J«Jlé @.l’. L;—j-ﬁ—c.\m.lj AM‘,}’
J.q.\.’;'-ﬁ L;;LA).} Ls‘.'.::‘.\.q.; G:JLAJ?.} ;“"}’, r‘,l.ﬁ« ol&L5ls
(\YA\ JL@J) \ - \Y W c\ e‘)w c‘q.AJJ'.'vLé JL.J

05 5Ll Lot s plo b Sizmn 58S 15 05,8 LsSole (S5 o i
MIRU-VNTR %, 3l ooliteal Uy 35S 5

\ . A . . V. . AT *Y 5\ . .
A)yvlél.s&.k@.ﬂcJ&:&)&}&)L&)MAQL{;&D&J@JA@)}LQJ{'; 6‘)@4;,\”
‘sziyjfs‘gfk} G\‘SW L,b).)sw

e ded (S ke oKl (63 S ik S
o3 Al el 1T oKl T

oS

gl gals Ceglia b eiten daly (Ko w055 i e, SUle latse S ol ol ools 0L Tl aie
3205 S ) canllan ol 5l G A3l 5 )00 Sy o3l gl ladonl 52l 5 GasldS Sl w5 o3l By ol Al
Gt g b b O duglis y Ky ot s sl 12 MIRU-VNTR , 15 MIRU-VNTR 2y, 55 ik sla e sS )
ARl i3S 5 ASLSSLe

0 5 Y Glagtss b e il plolid S sSKd pel Slagbss b i3S g paeSLsSele apm V00 lanl oy 5 ol e
opil 5 el b bS5l S M oees 5 wm S 5 gl T s, MIRU-VNTR .S
A% 4eules (HGI) HunterGaston Discriminatory Index

D0 b o (4052 14/00) dd ol Sy o 10 Sl S sl (205 b G825 050,81 sSle 450 120 51 laaily
Ly odkmdBBl s SlauSP e wsSH V) &S s Ol basw S 53 MIRU-VNTR .S58 V0 ﬁ
&l QUBLLD .S )3 Loyl ,SS shias (HGI=+/AY) cils 1) plas <uds op S0 QUB26 S 9 ol oy 51 5 (HGIZ4 /%)
QUB26 la S8 35 MIRULG «Siomn sladgwr 6l odidsdl Bl Sl sS) WS g polant] Koy sladg g
g exmsdl@l glaeSd > MIRU26 5, MIRU23  MIRU27  MIRU39  Mtub2l
(HGISY) wzils axd 5ls s Sy Sty g §l0 oS P ol 5 (/5<HGISH/¥)

2SSl (sl g b 5 Ko Sadypon 3L gl 5 itk sy 5 3L MIRU-VNTR (S 3 \0 5 \Y (23 35 pS ot
S8 e igilie T 5 aal sty (gla p S 5 iy s olin Sy il (gt o 2 eS8l Lol il o oo 5 1S 058
231 o SHNY G 3 SV s S 55 0SSl Slad g led Sl e sSHNO 2y 30

Jo S i 53 (3l 255 3251555l MIRU-VNTR 508 035

A/B/K lia 53 —AAY/A Y cllie 3L 5o

595 LS it S 50 (555 s Oty bl Lsk5 slgsl 0 *
E-mail: mohadeseh.mozafari@yahoo.com



YA Sl /) oslat @as 5l Jlo

e A

s Olislidl 55 o505 4 pslie Sz law pu
(Y-0) el

eSSl Sisde Doy wig Slew
SIS el St i 2
LS pamie L ler pad Lle
eSSl gladlsnl DNA ISl
wlllas Gl i, il sl s
rlale F) ol o 5850 s
Lk PCR 0 e la g, 510 o3l
2l ¢l MIRU-VNTR 5 Kl S,
eSS s eSSl Gk S
ol Sl S el i eslind
eSSl p 5 03 DR Sy e o
LSS ow oS Gladr Y7) oSS islS 258
LG Y0 S e sluldsl Sl s
V) Al e el Joaze Glicai

