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ABSTRACT 
 

Mycobacterium tuberculosis has become the cause for one of the most dreadful disease which the mankind has ever 
known i.e. Tuberculosis. The organism holds the ability to infect multiple organs at a time resulting in multiple 
symptomatic presentations in pathogenic condition while in non-pathogenic condition, it can lay dormant and 
remain asymptomatic. The research work presented here aimed at sequencing of Rifampicin Resistance Determining 
Region (RRDR) of the rpoB gene present in phenotypically multidrug resistant M. tuberculosis. The findings showed 
that the major point of mutations to be present within this region was at codon 516, 526, and 531. Early diagnosis 
of multidrug resistance in any pathogen has become a pre � requisite for proper treatment and efficient elimination 
of pathogenic organisms from the host with minimal toxicity. Similarly, understanding the mutation dynamics of 
target genes also help in novel drug design and discovery. 
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INTRODUCTION 

�P=@M>PGJNDN������C<N�<�N@MDJPN�>GDID><G�NDBIDAD><I>@�
<N�DO�CJG?N�OC@�M@>JM?�AJM�=@DIB�<�?DN@<N@�M@NKJIND=G@�AJM�
><PNDIB�HJM=D?DOT� <I?�HJMO<GDOT� AJM� OC@� GJIB@NO� ODH@|�
�@K<G�<I?�OC@�>JMM@NKJI?DIB�?@Q@GJKDIB�I<ODJIN�NPAA@M�
HJNOy� AMJH� OC@� =MPO@� I<OPM@� JA� OC@� ?DN@<N@� �£�|� �C@�
=<>O@MDPH� M@NKJIND=G@y� �T>J=<>O@MDPH� OP=@M>PGJNDNy�
IJMH<GGT�M@ND?@N�DI�OC@�GPIBN�><PNDIB�KPGHJI<MT�OP=@M~
>PGJNDNz� CJR@Q@My� DO� DN� IJO� ?@GDHDO@?� OJ� JOC@M� JMB<INy�
C@I>@� DI� NP>C� ><N@N� ><GG@?� <N� @SOM<� KPGHJI<MT� OP=@M~
>PGJNDN��¤�|��C@�K<OCJB@I�DN�DIA@>ODJPN�<I?�O<F@N�<@MD<G�
HJ?@�AJM�OM<INA@M|��C@�=<>O@MDPH�KM@N@ION�>GDID><G�NTHK~
OJHN�=<N@?�PKJI�DON� GJ><ODJI�NP>C�OC<O�OC@�KPGHJI<MT�
><N@N� <M@� M@>JBIDU@?� =T� >CMJID>� >JPBCy� >C@NO� K<DIy�
R@DBCO�GJNN�<I?�JOC@MN��¥�| 

�HJIB�OC@�?DNODIBPDNC@?�H@H=@MN�JA��T>J=<>O@MD<y�
�|� OP=@M>PGJNDN� CJG?N� <� K<MOD>PG<M� DIO@M@NO� ?P@� OJ� DON�
>GDID><G� NDBIDAD><I>@� DI� ><PNDIB� Q<MDJPN� OTK@N� JA� OP=@M~
>PGJNDN|��P=@M>PGJNDNy�<�H<G<?T�<N�JG?�<N�CPH<I�>DQDGD~
U<ODJI�DON@GA�NODGG�CJG?N�<I�D>T�BMDK�PKJI�DON�QD>ODH�?@NKDO@�

OC@�<?Q<I>@N�DI�OM@<OH@IO�RDOC�Q<>>DI@N�<I?�<IOD=DJOD>N�
�¦�|��PGOD?MPB�M@NDNO<IO��|�OP=@M>PGJNDN������������DN�
B@I@M<GGT�M@A@MM@?�OJ�OC<O�NOM<DI�JA��T>J=<>O@MDPH�RCD>C�
C<N�=@>JH@�M@NDNO<IO�OJ�=JOC��DA<HKD>DI�<I?�
NJID<UD?| 

