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Development of real-time PCR for rapid detection of
Mycobacterium bovis DNA in cattle lymph nodes
and differentiation of M. bovis and M. tuberculosis
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Mycobacterium bovis, a member of the M. tuberculosis complex (MTC), is the causative agent of bo-
vine tuberculosis. Detection of M. bovis and M. tuberculosis using conventional culture- and bio-
chemical-based assays is time-consuming. Therefore, a simple and sensitive molecular assay for rapid
detection would be of great help in specific situations such as faster diagnosis of bovine tuberculosis
(bTB) infection in the abattoirs. We developed a novel multiplex real-time PCR assay which was ap-
plied directly to biological samples with evidence of bTB and it was allowed to differentiate between
M. bovis and M. tuberculosis. The primers and TagMan probes were designed to target the 1S/08/
gene, the multi-copy insertion element in the MTC and the 12.7-kb fragment which presents in M. fu-
berculosis, not in the M. bovis genome. The assay was optimized and validated by testing 10 species
of mycobacteria including M. bovis and M. tuberculosis, and 10 other bacterial species such as
Escherichia coli, and cattle lymph nodes (n=113). The tests identified 96.4% (27/28) as M. bovis from
the MTC-positive bTB samples using conventional PCR for specific insertion elements IS/08/. And
MTC-negative bTB samples (n=85) were tested using conventional PCR and the real-time PCR. When
comparative analyses were conducted on all bovine samples, using conventional PCR as the gold
standard, the relative accuracy of real-time PCR was 99.1%, the relative specificity was 100%, and the
agreement quotient (kappa) was 0.976. The detection limits of the real-time PCR assays for M. bovis
and M. tuberculosis genomic DNA were 10 fg and 0.1 pg per PCR reaction, respectively.
Consequently, this multiplex real-time PCR assay is a useful diagnotic tool for the identification of
MTC and differentiation of M. bovis and M. tuberculosis, as well as the epidemiologic surveillance of
animals slaughtered in abattoir.

Key words : Real-time PCR, Mycobacterium bovis, M. tuberculosis complex, 1S1081, 12.7-kb
fragment
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2 Mycobacterium (M.) bovis ¥ o]
Ty s Aol eI E A OEH
JollAl AAZA EHo] Atk oA Fagt
o 29E T 9ltKThoen S 2006). M. bovisO)
S we =AY A A EE HAA 2
WollAl esiget AES 4= Q7] wiiEe] Zdd
MAE Zrotf7] of= gl HEshy] ofd& At 5
S}ifo]tH(Thone™} Chiodini, 1993). M. tuberculosiss
H] 2o W At wig- =2 A Ak diZol
DA R A  3~8F7} A2QFET wWe Lo
Zasty m33 Ayl =EE7|E FHR(Soiniet
Musser, 2001). BROFEl #o AJSlSF BAL 9l
2~3%7h o A8F By ofush W wgEst
100%7} ofus, 9iegel Avke yehjs Eel
ko B M-S 7k 1 ) rkSoini®t Musser, 2001). M.
tuberculosis complex (MTC) AHZS $3l BACTEC
MGIT 960 A| 2817} 2 oAl A& AFgahel At
15392  Lowenstein-Jensend} 72 A ul =] o A
B 2.6A5T o 1732 A% #EA ASEA,
ARERE A8F AEES P P A
TAEIA S A ARESHo]oF dtKSorlozano %, 2009).

FZol= YA ARZEE M bovis DNAS A3

AZ3 2= Qe AR AAM O] molo g AthA7k
7} w=go] AzE| it PCRY| 7|28 97|41 g B4
W2 At FAl 7MY 4123 vt “gold standard”

o] th(Soini} Musser, 2001). M. bovisQ] SGHA|= M.
tuberculosis®} 99.95%7} x| StcHGamier %, 2003;
Soini} Musser, 2001). M. bovis@}t M. tuberculosis &
AA L] A7 BA o2 M tuberculosis® ZA|5}
= 12.7-kb AHO| M. boviso| A= ZAojE AoR
8= Q3 (Zumarraga 5, 1999), o] F9l= ofy A+
2ol olaA o] E 74A] RS st fat
EAE AFLEQCHI S, 2007; Bakshi 5, 2005;
Chen =, 2010).

M. bovis ER1E ol Aot FZtoll ol dE& ek

+ internal transcribed spacer (ITS), MTCof Eo]%
o] 4] A Y (insertion sequence, IS)?1 1S61103} 1S1081
9], o2 7l RD (region of difference) & Y RD2]
A& oAF, ogR AR pned AR, grB AR
9 narGHJI §-3A} 52 ©]-83F multiplex PCR, PCR
restriction analysis, allele-specific PCR, real-time PCR,

oligonucleotide array % microsphere-based multiplex as-

say & o8] 7HAl dAbglo] Kl EQIrh(Bakshi -5,
2005; Barouni 5, 2004; Chen &, 2010; Eregat -5,
2010; Espinosa de los Monteros 5, 1998; Niemann -5,
2000a; Niemann %, 2000b; Park 5, 2005; Parra =,
2008; Pinsky%} Banaei, 2008).

