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2 Spacer Oligotyping 
3 Variable Number of Tandem Repeats 
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,6))p/�8�7�+(� 3+,
8<,6))n/8��7�+ (E�

�0 �+��5
 � �)+�$!$�E*��2o<�<+�$ /�0.�*,N) 

.)F �
��B
!$�C��G!3;<�0�	)4/;��7�+(

3���U;n�0�	);/;p�7�+ (MDR �;c�0�	

)n/8o�7�+(3Non-MDR �)+�$.

/���4(L�� �+ >��,2�*,� !@*�C48��H�@MIRU-VNTR �4d��H�@MIRU-VNTR ���*�)* � +*�OC!@*�C >�� 

�*,GC1�,0 ��� >�+	��0 +�*�)�.0*H37Rv ��" `_�
�)* 

	��0 �+ 	O[T /��

+�*�)�.0* H37Rv 

��*�)* � ���*,GC +*�OC

�+ ���*,GCH37Rv 
PCR Primer sequences (5’-3’) 

��H�@ &�) 

(bp) 

@٢)٣@( ٠٨TGGACTTGCAGCAATGGACCAACT 
TACTCGGACGCCGGCTCAAAA 

MIRU2* 
(53 bp) 

@٢)٧٧( ٩١TCGGAGAGATGCCCTTCGAGTTAG 
GGAGACCGCGACCAGGTACTTGTA 

MIRU20 
(77 bp) 

٣@( ٨٧٣(MCAGCGAAACGAACTGTGCTATCAC 
CGTGTCCGAGCAGAAAAGGGTAT 

MIRU23 
(53 bp) 

==١)=@( ٧CGACCAAGATGTGCAGGAATACAT 
GGGCGAGTTGAGCTCACAGAA 

MIRU24 
(54 bp) 

M@٣)٣@( ٧TCGAAAGCCTCTGCGTGCCAGTAA 
GCCATGTGAGCGTGCCACTCAA 

MIRU27 
(53 bp) 

M=M )@٢)٣ACTGATTGGCTTCATACGGCTTTA 
GTGCCGACGTGGTCTTGAT 

MIRU39 
(53 bp) 

٢)٧٧( ٣٢٩GCGCGAGAGCCCGAACTGC 
GCGCAGCAGAAACGTCAGC 

MIRU4* 
(77 bp) 

M٣)١@( =١CCCGCCTTCGAAACGTCGCT 
TGGACATAGGCGACCAGGCGAATA 

MIRU26 
(51 bp) 

=١)=@( ٠٨GGGTTGCTGGATGACAACGTGT 
GGGTGATCTCGGCGAAATCAGATA 

MIRU40 
(54 bp) 

M=٣)٣@( ٣GTTCTTGACCAACTGCAGTCGTCC 
GCCACCTTGGTGATCAGCTACCT 

MIRU10 
(53 bp) 

M٢)٣@( ٧١TCGGTGATCGGGTCCAGTCCAAGTA 
CCCGTCTGCAGCCCTGGTAC 

MIRU16 
(53 bp) 

M@٣)٣@( ١GTGCCGACGTGGTCTTGAT 
ACTGATTGGCTTCATACGGCTTTA 

MIRU31 
(53 bp) 

٢M٢)١@( ٩GTCCAGGTTGCAAGAGATGG 
GGCATCCTCAACAACGGTAG 

Mtub04* 
(51 bp) 

٢٧M )@٨(=GACTTCAATGCGTTGGA 
GTCTTGACCTCCACGAGTGC 

ETRC 
(58 bp) 

=٣)@٧( ٢٠TCGGTCCCATCACCTTCTTA 
ATTTCGATCGGGATGTTGAT 

ETRA 
(75 bp) 

٢)٨@( ٣١٩AGTCACTTTCCTACCACTCGTAAC 
ATTAGTAGGGCACTAGCACCTCAAG 

Mtub30 
(58 bp) 

@@٨@( ٠(@CGGTGGAGGCGATGAACGTCTTC 
TAGAGCGGCACGGGGGAAAGCTTAG 

Mtub39 
(58 bp) 

