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Rapid diagnosis of bovine tuberculosis in slaughter cattle
using PCR
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Abstract

Bovine tuberculosis is an important zoonosis worldwide. Mycobacterium bovis, the
causative agent of this disease in cattle, is also a pathogen for humans and several
economically important animals.

The cases of tuberculosis are reported in two cow found at slaughter house located
in Gwangju city. Histopathologically, in the lymph nodes, granulomas consisted of large
areas of necrosis surrounded by variable thick bands of cellular infiltrate containing
macrophages, Langhans-type multinucleated giant cells and lymphocytes. Lesions in
the lung followed the same developmental pattern as did lesions in the lymph nodes with
some exceptions. With the acid-fast staining, numerous mycobacteria were revealed in
the lung and lymph nodes.

M bovis was confirmed as a causative agent in these cattle using bacterial isolation
and PCR and restriction fragment length polymorphism method based on a unique 12.7 kb
fragment insertion sequence from the Mycobacterium tuberculosis genome and the
pncA polymorphism. The insertion element 1S6770 and 1S71081 were present M bovis
isolated from lungs and lymph nodes of cattle using PCR assay.
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These cases are interesting and important in public health aspect that M bovis-
infected cattle were found during a routine post-mortem inspection at slaughter house.
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Mycobacterium bovise 23 ¢
oy, ZAAAZE FE AFY EE9 EuE
o 93tH, M bovisdl ZAHR 357 A&

=, B9, ¢ = 4 Ade FHAN AL

MEATDY. M bovise oldHeRE 2 o]9
of W& FHEAE AT Yol P&, 1%
ol, A, A, Ak, AbE, FBF, 28 A
FolM 2de doug?,

2 Ao okl MXFoA M bovis
o 9%t A AEEL 0.3~1.5% A=THL
FRstm Q. M povise &Y, ok
FEY, T8 15T ofHFTE AloloA ®
gk oofuzt FEAA AFOR Ex goF
AgAny?, ogdd JF 53], F2 A7dA
42 FAE EE ZAEFEA AR HFA
o8 Atgol ZdEHE F8 ARE FHI
AoV AN 2t HElE F3) SEe
Ao Ewate F2 @94Y #x} Alo]dA
Ao

e sEE Az 93w 20054
229F, 20069 160%F, 20079 8€7tX
161571 23 AAdFEZ HuHGT 47,
ofdAE} F2 I¥ F7be AN AR
AF7h A3 Frheta glom, Hgol g
ERA=AA 74EY M bovis Rl HW$ Hl
ek Qo olNF, g FildlA M
bovise AAH &AE derlm FFRAT
Aoz A% J&E doslx vk

A, hFE S7blA $28 gL 7Y
F¥ uk-EH AL (intradermal tuberculin
test, ITT)E ©o]&3tx 1oy, gt
T d4E 2T S99 AlEel dis) ITTS
ol g3 AF AN WAL FF o1

At

M bovis Q1L Ziehl—Neelsen (ZN)
A 4~6F7F £QHE AFNY T
3 olFojRA} A8 HAM g AT
w3t “gold standard” WS Al
02 AAAL on, ditFoz IFYAE
& 343 Lowenstein—Jensen®AE A&
sh ZN @AWHe A&sA gt So]Ao]
Ao 1A% 50% AT R ok ITTe
NATE Bzt wat ol YA o
70% Fxold, A YA F EA 19%°1A
gt M bovis7t EHEH A0, ojdA NAE
7b @& gy gl AT EdEe 4
Avtd s A 4 A&ty FGH 2
9 o] Q=3 Qi