Park 5(2005)0] H 1%t ITSO] |74 LG ol
oligonucleotide array 7| S 2 MTC 5 20552 23l
= Aol A Blg&er ESAARE d7]A
AE, F AR ApololA Aol AR wEe
g, FAet Jzbge| ogt o] o, w5 ek o]
o =0 S AARTE dasithe wol ok
Chen S(2010)2 M. tuberculosis®l E°]221 12.7-kb
A gAAe] B 20k M bovis $ARNA o
S8 2290pe] 147 W7D o]gsto] micro-
sphere-based multiplex assay= M. bovis@} 713} Th.
o] WP A2 54 oligonucleotides} EA4I3} 3}
e A s WARe Tl Atk Ak
PCR 7|92 At HE5F fIsll PCR ®EGof &Jgt
FEAES AAES B FASHE AL a7

AZro] 98 AY Wyt opjel, ujSo]xel
o) o $A Agols Foa
A 2

o ps
AL F7HARL Aol Azt

Ao oot

s 5

Real-time PCRE &3040 oFS AA|7F HE =
Aot FAAE dAbste WHeR & VA2 B
%=t TagMan %+= FRET 3}eh=%2 o] PCR A=
AEA o7 Atk 4= Q) probe?} SYBR® green%]
% Qi7IAT Aglo] Wte] Boldos Al
+= DNA intercalating dyez® —FEZETtH(Klein, 2002).
SYBRY greenS o|g3H= #$ dlake] 7| A dwt
Aaglo] olFuAdRt WA Fds IAksH] o
ol g = jlow, o7 fAAE FAll
AET 4 ¢lem, PCR AH=29] =A7]of we} 39
A717} ekl e o] lth(Klein, 2002). 124 &
33 probeo] 7] 23t 5'-3' exonuclease 7|H-2 H|E0]Z]
o7 FE WASHA] ool Soldat wiztAdo] dnt
PCR AAET 27| =l on, HAlol] A= Al
h2 Aokl = ol Slth(Heid &, 1996).
b, o At 49 | A|RA M. bo-
A
o

(
(
—

|

visE AEsta el PEstn S35 9lsh
MTCS] Eo)Ael 1S1081 SHRL} M. tuberculosis©)
Tk EA3FAL M. bovisol| A= Aol H 12.7-kb HHEL
9] S HAE TagMan probeE ©]-&3F multiplex re-
al-time PCR 7|¥-& 7|aFsluz} AA = ¢jch
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ME glodp

2.l FF(Bacterial strains) & A&

o Htof o]g3t 1059 AdMAS M bovis
ANS, M. tuberculosis, M. avium, M. intracellulare, M.
Sfortuitum, M. phlei, M. peregrinum, M. scrofulaceum,
M. smegmatis, M. kansasii®|™, °|& wF& 54t
APl HESa 9i DNAS AHate
th. o= YA A+ 1028 E. coli, Salmonella spp.,
Staphylococcus (Sta.) aureus, Clostridium (Cl) per-
fringnes, Listeria (L.) monocytogenes, L. innocua,
Campylobacter (Cam.) coli, Cam. jejuni, Enterobacter
(Ent) faecium, Ent. faecaliso|™, ©|& #F= Hd$
AR AGARRREE F4E JEe] PO )
8 A=A EEsteh 1052 Adto] tigt &
o] A= FHAM AL oA =35ttt

23 20109 K€ 2011 7R BFA| S
A ot A Rlo] WA & AY o=
s 4 YA 287 (Table 1)} Sokxl o2 A
2 FlE Yry 85sAS Aol ol gshart.

Genomic DNA F=

E coli 5 W94 Ald 105S 253 ool e 2
[e]
=

49| YL YA genomic DNA FE& 918 Al
L3 50079 HHe AR Mgkl g

st Az 27 1~3 g RS 71912 Adsto]
o 7w RS 5 me H71e)

stolch #2oo] 4% NaOH £} 5 mlE
of BRHekT ALLolA 1587k YHste] Y
Ry = 2% HCI 6.8 miE H7bste] 23}
o} =35}=E 2 NH 50 ml conical tubeo] H-F3F
33,000 xgo] A 158 Fet QRS o F A
< w2 A= HatE PBS (pH 7.2) 2 mE
7Vslo] AR SIAZ] & 300 plE eppendorf (EP) tube
ol A215ko] DNA 22 Al=o] AHgsHct