03 Sl Gble gus 2S5 JI5 5 sl
A ]
Kb S el S 3 Sluldol bl
Glis @ Jate olatl gle el davlsa
Oseldy pood ik 3,8 0 s (5550 sk 2
5 Slldol bla @ S paS ces e oL
Boasl 1) iy orl 03 s5ms s oIS
bl sl sl oben b Sl S s
o) _)M,j_f&a slladob

ol Kbl eSS Yoo Jle s
Sheslizal L CVNTR sslas 6,1 S5 sla JIgs

L;."L’J':SL")LL‘ o.,\.s‘ﬁ é)‘;{.? LSLQ.,\;-‘}

! Direct Repeat
* Spacer Oligotyping
? Variable Number of Tandem Repeats

-

dode

05 1S O sewlinS| S57 L
slas,ls 5 Mycobacterium bovis BCG
Sl Jelss 51 K Ol o Sl oot
Sy D gema P88 S le iy e dlS
Osdn YUY 5 ool Opds A 350> VL S
) 3550 15 S5

eSSl i S S S
2 S Ll Ky US55 (S ns
2 s el 5y e gla el L bLS
Sz U5 Tl 025 s el
5 eslizal L 1A4Y B 144Y cladle o L ol
5 Kb Sl 5 IS6110-RFLP s,
g oSy adks el sty glads s
Lo ol pl ISl s 5 e Ll
OF o815 e VL a8l cpl (S’ Olpe
S ol 350 el sl ols G adhie o
dewsas Oler 5o o 2005 poler SO A
Choay g s nl 580 sbml B 55
U5 eamen 5 ool L Ceslie L bLS )
ler s Ol by Sl s a S
Alast b Coglane 55t o 1y (6oL

2L Je IS sbeasly b ol Sl Ll
G ool shas e AS e g L sl
33 Ky o3l gl sbdgnl sl 5 jesis ¢l
.Mb&jgajf@\;wg}.ﬂéuﬁbb

Loss Olpl 53 edd sl Sldlas ST
Sl bl Koy slawsm 3l i
O rlee e sl nl sgy e Jleml s
Gk Sl Lol 4 Gle ot aabl Sl sl

foet 5 DSl 4 e oS Al Oleslsl



VI S a3 S 25 2SSl (K55 Joa

OhlKan 5 (5 ,akae

S E G (sl e Okeslew)
i @l Las w,,; MIRU-VNTR
Yoo oo b sl e Stsil slag e
Lowenstein Jensen losews 3l eslizel L 5 dojs
Sl 5l s gllis gy 5 s el L)
OWE b s glaces Jud 5l olandise
O N CO P A P30 G [ER R
Y elis (I 2 eSS M) s
2505 V) e el (e 055 5
oo (e 20555 V) Jgsall 5 Gl e
b 558 a4 b s A gl el
gl Lids sdyeeis Non-MDR , "MDR
Cetyl-Trimethyl s kil i, 3l eslezsd L DNA
Y s ¢L>,L;| (CTAB) Ammonium Bromide
L S (O 50 I PP W . PO
5 DRa:5’GTT TTT GGG TCT GAC GAC3’
DRb:5’CCG AGA GGG GGA AACY
il Slac b3 5 (11) s plosil K50 s
Sk ks sl g s SLSL
R N L T e P
L ) » MIRU-VNTRplus'

oslizal L PCR S|y :MIRU-VNTR K
wlp () dsdr) A5 el ab g e sla el )
s Mtub MIRU (sl .5 sl sl » PCR
@ids 0 Sdea AYOC 5y &yl o QUB

Widy K oodea A °C L) IS YO
et VYO C 5 aids K ey OY-2VOC

\e ey VYOC g:,.il.@_: BEES) (@Uw 9 4.5.:.;3

* Multi-Drug Resistance
§ www.miru-vntrplus.org

Sl 5 Bao ol (O L gl ((MIRU)
eSS a Gl S5 slae 5 ol PCR
33,8 o awsls PCR Jsame o3l Ll
MIRU-VNTR .S J 1Y o5, w5l o)l
S5 Yf 5 MIRU-VNTR .5, 10
osliial  glos 28 ,ybe  MIRU-VNTR
S S SH Y By 5 e
MIRU4 MIRU2 5 15 s Lpde oy
MIRU23 MIRU20 MIRUI16 MIRUIO
MIRU31 MIRU27 MIRU26 MIRU24
Supply Y++$ Jl. ,s MIRU40 , MIRU39
PSS Y S S aeseme UL
oS50 5l glas gamme 5 L MIRU-VNTR
DS P00 ol LS slety sduasdl Bl e
U Bloly Gl eS0T Sl sk sl
(ETR QUB Mtub [l2) Lir .55,
Uiy 35 o 55 Blsl VNTR (clausS ) ol
PHUCINCTNT R P RRCIPI RS SURS § SRPRRYN

