of the 16 RIFs, 15 strains (93.8%) 
had a PCR-SSCP pattern identical to H37Rv; and 1 
strains (6.2%) had different pattern. Assays were 
repeated two times for all isolates. On the basis of the 
SSCP results, the 21 RIFr isolates were grouped in 
seven main categories (Figs. 3, 4, and 5). 
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After SSCP analysis, 8 PCR product samples from 
Rifr and one from Rifs were sequenced. The results of 
sequencing were demonstrated in Table 2 and some 
Electropherograms of automatic DNA sequencing were 
shown in Figures 6 and 7. 

 
 

 

Figure 1.  Agarose gel electrophoresis of PCR products of the 
M. tuberculosis DR gene shows ladder shape migration. 

 
Table 1.  Drug resistance strains M. tuberculosis used in this 
study 

Strain no. Region of birth Resistance  
percentage 

SSCP  
Pattern 

MTBR5 IRAN 2/103 6(3 bands) 
MTBR8 IRAN 25/105 4(4 bands) 
MTBR13 IRAN 14/111 4(4 bands) 
MTBR15 IRAN 21/112 5(4 bands) 
MTBR18 IRAN 15/98 5(4 bands) 
MTBR20 AFGANISTAN 28/110 1(4 bands) 
MTBR23 IRAN 22/110 5(4 bands) 
MTBR28 IRAN 5/97 2(5 bands) 
MTBR30 IRAN 4/110 4(4 bands) 
MTBR32 IRAN 30/103 5(4 bands) 
MTBR33 AFGANISTAN 20/102 5(4 bands) 
MTBR35 AFGANISTAN 3/102 2(5 bands) 
MTBR39 IRAN 5/93 3(5 bands) 
MTBR43 AFGANISTAN 18/107 4(4 bands) 
MTBR48 IRAN 7/105 7(3 bands) 
MTB5p -- 18/97 4(4 bands) 
MTB9p -- 12/102 4(4 bands) 
MTB15p -- 8/111 7(3 bands) 
MTB21p -- 24/89 4(4 bands) 
MTB104p -- Nonviable 4(4 bands) 
MTB105p -- 31/106 4(4 bands) 

Eight RIFr isolates had four mutations that were in 
the core region of the rpoB gene; two mutations with no 
changes in amino acid contents (polymorphism) were 
found at the positions 511(CTG/TTG) (12.5%) and 523 
(GGG/GGT) (12.5%), and two different missense 
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Figure 2.  a, b, and c: Agarose gel electrophoresis of PCR 
products of the M. tuberculosis rpoB gene. Lanes 1 and 20 are 
ladder 50. Lanes 2, 9 and 36 are negative control. Lanes 3 to 8, 
10 to 19, and 22 to 36 show PCR products of the M. 
tuberculosis rpoB gene (resistance and sensitive strains). Lane 
10 show two bands, lane 21 shows PCR products of the BCG 
extracted DNA and lane 22 shows PCR products of rpoB gene 
of the H37Rv extracted DNA. 
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mutations were observed at the positions 531 
(TCG/TTG) (50%) and 526(CAC/TAC) (25%). There 
were not seen any deletions or insertions or more than 
one mutation in the core region of the rpoB gene. No 
mutations were seen in the sequences of rpoB genes of 
one strain of Rifs isolates. 
 

 
           1   2   3  4  5   6  7  8  91011 12 1314 15              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3.  PCR-SSCP patterns of 13 sensitive M. 
tuberculosis strains: Lanes 1 and 2 are marker 50, Lane 3 
H37Rv and Lanes 4, and 6-15 from rifampin sensitive strains 
are indistinguishable from 1(H37Rv) but lane 5 shows 
different pattern. 
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Figure 4.  PCR-SSCP patterns of 3 sensitive and 10 rifampin 
resistant M. tuberculosis strains: Lane: 1: ladder 50, lane 2 is 
H37Rv, lanes 3,4, and 5 are sensitive strains and their patterns 
are indistinguishable from that of M. tuberculosis H37Rv (lane 
2). Lanes 6 to 15 are rifampin-resistant strains and their 
patterns are distinguishable from that of M. tuberculosis 
H37Rv. Lane 6 is pattern 1 rifampin-resistant strains with 4 
bands, Lanes 7 and 8, pattern 2 rifampin-resistant with 5 
bands, Lane 9, pattern 3 rifampin-resistant with 5 bands differ-
rent from 7 and 8, Lane 10, pattern 4 rifampin-resistant with 4 
bands different from Lane 6 and 11 to 15, pattern 5 rifampin 
resistant with 4 similar bands. All strains show distinguishable 
patterns from that of M. tuberculosis H37Rv pattern. 
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Figure 5.  PCR-SSCP patterns of H37Rv and 11 rifampin 
resistant M. tuberculosis strains amplified rpoB gene (lanes 7 
to 12, are Pasteur Institute of Iran strains). Lane 1 is M. 
tuberculosis H37Rv, lane 2, pattern 6 is similar to H37Rv, 
lane 3 and 10, pattern 7 are 3 bands and others have 4 bands 
similar to pattern 4 rifampin-resistant strains. 