A AeE AEEFRE genomic DNA F&2&
Sambrook®} Russell (2001)9] HMHS AR 44 35}o]
thaip o] AAfskith A AZE A& 300 plofl,
0.5 ml9] extraction buffer [I mM Tris-HCI (pH 8.0),
0.1 M EDTA (pH 8.0), 0.5% SDS]%} proteinase K (10
mgml) 10 pl= H7kako] 65°Col Al 305 7k W-SAI 7
t} o] =g phenol: chloroform : isoamylalcohol
(25:24: 1, viv) 8N4 0.5 mlE Y11 TF3F & Ao
A 14,500 xg2 387 94 Belslo] Sude Y
A7tk AZoe Q29 1.5 ml EP tubeR £AA
isopropanol 600 pl®} S350 A2 A 14,500 xg=
3u%b yEeiel DNAZ WA WAw
DNA7Z} 3£3+% EP tubeo] 70% ethanol 700 pl= 23]
A F Azstel BREl 33 FHEE 100200
Tbste] Aol Abgahlr.

=2%% DNAL  NanoDrop® ND-1000 UV-Vis
Spectrophotometer (NanoDrop Technologies, USA)E ¢]
-8-5k0] 260:280 nmof| A F=Fsto] AF 7] -20°C
of HsHAtE

Table 1. Lymph nodes of Korean native cattle with tuberculosis lesions found at abattoir in Gwangju province

Case Sex Months Lesion Farm region Years Case Sex Months Lesion Farm region Years
detected detected
1 F 89 Liquefaction Damnyang 2010 15 F 59 Yellowish-pus ~ Jangseong 2011
2 F 39 Yellowish-pus ~ Damnyang 2010 16 F 52 Yellowish-pus  Jangseong 2011
3 F 41 Enlargement Damnyang 2011 17 F 25 Calcification Naju 2010
4 F 49 Liquefaction Damnyang 2011 18 F 84 Yellowish-pus ~ Naju 2010
5 F 50 Calcification Damnyang 2011 19 F 88 Yellowish-pus ~ Naju 2011
6 F 82 Calcification Damnyang 2011 20 F 77 Yellowish-pus ~ Naju 2011
7 F 37 Liquefaction Gochang 2010 21 F 72 Liquefaction Namwon 2010
8 F 55 Calcification Gochang 2011 22 F 26 Calcification Namwon 2010
9 M 38 Yellowish-pus ~ Gokseong 2011 23 F 37 Yellowish-pus ~ Namwon 2010
10 F 76 Calcification Gwangju 2011 24 F 49 Yellowish-pus  Sunchang 2010
11 F 25 Calcification Hampyeong 2010 25 M 36 Calcification Sunchang 2011
12 F 44 Calcification Jangseong 2010 26 F 43 Calcification Yeongam 2011
13 F 61 Calcification Jangseong 2010 27 F 39 Calcification Yeonggwang 2010
14 F 27 Yellowish-pus  Jangseong 2011 28 F 68 Yellowish-pus ~ Yeonggwang 2011
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Conventional PCRO| 2|8t MTC &Z

A YoM M bovis HEES 3 Taylor &
(2007)2] primerS, PCR ZZ2 ¢|3A]= Maxime
PCR PreMix Kit (i-StarTaq, iNtRON biotechnology,
Korea)S 717} AFE319Ich PCR ZFZEAHELS 100 bp
DNA ladder (Invitrogen, USA)2} &7 SYBR® safe
DNA gel stain (10,000%, Invitrogen, USA)S A 7}3st
2% agarose gelol| A slo] 100 VoA 30E 52 A
714 ato] 135 bpe| ZEAES Belatgc)

Real-time PCREZ 9% primerQ probe LIX}0!

IS1081& ©0]83F MTC AZS 984 GenBank da-
tabaseo| A A|5E M.  bovis IS1081 (accession no.
X61270) ¥7)1A<g-S HMSI] oligonucleotideE 2]
AA| 55 tHTable 2).

M. bovis?} M. tuberculosis 7rH-E 93t oligonucleo-
tide TJA}FQ1-S Zumérraga 5(1999)0] XISt M. bovis
o 3§ A4E 29-0p0) WIINBE BAste] M
bovis AF2122/97 ZAA GHAA}A E(accession no.
BX248339)1} M. tuberculosis©l] E0]%Q1 12.7-kb A H
H 9)(accession no. BX842576)5 E-A3slo] Z}7to] E
o] ¢l primer?} TaqMan probeS 213 “AA5H3L,
Bioneer (Korea)o] ©|&|dlo] At M bovisS}
M. tuberculosis 7YHE ¢l AFg% A4S primere}
TagMan prober= HZO0 & AEEEE TIRRISIS 1L,
247y o2 A A 513 THTable 2).
IS1081& ©| 83 MTC A& M bovis®] 1183t
A& 229-bpo] A7 EE SAlol AE3H] I8iAl
real-time PCRO]| A}-8-% TagMan probe2] 5' Uetof| Z+
Z+ FAM (6-carboxyfluorescein)@} JOE (6-carboxy-4',5'-

=
.

