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ABSTRACT 

Objective: To analyze characterization of the 
rpoB gene mutations of Mycobacterium tuber- 
culosis isolated from China and to explore the 
association of specific mutations conferring ri-
fampicin (RIF) resistance with Beijing genotype 
strains. Methods: Genotypic analysis of 3479 M. 
tuberculosis isolates including 402 RIF-resistant 
and 3077 RIF-susceptible isolated from the na- 
tional drug-resistant tuberculosis baseline sur- 
vey was performed. Results: DNA sequencing 
analysis of the 81-bp RIF resistance determining 
region (RRDR) of the ropB gene revealed that 
98.01% of RIF-resistant strains showed rpoB 
gene mutation, isolates with mutations at codon 
rpoB531, rpoB526 and rpoB516 were the most 
frequently. Analysis of the rpoB gene of 3077 
RIF-susceptible strains revealed that 98.96% of 
the strains had no mutation. The distribution of 
mutation frequency at different critical codons in 
different regions of China was statistically sig- 
nificant (p = 0.001). There was no significant 
difference in the occurrence of mutations at cri- 
tical codons between the rifampicin-resistant Bei- 
jing and non-Beijing isolates. Conclusion: About 
98% of RIF-resistant strains isolated from China 
carry mutations in RRDR of rpoB gene. Mutation 
profiles in RIF-resistant M. tuberculosis clinical 
isolates are variable depending on the different 
geographical regions of China. The results pro- 
vide valuable information in adopting new mo- 
lecular methods for diagnosis of TB in China. 
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Genotype 

1. INTRODUCTION 

Tuberculosis (TB) especially drug resistance TB is one 
of the big challenges in China, and nationwide anti-TB 
drug resistance survey indicated that 34.2% of new cases 
and 54.5% of previously treated cases had resistance to 
at least one of the 4 first-line anti-tuberculosis drugs, 
5.7% of new cases and 25.6% of previously treated cases 
had multidrug-resistant (MDR) tuberculosis [1]. High 
burden of drug resistant TB make a serious problem to 
the TB control in China. Treatment of TB infection relies 
primarily on the use of first-line drugs including isoni- 
azid and RIF with ethambutol and pyrazinamide [2]. RIF 
remains one of the most efficient drugs in the modern 
short-course regimens due to its excellent bactericidal 
activity [3]. Resistance to RIF is an indicator of possible 
multi-resistance as nearly 90% of RIF resistant strains 
are also isoniazid-resistant [4]. Reliable and timely drug 
susceptibility testing is critical to ensure patients receive 
effective drug treatment and reduce TB transmission. At 
present, the solid culture and culture-based drug suscep- 
tibility testing are widely used in most areas of China, 
these methods are constrained by the slow growth of M. 
tuberculosis. The use of molecular methods to identify 
mutations associated with drug resistance can decrease 
diagnostic delay. In recent years, studies indicating TB 
drug resistance are associated with mutations in several 
genes. Resistance to RIF is due to the genetic alterations 
in the rpoB gene encoding the beta-subunit of the 
DNA-dependent ribonucleic acid polymerase. It is re- 
ported that 95% of RIF resistance isolates are mediated 
by mutations in an 81 bp hot spot region (codons 507 to 
533) of the rpoB gene [5]. Various molecular methods 
based on rpoB gene sequence have been developed to 
detect mutations in the sequence, including direct se- 
quencing of PCR products, single stranded confirmation 
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polymorphism analysis and line probe assay. 
In this study, we use a large set of M. tuberculosis 

isolated from the whole country during nationwide anti- 
TB drug resistance survey, representing a variety of RIF 
resistance patterns, analyze the molecular pattern of mu- 
tations conferring resistance to RIF of M. tuberculosis 
strains and explore the associations of specific mutations 
with Beijing genotype strains. 

2. MATERIALS AND METHODS 

2.1. Mycobacterial Strains 

From April 2007 to December 2007, the National Tu- 
berculosis Reference Laboratory, Chinese Center for Di- 
sease Control and Prevention conducted the first round 
nationwide anti-TB drug resistance survey in China. 
According to protocol, 70 clusters covering all national 
provinces (autonomous regions and municipalities di- 
rectly under the central government) were randomly 
chosen according to multistage cluster sampling method. 
51 eligible new cases and 17 previously treated smear- 
positive patients were enrolled into each cluster during 
the survey [1]. Mycobacterium strains were isolated on 
solid Löwenstein-Jensen (L-J) medium at county/regional 
laboratories, Species differentiation and drug susceptibil- 
ity testing (DST) were performed at the National Tuber- 
culosis Reference Laboratory. DST results were avail- 
able for 3929 M. tuberculosis strains isolated from 3037 
new and 892 previously treated cases, of which 452 iso- 
lates were RIF resistant strains and 3477 were RIF sus- 
ceptible strains. 3479 isolates including 402 RIF resistant 
strains representing 88.93% of the RIF resistant strains 
and 3077 RIF susceptible strains representing 88.50% of 
the RIF susceptible strains were random selected and 
included in this study. 

