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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�  y^4cL�� >��$2�*$� K'� ��60 y^& 3!0�H�@48!
 L�� �( $� �$)�
 >��$2�*$� \"�� >$)�H�  y^& � !0�H�@�"�&.
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m/���� �� #'�� /�0 ���2" 1�(4/��%&4;<4 

�C�d�@�G@�
 K�!L�0��>�* �(�6)0* �& ��" *��

@�d0*��C�.�d�K�:

@�d0* L�� �&��C�.�d�K�48	'�f �
�$)H�&�G�,�

���H$&�C��0��" IG�d2H I!�j
�" 	H �'�" :

New-1 )n/8;�7�((3Dehli/CAS  )<c/8b

�7�((3Beijing )bo/4<�7�((3UgandaII )�4/c

�7�((3LAM )�m/o�7�((3URAL )nm/8

�7�((3UgandaI )nm/8�7�((3S)</4�7�((3

Haarlem )</4�7�((3X)<c/b�7�((3

Cameroon )<c/b�7�((3Bovis )<c/b�7�( (


!��"�& .T�& �!EF��);�/4;�7�( (�'(�& 	) ��"�' 

)/���8(.

/���8(	��0K��d��C�.�@�d0* L�� �& ��"*�� >�� 

�7�( (*�OC 	��0��"*�� >��

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

8b�0�& 	�J�@�d0* L�� �& K���C�.�d��0��" K�!�

�'�" )bc/4<�7�( .(	H4o�0�& 	& w�&$
 	�E*��2

 ($
)�b�7�( (�m�0�	& w�&$
 	&�E� E*��2);b

�7�( (�0 �(��5
 � �'(�&!EF��mo�<(�& /�0 .�*

)'F �
��B
 $N'!&�C��G!n�0�	)ob�7�( (

3���U��0�	);c�7�( (MDR �c�0�	)8c

�7�( (Non-MDR �'(�&.

jG"4(	��0 ��
�GC 	Z&*� L�� �* �(�6)0* �& �� 

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

4bc �0��
 	�$)H�&�G����H$&�C ,��L�� �& I48

��H�@MIRU-VNTR �4c��H�@ 

MIRU-VNTR 0�$&!�'�".	&�H ���!�2C +��T�#

L��4c0�H�@!�& $&*$&mc/b�2C +��T ��L�� #48

0�H�@!�& $&*$&oc/b(�&.��H�@��!��& 	H���

l*$)�* �'(�& ����()m/bHGI≥(�* �'(�& +��S-:

8mQUB)no/b=HGI(34bMIRU)n8/b=HGI(3

8mMIRU)n4/b=HGI(34mMIRU)�</b=HGI(3

84Mtub)��/b=HGI(3boMtub)�c/b=HGI(3

o4cmQUB)�8/b=HGI(3;<Mtub)mc/b=HGI(3

ETRA)mn/b=HGI(3;4MIRU)mn/b=HGI(3

;<MIRU)m;/b=HGI ( 	H* �(�
 \�E�c��H�@

4bMIRU34mMIRU38mMIRU3;4MIRU �

;<MIRU L�� �(480�H�@!��H�@ � 3�'�*( (���

;<MIRU L�� �(4c0�H�@!(�*�' (��� .

��H�@ ��!�l*$)�* 	H �'(�& q0�)
 ����(

)o/b≤HGIm/b(�* �'(�& +��S- 3

ETRC )cn/b=HGI(3obMIRU )co/b=HGI(3

b44QUB )cn/b=HGI(3)om/b=HGI(38;MIRU 
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�$6N
 E*��G2� �K��J�& I����H$&�C ,��$)H�&�G��
 !G�)'? /�
 /�

)on/b=HGI(3��H�@ �( 	H8;MIRU �obMIRU �(

L��480�H�@!��H�@ � 3�'�*( (���8;MIRU �(

L��4c0�H�@!(�*�' (���.