M٢)٩@( ٨٠TGACCACGGATTGCTCTAGT 
GCCGGCGTCCATGTT 

Qub4156 
(59 bp) 

=١٢ )M٩(@CGTAAGGGGGATGCGGGAAATAGG 
CGAAGTGAATGGTGGCAT 

Qub11b 
(69 bp) 

٢٠M )@٢)٧AGATCCCAGTTGTCGTCGTC 
CAACATCGCCTGGTTCTGTA 

Mtub21 
(57 bp) 

١١١( ٧٠٨(@AACGCTCAGCTGTCGAT 
CGGCCGTGCCGGCCAGGTCCTTCCCGAT 

Qub26 
(111 bp) 

*$L�� >��,2�*,� �,�C >,.�H�  z_4dL�� >��,2�*,� K)� ��60 z_$ 3!0�H�@48!
 L�� �+ ,� �,.�
 >��,2�*,� ]"�� >,.�H�  z_$ � !0�H�@�"�$.
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 K�!L�0��>�* �+�6.0* �$ ��" *��

@�e0*��C�(�e�K�:

@�e0* L�� �$��C�(�e�K�48	)�g �
�,.H�$�G�&�

���H,$�C��0��" IG�e2H I!�k
�" 	H �)�" :

New-1 )o/8;�7�+(3Dehli/CAS  )<d/8c

�7�+(3Beijing )cp/4<�7�+(3UgandaII )�4/d

�7�+(3LAM )�n/p�7�+(3URAL )on/8

�7�+(3UgandaI )on/8�7�+(3S)</4�7�+(3

Haarlem )</4�7�+(3X)<d/c�7�+(3

Cameroon )<d/c�7�+(3Bovis )<d/c�7�+ (


!��"�$ .T�$ �!EF��);�/4;�7�+ (�)+�$ 	. ��"�) 

)/���8(.

/���8(	��0K��e��C�(�@�e0* L�� �$ ��"*�� >�� 

�7�+ +*�OC 	��0��"*�� >��

o/8; 8d New-1 
84 88 Dehli/CAS 
c/4< 8c Beijing 
�/d n UgandaII 
�/p d LAM 
on/8 ; URAL 
on/8 ; UgandaI 
</4 8 S
</4 8 Haarlem 
<d/c 4 X
<d/c 4 Cameroon 
<d/c 4 Bovis 
;/4; ١� Unknown 

8c�0�$ 	�J�@�e0* L�� �$ K���C�(�e��0��" K�!�

�)�" )cd/4<�7�+ .(	H4p�0�$ 	$ x�$,
 	�E*��2

 +,
)�c�7�+ (�n�0�	$ x�$,
 	$�E� E*��2);c

�7�+ (�0 �+��5
 � �)+�$!EF��np�<+�$ /�0 .�*

.)F �
��B
 ,N)!$�C��G!o�0�	)pc�7�+ (

3���U��0�	);d�7�+ (MDR �d�0�	)8d

�7�+ (Non-MDR �)+�$.

kG"4(	��0 ��
�GC 	[$*� L�� �* �+�6.0* �$ �� 

UPGMA* )Radial-Tree(* Unweighted Pair Grouping Method 
using Arithmetic means 

4cd �0��
 	�,.H�$�G����H,$�C &��L�� �$ I48

��H�@MIRU-VNTR �4d��H�@ 

MIRU-VNTR 0�,$!�)�".	$�H ���!�2C %��T�#

L��4d0�H�@!�$ ,$*,$nd/c�2C %��T ��L�� #48

0�H�@!�$ ,$*,$pd/c+�$.��H�@��!��$ 	H���

m*,.�* �)+�$ ����+)n/cHGI≥(�* �)+�$ %��S':

8nQUB)op/c=HGI(34cMIRU)o8/c=HGI(3

8nMIRU)o4/c=HGI(34nMIRU)�</c=HGI(3

84Mtub)��/c=HGI(3cpMtub)�d/c=HGI(3

p4dnQUB)�8/c=HGI(3;<Mtub)nd/c=HGI(3

ETRA)no/c=HGI(3;4MIRU)no/c=HGI(3

;<MIRU)n;/c=HGI ( 	H* �+�
 ]�E�d��H�@

4cMIRU34nMIRU38nMIRU3;4MIRU �

;<MIRU L�� �+480�H�@!��H�@ � 3�)�*+ +���

;<MIRU L�� �+4d0�H�@!+�*�) +��� .