2.2. Drug Susceptibility Testing 

Antimicrobial drug susceptibility testing was performed 
using the conventional proportional method: RIF (40 
μg/ml), isoniazid (0.2 μg/ml), ethambutol (2.0 μg/ml), 
streptomycin (4.0 μg/ml), kanamycin (30 μg/ml) and 
Ofloxacin (2.0 μg/ml) were used in slants, H37Rv strain 
was used as negative control, ongoing external quality 
control was assured by the Hong Kong Supranational 
Tuberculosis Reference Laboratory. 

2.3. Preparation of DNA 

The bacteria were removed from L-J slants, suspended 
in 400 μl of 1 × TE buffer, heat killed, boiling at 100˚C 
for 15 min, and then centrifuged at 12,000 g for 5 min to 
remove cell debris. The supernatant was stored at −20˚C. 
For each PCR reaction, 2 μl of extracted genomic DNA 
was used. 

2.4. RpoB Gene Amplification and Sequence  
Analyse 

PCR amplification followed by DNA sequencing of 
the rpoB RIF RRDR region, PCR primers for rpoB were 
rpoB F (5’-tacggtcggcgagctgatcc-3’) and rpoB R: (5’- 
tacggcgtttcgatgaacc-3’). Each 25-μl PCR mixture con- 
tained 12.5 μl 2 × Taq PCR Star mix (GenStar Biosolu- 
tions Co., Ltd.), 0.5 μl of each set of 20 μM primers, 9.5 
μl distilled H2O, and 2 μl of genomic DNA. The ampli- 
fication parameters included an initial denaturation step 
at 94˚C for 5 min, followed by 30 cycles of denaturation 
at 94˚C for 30 s, annealing at 58˚C for 30 s, and elonga- 
tion at 72˚C for 30 s, with a final extension at 72˚C for 7 
min. The 411 bp amplicons were purified and sequenced 
using the primer rpoB F or rpoB R and sequences ana- 
lysed using DNAstar and BioEdit software. 

2.5. Spoligotyping 

All isolates were analysed by spoligotyping using a 
commercial kit (Isogen Bioscience BV, Maarsen, the 
Netherlands) according to the manufacturer’s instruc- 
tions. Strains of the Beijing genotype were identified by 
their characteristic spoligotype pattern with hybridisation 
to spacers 35 - 43 only. 

2.6. Quality Control 

92.04% (370/402) of RIF resistant and 4.87% (150/ 
3077) of a random sample of RIF susceptible strains 
were re-tested by another technicians at National TB 
Reference Laboratory, the results of rpoB gene sequenc- 
ing were confirmed. 

2.7. Ethical Consideration 

The study protocol was approved by the ethical review 
committees of Chinese Center for Disease Control and 
Prevention. Written informed consent was obtained from 
the study participants. 

3. RESULTS 

3.1. Drug Susceptibility and Beijing  
Genotype Patterns 

Phenotypic DST was performed on all study isolates 
for six drugs: RIF, isoniazid, ethambutol, streptomycin, 
kanamycin and Ofloxacin. Of the 3479 isolates tested in 
this study, 2151 were susceptible to all tested drugs, 
1328 were drug-resistant to any one of the tested drugs. 
402 were RIF-resistant strains, of which, 37 were RIF 
monoresistant. 138 were isoniazid monoresistant. 342 
were MDR-TB, as defined by resistance to both isoniazid 
and RIF, and of which 22 were extensively drug-resistant 
(XDR) TB strains, defined as MDR TB that is also resis- 
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tant to any fluoroquinolones and one of the second-line 
injectable drugs. 85.07% (342/402) of RIF resistance 
strains were MDR-TB strains. 578 were resistant to 
drugs not including RIF or isoniazid. Spoligotyping was 
performed for 394 of 402 RIF-resistant isolates, of which, 
249 (63.2%) were revealed to be Beijing genotype strains, 
145 (36.8%) were found to be non-Beijing strains; of 335 
of 342 MDR isolates that were spoligotyping tested, 212 
(63.3%) were found to be Beijing strains, 123 (36.7%) 
were found to be non-Beijing strains; of 3023 of 3077 
RIF-susceptible isolates that were tested, 1923 (63.6%) 
were found to be Beijing strains. 