Ly

.

Y primer

Table 2, Oligonucleotide primers and probes for the real-time PCR

dichloro-2',7'-dimethoxy-fluorescein) & A5}, F
7 probe2] 3' Wttoll= X% BHQI (black hole
quencher) & 3EXA|3}% Tt

Real-time PCR HI2 X2

TagMan PCR2 3t & 9] primer®} probe =&
217] 9134 Aureknt oJukeF primeri= 200, 300, 400
nM¥} TagMan probe= 250, 375, 500 nM& 23}5}0]
M. bovis2] genomic DNAZ 4133}t Aulakyl o
HSF primer®] %4 FE+ 400 nMo|13l, TagMan
probe?] Z# = 500 nMo]it}t. Real-time PCR
HES-olOo Premix Ex Taq (2%, Perfect Real time,
Takara, Japan)™} ROX (50%, Takara, Japan), 5% DNA
2 g H7ste] & REEAS 20 pl= sk

Multiplex real-time PCR WhHg-o§2 Ab7]e} Z+e wt
SHoll MTC HE= 1%t primer?} probes Z42f M.
bovis = M. tuberculosis &S ¢35t real-time PCR
Bhgolo] k2 Eaeln & vHgole 20 Wt e
= zEaz zEsgc

AR ZZ7)+= 7500 FAST Real-time PCR system
(Applied Biosystems, USA)S AL&3}o] 95°Col| A 187
13] AAgE &, 95°CollA] 15%, 60°CollA] 1% 715
453] wrEslitt FZ A= 7500 software (Ver. 2.0.5,
Applied Biosystems, USA) =2 1312 0|83 Elsl¥ch

M. bovis®+ M. tuberculosis®]] T3} real-time PCR2]
AETA BAE 984l DNAE 10 ngul= A3t
% 108 A 3JAste] A5G

A Pz A5E YA O 2 St conventional PCRY}

Target species Oligonucleotide Sequence (5'—3") Target gene/sequences }.’roduct
size (bp)
MTC IS1081_650F CGGACTGGCTGCTGCAGC 1S1081 166
IS1081 815R AGCTCTTTGGCCATGATCGA
IS1081 712P FAM-TGCTACCTGCTGGGAGTATCCACTCGC-BHQI
M. bovis THB_312851F TGTGCGAGCTGAGCGATGTC The 229-bp contiguous 187
Tbovis 825R AAATGGCTATTGACCAGCTAAGATAT sequences
THB 312940P JOE-CCGTAGTCGTGCAGAAGCGCAACAC-BHQI
M. tuberculosis THB 312851F TGTGCGAGCTGAGCGATGTC The 12.7-kb fragment 153
TH_313003R GCGCCCTATTTGATCTCTGCAA

THB_312940P

JOE-CCGTAGTCGTGCAGAAGCGCAACAC-BHQ1
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real-time PCRQ| W17 E e} Eo|x & w3t o]=

= HA} Abo]o] A= Cohen's Kappa H412 AlA]
5} th(Fleiss2} Cohen, 1973).

Table 3. Results on Mycobacterium strains and other species
tested by the real-time PCR

Target gene/sequences

Strain The 229-bp The 12.7-kb
1S1081 .
contiguous sequences  fragment
M. bovis +* + -
M. tuberculosis + - +
M. avium .y - -

M. intracellulare - - -
M. fortuitum - - -
M. phlei - - -
M. peregrinum - - -
M. scrofulaceum - - -
M. smegmatis - - -
M. kansasii - - -
E. coli - - -
Samonella spp. - - -
Sta. aureus - - -
CL. perfringnes - - -
L. monocytogenes - - -
L. innocua - - -
Cam. coli - - -
Cam. jejuni - - -
Ent. faecium - - -
Ent. faecalis - - -

*Positive result, TNegative result.

ARRN

1]="= Threshold for MTC
=== Threshold for M. bovis

0.1

0.001{| | /

0.0001

2 4 6 & 1012 14 16 13 20 22 24 26 28 30 32 34 36 38 40 2 M

Cycle

2o

Real-time PCR

A 1052 E. coli 5 HYA Al 105704 =
=% DNAS o Sold Hastgleh 181081
< 0|87l real-time PCROﬂHh M. bovis®} M. tuber-
culosisO| AUt AEEQa, o2 839 A4y WY
g Alt(105) 0l A= “]501 Hh-g-o] WA etk
(Table 3).

M. bovis®] {3 A% 229-bpo] H7IA LS o]
83t real-time PCRO| A= M. bovisTt HETE] Q3L M.
tuberculosisS B £33t 7|ele] AdH4y} = Hg% A
Aol A= 301Utk M. wberculosis®l E-©]4%1
12.7-kb AHELE 0]-&3} real-time PCR A ¥ oA =
M. tuberculoszs‘?_]' AZE QA M bovisE E33H tE
Al YAy gl mARgel BaEA

OFQFti(Table 3).