��H�@ ��!�m*,.�* 	H �)+�$ r0�.
 ����+

)p/c≤HGIn/c(�* �)+�$ %��S' 3

ETRC )do/c=HGI(3pcMIRU )dp/c=HGI(3

b44QUB )do/c=HGI(3)pn/c=HGI(38;MIRU 
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L��480�H�@!��H�@ � 3�)�*+ +���8;MIRU �+

L��4d0�H�@!+�*�) +���.

��H�@��!�m*,.�* 	HOP ����+��)+�$ b

)p/c<HGI(�* �)+�$ %��S' 38MIRU 

)co/c=HGI(3pMIRU )4/c=HGI(38cMIRU 

)8/c=HGI(38pMIRU )co/c=HGI(38�MIRU 

)8d/c=HGI(.* �+ 	H�$ ]���H�@ �-�C 3]pMIRU 

L�� �+4d0�H�@!+�*+ +���.)/���;(

/���;(` �"HGI ��H�@>�� 

MIRU-VNTR 	)�2) kH >*,$ �� 

12
lo

cu
s

M
IR

U
-V

N
T

R

Locus HGI
MIRU02co/c

MIRU20 8/c

MIRU23 po/c

MIRU24 co/c

MIRU27 8d/c

MIRU39 n;/c

*MIRU044/c

15
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cu
s

M
IR

U
-V

N
T

R

*MIRU10o8/c

*MIRU16�</c

*MIRU26 o4/c

*MIRU31no/c

*MIRU40 dp/c

Mtub04 �d/c

ETR-C do/c

Mtub21 ��/c

QUB11b do/c

ETR-A no/c

Mtub30 pn/c

Mtub39 nd/c

QUB26 op/c

QUB4156 �8/c

*��H�@ L�� �+ �,.�
 >��48�4d!0�H�@ 

	)�2) +��
 �+��>$�J�3K� �2C %��T�L�� �+ ,� #48

�4d0�H�@!������H�@ ,{H* � +�$ ]�(@* ��>-$��
!

* �+��0 ]�	��."*+ ��.�@F f��C!��H�@��>

MIRU-VNTR C ,67 �* �n;/c+�$ %��6.
.

4nMIRU�$ ��H�@ �-�C 3�m*,.�* �� +�$ ����+

)n;/c=HGI()/���p(3* 	H�L�� �+ ,� �+ ��H�@ ]

48 0�H�@!�4d0�H�@!+�*+ +��� .	)�2) �+��>

$�J��� K���],C����,� ]�+�' k>*,$>*���H�@ ]8�

,CR�$����,� ]�+�' k>EFp+�$.

��H�@8�MIRU *,$ 	H>	)�2) kH l#� ��

OP�b,C���H�@ ]��>,.�*m**,$ 3�)+�$ ����+>

�0�	��>$�J�m*,.�* ��H�@ #� K� r0�.
 ����+

)p/c<HGI≤n/c(�" ���5
)kG"8�;.(�
*

 ��H�@4cMIRU *,$ 	H>	)�2) kH
�+ 3���]