O Blodd S INT Los) 4 S
Lol daly 5 S Glas s Canl Jds &
4 gorms Cpdb anlllee g3 pasls Cwslis
s MIRU-VNTR .S 310 s, slawsS s
o s 3l s MIRU-VNTR . s 1Y
eSSl G s 5 S

R °ML5M)J', w)}lsjajs

S sy 5 3l se
oS o eSS 5 e SLGLe 45 100 ey g
Slis S s Gxn e Obke

RS- W SR A P P PR PP

* Mycobacterial Tinterspersed Repetitive Units



YA Sl /) oslat @as 5l Jlo O b/ ¥

bl O 5 s il 03,10 S &) pon b ETRC 5 ETRA (sla oSy (ol 5 aids
3D ssde Ol o5 ple VNTR Sy osles @ids O Sdew AYC 5y &ysm ol o PCR
ETRCOW) Mtub ¥(fYf) (Cx o o, #0° C (il e AY°C Lils) S Yo
MIRU\ -« (404) MIRUY: (A+Y) MIRU¥(OA+) <y ETRC ¢l . 04/0°C L 5 ETRA (&l
MtubY\(1400) MIRUN#(\$Y¥) ol 5o s (Wl Jer Sdew VY€ b o
ETRA(YV$0) QUBYb(YV$Y) $35 » PCR &V pams aids Vv Sodea VYOC
MIRUYS(Y440) MtubY« (YY) AL s S s s V5L ETUS
Mtub¥a(rsas) MIRUY (¥14Y)
Jis ¢l QUBYAOS(F108) QUBYS(Y:0Y) :MIRU-VNTR T}, 1 pend
w5 &y MIRU-VNTR 5310 T s, SN sl I ol ikl s Sl el
(ol & ooyl HITRY 51k DY pamme SN Gk Sl g o sl oz

59 a6y bS5 slas MIRU-VNTR

Mtub ETRC MIRU MIRU MIRU MIRU  Mtub QUB ETRA Mtub MIRU MIRU  Mtub QUB QUB
04 4 40 10 16 21 11b 30 26 31 39 26 4156

VNTR VNTR VNTR VNTR VNTR VNTR VNTR VNTR VNTR VNTR VNTR VNTR VNTR VNTR VNTR

4156 4052 3690 3192 2995 2401 2165 2163b 1955 1644 959 802 580 571 424

o o \s Y Y Y o Y Y Y \ 2 ¥
MIRU-VNTR .S VY _UT LG, ol s MIRU-VNTR S0 VY iy, o

MIRU2 MIRU4 MIRU10 MIRUlI6 MIRU20 MIRU23 MIRU24 MIRU26 MIRU27 MIRU31 MIRU39 MIRU40

VNTR VNTR VNTR VNTR VNTR VNTR VNTR VNTR VNTR VNTR VNTR VNTR
154 580 959 1644 2059 2531 2387 2996 3006 3192 4348 802
Y Y v v v 5 ) v v ¥ Y \
Ghate g s Sl N 5 baa s Dosline IS sl &J.AJUTC).J d|ﬁvHGI Q_,.aﬂ:ts)bikjlj
)‘fg‘ff )‘ oalai! b JJAJB (YY) Jw:l.:@ J g:,:J “ A ealaal uﬁb_l )|

b HGI>4 /% assl .4 acwl=e Direct Stats
1 o
oy 31 s el 0diasl 8l s abgyp iS5 D=1—|gm—5 "mi—1
=1

oS8 L HGIS Y 81 5 b gt stiasddl

CMN Gl gsde jaxtla D Jge b cpl o
S coslaiul 390 &Mﬁb Ui'ﬁ) BEEEE- B LgLAA.L}M
.@\Wo.)@hbé‘ﬂ\ J]éib)}a