 
�@>C<IDNH�JA�M@NDNO<I>@�AJM��DA<HKD>DI 

Resistance to rifampin arises due to mutations in 
the > subunit of RNA polymerase encoded by the gene 
rpoB [5]. This includes point mutations, deletions, and 
insertions [6]. This results in conformational changes 
that determine a low affinity for the drug and conse-
quently the development of resistance [7]. Most muta-
tions 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 in 
frame deletions and insertions also occur at lower fre-
quencies. Changes in the codons Ser531 and His526 
have been documented in more than 70% of the RIF-
resistant isolates [8]. 
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Figure 2. Agarose gel (2%) electrophoresis for PCR products 

amplified using MPB64 primers for confirmation of 

Mycobacterium samples. L1 � Ladder; L2 � L4: Sample 

No. 1 to 3 
 


DBPM@�¥| �B<MJN@� B@G� �¤³�� @G@>OMJKCJM@NDN� AJM� ���� KMJ?P>ON�

<HKGDAD@?�PNDIB�B@I@�NK@>DAD>�KMDH@MN�AJM������M@BDJI�

JA�MKJ�|��£����<??@Mz��¤����£¢{��<HKG@��J|�£�OJ�«| 

 
MATERIALS AND METHODS 

DNA preparation 
Twenty - four M. tuberculosis samples which were 

phenotypically determined as multiple drugs resistant by 
Drug Susceptibility Test were collected from Global 
hospital, Lalitpur, Nepal. DNA isolation from the lysate 
was performed using Accuprep DNA Purification KitTM.  
 
Confirmation of Mycobacterium by MPB64 Primer 

The purified DNA samples were confirmed to be 
that of Mycobacterium using MPB64 primers. The PCR 
R<N�K@MAJMH@?�PNDIB�OC@�KMDH@M�N@O��
���§�-TCCGCT 
GCCAGTCGTCTTCC-¥���<I?������§�-GTCCTCGC 
GAGTCTAGGCCA-¥��| The PCR condition was set as 
initial denaturation at 95·C for 5 minutes followed by 
denaturation at 95·C for 45 seconds, 55·C for 45 
seconds and extension at 72·C for 30 seconds for 35 
cycles followed by final extension at 72·C for 10 minutes 
and hold at 4·C. 

Figure 3. Multiple Sequence Alignment for selected region of 

rpoB gene to display mutations in the codons 516, 526, 

and 531. The yellow highlighted nucleotides show the 

major codons that mutate while the red highlights 

within show changed bases when compared with the 

standard sequence of the strain L27989.1. 

Figure 4. Graph representing the number of isolates bearing 

mutation at particular locus 
 
Primer for sequencing 

rpoB gene specific primer was used as previously 
described by Fan et al. in 2003 [10]. The primer sequen-
ce covers the nucleotide sequence most prone for muta-
tion and primarily involves the region responsible for 
rifampicin resistance. Hence, the region is commonly 
referred to as Rifampicin Resistance Determining Re-
gion (RRDR). 

 
Sequencing 

Preliminary analysis of the sequence obtained was 
done using Chromas Lite 2.1.1 followed by sequence 
alignment in the software MEGA 6.06 by Clustal W. 
The final sequence was then compared with the RNA 
polymerase > subunit (rpoB) gene of the M. tuberculosis 
(Accession No. L27989.1) sequence available at Euro-
pean Nucleotide Archive (European Molecular Biology  
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Laboratory � European Bioinformatics Institute). 
 
RESULTS AND DISCUSSION 

Confirmation of M. tuberculosis by PCR 
�C@�N<HKG@N�J=O<DI@?�R@M@�>JIADMH@?�<N�OC<O�JA��|�

OP=@M>PGJNDN�=T�K@MAJMHDIB�����RDOC����¨¦�KMDH@MN|�
�C@�>JIADMH<ODJI�R<N�?JI@�<N�@QD?@IO�AMJH�KM@N@I>@�JA�
����KMJ?P>ON�>JHK<M<ODQ@�OJ�OC@�=<I?�JA�<KKMJSDH<O@GT�
¤¦¢�=K�QDNP<GDU@?�PI?@M����<N�NCJRI�DI�
DBPM@�£|��PO�
JA�¤¦�N<HKG@N�NP=E@>O@?�OJ����y�£«�N<HKG@N�NCJR@?�KJN~
DODQ@�M@NPGON|��GOCJPBC�<GG�¤¦�N<HKG@N�R@M@�D?@IODAD@?�<N�
KC@IJOTKD>�������y�OC@�<=N@I>@�JA�=<I?N�DI�§�N<HKG@N�
>JPG?�=@�?P@� OJ� GJNN� JA�����?PMDIB�KPMDAD><ODJI� NO@K�
M@NPGODIB�DI�A<GN@�I@B<ODQ@�M@NPGON|��CDN�DN�OCJPBC�C<M?�OJ�

=@�?@O@MHDI@?�<N�H<IT�N<HKG@N�?@NKDO@�JA�G<>F~ 
DIB�QDND=G@�=<I?� DI� OC@�B@G�BDQ@N�KJNDODQ@�M@NPGO�?PMDIB�
OC@� ���� <HKGDAD><ODJI|� �Jy� OC@� I@SO� KMJ=<=G@� M@<NJI�
RJPG?�=@�OC@�?@BM<?<ODJI�JA�����?PMDIB�NOJM<B@�><PN~
DIB�GJNN�JA�<HKGDAD><ODJI|��CDN�>JPG?�=@�?P@�OJ�DHKMJK@M�
NOJM<B@�>JI?DODJI|�
I�>JI>GPNDJIy�JPO�JA�¤¦�N<HKG@N�B<OC~
@M@?�AJM�OCDN�NOP?Ty�JIGT�£«�N<HKG@N�>JPG?�=@�PODGDU@?�AJM�
APMOC@M�?JRI�NOM@<HDIB�KMJ>@NN@N| 
 

�@LP@I>@�<I<GTNDN 
��§¥©�=K�M@BDJI�JA�����@I>JHK<NNDIB�OC@������

JA�MKJ��B@I@�JA��|�OP=@M>PGJNDN�R<N�<HKGDAD@?�PNDIB�<�
B@I@�NK@>DAD>�KMDH@M�RCD>C�R<N�NP=N@LP@IOGT�PODGDU@?�AJM�
N@LP@I>DIB� �
DBPM@� ¤�|� �I<GTNDN� JA� OC@� ?<O<� J=O<DI@?�

 

 

 

 

 

 

 

 

 

Figure 5.  Schematic diagram depicting the type and number of particular mutation as well as percentage of mutation occurring at co-

dons 516, 526, and 531 in different samples when compared to standard sequence of the strain L27989.1.  [9] 

 

Table 1. Table showing the isolates with mutation in the specific codons as validated by the sequencing. The highlighted codons rep-

resent the mutation in the codons of the sample when compared with the standard sequence of the strain L27989.1. 