3.2. RIF Resistant and rpoB Gene Mutation 

402 phenotypically RIF-resistant isolates were tested 
for mutations in the rpoB gene. DNA sequence analysis 
revealed that 98.01% (394/402) strains of RIF-resistant 
showed rpoB gene mutation versus 1.99% (8/402) strains 
having no mutation. A total of 23 nonsynonymous single 
mutations, 2 3-bp insertions, 5 deletions, 20 double mu-
tations and a triple mutation were identified among the 
study isolates. In 359 of 402 RIF-resistant isolates with 
point mutation, 5 types of mutations were identified in 
codon 531, 8 types of mutation were found in codon 526, 
2 types of mutation were found in codons 516 and 522, 
respectively. In 24 of the double mutations, 16 isolates 
with unique pairs, 2 with the Leu511Pro/Met515lle, 2 
with the Leu511Pro /Asp516Gly , 2 with the Leu511Pro/ 
Asp516 Ala , 2 with the Leu511Pro/His526Gln. Muta-
tions were observed in affected codons 508, 509, 510, 
511, 512, 513, 514, 515, 516, 517, 518, 519, 522, 523, 
525, 526, 529, 531, and 533 in the rpoB fragment. 

Of the mutations found within the RRDR, the codons 
most frequently involved in mutations were codon 531 
(50.50%), codon 526 (26.12%) and codon 516 (7.21%). 
The three most frequently observed mutations accounted 
for 83.83% of the RIF-resistant isolates in this study. The 
commonest mutation was found at codon 531 in 191 
(47.51%) of isolates with Ser → Leu substitution (TCG → 
TTG), the second type of mutation was detected at codon 
526 in 34 (8.45%) of isolates with His → Tyr substitu- 
tion (CAC → TAC), the third type of mutation was found 
at 526 in 31 (7.70%) of isolates with His → Asp (CAC→ 
GAC), followed by codon 533 in 21 (5.22%) of isolates 
with Leu → Pro substitution (CTG → CCG) and codon 
516 in 17 (4.23%) of isolates with Asp → Val substitution 
(GAC → GTC). As to our knowledge, new mutations 
including 4 deletions, 2 insertions and 6 point mutations 
were not reported in the previous literature (Table 1). 

3.3. RIF Susceptible and rpoB Gene  
Mutation 

Analysis of the rpoB gene of the 3077 RIF-susceptible 

strains revealed that 98.96% (3045/3077) of the strains 
had no mutation while 1.04% (32/3077) of strains with 
mutation in the hot spot region of rpoB gene. 31 isolates 
with single mutations and 1 with Leu511Pro/His526Gln 
double mutation were found within the rpoB gene. Of the 
31 isolates showing single mutations, 10 had the muta- 
tion Leu511Pro, 9 the mutation Leu533Pro, 1 the muta- 
tion Asp516Val, 2 the mutation Asp516Gly, 3 the muta- 
tion Asp516Tyr, 3 the mutation Ser522Leu, 1 the muta- 
tion Ser522Gln, 2 the mutation His526Asn. 9 different 
mutations in five codons were identified with rpoB 
codons 511 (0.36%), 533 (0.30%) and 516 (0.19%) most 
frequently affected (Table 1). 

3.4. Mutation Profiles of RIF-Resistant  
Isolates and Geographical Distribution 

Considering different geographical regions may have 
different rpoB gene mutation profiles, we divide China 
into six different geographical areas, namely North 
China, Northeast China, East China, Central and South 
China, Southwest China and Northwest China. The 
codons most frequently involved in mutations were 
codon 531 in North China (60.5%) and Northeast China 
(66.7%), while the commonest mutation was found at 
codon 526 in Northwest China (43.2%). The distribution 
of mutation frequency at different codons in different 
regions of China was statistically significant (p = 0.001) 
(Table 2). 