" Hunter-Gaston discriminatory Index



0/ Szny 23S 25 p 12 /SLsSele (S5 Juto OLSer 5 (5 ilan

S5 o3l 5 slass MIRU-VNTR ;S 10 5 MIRU-VNTR S 5V 255 55 sla,msl s s O S

Lo U.d"a.:..cH37RV ))‘AJL’{.»‘ 4 g ) r.kf.« 0.;—:.;‘ 6‘)|J£

oS eb o310 5 Layl S5 slaas RTINS
PCR Primer sequences (5°-3”)
(bp) H37RV s b, S5 H37Rvs, ikl
MIRU2* TGGACTTGCAGCAATGGACCAACT Y(or) IS
(53 bp) TACTCGGACGCCGGCTCAAAA
MIRU20 TCGGAGAGATGCCCTTCGAGTTAG Y(vY) 241
(77 bp) GGAGACCGCGACCAGGTACTTGTA
MIRU23 CAGCGAAACGAACTGTGCTATCAC 7(oT) AVY
(53 bp) CGTGTCCGAGCAGAAAAGGGTAT
MIRU24 CGACCAAGATGTGCAGGAATACAT \(2¥) Fry
(54 bp) GGGCGAGTTGAGCTCACAGAA
MIRU27 TCGAAAGCCTCTGCGTGCCAGTAA r(or) say
(53 bp) GCCATGTGAGCGTGCCACTCAA
MIRU39 ACTGATTGGCTTCATACGGCTTTA Y(av) PR
(53 bp) GTGCCGACGTGGTCTTGAT
MIRU4* GCGCGAGAGCCCGAACTGC Y(vY) vq
(77 bp) GCGCAGCAGAAACGTCAGC
MIRU26 CCCGCCTTCGAAACGTCGCT ) e
(51 bp) TGGACATAGGCGACCAGGCGAATA
MIRU40 GGGTTGCTGGATGACAACGTGT \(6¥) fA
(54 bp) GGGTGATCTCGGCGAAATCAGATA
MIRU10 GTTCTTGACCAACTGCAGTCGTCC r(ov) spy
(53 bp) GCCACCTTGGTGATCAGCTACCT
MIRU16 TCGGTGATCGGGTCCAGTCCAAGTA Y(ar) #v1
(53 bp) CCCGTCTGCAGCCCTGGTAC
MIRU31 GTGCCGACGTGGTCTTGAT r(ov) $01
(53 bp) ACTGATTGGCTTCATACGGCTTTA
Mtub04* GTCCAGGTTGCAAGAGATGG Y(&)) v5q
(51 bp) GGCATCCTCAACAACGGTAG
ETRC GACTTCAATGCGTTGGA ) vvs
(58 bp) GTCTTGACCTCCACGAGTGC
ETRA TCGGTCCCATCACCTTCTTA Y(v8) Y.
(75 bp) ATTTCGATCGGGATGTTGAT
Mtub30 AGTCACTTTCCTACCACTCGTAAC Y(&h) 14
(58 bp) ATTAGTAGGGCACTAGCACCTCAAG
Mtub39 CGGTGGAGGCGATGAACGTCTTC 5(8N) 58
(58 bp) TAGAGCGGCACGGGGGAAAGCTTAG
Qub4156 TGACCACGGATTGCTCTAGT Y(8%) SA
(59 bp) GCCGGCGTCCATGTT
Qubl1b CGTAAGGGGGATGCGGGAAATAGG 5(79) e
(69 bp) CGAAGTGAATGGTGGCAT
Mtub21 AGATCCCAGTTGTCGTCGTC Y(av) V.5
(57 bp) CAACATCGCCTGGTTCTGTA
Qub26 AACGCTCAGCTGTCGAT S0 .
(111 bp) CGGCCGTGCCGGCCAGGTCCTTCCCGAT
e s 95 a S st sla el sy SrSE i 5 ST s Sl smilsy K ket ot S0 B sl 08 S o K
laazsl
(doys TV g YA o S 1 Coaslia i o ol S (g5 ekl a5 31 Oyl

)Jé_; )‘ J}Jdl.wq_/\q O|JL¢.3..:L;2M°JjJ\>\'JIJHUJﬁ



YA Sl /) oslat @as 5l Jlo

ke a4

G 3 ealiel L e s eSS el () IS
* Unweighted Pair Grouping Method (Radial-Tree) UPGMA*

using Arithmetic means

W b ks pnSLSl w100
o538 W0 s MIRU-VNTIR .5
W5 03 IS e 84S ey, MIRU-VNTR
W pled Sol8 5 PO L Sl e SN0 )
S S Glae S o 0L Sy eSS
S dse oole HGIZP) Wy skasdl gl
(HGI=+/A)QUBY#
(HGI=+/AV)MIRUY?
(HGI=+/yYV)Mtub¥\
(HGI=+ VY)QUB¥\0¢