MTC HAEL 93t primer (IS1081 650F2} IS1081
815R)2} TagMan probe (IS1081_712P) 121l M. bovis
AEL ¢35t primer (THB 31851F%} Tbovis 825R)Q}:
TagMan probe (THB-312940P)2 A}8-3}o] multiplex
real-time PCRE 3}ttt 1 A¥ M. bovis® 1183t
A5 229-bp0] H7IAME T} IS1081 FAAF7E 5 Alol
AT AHFig. 1A). M. twberculosis®] )3} A= mul-
tiplex real-time PCRE Z-&3t v} M. tuberculoszsﬂ] =
oA Q] 12.7-kb AH H 9} 1S108] AR FEA
o] EAlo] 24152l ChFig. 1B).

B
= =+ = Threshold for MTC — MTC
% 1| =« = Threshold for M. tuberculosis — M. tuberculosis
0.110.084
BN 1 BN 1 BN | BN @ BN ! BN I BN I BN I Em 1
0.075
0.01 ,
0.001 v >{
0.0001

2 4 6 § 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 M4

Cycle

Fig. 1. Amplification curves of multiplex TagMan real-time assays for detection MTC using IS/081 gene and 12.7-kb insertion/deletion fragment
primers and TagMan probe. (A) M. bovis DNA was amplified simultaneously by the MTC and M. bovis-specific primers (THB_312851F
and Tbovis 825R) and TagMan probe. (B) M. tuberculosis DNA was amplified together in one tube by the MTC and M. tuber-
culosis-specific primers (THB_312851F and TH_313003R) and TagMan probe.
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M, bovis®t M. tuberculosistl LTt real-time i}
PCR ZZ=0H| 71 Ll W3t cut-off gh2 5o, WA= 9 A=
TAE L5t 37.0 cycle mRko 2 AASIRAL, M.
M. bovis@} M. tuberculosis®] DNAZ 10 ng/ul5-g tuberculosis®l| TSt cut-off ZF2 40.0 cycle n|Tto &2
108 Aldk A5t HESHAE AAFSHATH MTC 4 A7 stelnt.
=4 primer 233} M. bovisQ] 11-8-3F A<E 229-bp
9] H7IM L o83t T real-time PCRI} multiplex
real-time PCR 4 B0l 5 7b §A4E mE

A SOA(| [H8t conventional PCR1} real—-time

] PCR Hlul
10 fgul7ba] AZo] 71satlthFig. 24, 2B). M. -
berculosis®]| T3t 1S1081 S-AAQ} 12.7-kb fragment Z3l ofAJol 4 HA 287 A5l Sotd oz
A AETA= Y5 0.1 pg/ul7hA] HEE Aor 2lH 8571 Az et M. bovis HE=
ATHFig. 3A, 2B). 3l conventional PCRT} real-time PCRE #8314}
M. bovis %F%) AR} 4 ARS LES}7] )3k Conventional PCR B o2 SolEA] A8 Wi W
A B
=
% 1
01 222 0.056
0.01
0.001 ii; i? /
0.0001
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 M 2 4 6 8 10 12 14 16 18 20 22 24 26 25 30 32 34 36 38 40 42 M4
Cycle Cycle

Fig. 2. Amplification curves of TagqMan real-time PCR to detect M. bovis. (A) M. bovis using ISI081 primers and TagMan probe. (B) M. bovis us-
ing the 229-bp contiguous sequences primers and TagMan probe. A minimum of 10 fg/ul of DNA could be detected after 45 cycles. Lanes
1) 10 ng; 2) 1 ng; 3) 0.1 ng; 4) 0.01 ng; 5) 1 pg; 6) 0.1 pg; 7) 10 fg.

A B
= =
e q o
< g !
o 1 23455 0110 064 1" 2/ 3/ 4/ 5 /
0.047 .
0.01 /// 0.01
0.001 2 ﬂ 0.001
0.0001 /\ 0.0001
2 4 6 83 10 12 14 16 13 20 22 24 26 28 30 32 34 36 33 40 2 M 2 4 6 8 10 1214 16 18 20 22 24 26 28 30 32 34 36 38 4 42 44

Cycle Cycle

Fig. 3. Amplification curves of TagMan real-time PCR to detect M. tuberculosis. (A) M. tuberculosis using 1S1081 primers and TagMan probe.
(B) M. tuberculosis using 12.7-kb fragment primers and TagMan probe. A minimum of 0.1 pg/ul of DNA could be detected after 45 cycles.
Lanes 1) 10 ng; 2) 1 ng; 3) 0.1 ng; 4) 0.01 ng; 5) 1 pg; 6) 0.1 pg.
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Table 4, Comparison of the sensitivity and specificity of conven-
tional-PCR and real-time PCR for the detection of M.
bovis in cattle lymph nodes