Polymerase chain reaction (PCR)2 <
W M tuberculosis complexE AE3I=H|
U7AEe EolnE FolWA AR &
23 £ Q= wyor A9 FAAFA
M bovis® FARZAL HAE 53 F&34%
. M bovis BE $% PCR W] &3]
AHEE primer?] FEFAES Ao 5o
3 A9A9  (insertion sequence, IS)<l
IS61101Q 19, o] §ARAE M tuber-
culosis® FARANA I¥HH O F 5 copy ©|
Aolw M bovis (WFE el 1 copyH
EH)E 5 copy °ldteltH®”. PCR ol
ot AA:MAFE HEITAE 1o 100 #A
Alol 2 tpeoksit)l, 1S67702 1,358 bpE ¢
dtol= 30 bpel Wi HEEElE (inverted
repeat)©] £A3}aL M tuberculosis complex
Mur BAHE 4L AT Yo’ @
A, M tuberculosis complex®lA 1S6110%%
= w$ o2 NUAYE 1S108191 5~6 copy
7b dAE e, 37)1E 1,324 bpolgttT?,
AT, & HEZFE SN M bovisY
IS1081 FAAE A& AEsed AT

o 02

- 394 -



& o2 PCRO| AH Y,

Barouni 5% pyrazinamidase (Pzase)
E4E AFSE pncA AR AEARo)
o 723t M tuberculosis® M bovisE
ZA8¥ 4 3+ PCR-restriction fragment
length polymorphism (RFLP) %<& 73}
ot B2 M bovis #FE pyrazina-
mide (PZA) °FE] s Rz Yol
RATY, M tuberculosis'= PZA Ao A9
AB"E QA M tuberculosisl Tt A =
12.7-kb 238 W& WA &5 W9
Aol7t A7l Aoz FEHHE o fAAES
7122 39 M bovisst 7HH G 4 9
£ PCR o] MEsye?e”,

FAES ARV dA%] APHE =
FgNA SA AARAFE ddE 222X

[e]

A ADEAE A A5 P A
of @7Hol wet B Afolq Bay o4
2ol oha) AAR FHY 44, Yelzeta
A4 3283 PCR 99 52 olgdte &4
@ 2Ew A%s wadud @,

AR
SN =

20079 FFEA G LA EE2FoT 2
}E & 2% (8% 44, 22 84 72 15)0)
A 278 A28 Yhoery Hzyy Y
zAge) AREAL A Wl zHAA),
MAE W, FAY 44, 1D $h 8
A2 9% PCR AAE B3,

HEEF mycobacterial DNA

2 Ay A+ ¥ M bovis AN5, M bovis
BCG, 181 M tuberculosis TF2 DNA
FE2ES IFPFYgHEHGSAT gaanyg
3 RE ol Ao A3t

toxyline & eosin (H&E) @& 3lo 38
o) A3t A B2}

PN M YR Y

AEUE 3 #HHEy x4 3g AL E
AA3t] A Fet sea sand® 5wl BT A
gadrs Yo gAY, Fd9e 4
Ao ¥il 4% NaOH €% 5 mE Hrbst
of EFE T A2oA 1587 wEAT L,
0.5% phenol red 1HES AFF T 2%
HCl 6.8 mE H7bste] ERe F gfo] x
do 2 WEE W7tA] 4AFHN o Hrtee]
FAZFT. AHAFE 4,000 rpmolA 108
QA AFAE HEln IHRES 4
T AQAAZTAPH 7.4) 1mE H7tsle] B
FAA ZN 837 Fuloke] ALESgcH #
Ad 0.1 wE slideol| Al TE3t ZN ¢
Ate] AAE T FAMET 572 FAs}
Rk A wiSFE HSA FHER 0.1 mE
Lowenstein—Jensen HjA]o| HE3le] 37T
oA 3F FF vidstEA F A8S B

ot

Polymerase chain reaction Z At

PCRE $% DNA %22 Miller 5209
phenol/chloroform F&2%WH YHE W39
AAEo. AEA 24 (10~20me) T £
AR AN 0.2mE AFHE nuclei lysis
£ (Promega™, USA) 500, protein-
ase K (20 mg/m¢) 30 & X33 MagNA
Lyser Green Bead tube°l ¥ i MagNA
lyser 71712 6,000 GellX 20%7+ 2835 65
TolA 308 ®HA]7]31, phenol/ chloroform/
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isoamylalcohol (25:24:1, pH 8.0; Bioneer,
Korea) €9 300 & AMgste] oizlg A
A% F 454 isopropanol 600 wte &
3t 12,000 rpmeoll A 38 Bk SRS
ol DNAE HAAZT. F2¥ DNAE 70%
ethanol 700 W= 23] A& F 65ColA 5%
e Az dd FHSF 100 ol £33k
PCR A% A7tA d% 2833