(HGI=+/#A)ETRA

(HGI=+/AY)MIRU\ +
(HGI=/VaOMIRUY?
(HGI=: VO)Mtub- ¥
(HGI=+/50)Mtuby4
(HGI=+/2AMIRUY
oS 0 S opl s & HGI=v/SYMIRUY
s MIRUYY MIRUY? MIRUYs MIRUY
S s 3y seSINY iy, s MIRUY
S sy e 00 Ly, s> MIRUT
Loy hegeekmrdlEl S olaesy
5l L5 g osle {(+/#HGI< /%)
(HGI=+/0¥) MIRUY: (HGI='/0A) ETRC
MIRUYY (HGI=:/f¢) (HGI=+/0A) QUBWb

Soeslial boedd M glagism S0 Sl

TECOJL A P
ALl 68 VY Kl Sl oo b
L S L Ll oSS S
Y+/40) Dehli/CAS «(as,s YY/A) New-1
o/vy) Ugandall «(as s V4/+ %) Beijing (as s
Y/A?) URAL (as,s Y/V8) LAM (4w s
(Ao s V/4) S ((wws s Y/AS) Ugandal (Ao,
(dLoys +/40) X (uws,s V/4) Haarlem
(Loys +/40) Bovis (4w ,s +/40) Cameroon
L3 g 4t liab (s VWYY Lol 3L 5 il e

(Yd )

KB5S el 205 b skl (slagy por (Y Jpter

KW sl il slaa s
YY/A Yo New-1
Y\ Yy Dehli/CAS
4/ ¥ Beijing
o 4 Ugandall
A4 0 LAM
YIAS Y URAL
YIAS Y Ugandal
VA Y S
VA Y Haarlem
/A0 3 X
QAW \ Cameroon
/40 ) Bovis
Yy V¥ Unknown

bl Kb S gl s b S 5 T
Ol & by e s V¥ 45 (Uoys 14/00) Ll
Yo) 05 Oblen a4 bgye s 7 5 (o3 Ve) 5 1
3o Jld-2¥ Lol s 03 9dme 5 A0 g (o s
(hoys Y1) wpw A Sogm sl Coslis
Y0) 450 0 s MDR (4,5 YO) a5 V ¢ ulem

L3 » Non-MDR (4 55



VI Sory i3S 25 012 /SlsSele (S5 Juto

OblKen 5 g il

sy skwsdldl e SS9 s MIRUYF
Sy 33 A3 eSSl &S (F U )HGI= /5T
Glawisad 53 3> sy (o SP N0 5 ST
2SSl sl e BBy il S
25 ¥ Ol gode Ly, op VL

s il IS gly o MIRUYY S
Sl Moy e kasOl Bl gla sy o Sdas
b st edaasBl Bl iS5 S slaag o
Ll (F 5 Y JS8) A o pems (+/S<HGI< /¥)
peess daksel S sl oS MIRUY: .8 )
53 0 5 ¥ ) s s ekasSlBl Sl eSS
ClesSd o (Kamn gladises 3
(HGI= N\ Y) 55 cind slas Gl il

Sroms goi 50 (sl MIRU-VNTR

HGI Locus
o MIRUO02
oy MIRU20
L/¥Y MIRU23
o/ MIRU24 5
¥V MIRU27 &
o MIRU3O 2

- ] [l
Y *MIRUO4 =
Ny MIRUIO 3
EY MIRU16 é
¥ MIRU26
o MIRU31

E “/YE MIRU40

% Y Mtub04 ———

= Y ETR-C

@ L/¥Y Mtub21

<9

= o QUBI11b

- Y ETR-A
0 Mtub30
Tias Mtub39
+/00 QUB26
A0 QUBA4156

) *
S b sSSP0 50 iy 55 S rie sla S

Ll edd e3ls OLES (5 xS

2 MIRU\C'} MIRUYY' g)“',)gjj 92 oS c(HGI='/\c/\)

s MIRUYY .S 5 odigls 35ms o sSHY s,

I3y (e SIS
Lop  chad edasglpl S glae S
MIRUY  § tsp ool (HGISH/¥)
MIRUY. (HGI=+/V) MIRUY (HGI=:/+A)
MIRUYY (HGI=+/+A) MIRUYY.HGI=+/Y)
MIRU ¥ . J 5 oo cnl s o (HGI=+/Y0)