�$ ��H�@�m*,.�* �� +�$ ����+)kG"p�d(�+ 3

	)�2) +��
��>$�J���H�@ l#� 3K���>

m*,.�* OP ����+�+�$ b)4p/c=HGI.( 

/���p(` �"HGI ��H�@ >��

MIRU-VNTR 	)�2) >*,$K��J�$ >�� 
Locus HGI 

12
lo

cu
s

M
IR

U
-V

N
T

R

MIRU02 c/c

MIRU20 ;8/c

MIRU23 pp/c

MIRU24 c/c

MIRU27 p�/c

MIRU39 d;/c

*MIRU04 4p/c

15
lo

cu
s

M
IR

U
-V

N
T

R

MIRU10 4p/c

MIRU16 n;/c

MIRU26 pn/c

MIRU31 4d/c

MIRU40 8p/c

Mtub04 4p/c

ETR-C 4p/c

Mtub21 pp/c

QUB11b c/c

ETR-A 4p/c

Mtub30 c/c

Mtub39 ;;/c

QUB26 dd/c

QUB4156 4d/c

*��H�@ L�� �+ �,.�
 >��48�4dK)� �$ !0�H�@

�)* ��" �+*+ E��) >,.�H�  
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� �*�g�!��>+��0 ,(�	��>$�J�EF 	H K� *� ��

�0 �*��0 ,�	�2.
 ����+ ���*,GC +*�OC 3+,H #

��H�@b44QUB 
�2C �+ 	H +�$!�0�	��>

$�J�*�*+ K�>n@*�C!�*,GC>1�,0 ���n<

�6���$>/�5
 ��*�)* � +�$PCR �$ ,$*,$ EF

po4 �6�+�$ ��$ )kG"n(@� 3!*��+ ��H�@ ]

�0��0 ,�	*�*+ ��>�3h83;��p@*�C!�*,GC>

+�$ 1�,0 ���.

kG"8(%R�5
PCR ��H�@MIRU27 	��0 >*,$ ���2" 3K��J�$ >��4d	��0H37Rv 

kG";(%R�5
PCR ��H�@MIRU27 	��0 ,��0 >*,$��

kG"p(%R�5
PCR ��H�@MIRU10 �*,$4p$ 	)�2)�J�K�
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kG"n(%R�5
PCR ��H�@QUB11b 	��0 >*,$ ���2" 3 K��J�$ >��4d	��0H37Rv 

�5$ 

 *��0 Y*,�	��>$�J�	$ K�@+�� E+�$ *�*+ k�g�!��>

)?�C�� 1-
�/�B.)* ��)�
 hu��,>�$ 	[$*� � 3R�$ 

��*+ �
��B
!�� %�-��C 3�+�>	$ *� a�[O
 +� 

	. �0�)* )4p.(�* �
 	O@�[
 �+4cd�0�	

�
�,.H�$�G����H,$�C &��@�e0* L�� �$ I��C�(�e�3K�

8c�0�$ 	�J��0��" K�!��")cp/4<�7�+.(�+

2��
� ]�	O@�[
 3	�*>R� r0�C�.!,$ E*��G2� �

��>4�p8�0��
 	�,.H�$�G�$�C &����H,�*�� I

$ �* ��"�* E*��2�)*,!)�|�* �!L�� �$ 3�" &�J)*

@�e0*��C�(�e�	H �" `_�
 K�8/;�7�+�0 �*�	��

�C�)? 	$ }�O.
�$ Z�J�	H +�$ K�p/dd�7�+ EF��

MDR )*�*,� � 3�)+�$!*��C�)? ]�$ �+ Z�E*��2

)�|�*!+�$ ,CR�$ )4d.(	O@�[
 �+ *>),� r0�C�� �

)* E*��G2�$ �* 3�" &�J�]8n; +��
 MDR-TB 3

d/8c�7�+ �0�$ 	�J�	H �" L�*#g K�</�n�7�+ 

EF��* �$�)�|�* E*��2!�)+�$ ��" *�� )4n(.

+ 	O@�[
 �+�,(>$ �*�]8;o�0��
 	�,.H�$�G�&�

���H,$�C�$ �* ��" *�� I�* E*��2�)*,!)�|�* �!3d/d

�7�+ EF�C�)? 	$ ���$ Z�J���."*+ }�OC K� )4�.(�+

+ %�O@�[
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 	O@�[
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* 	H ��."*+ }�OC�H�U ]!)*�*,� �*!*��C�)? ]��+ Z


 ���H!�"�$.

*,$>�2C��0 #�	��>$�J�3K� ��H�@��>
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