 

 
Figure  6.  Electropherograms of automatic DNA sequencing 
after the amplification of rpoB DNA by PCR that were 
directly performed with the PCR product from sample 
MTB28ES. The PCR sequencing revealed a mutation at codon 
526(CAC/TAC, His/Try). Resistance was confirmed by 
susceptibility testing (proportion method) and PCR-SSCP 
analysis. 

 
 

Table 2.  Specific mutations identified in 8 resistance strains 
of M. tuberculosis isolated from Isfahan 

Mutated rpoB 
codon 

Specific 
mutation Strain no. 

523 GGG/GGT 
(Gly/Gly) 1 resistant strain (mtbr35) 

526 CAC/TAC 
(His/Tyr)  

531 TCG/TTG 
(Ser/Leu) 4 resistant strains (8,15, ,20 ,28,) 

511 CTG/TTG 
(Leu/Leu) 1 resistant strain (mtbr48) 
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Figure 7.  Electropherograms of automatic DNA sequencing 
after the amplification of rpoB DNA by PCR that were 
directly performed with the DNA from sample MTB20. The 
PCR DNA sequencing revealed a mutation at codon 
531(TTG) in the rpoB DNA of M. tuberculosis. Resistance 
was confirmed by susceptibility testing and sequence analysis 
of culture isolate [TCG/TTG (Ser/Leu)]. 

Discussion 

Because of its high bactericidal action, RIF, along 
with INH, forms the backbone of short-course chemo-
therapy [23] The RIF resistant strains arise by sequential 
acquisition of resistance-conferring mutations in rpoB 
gene as a consequence of antibiotic selection. This 

situation causes great concern worldwide because of the 
prolonged infectivity, which increases the risk of 
transmission. 

Concerning mutation detection, molecular techniques 
is more rapid than rifampin susceptibility testing, which 

depends on culture and therefore requires an additional 
4 to 6 weeks after the primary isolation to obtain the 
results. Although problems due to silent mutations were 
recently described [12], rifampin resistance in 
M. tuberculosis was successfully determined by PCR-
SSCP [12,25,26] and PCR direct sequencing [27] when 
the DNA was prepared from cultures. The principle of 
PCR-SSCP is based on the fact that the two denatured 
strands of DNA, in this case PCR product, adopt stable 
intramolecular conformations, which may differ from 
the wild type upon mutation. This causes a change in 
the electrophoretic mobility of the strands. 

In this study we present molecular genetic analysis of 
rifampin resistance in Isfahan (Iran) clinical isolates of 
M. tuberculosis. This study demonstrated that 
frequencies of particular PCR-SSCP patterns in RMP-
resistant. M. tuberculosis isolates from Isfahan have 
some differences in comparison with those that have 
been reported for isolates of other geographic areas 
[15,21,23,25,26,31]. 

In spite of extensive and comprehensive 
standardization of the PCR-SSCP method, our data 

demonstrate that this procedure was highly specific and 
sensitive for detecting mutations in the rpoB gene in 
rifampin-resistant clinical isolates of M. tuberculosis. 
Our results are the same as those of Bahremand et al. 
finding [28] but are not exactly conform to Spindola de 
Miranda et al. although the method was fully 
reproducible, it was not sensitive enough to detect the 
mutations in rpoB region [20]. However, in this study, 
1/21 (4.75%) of the resistant isolates had a PCR-SSCP 
pattern similar and 1/16 (6.3%) of the sensitive strains 
differ to that of the M. tuberculosis susceptible control 
strain H37Rv. These results may imply a mutation in 
another part of the rpoB gene or the existence of at least 
one additional gene that participates in rifampin 
resistance or the existence a mutation that produce any 
changes in normal conformation. 