(F Jsdx) 5 05 5525 SN0 gy 52

oS SHGI sl (F J sl
lac o3 JS (5, MIRU-VNTR
HGI Locus
A MIRU02
oY MIRU20
N MIRU23
A MIRU24 5
S0 MIRU27 £
pv MIRU39 2
- I
" *MIRUO4 =
YAY *MIRUIO 3
e *MIRUI6 =
“AY *MIRU26
o “EA *MIRU3 1
g 0¥ *MIRU40
E 0 Mub04
= </OA ETR-C
= VY Mtub21
E <JOA QUBIIb
2 NN ETR-A
Y5 Mtub30
“/50 Mtub39
“IAY QUB26
VY QUB4156

SN0 Y s 55 S ke (gla e S I
WS 92 o ples Q)JSL&P,;:J_ Sk 5ol 3540 3
tlie G sS ) S1 53 b (SN0

Slmsd W opes amdls by ol
2y Sl Y L is I MIRU-VNTR



YA Sl /) oslat @as 5l Jlo s b/ A

L ol OF PCR Jgams o3lhl 5 35 g5bcas Lol 8 Ky sloa s s gls S5y 5l

FPPFEGSY A IolNIPIFIFIOIFIVIA
0 o S AR ORI R T

= e [0sobp

_--------d--n------

e oL

MIRU 27
MIRU 27

ot s b (61 MIRU27 o S ) PCR Y poamms (¥ IS5 S sl s ) MIRU27 S J PCR &Y yama (Y IS
H37RV 4 5 10 o,la

I PFEFOFY AT IoILIPIFIFIOIFIVIA

MIRU 10 MIRU 10

s ple 51y MIRUIO S PCR &Y yamae (0 05 Sy 4503 VF Sy MIRULO 8 J PCR o geamme (¥ IS0

PP OFE & %Y A 90 1LY IE IS
teaohp

&eobp - L _E X - s a5 = o B0 &=

connnet
SRR LT R

QUB11b

H37RV 45 50 10 )l « Siomy (saes v (51 QUBLID S PCR oY yams (5 |05



V) Sz i385 255 032 /S sSole (S5 ke

OhlKan 5 (5 ,akae

ol el e b addlae s 08) das e OLE
e Ly Gl @uu YL QUBYS s Sy
5 MIRUYY bS8 5y Dls ase S
b el o 5ol kel IS gl MIRUY
S SISl S P ey (HGI=/0A) Lazils
VO sy b lag 558 Shassl sl ouls glyls
S 5 5 Lzdls syms MIRUSVNTR s )
Sl shls &S eSS0 51 (MIRUY) .S
SN0 By g3 Ny has (Saasdl bl
oS .Zls ss  MIRU-VNTR
s e s S &l S MIRUYY
Sz Gt Sl 05 0dinsBl Bl a5 5
sl ss »r
MIRUY: oS )t goes (/T<SHGI<:/¥)
S S e ksl S Gl &S

s 5P Lgi.._.z:; LSLAAJ}«.: )98 )3 Oy oMJé\fé‘

Lo sie s kiasGl 3l

35 aad ekl Bl gla S )
Sase <y QUBID oSy 55 o)l S5 sl
R R P R
SIS s Y NS gl b s ol 53 o5
S0 S R Slallas Ll (Y0) 5y op e oty
sy 3 sdel Cesa sladised Sl o3k sl
@=\%) 5K (FYA) g sl 2 (=)
oS ol OLas i plil bl ol 5 (F10) 2K
bl Sy U5 5 MIRUYS S
V) a3l S84 Y s Ly e s 3yls Jawsie
358 S MIRUYS sS4 55 SV slie wsdlea;

Sbasw plo o Sl Smy gaase 5l S

S

k.a’rd.

S Sis 035 Ll Jsa Koy slaay s T
Lok, 5 Vb pddil Ll S5l s
Chre sta ) ool Sler g (ol Zaslis
Law V00 3L oadle s (0F) Llasls
(Sl S sl 205 b 3 25 S LSS
53 (Ao V) e Sl Koy 4w T
2 Ober 5 2V bu g laddlas s s
Mor S 25 e Shsile wpe WYY (o)
G bk plmil Sl s Jlal Ol 5 el
Loy goo 31 Ao pn Y/ S Al i K555 ol
Lol Aoy OO/FaS 55 Koz olis) & Glaze
Ol 03 b5 b Sllp 5 s MDR
3 Lp by gladdlas 53 .000) 55 VL Ll
MDR-TB 5,50 YP¥ 1 51 kd ol OlKen
o3 VE/AS s i8S Ko 4 g Aoy Y0 /0
(V9) K35 0 I Sbl O jles 51 a0
{‘JUSL’)&L‘ o YYA o 51 6,500 andlas o
O (Sl 5 Sl Ollew Sl ok I w3 5lS 555
53O0V szl s Kioms b5 4 Ol Ao s
Vo ubiss opl Sls OA) 5l 5 s ladlas
03 (7)) ds S8 Ao VY dgde 53 5 Ao
%%U}j@uﬂxﬂyj Ao 53 V4700 Lo axdlas
02 =5 nl Gl S (S opl &S dadls Gl
AL e 528