Sample No. 
L27989.1 516 

Codon/AA 

Sequenced 516 

Codon/AA 

L27989.1 526 

Codon/AA 

Sequenced 526 

Codon/AA 

L27989.1 531 

Codon/AA 

Sequenced 531 

Codon/AA 

06r GAC/ Asp GAC/ Asp CAC/His CAC/His TCG/Ser TTG/Leu 

07r GAC/ Asp GAC/ Asp CAC/His CAC/His TCG/Ser TTG/Leu 

10r GAC/ Asp GAC/ Asp CAC/His GAC/Asp TCG/Ser TCG/Ser 

11r GAC/ Asp GAC/ Asp CAC/His GAC/Asp TCG/Ser TCG/Ser 

12r GAC/ Asp TAC/Tyr CAC/His CAC/His TCG/Ser TCG/Ser 

14r GAC/ Asp GAC/ Asp CAC/His CAC/His TCG/Ser TTG/Leu 

16r GAC/ Asp GAC/ Asp CAC/His CAC/His TCG/Ser TCG/Ser 

21r GAC/ Asp GTC/Val CAC/His CAC/His TCG/Ser TCG/Ser 

24r GAC/ Asp TTC/Phe CAC/His CAC/His TCG/Ser TCG/Ser 

26r GAC/ Asp GAC/ Asp CAC/His CAC/His TCG/Ser TTG/Leu 

29r GAC/ Asp GAC/ Asp CAC/His CAC/His TCG/Ser TTG/Leu 

31r GAC/ Asp GAC/ Asp CAC/His CAC/His TCG/Ser TTG/Leu 

32r GAC/ Asp GAC/ Asp CAC/His CAC/His TCG/Ser TTG/Leu 

35r GAC/ Asp GAC/ Asp CAC/His CAC/His TCG/Ser TGG/Trp 

40r GAC/ Asp GAC/ Asp CAC/His GGC/Gly TCG/Ser TCG/Ser 

43r GAC/ Asp GAC/ Asp CAC/His CAC/His TCG/Ser TTG/Leu 

45r GAC/ Asp GAC/ Asp CAC/His CAC/His TCG/Ser TTG/Leu 

46r GAC/ Asp GAC/ Asp CAC/His CAC/His TCG/Ser TTG/Leu 

49r GAC/ Asp GAC/ Asp CAC/His CGC/Arg TCG/Ser TCG/Ser 
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NCJR@?� <O� G@<NO� JI@�HPO<ODJI� RDOCDI� OC@� M@BDJI|� �C@�
M@NPGON�J=O<DI@?�R@M@�>JHK<M<=G@�OJ�OC<O�?JI@�=T�
<I�@O�
<G|y� RC@M@=T� OC@� <POCJMN� J=N@MQ@?� OC<O� <HJIB� OC@�
N<HKG@N�OC@T�KMJ>PM@?y�HPO<ODJI�R<N�CDBCGT�KMJ=<=G@�DI�
OC@�>J?JI�§¥£��£¢�| 


I�JPM�NOP?Ty�HPO<ODJIN�>JPG?�=@�K@M>@DQ@?�JIGT�DI�
OC@�>J?JIN�§£¨y�§¤¨�<I?�§¥£�RDOC�CDBC@NO�K@M>@IO<B@�JA�
HPO<ODJI� =@DIB� J=N@MQ@?� <O� >J?JI� §¥£� �¨¥|£§³�� AJG~
GJR@?�=T�>J?JI�IPH=@M�§¤¨��¤£|¢§³��<I?�§£¨��£§|©ª³��
�
DBPM@�¥y�¦y�<I?�§�|��GG�JA�OC@�HPO<ODJIN�RDOI@NN@?�DI�
OCDN�NOP?T�>JH@�RDOCDI�OC@������JA�OC@�MKJ��B@I@�<N�
C<N�=@@I�J=N@MQ@?� DI� N@Q@M<G�JA� OC@� NOP?D@N�KM@QDJPNGT�
?JI@��££y�£¤�| 

�C@� ����� DN� >JIND?@M@?� OJ� =@� <� CJONKJO� M@BDJI�
=@<MDIB�N@Q@M<G�HPO<ODJIN�M@NKJIND=G@�AJM�DHK<MODIB�M@~
NDNO<I>@�OJ��T>J=<>O@MDPH�<B<DINO�OC@�ADMNO�GDI@�JA�?MPBy�
�DA<HKD>DI|��GOCJPBC�<GG�OC@�N<HKG@N�NCJR@?�HPO<ODJI�
DI�OC@�M@BDJI�=@DIB�<I<GTN@?y�OC@�M@NDNO<I>@�>JPG?�IJO�=@�
NJG@GT�<OOMD=PO@?�OJ�OC@�<I<GTN@?�M@BDJI�JIGT�<I?�OC@M@�
HDBCO�=@�HPO<ODJIN�JI�OC@�JOC@M�NDO@N�<N�R@GG|��C@�<I<~
GTNDN�JA�APGG�G@IBOC�B@I@�JA�MKJ��R<N�IJO�KJNND=G@�AJM�JPM�
NOP?Tz�C@I>@�HPO<ODJIN�HDBCO�=@�KM@N@IO�JPOND?@�JA�OC@�
�����OC<O�>JPG?�=@�>JIOMD=PODIB�OJ�Q<MTDIB�?@BM@@�JA�
M@NDNO<I>@�<B<DINO�MDA<HKD>DI|�
PMOC@M�<I<GTNDN�JA�HPGOD~
?MPB� M@NDNO<I>@��|� OP=@M>PGJNDN� I@@?N� OJ�=@� ><MMD@?� OJ�
@NO<=GDNC�<� >JMM@G<ODJI�=@OR@@I� OC@�>J?JI�JA�HPO<ODJI�
<I?�OC@�?@BM@@�JA�M@NDNO<I>@| 
 
CONCLUSION 

Sequence analysis of 19 samples showed mutation 
at three codons namely 516, 526, and 531. The mutation 
thus occurring possibly imparts bacterium with the 
ability to be resistant to the drug, rifampicin. Hence, for 
the timely diagnosis of the multidrug resistant 
Mycobacterium as well as improved prognosis for the 
patient, it is imperative to detect such cases at an early 
stage through accurate methods like sequencing. 
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