��H�@��!�l*$)�* 	HOP ����(��'(�& a

)o/b<HGI(�* �'(�& +��S- 38MIRU 

)bn/b=HGI(3oMIRU )4/b=HGI(38bMIRU 

)8/b=HGI(38oMIRU )bn/b=HGI(38�MIRU 

)8c/b=HGI(.* �( 	H�& \���H�@ �%�C 3\oMIRU 

L�� �(4c0�H�@!(�*( (���.)/���;(

/���;(_ �"HGI ��H�@>�� 

MIRU-VNTR 	'�2' jH >*$& �� 

12
lo

cu
s

M
IR

U
-V

N
T

R

Locus HGI
MIRU02bn/b

MIRU20 8/b

MIRU23 on/b

MIRU24 bn/b

MIRU27 8c/b

MIRU39 m;/b

*MIRU044/b

15
lo

cu
s

M
IR

U
-V

N
T

R

*MIRU10n8/b

*MIRU16�</b

*MIRU26 n4/b

*MIRU31mn/b

*MIRU40 co/b

Mtub04 �c/b

ETR-C cn/b

Mtub21 ��/b

QUB11b cn/b

ETR-A mn/b

Mtub30 om/b

Mtub39 mc/b

QUB26 no/b

QUB4156 �8/b

*��H�@ L�� �( �$)�
 >��48�4c!0�H�@ 

	'�2' (��
 �(��>&�J�3K� �2C +��T�L�� �( $� #48

�4c0�H�@!������H�@ $zH* � (�& \�.@* ��>%&��
!

* �(��0 \�	��)"*( ��.�@F e��C!��H�@��>

MIRU-VNTR C $67 �* �m;/b(�& +��6)
.

4mMIRU�& ��H�@ �%�C 3�l*$)�* ���((�& ���

)m;/b=HGI()/���o(3* 	H�L�� �( $� �( ��H�@ \

48 0�H�@!�4c0�H�@!(�*( (��� .	'�2' �(��>

&�J��� K���\$C����$� \�(�- j>*$&>*���H�@ \8�

$CR�&����$� \�(�- j>EFo(�&.

��H�@8�MIRU *$& 	H>	'�2' jH k#� ��

OP�a$C���H�@ \��>l*$)�*'(�& ����(*$& 3�>

�0�	��>&�J�l*$)�* ��H�@ #� K� q0�)
 ����(

)o/b<HGI≤m/b(�" ���5
)jG"8�;.(�
*

 ��H�@4bMIRU *$& 	H>	'�2' jH
�( 3���\

�& ��H�@�l*$)�* �� (�& ����()jG"o�c(�( 3

	'�2' (��
��>&�J���H�@ k#� 3K���>

l*$)�* OP ����(�(�& a)4o/b=HGI.( 

/���o(_ �"HGI ��H�@ >��

MIRU-VNTR 	'�2' >*$&K��J�& >�� 
Locus HGI 

12
lo

cu
s

M
IR

U
-V

N
T

R

MIRU02 b/b

MIRU20 ;8/b

MIRU23 oo/b

MIRU24 b/b

MIRU27 o�/b

MIRU39 c;/b

*MIRU04 4o/b

15
lo

cu
s

M
IR

U
-V

N
T

R

MIRU10 4o/b

MIRU16 m;/b

MIRU26 om/b

MIRU31 4c/b

MIRU40 8o/b

Mtub04 4o/b

ETR-C 4o/b

Mtub21 oo/b

QUB11b b/b

ETR-A 4o/b

Mtub30 b/b

Mtub39 ;;/b

QUB26 cc/b

QUB4156 4c/b

*��H�@ L�� �( �$)�
 >��48�4cK'� �& !0�H�@

�'* ��" �(*( E��' >$)�H�  
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n/���� �� #'�� /�0 ���2" 1�(4/��%&4;<4 

� �*�f�!��>(��0 $.�	��>&�J�EF 	H K� *� ��

�0 �*��0 $�	�2)
 ����( ���*$GC (*�OC 3($H #

��H�@b44QUB 
�2C �( 	H (�&!�0�	��>

&�J�*�*( K�>m@*�C!�*$GC>1�$0 ���m<

�6���&>/�5
 ��*�'* � (�&PCR �& $&*$& EF

on4 �6�(�& ��& )jG"m(@� 3!*��( ��H�@ \

�0��0 $�	*�*( ��>�3g83;��o@*�C!�*$GC>

(�& 1�$0 ���.

jG"8(+R�5
PCR ��H�@MIRU27 	��0 >*$&3K��J�& >�� 

���2"4c	��0H37Rv 

jG";(+R�5
PCR ��H�@MIRU27 	��0 $��0 >*$&��

jG"o(+R�5
PCR ��H�@MIRU10 �*$&4o& 	'�2'�J�K�jG"c(+R�5
PCR ��H�@MIRU10 	��0 $��0 >*$&��

jG"m(+R�5
PCR ��H�@QUB11b 	��0 >*$& ���2" 3 K��J�& >��4c	��0H37Rv 
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�$6N
 E*��G2� �K��J�& I����H$&�C ,��$)H�&�G��
 !G�)'? /�
 /<