No. of real-time PCR
lymph node samples ~ Kappa

index
Positive ~ Negative
Positi 2 1
Conventional PCR - > v° 7 0.976
Negative 0 85

ol 287 Alm WFOllA 181081 AR HEE AL
o, SetA o' Gl A& 8570l A+= 1S1081 4
A7F HEEHA ek

Conventional PCR HHo A 9FAJQl A& 287 =
real-time PCR ®H O 2 cut-off 4FS 37.0 cycle ©]9t
o2 AE3tFe ul, 277 AlRoA Sz FHely
o] W=+ 96.4%0]% o, St or PO g st
1% 857 Al&Z o th3t real-time PCR A-8& A3} HH=
/o EEon Solk= 100%0] it e
11 conventional PCR v o 2 3lolx okAa} S A A
29 38t real-time PCRS] AHZ == 99.1%°]|Uth
Conventional PCRI} real-time PCRQ] ZHAF A=
(kappa)i= 0.976= -p3ha ST 4= QI TH(Table
4),

2%

o] o 19] B30 TagMan probeS ©]-8-3F multi-
plex real-time PCR 7| o2 T&E A AlRo| &
Sti= M. bovisg A1&381aL AgstA HESHL &
= Aot} o|e} #Este] Al 7FA] PCR S
stal 2| A3}stoiny. o] AtelA MTCE] it
IS10811} M. bovis®] 1153 A&E 229-bpe]
d& sl AEshs WS AASHY S #yl of
2} At A daS UO7]= M bovis?} M. tuber-
culosiss FrHst= WH7HA] 7Hdskoict.

Aallit £2E 9% o7 7HA] AAujFH o] 2+
of A7fE]o] wjFAIZte]l LAMHAE AREFS wE
o @557 = AN A S0t g = 2w
skt ofds] B =i} AXto] BRst HEE
Fde oA LAWMAE -5 A ARE-SH
oF Stth(Sorlozano 5, 2009). -F-ZA} AAFHE = o
2 A ANREREREH M boviss A A= 5= A
Eo] Azt we2o] A E Gtk PCRo|| 7] %23k

E ¢
N oHo mx o rf
Loz o o

N

Q71D Bl AoE FA /A AT
“gold standard” | X|qt M. bovis®] FH A= M. tuber-
culosis®} 99.95%7} X3+t Garnier 5, 2003; Soini
9} Musser, 2001). 3FA|FF o]& &+ 7HA] F-4AAE H
wshH  9F 2400707} @+ single-nucleotide poly-
morphism (SNP)o] §lem, 1 bp o4} AEE AU 4}
A= HA= 1777 o]Ao|ti(Gamier 5, 2003). M. tu-
berculosisO| X EolatA] A& FE-S TbDlol2t ¥y
H A7IAE FE= M boviso A g locusol| A TF &
A5}, RD4, RDS, RD7~RDI10, RD12, RD13 12| 1
N-RD25 HEL M boviso| A 245t Brosch 5,
2002; Mostowy 5, 2005). o]# $HA H9= oy
ARt oA At FAoll ©]-&= $Ark(Barouni
<, 2004; Niemann 5, 2000a; Niemann -5, 2000b;
Pinsky %} Banaei, 2008).

Q71N BAol b Aubom AgEE gy
2 HE Alato EA5k= 16S rRNA F-Z- A o] A4k Tk
o A Aol MTCE st + e 98
GARRN WA WA EYrkSoniet Musser,
2001). HkHo|, 1867103} 1S1081-2 MTCo|| A1 gt HHA =]
= A}l SARo]tKCollins 5, 1993; Collinse}
Stephens, 1991; Thierry &, 1990; van Soolingen -,
1992). o] A AR 4G A9 e 9%
PCR 7|®H o] ARE-E]o] MTC A& AlHE 958 =
ARAINE, F FE= AHFA] EUTHChen 5, 2010;
Pounder 5, 2006; Savelkoul 5, 2006; Yeboah-Manu
S, 2001). Thacker 5(2011)2 1S6/10& ©]-&3t re-
al-time PCREZ M. bovisE ZAZ3I1AF AW M.
wolinskyioll 4 APEF-0] AZE ATk o Aol 4
[S1081& ©]&3t real-time PCRZ M. bovisEs HZ3}
AT, oA o2 Aol AN e WY
A gkt

M. bovis®} M. tuberculosis®|| ZA5}= SNPE o]-&
St 7 W O & MTCo|| EAst= Zdddt 2| =&A4<l
pyrazinamide 7r4=/d 1} & H FAARA pned 44,
oxidative stress regulatoro] #ojd}= oxyR GHX} 1
2|31 DNA gyrase®] subunit B THi2-S QF$ 3lsl=
orB §77] WEedols AEes A al-
lele-specific PCR (Espinosa de los Monteros 5, 1998)
T} PCR restriction analysis (Barouni 5, 2004; Niemann
=, 2000a; Niemann 5, 2000b) 7|¥& AFE3IHh &
3|, Niemann 5(2000a)-2 MTCo| 3G == oj8] £
AgsiA sk HS AAISFIAINE £ 7HA]
Fo] EgEo] glow o] fhasta FHFA