sy S sbase pls sl
Gl SP 5l Ll WVNTR I gkl,ls

J}P- )‘ L;YL Lﬁj'i')‘:’.):':*; aS ol U':')|J§ QUB



YA Sl /) oslad @as 5l Jlo

Tk AL

2 s Caglin b Kooy b5 Sl w5 L
5 eVl Comex 3 OF JLasl Ce w5 ol bl
St Sologs 0508 0553 bzl b oo IT 5131 5
ol Sires 5 e bt i S
S edd g e Oldlae s 1 syl (oob;
ol 035 pless gl oald VNTIR (sla e S

g gl b5
sbld 6l e nl 5ol Cose mls b
plonil Il sty ol 5l Sy Slat e e
4 5 55 0 olgiy QUBLID s ol s PCR
lp & MIRUV: (s .5 PCR Of Jus
Sy bzl 2 Ts 65 Sy slaa g
S MIRUYY oS3 5 g it sl bt g sl
bl s o gte s o Sy Sloa s 512

sy Sl S Gbls Lo et e sl s

Sl 5 S
Sl S lfes
S5 555 e 5 oKyl (55585 8Ll
b 61}1{""‘}9 S Sosls s Olnlogy 3
Jo s lesl ey Sl pemen 5 Jbe
5 S5 s ARGl Gaes blra o) 4i8

.::dea JEESRY

o 500 s

References:

Lo arlllae > ol oo i 35lS 25 0 SLSSL
2l ol (Ko wsw o> MIRUYS LS
ol s SO sl 5 (HGI=/$9) cosls o s
SEALVOL Hy S

350 3 OSer 5 izl by o Glaadlae
5P M e s el Sy e
58 Olgea QUBTYFY, 1 ., VNTR
SlaasSy Mg s s Ll sdas@l 8l L
(5) 390 pia VY L o

Sy gl s ¢l MIRUVE oS ) o anlllas s
Mg s HGI=/5Y) s | plas 55 0 5V
Sy e VG o | S glat s 81

S 38 e e 65 s
Sl Sl S Sz 5 VY 5l
\0 5 MIRU-VNTR .3 VY _gg,a Ui
S 4i asis s A3 el MIRU-VNTR .5
W Sa Ced oS8 Y 5 10 et
2l VL CuB L Sy Gl g S
10 hay Gl ol s b asllas s (0) as e
e SLSl Gbase ple Gl eSS
53 bl sy e SINY s 5 VL 5SS 2
3 Kz oty s bl gl e SN0 Y S,
Sl bS5 b 5 dmils ol Col U

1.Enarson DA, Chretien J. Epidemiology of
respiratory infectious diseases. Curr Opin
Pulm Med 1999; 5: 128-35.

2 Kremer K, Glynn JR, Lilleback T, et al
Definition of the Beijing/W Lineage of
Mycobacterium tuberculosis on the Basis of

Genetic Markers. J Clin Microbiol 2004; 42:
4040-9.

3.Rohani M, Farnia P, Naderi Nasab M, et al.
Beijing genotype and Other predominant
Mycobacterium  tuberculosis  spoligotypes
observed in Mashhad city, Iran. Indian J Med



W/ S i3S 255 0325 sSole (S5 ke

OblKen 5 g il

Microbiol 2009; 27: 306-10.

4.Chin PJ, Chiu CC, Jou R. Identification of
Beijing Lineage Mycobacterium tuberculosis
with combined Mycobacterial Interspersed
Repetitive Unit Loci 26, 31 and ETR-A. J
Clin Microbiol 2007; 45: 1022-3.

5.Jiao W, Mokrousov I, Sun GZ, et al.
Evaluation of New  Variable-Number
Tandem-Repeat System  for  Typing
Mycobacterium tuberculosis with Beijing
Genotype Isolates From Beijing, China. J Clin
Microbiol 2008; 46: 1045-9.