3.5. Correlation of Genotypes and rpoB  
Mutation 

Among the 394 RIF-resistant strains with spoligotyp- 
ing results, 249 were Beijing genotype strains, the fre- 
quency of mutations in the rpoB gene hot spot region 
was 98.0%; while among the 145 RIF-resistant non-Bei- 
jing strains, the frequency of mutations in the rpoB gene 
hot spot region was 97.9%, and there was no significant 
difference in the occurrence of mutation in the rpoB gene 
hot spot region between the RIF-resistant Beijing and 
non-Beijing strains (p = 1.00). Also there was no signifi- 
cant difference in the occurrence of mutation in the rpoB 
gene hot spot region between the MDR Beijing and non- 
Beijing strains (97.6% vs. 97.6%, p = 1.00). 

Of 394 RIF-resistant strains of known genotype, 386 
(98.0%) contained mutations in the rpoB gene hot spot 
region, substitution of serine with leucine at codon 531 
was the most frequent mutation found among both Bei- 
jing strains (47.1%; 115/244) and non-Beijing strains 
(48.6%; 69/142 ), the frequency of mutation among Bei- 
jing strains and non-Beijing strains was not statistically 
significant (p = 0.78), and there was no significant dif- 
ference in the occurrence of mutations at codon 531 be- 
tween the Beijing and non-Beijing isolates (50.4% vs. 
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Table1. Frequency of nucleotide and amino acid changes of different codons in the rpoB gene of M. tuberculosis isolated from China. 

Codon(s) Change of nucleotide(s) Change of amino acid(s) 
Rifampicin resistant 

No.(%) of strains 
Rifampicin susceptible

No.(%) of strains 

No mutation ____ ____ 8 (1.99) 3045 (98.96) 