1l

EUNEY
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Real-time PCR #JH| & Eregat 5(2010)2 oxyR &%
A2} nitrate reductase®]] ToISl= narGHJI SR} o
ZA3l= SNPE HE3}7] 93 high-resolution melt
curve HEAH-S AFE5}Y 11, Pinsky2} Banaei(2008)=
RDI1, RD4 71831 RD9 &4 75 #ERIT 4= Sl=
melting-curve 7|¥2 ©]-&3l real-time PCR W oz
M. bovis, M. tuberculosis, 18]l T2 MTCE 73}
oﬂr,} o|5 HFH.o oA Fof A A|FRO|A M. bo-
vis A% A1l SYBR® greens] S44F 9
719t Agaglo] ols At HPQ’SHH %‘Jz}-%

AZbo] 48 E= T o]

2

FEA Aol 9t} o] Ao A 7f= real-time PCR
e o)l g FEs7)E YA BE MIC
Shellal 2 Aol H8EA oot A F71Hl o
T7F E 85}

S, Park 5(2005)0] H 13t HlH-E Afojof Eo]
AL e = ITS 9714 gL o] & ?_ oligonucleotide
array 7|HOZ MTC 5 2059 Ao AH3E v
go7 ZA9 A O]-‘}iX]E’_P M. bovis@} M. tuber-
culosisE 78T 4= ¢l9lth Parra S(2008)2 MTC
A& ¢34 16S-23S tDNA ITS FE S F TagMan
probeS TJZ}Q15}0] real-time PCR YW O 2 M. avium
complex®@} ZFHSF = 131, 01/\1-}\]EoﬂE A" A
goto] Alsial Haksil Al
/\gt‘ﬂﬂ o7 BEA7F Hu 9= q.ooh:g_].

Folit] $-49 Aoz AN 12T A
,:_Loﬂ Z27)%  loop-mediated isothermal amplification
(LAMP) ®*H-& Bst polymeraseS ©|-835}o] 7]£9] re-
al-time PCR ®HH Kt of% %2 AlXt ko] MTCE
AET = e Aol UARE, real-timeo] AHE-E=
primer} 2t} © W2 oligonucleotide’} ZQ3}3l, O
2 @ae WS 18 Adom Ml 4 o
AR 47k AFHEel itk we] Slekzhu 5.
2009).

M. bovis SGHR7} M tuberculosis®l| ZA|3t=
127-kb Ao Zoj¥l H 9= RD 7 F2o2 oy
A7l A olF F b As@e Fushey
multiplex PCR, microsphere-based multiplex assay -l
083 ER AFLEIYTHE S, 2007; Bakshi 5,
2005; Chen %, 2010; Zumarraga 5, 1999). M. bovis©|
A AE o] 29l S5 AR Akt Beld

9 & mee-3 operon THF-EO]| SiFSty] wiZof X

e |

R} %7 Solgo] Aol tehd e 3l
S THZumarraga 5, 1999). o Ao A = o] &4
A} HQE o] 83sto] M bovis®t M. tuberculosisS 7+
@ o= 9l real-time PCR 7]WH& AAISIAH. ol
% b ASEE GEs] Sl AU primerst
TagMan probet= 3502 ARE-5F AL HUFSF primer
v 27o] ol BolAel £9IE Mestel A
Slonl, LA FE A L.

272, Chen S(2010)0] 2115+ xMAP (flexible mul-
ti-analyte profiling) 7|<&-2 Miller@} Tang (2009)0] 7|
2 MdE AR WO 2H 5.6 mmo] v|Agh mi-
crosphere2 AH2-3}0] biotinylated primer= ¥72 57
A& PCR 7]7|2 3}t t}2 microsphere®] FHo|
IR E AHZFQ EXA ohgonucleotide (capture probe)
Atolofl A EAd3HE 3%t F upA|E O R streptavi-
din-phycoerythrin (SAPE) reporter& 3=7}8}¢] 532nm
flow cytometry 7]7]|& A}F8-3}o] biotin-SAPE HP%,‘Z
2EHE BF JF 4 ASE .EX—]‘GFOE}H Ex
A3t +-4ES YEFYE microsphere?] &