6.Ahmadi M, Farnia P, Tajedin E, et al
Mycobacterium tuberculosis Complex
identification with spoligotyping method in
patients attending to Masih Daneshvari
hospital. Sci Journal Zanjan Univ Med Sci
2009; 67: 23-32.

7.Han H, Wang F, Xiao Y, et al. Utility of
mycobacterial interspersed repetitive unit
typing for differentiating Mycobacterium
tuberculosis isolates in Wuhan, China. J]MM
2007; 56: 1219-23.

8.Amirmozafari N, Ramezanzadeh R, Farnia P,
et al. The frequency of Beijing genotype of
Mycobacterium tuberculosis isolated from
tuberculosis patients. J Iran Uni Med Sci
2005; 13: 7-16.

9.Supply P, Lesjean S, Savine E, et al.
Automated high-throughput genotyping for
study of global epidemiology  of
Mycobacterium  tuberculosis based on
Mycobacterial interspersed repetitive units. J
clin Microbiol 2001; 39: 3563-71.

10.Supply P, Allix C, Lesjean S, et al. Proposal
for standardization of optimized Mycobacte-
rial interspersed repetitive unit-variable-
number  tandem  repeat  typing  of
Mycobacterium tuberculosis. J Clin Microbiol
2006; 44: 4498-510.

11.Kamerbeek J, Schouls L, Kolk A, et al.
Simultaneous detection and strain
differentiation of Mycobacterium tuberculosis
for diagnosis and epidemiology. J Clin
Microbiol 1997; 35: 907-14.

12.Farnia P, Mohammadi F, Masjedi MR, et al.
Evaluation of Tuberculosis transmission in
Tehran: using RFLP and spoligotyping
methods. J Infect 2004; 49: 94-101.

13.Hunter PR, Gaston MA. Numerical Index of
the discriminatory ability of typing systems:
an application of Simpson’s index of
diversity. J Clin Microbiol 1988; 26: 2465-6.

14 Mokrousov I, Narvskaya O, Vyazovaya A,
et al. Mycobacterium tuberculosis Beijing
Genotype in Russia: in Search of Informative
Variable-Number Tandem-Repeat Loci. J Clin
Microbiol 2008:46; 3276-584.

15.Velayati AA, Farnia P, Mirsaedi M, et al. The
most prevalent Mycobacterium tuberculosis
superfamilies among Iranian and afghan TB
cases. Scand J Infect Dis 2006; 38: 463-8.

16.Farnia P, Masjedi MR, Mirsaeidi M, et al.
Prevalence of Haarlem I and Beijing types of
Mycobacterium tuberculosis Strains in Iranian
and afghan MDR-TB Patients. J Infect 2006;
53:331-6.

17.Tajeddin E, Farnia p, Kargar M, et al.
Identification of mycobacterium tuberculosis
Beijing genotype using three different
molecular methods. J Semnan Uni Med Sci
2009; 1: 7-14.

18.Doroudchi M, Kremer K, Basiri EA, et al.
IS6110-RFLP  and  spoligotyping  of
Mycobactrium tuberculosis isolates in Iran.
Scand J Infect Dis 2000; 32: 663-8.

19.Supply P, Warren RM, Banuls AL, et al.
Linkage disequilibrium between minisatellite
loci  supports  clonal  evolution  of
Mycobacterium tuberculosis in a high
tuberculosis incidence area. Mol Microbiol
2003; 47: 529-38.

20.Rao KR, Ahmed N, Srinivas S, et al. Rapid
identification of mycobacterium tuberculosis
Beijing genotypes on the basis of the
Mycobacterial interspersed repetitive unit locus
26 signatures. J clin microbial 2006; 44: 274-7.

21.Mokrousov I. Mycobacterium Tuberculosis
Beijing  Genotype And  Mycobacterial
Interspersed repetitive unit Typing. J Clin
Microbiol 2006; 44: 1614-5.



YA Sl /) oslad @as 5l Jlo O b/ 1Y

Original Article

Comparison of Mycobacterium tuberculosis Beijing genotype with other
Mycobacterium tuberculosis strains Using MIRUV-VNIR method

M. Mozafari L 2*, P. Farnia l, M. Jafarian ', MR. Razavi Deligani 2, M. Kazempour l,
MR. Masjedi ', AA. Velayati '

! Mycobacteriology research center (MRC), Shahid Beheshty University of Medical Sciences, Tehran, IRAN
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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