Different PCR-SSCP patterns were obtained from 
resistant strains (Figs. 4, 5, and 6). Most of resistant 
strains (95.2%) showed PCR-SSCP patterns different 
from that of H37Rv. Six strains (28.6%) had four bands, 
5 strains (23.8%) had three bands that migrated more 
slowly or faster than those of H37Rv. Because 1 
amplified rpoB in rifampin-resistant had identical 
pattern with H37Rv strain, PCR-SSCP did not detect the 
rpoB mutations in 1 out of 21 resistant strains (4.75%). 
Therefore, the overall sensitivity of the assay was 
95.2%. Also we did not find any correlation between the 
percentage of resistance and the different PCR-SSCP 
patterns (P-value>0.05). These data are consistent with 
the PCR-SSCP analysis of this gene in Latvia that 
shows strand mobility differences between the resistant 
and susceptible M. tuberculosis for the D516V, H526D 
and D516Y plus P535S mutations but not for the S531L 
mutation [29]. Xiao-Yong Fan et al. demonstrated that 
among 39 rifampin-resistant, 36 strains had mutations in 
rpoB gene and three group mutations at different codons 
[30]. On the basis of the SSCP results of Miriam 
Bobadilla et al. [21], the 35 RIFr isolates were grouped 
in two main categories: group one, 24 isolates (68.6%) 
with an SSCP identical to that of the control strain 
H37Rv, and group two, 11 isolates (31.4%) with an 
SSCP different from that of H37Rv. They reported that 
the MICs were variable in-group one. In-group two, 
four polymorphisms were observed with different 
MICs. The 11 RIFs isolates showed an SSCP identical 
to that of H37Rv. Lee et al. [14] assessed the molecular 
mechanism of rifampin resistance in clinical strains of 
Mycobacterium tuberculosis. The molecular nature of a 
part of the rpoB gene in 77 M. tuberculosis clinical 
strains isolated in Korea was analyzed using PCR-SSCP 
and PCR-sequence analysis. Among 67 RMP-resistant 
isolates, 50 showed SSCP profiles different from that of 
an RMP-sensitive control strain, M. tuberculosis 
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H37Rv, indicating the possible existence of a sequence 
alteration in this region of the rpoB gene, while 17 
resistant isolates displayed SSCP profiles 
indistinguishable from that of the sensitive control 
strain. Spindola de Miranda et al. demonstrated a clear 
association between rpoB mutations and the resistance 
profile [20]. In their studies mutations in susceptible 
strains were detected by this method. Their results 
showed that this procedure was highly specific but had 
poor sensitivity for detecting mutations in the rpoB gene 
in rifampin-resistant clinical isolates of M. tuberculosis, 
since two thirds of the resistant isolates had a PCR-
SSCP pattern similar to that of the M. tuberculosis 
susceptible control strain H37Rv. Furthermore, in a 
recent study by Lee et al. in Korea, false-negative 
results were obtained in 17 (25.4%) out of 67 strains 
[15]. Our data indicate that sensitivity of this method 
was 95.2% with the specificity of 93.8%. Thus this 
method can be considered as a convenient method for 
detection of mutations responsible for conferring 
rifampin-resistance, and PCR-SSCP analysis is 
increasingly useful in particular, the development of 
nonisotopic PCR-SSCP analysis that has simplified the 
procedure and enhanced its utility in routine 
laboratories. Eight Rifr and 1 Rifs isolates were 
analysed for DNA sequences. No novel mutations or 
double or multiple mutations were exhibited beyond the 
23 mutations described in earlier studies [32]. Two most 
prevalent mutations were missense mutations at the 
positions Ser-531 (TCG/TTG: Ser/Leu) and His-526 
(CAC/TAC: His/Tyr). This finding is comparable to the 
results of early studies demonstrating the rpoB mutation 
frequencies in isolates from the United States [32,33], 
European and African countries [34], Japan [35,36], and 
Asian countries [37]. Of the 8 sequences of Rifr 
isolates, 6 strains (75%) showed a single mutation and 
two isolates (25%) had mutations caused polymorphi-
sm. In summary, our data on rpoB mutation frequencies 
in isolates from Iran supported the common notion that 
rifampin resistance genotypes with mutations at critical 

codons, i.e., those encoding Ser-531 and His526 were 

the most frequently found in M. tuberculosis 
populations regardless of geographic origin. 
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