A]tﬂf,‘}._‘:. I:IH:HO]E]— ] ]g% ™

Al &o] 5] 5’\1011 14*‘-’“0}01 a4= }
= Fdol IARE &
=& o] Qlrh
ol¥l Aol A M. bovis Hd HEAA 10 fg =,
2 genome®]| /\"E‘”S]-b Frolth Wards 5(1995)2 =
2o A 1S10181& FZ319] M. bovisE 1 fg E+= 0.2
wnome 22714 A2 2 qoin musid.
Taylor $(2007)-2 MTCo]| 6 copy =A|dl= 1S1081S
olg3le] A ZAdlo]| Ad FYxdH wHHoZHE M
bovisS A& A2 4 9l PCR 4 A AJ3H9)
ow, 4 HEFTA = 1 genome ©]5F L, T2 A
3loj A} RD4 PCRO| |24 &E3HA= 5 genome copy
21 25T} Shah S(2002)S pned QAAE o
L3t M. bovis@t M. tuberculosisS 718 3}7] €)%t mul-
tiplex PCR ' 2 &2 DNAE ©F 4,000 genome®] A3
3h= 20 pg7tAl HE3sFATh Kurabachew E(2004)£
23S rDNAS} oxyR -F-2AAE-919] SNPZ MTC 7HH-2
23t multiplex PCR o2 1 pg7tA| AEIIAL
o2& o= of 200 FA eIk B wach
Conventional PCR HIHHof|A] eFA]Ql 4 & 287}
1 &A9 A F=A 8570 3} real-time PCRE] A
Ab DX E(kappa)= 09762 -3} 0w (Table 4),
cut-off 4F= 37.0 cycle n|wro.2 #8351 uff Wzt
L 96.4%0]91T, Eol=l 100%0|¢ich. aFA

_\.L 30 rlo mlo
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cut-off 4F2 38 cycle n|9to 2 L3S o W=
= USRI, Eolx=et HAF dA=r 7zt
96.5%} 09072 A3t Qch T1E]T cut-off FHS
360 cycle vito 2 Agatn TrtEsh AA AHE
7} 7}7h 85.7%9F 09008 TS shgrale] 2% o]
cut-off 452 37.0 cycle m|wto = AA3}¢ict

M. tuberculosisi= Atet 239] 717 RIFIEH A4
Ol Ak, M. bovisell A% HAYF QAL B
E3l Qlti(Cosivi %, 1998; Thoen %, 2006). “L2jjA]
M bovisell SJa|A AV Ase] R Ak 7
3171 QA= M. bovis@t M. tuberculosisS 7}
287t Slek

(i)
HJQL' ol

A7y Seutets As @ Bsae) el g
of uhel W S| AARES B3 el A o
o AR EL Bl Qi ARl X, 2ANS Gy
AAZA O] LA rou), As 719 2719} 7]
o ZZo] A HX) ot E&Ao| EolE|o] EHIA
o) AN Auldt ARE Ag Fue e
L A9 geart pEED s Agoltha 5,
2007; ¥ 5, 2007). Folq A PHEL 015~
0.19%2 Wi EHA|Y AMAY 20 HMFo]
Z7}5haL QItH AL 5, 2007; 2 5, 2002; ¥ 5, 2007;

b3

o] &, 2010). wjelA =23} 9
slEjojolal Aoz Y73t
AEAOR o 7oA 7T TagMan probeg
0|83+ multiplex real-time PCR 7|2 M. bovis@} M.
tuberculosisS ZrHE 4= Qlom, =2 QA RO
Aol= M. bovisE A&8la AEsHA ATs 4=
&yt ohet o] 259 Aalo] B4 AAH
ol digh by kS FPFo =N ofshy A w
9]o

AAN) w7

232

[N
rhu

ol A= M bovise} M. tuberculosis 7rEI} A
Hxdo]| EAsk= M boviss HESH] HI8A
IS1081 SAXL} M tuberculosiso|9t  ZA|5F=
12.7-kb AHoj 7] %3t TagMan probe2 ©]-83F multi-
plex real-time PCR 7|¥H-& 7l|4tst4ich
1. Real-time PCR 7| O 2 M. bovise} M. tuber-
culosis®] 181081 G-7AAFe] &elxl 2F 9] Aol
Yafsp graEgon, siel ge ARed gy
T 5 1022 G 32y ATlAE LA

ol

UPERURA] gk,

2. Real-time PCR 7|H& o|-&3t M. bovis?} M. tu-
berculosis®] genomic DNAS] HZEZ3HA= 242 10
fg/ul}t 0.1 pg/ulo] it

3. =AM T E A g4 2873 5904
o7 AHArol A9 A& H=xA 8579 T3l conven-
tional PCR A2} real-time PCR &t 7| o] &g
AL H71E Y| E(kappa)= 0.976 8 42519 ou,
HZHE L 96.4%, ATHEL 99.1%0]glth

o] &LojA] 7JtE TagMan probeS ©]-£3t re-
al-time PCR 7|®H-& M. bovis@} M. tuberculosis 781}
4 HEx ol EAst= M. boviss Al&3FaL g5t
A 4 Gl §8T PR A8 4 98 Ao

.
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)
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=
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