�5& 

 *��0 X*$�	��>&�J�	& K�@(�� E(�& *�*( j�f�!��>

'?�C�� 1%
�/�B)'* ��'�
 gt��$>�& 	Z&*� � 3R�&

��*( �
��B
!�� +�%��C 3�(�>	& *� `�ZO
 (� 

	) �0�'* )4o.(�* �
 	O@�Z
 �(4bc�0�	

�
�$)H�&�G����H$&�C ,��@�d0* L�� �& I��C�.�d�3K�

8b�0�& 	�J��0��" K�!��")bo/4<�7�(.(�(

2��
� \�	O@�Z
 3	�*>0�CR� q�)!$& E*��G2� �

��>4�o8�0��
 	�$)H�&�G����H$&�C ,��*�� I

& �* ��"�* E*��2�'*$!'�{�* �!L�� �& 3�" ,�J'*

@�d0*��C�.�d�	H �" _^�
 K�8/;�7�(�0 �*�	��

�C�'? 	& |�O)
�& Y�J�	H (�& K�o/cc�7�( EF��

MDR '*�*$� � 3�'(�&!*��C�'? \�& �( Y�E*��2

'�{�*!(�& $CR�& )4c.(	O@�Z
 �( *>'$� q0�C�� �

& �* 3�" ,�J'* E*��G2��\8m; (��
 MDR-TB 3

c/8b�7�( �0�& 	�J�	H �" L�*#f K�</�m�7�( 

EF��* �&�'�{�* E*��2!�'(�& ��" *�� )4m(.

( 	O@�Z
 �(�$.>& �*�\8;n�0��
 	�$)H�&�G�,�

���H$&�C�& �* ��" *�� I�* E*��2�'*$!�'�{�*!3c/c

�7�( EF�C�'? 	& ���& Y�J���)"*( |�OC K� )4�.(�(

( +�O@�Z
�" �( $.��*$)4n('*�*$�!*��C�'? \�Y4b

�7�( �%�
 �( �4/��7�( �" L�*#f );(�(

�
 	O@�Z
bc/4<�7�( �0 �*�	�C�'? 	& ���& Y�J�K�

* 	H ��)"*( |�OC�H�U \!'*�*$� �*!*��C�'? \��( Y

��H
 �!�"�&.

*$&>�2C��0 #�	��>&�J�3K� ��H�@��>

�
F��H>�*VNTR $& ��'�
 ��!��H�@ �*��>

QUB {C 	H ��" L�*#f��t�$�$>R�&!�(�  �*


 E��'!���( )4<.(' �
 	O@�Z
 �(�& �* #�
�2C \!

��H�@ 3�� 8mQUB $CR�&�*$& *� l*$)�* +��T \>

�0 jH�(�& *�*( 	.��H�@��>8oMIRU �

8MIRU *$&>	'�2' jH�� ����\$C��2C +��T \�*� #

��)"*( .)bn/b=HGI(.�* ��H�@ �(440�H�@!	H

*�*(>l*$)�* +��Tf���(!�T>L�� �( 3�'(�&4c

��H�@ MIRU-VNTR �%�C � ��)"*( (����g

��H�@ )oMIRU ( �*c0�H�@!*�*( 	H>+��T

l*$)�*f���(!OP��( 3�'(�& aL��4c��H�@

MIRU-VNTR �"*( (��� .��H�@��>

8�MIRU *$& 	H>	'�2' jHOP k#� ���a$C�\

��H�@��>l*$)�**$& 3(�& ����(>�0�	��>&�J�K�

��H�@ #���>l*$)�*q0�)
 ����( 

)o/b<HGI≤M/٠(�" ���5
 .��H�@4bMIRU 

*$& 	H>	'�2' jH
�( 3����& ��H�@ \���

l*$)�* ����(	'�2' (��
 �( 3(�&��>&�J�k#� 3K�

��H�@��>l*$)�*OP ����(�(�& a.

��H�@ �( ���*$GC (*�OC b44QUB *$&>�0�	��>

&�J�7�) * 3K�!�& $&*$& �mdH!@� (�&!*�\

�0 �( ��H�@��0 $�	*�*( ��>�@* g!o@*�C!�*$GC>

(�& 1�$0 ���)8b.(( +�O@�Z
 �
*�$.>�� 	H>

(*�OC ��(�>	'�2' �*��>&	0�� �* ��
F �0(�	

)oon=($�F 3��B>&���!);nn=(����.�0 3)4mb=n(3

L(V.�& )4cn= (�0 ��	H (*( E��' 3�" ,�J'* |���
 $

��H�@8mMIRU �C�'? �(�& Y�J��� K�!�$
�1�

Z0�)
!
 � (�*(!*�*( �'*�C>8@*!<dH!�"�&)84.(

&	(*�OC 3��V-�dH!�(��H�@8mMIRU �( �%�C 	'

 $&!�0 �*�	��>&�J��0 �( 	G�& 3K���0 $�	��>
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4b /���� �� #'�� /�0 ���2" 1�(4/��%&4;<4 

�
�$)H�&�G����H$&�C ,��( 1� I��" ��.�
 	O@�Z
 �(

 ��H�@8mMIRU �0 �(�& 	�J��2C +��T 3K��#

Z0�)
!�"*()om/b=HGI(* �( ���*$GC (*�OC � 3�\

�& $&*$& ��H�@c3���n(�&.