508, 509 Deletion*ACC AGC*a Deletion*Thr Ser* 1 (0.25) 0 

511 CTG → CCG Leu → Pro 5 1.24) 10 (0.33) 

510 - 513 Deletion*G CTG AGC CA*a Deletion*Leu Ser* 1 (0.25) 0 

513 CAA → AAA Gln → Lys 6 (1.48) 0 

513 CAA → CTA Gln → Leu 1 (0.25) 0 

513 CAA → CCA Gln → Pro 4 (1.00) 0 

513, 514 
*TTA*insertion between CAA and 

TTCa 
*Leu*insertion between 513 

and 514 
1 (0.25) 0 

513 - 516 Deletion*A TTC ATG GA*a Deletion*Phe Met* 1 (0.25) 0 

514, 515 
*TTC*insertion between TTC and 

ATGa 
*Phe*insertion between514 and 

515 
4 (1.00) 0 

515, 516 Deletion*ATG GAC*a Deletion*Met Asp* 1 (0.25) 0 

516 GAC → GTC Asp → Val 16 (3.98) 1 (0.03) 

516 GAC → GGC Asp → Gly 0 2 (0.06) 

516 GAC → TAC Asp → Tyr 4 (1.00) 3 (0.10) 

519 Deletion*AAC* Deletion*Asn* 1 (0.25) 0 

522 TCG → TTG Ser → Leu 2 (0.50) 3 (0.10) 

522 TCG → CAG Ser → Gln 1 (0.25) 1 (0.03) 

526 CAC → GGC His → Gly 4 (1.00) 0 

526 CAC → TAC His → Tyr 34 (8.45) 0 

526 CAC → GAC His → Asp 31 (7.70) 0 

526 CAC → AAC His → Asn 7 (1.73) 2 (0.06) 

526 CAC → AGC His → Ser 1 (0.25) 0 

526 CAC → CTC His → Leu 6 (1.48) 0 

526 CAC → CGC His → Arg 11 (2.73) 0 

526 CAC → TGC His → Cys 5 (1.24) 0 

531 TCG → TTG Ser → Leu 190 (47.30) 0 

531 TCG → TGG Ser → Trp 6 (1.48) 0 

531 TCG → TTC Ser → Phe 3 (0.73) 0 

531 TCG → TACa Ser → Tyr 2 (0.50) 0 

531 TCG → CAG Ser → Gln 1 (0.25) 0 

533 CTG → CCG Leu → Pro 19 (4.72) 9 (0.30) 

511 and 515 
CTG → CCG 
ATG → ATA 

Leu → Pro 
Met → lle 

2 (0.50) 0 

511 and 516 
CTG → CCG 
GAC → GGC 

Leu → Pro 
Asp → Gly 

2 (0.50) 0 

511 and 516 
CTG → CCG 
GAC → GCC 

Leu → Pro 
Asp → Ala 

2 (0.50) 0 

511 and 516 
CTG → CCG 
GAC → AAC 

Leu → Pro 
Asp → Asn 

1 (0.25) 0 

511 and 516 
CTG → CGG 
GAC → GGC 

Leu → Arg 
Asp → Gly 

1 (0.25) 0 

511 and 518 
CTG → CCG 
AAC → GAC 

Leu → Pro 
Asn → Asp 

1 (0.25) 0 

511 and 526 
CTG → CCG 
CAC → CAG 

Leu → Pro 
His → Gln 

2 (0.50) 0 

511 and 526 
CTG → CAGa 

CAC → CTC 
Leu → Gln 
His → Leu 

1 (0.25) 0 

511 and 526 
CTG → CCG 
CAC → CAA 

Leu → Pro 
His → Gln 

0 1 (0.03) 

512 and 516 
AGC → GGC 
GAC → GTC 

Ser → Gly 
Asp → Val 

1 (0.25) 0 
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Continued 

513 and 517 
CAA → AAA 
CAG → CTGa 

Gln → Lys 
Gln → Leu 

1 (0.25) 0 

513 and 523 
CAA → AAA 
GGG → TGG 

Gln → Lys 
Gly → Trp 

1 (0.25) 0 

513 and 526 
CAA → CTA 
CAC → CAA 

Gln → Leu 
His → Gln 

1 (0.25) 0 

513 and 531 
CAA → CTA 
TCG → TTG 

Gln → Leu 
Ser → Leu 

1 (0.25) 0 

515 and 516 
ATG → GTGa 

GAC → GGC 
Met → Val 
Asp → Gly 

1 (0.25) 0 

515 and 526 
ATG → GTG 
CAC → AAC 

Met → Val 
His → Asn 

1 (0.25) 0 

516 and 522 
GAC → GAG 
TCG → TTG 

Asp → Glu 
Ser → Leu 

1 (0.25) 0 

525 and 526 
ACC → TCCa 

CAC → ACC 
Thr → Ser 
His → Thr 

1 (0.25) 0 

526 and 529 
CAC → CGC 
CGA → CAAa 

His → Arg 
Arg → Gln 

1 (0.25) 0 

526 and 533 
CAC → AAC 
CTG → CCG 

His → Asn 
Leu → Pro 

1 (0.25) 0 

526 and 533 
CAC → CAG 
CTG → CCG 

His → Gln 
Leu → Pro 

1 (0.25) 0 

511 and 516 
and 518 

CTG → CCG 
GAC → GGC 

Leu → Pro 
Asp → Gly 1(0.25) 0 

aNew mutation. 

 
Table 2. The mutation frequency at different locus of the rpoB 
gene in rifampicin-resistant M. tuberculosis isolated from dif- 
ferent areas of China. 

Mutation frequency (%)  
Region No  

mutation 
516 526 531 533 Others 

Rifampicin- 
resistant isolates

North  
China 

1.2 8.6 17.3 60.5 3.7 8.6 81 

Northeast 
China 

0 6.1 9.1 66.7 12.1 6.1 33 

East China 1.9 4.7 32.1 43.4 4.7 13.2 106 

Central and 
South China 

4.0 2.0 23.8 52.5 4.0 13.9 101 

Southwest 
China 

2.3 9.1 18.2 47.7 4.5 18.2 44 

Northwest 
China 

0 0 43.2 29.7 2.7 24.3 37 

Total 2.0 5.0 24.6 50.2 4.7 13.4 402 

 
51.4%, p = 0.85), also, there were no significant differ- 
ence in the occurrence of mutation at codon 526, 516 
between the Beijing and non-Beijing isolates (23% vs. 
30.3%, 6.6% vs. 2.8%, p = 0.11, 0.11, respectively) (Fig- 
ure 1).  

4. DISCUSSION 

Analysis of RIF-resistant clinical strains around the 
world found that about 95% - 98% of resistant strains 
harbor mutations in an 81 bp region of the rpoB gene 
[6-11]. Codons 531, 526, and 516 have been reported the 
most frequent mutations in the rpoB fragment worldwide 
[12-15]. In this study, DNA sequence analysis revealed 

 

Figure 1. Frequencies of mutations in the rpoB hot spot region 
among rifampicin resistant Beijing and non Beijing strains. 
 