	O@�Z
 �(*>C 	H��C q0��@*�(��
 �( E*��G2� � \

�0�	��>&�J��@F e��C 3�" ,�J'* K�!<��H�@

VNTR 0�$&!� �";8;8QUB 	&��H�@ E*��-

�&�l*$)�* ���0��" ����(!��".�@F e��C!��H�@ �* ��

�C $67 �o/b{)
�(�& $)m(.

��H�@ 3�
 	O@�Z
 �( 4mMIRU *$&>�0�	��>&�J�K�

$CR�&�+��T \�2C��"*( *� #)m;/b=HGI(�@F e��C �!

*$&>�0�	��>&�J��C $67 �* K� m;/b{)
�(�& $.

( 	O@�Z
 �(�$.>(W ���* I� 3��$f +��7 \

��0*��>�8�0�& 	�J�	& K�@�d0* L����C�.�d�3K�

@�'F�	& #L��48��H�@MIRU-VNTR �4c

��H�@MIRU-VNTR 	H �" _^�
 � �" ,�J'*

0�1)���>4c�8o0�H�@!	& �S�' L��48

0�H�@!�0�	��>&�J�$CR�& +��T �& *� K�>�2C�#


!���( )c.(L�� l*$)�* +��T 1� �
 	O@�Z
 �(4c

0�H�@!*$&>�2C��0 #�	��>�
�$)H�&�G�,�

���H$&�C�L�� �* $CR�& I480�H�@!(�& .�( $� �
*

 L��48�4c0�H�@!*$&>�2C��0 #�	��>&�J��* K�

��G��� +��T $.���!& � ��)"*(���H�@ $)�*�*( ��>

���.@*>�'��G!�'(�&.

	& 	��C �&*��C�'? 	G��& Y�J���*( �
��B
 �& K�!��(

O2� �( EF ���)'* �-$0 � �0* w�SC�*�� �0R�& �

�( * �& �(�@F (*$�*��C�'? \�& E�2H ���( 3Y���2>�&���

�0��" 3�0* ��C�H!�$0��C�'? ]�& Y�J�2�* K���

��(�>(�*( .O0 a�)^
 +�O@�Z
 �( *t@!	H ��"

��H�@��>VNTR  �"!*$&>�2)
�* E($H #�\

�C�'?��0��" Y!��'�".
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Original Article

Comparison of Mycobacterium tuberculosis Beijing genotype with other 
Mycobacterium tuberculosis strains Using MIRU-VNTR method 
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2 Islamic Azad University of Qom, Tehran, IRAN 
 

(Received 1 Jun, 2010 Accepted 21 Aug, 2010) 

Abstract 
Background: Recently it is shown that Mycobacterium tuberculosis Beijing genotype are associated with 
drug resistance. Thus a simple and rapid method is required for identification and differentiation of 
Beijing family isolates. Therefore the aim of this study is to evaluate discriminatory power of different loci 
in both 12 MIRU-VNTR and 15 MIRU-VNTR Methods for Beijing genotype.  
Methods: In total 105 Mycobacterium tuberculosis strains were identified by spoligotyping, then genomic 
analysis was carried out by using 12 and 15 MIRU-VNTR methods. Allelic diversity for each locus was 
calculated using Hunter Gaston Discriminatory Index (HGI).  
Results: With spoligotyping 20 out of 105 isolates (19.05%) belonged to the Beijing family. Investigating 
all strains with 12 and 15 MIRU-VNTR showed that 11 loci were highly discriminative (HGI≥0.6) and 
QUB26 had the highest discriminatory power (HGI=0.84). Number of repeats in QUB11b was specific for 
Beijing genotype, and only MIRU16 was highly discriminator for this genotype. QUB26, Mtub21, 
MIRU39, MIRU27, MIRU23 and MIRU26 were moderately discriminator (0.4≤HGI<0.6) and other loci 
were poorly discriminator for Beijing strains (HGI<0.4). 
Conclusion: 12 and 15 locus MIRU-VNTR are simple and rapid methods and suitable for differentiation 
of Beijing genotype from other MTB strains, however these two methods are not suitable for 
discriminating Beijing family among themselves. In overall discriminatory power of 15 locus MIRU-
VNTR method was higher than 12 locus MIRU-VNTR. 
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