that 98% RIF resistant strains showed rpoB gene muta-
tion, 83.83% possessed mutations at codons 531, 526, 
and 516, the codons most frequently involved in muta-
tions were codon 531 (50.50%), codon 526 (26.12%) and 
codon516 (7.21%). The frequency of mutations in the 
rpoB gene of RIF-resistant M. tuberculosis isolates var-
ies between different geographical regions of China. The 
frequency of mutations occurs at the codons encoded Ser 
531 (29% to 66%), His 526 (9% to 43%), and Asp 516 
(0% to 9%). Previous study from Asia indicated that 
47.51% of isolates carried the most common mutation 
Ser531Leu, while 8.45%, 7.70%, 4.23% of isolates had 
His526Tyr, His526Asp and Asp516Val mutation [16]. 
The frequency of Asp516Val mutation was 3.98% in our 
study, it was found that frequency of Asp516Val muta- 
tion occurring less frequently in isolates from China and 
Hong Kong [17,18].  

In this study, some of the rpoB mutations, including 
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Leu511Pro, Leu533Pro, His526Asn, Ser522Leu, Ser522 
Gln, Asp516Tyr and Asp516Val were identified in 54 
RIF-resistant and 29 sesceptible strains, these results 
indicate strains harboring these mutations are associated 
with discordant susceptibility test results, which was in 
agreement with previous study [19]. Previous study in- 
dicated some mutations in codons 511, 516, 518 and 522 
could result in a lower resistance to RIF [20,21]. Other 
authors previously reported the identification of Asp516 
Tyr substitutions of rpoB in M. tuberculosis resistance to 
a high level of RIF [22,23], low level of RIF [20] and in 
strains sensitive to RIF [24]. Asp516Tyr/Gly substitu- 
tions in rpoB were not sufficient to result in RIF resis- 
tance of M. tuberculosis [25]. Our results were concor- 
dance with previously report, the mutation Leu533Pro 
was known either to have no effect or to confer weak 
resistance [26]. 

Previous study finds that Beijing genotype strains are 
prevalent in China [27]. Our data suggest that Beijing 
strains account for about 63% of M. tuberculosis isolated 
from China, our results did not show any significant dif- 
ference in the occurrence of mutation in the rpoB gene 
between the RIF-resistant Beijing and non-Beijing 
strains, the significant difference in the frequency of 
mutations at critical codons among Beijing/non-Beijing 
strains were not detected. These results are in accordance 
with previously report which tested M. tuberculosis iso- 
lated from eastern Asia countries and regions [28]. 
However, other authors who tested strains from Ukraine 
[29], Sichuan China [30] found significant difference in 
the frequency of mutations at codon 531 among Bei- 
jing/non Beijing strains. These contradictory reports in- 
dicate that the association of particular mutations and 
Beijing genotype strains is a regional phenomenon. Data 
from this study and previous reports demonstrate the 
ropB gene mutation profile in RIF-resistant M. tubercu- 
losis isolated from China differs not only from other 
countries but also from different parts of China [31-33]. 

Today, many rpoB gene sequence-based new diagnos-
tic methods such as the MTBDRplus assay (Hain 
Lifescience) and the Xpert MTB/RIF (Cepheid) have 
been developed to detect specific mutations associated 
with RIF drug resistance. The utility of these methods 
depends on the precise information about the role of any 
given mutation in RIF resistance, so phenotype and mo- 
lecular analysis of regional isolates is important. Based 
on results of this study, the MTBDRplus assay and the 
Xpert MTB/RIF will detect about 98% of RIF-resistant 
strains and 99% of RIF-susceptible strains, and for 2% of 
RIF phenotype resistant strains that had no mutations in 
the hot spot region of the rpoB gene, these new diagnos- 
tic methods will report false negative (sensitive) results, 
for 1% of RIF-susceptible harboring mutations in the hot 
spot region, these new methods will give false positive 
(resistant) results, so if probes covering codons 511, 533, 

516 and 522 report resistant results, more attention 
should be paid to these results, reference results of drug 
susceptibility test if necessary. 

5. CONCLUSION 

In summary, we use large set of strains with pheno- 
typic diversity isolated from different areas of China to 
provide important information about the mutations con- 
ferring RIF resistance in M. tuberculosis isolates. Most 
RIF-resistant strains carried mutations in RRDR of rpoB 
gene, the mutations were most frequently found at criti- 
cal codons. Most RIF-susceptible strains didn’t harbor 
mutations in RRDR of rpoB gene. rpoB gene sequence- 
based new diagnostic methods are promising for the 
rapid detection of RIF resistance. 
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