Table 1. Oligonuclectide primers used in PCR

2 Ao AFLE primer 97|43 PCR
$z7L& % 1% 29, PCR @& H8
Prime Taq Premix (Genet Bio, Korea)&
AEEAT e F23 FF DNAE 1
w0, Z¢ 10 pmol/we) primer 1 & 378k
I AF Y 398 FRTFE 20mE =
st th(Table 1).

o

Primer name Sequence (5’ to 3') Locus ér;lsa(hg% Pr(({)cll)lgct Reference
INS-1 CgT gAg ggC ATC gAg gTg gC

186110 72 — 65 245 29
INS-2 ¢Cg TAg gCg TCg gTg ACA AA ~
B1081F AAg CgA gCT gAA CgC gCA CTg

I 1 60 320 15
B1081R TgA TgC CCA ggA TCT CTC gg S108
CSBIK* TTC CgA ATC CCT TgT gAA gTA gTA AT™ 60 169
CSB2K C”gg AgA gCg CCg TTg TA 27
Mtuber™" CAA TgT TCg TCT gAA ATC gTT g 60 339
P1 gTC ggT CAT gTT CgC gAT Cg

? 22

P6 gCT TTg Cgg CgA gCg CTC CA pncd 68 2

* ¢ CSBIK is common forward primer for two reverse primers, CSB2K and Mtuber.
**: The attach oligonucleotides to primers by previously reported paper to improve PCR reaction

conditions in this study.

“*: Mtuber primer was newly designed for M tuberculosis in this study.

PCR %182 T-Gradient Thermocycler
(Whatman, Germany)$t PTC-200 (MJ
Research, USA) 7|71& AHE-&tic).

IS6110 <91 918 Hermans 52¢] 7
W5k primerE o] £3te] Zumarraga S'%o]
7% touch—down PCR ®F$ZHL& 95T
oA 5EZF 12k ¥EEAIZL the, 95T 40%,
A& annealing 2% 72C 50 (95 3)xt
ok 1T Yg), 4 72T 40%4 83 w
B % 95T 40%, 65C 50%, %@ 72T 40
=4 303 W53 WA & HF 72T
oA 5EZF WS AATHY,

Bakshi 5%70] B8 M bovis$t M tuber-
culosis 8-S 93 multiplex—PCR 8-g-3}
IS1081 F4Ae PZA WS &¢1dr) 9
g PCR ®Hg=7AL ¥ 13 Zoh PCRE
gt T ethidium bromide (0.5 pg/me) 7+

1% o

£98 1.5% agarose gelolA] #HA7]9ES A
A% F LAg ZAMEFY band® FFE
gkl 51t

pncA gene@l PCR—-RFLP

BT PZAd dig AAUAd G #-
A pncA FHALY Ed¥olE
ZZd 726 bpe PCR AHES BstEIl (New
England Biolabs, UK) 2 *&&te] d&s}3itt.
WSR2z PCR ZEAE 104, bovine
serum albumin(10 ug/ul) 0.2 uf, BstEIl (10 w/
1) 0.5k, 10X NE Buffer 3& 2.0 & 37}
3 ¥ He SHRFE T FYE 20E X
43t 60TCTANA 427 FF HSA AT, A
@E DNA @8-S FFstuxt AAs A7

-T2 T

T A7 eI 2.
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F7AG 27 2H4g0) Fahe & 2%
Aol WA} fotFo] WzA P
Aol B2 AT (Fig 1). AZAUA o}
¥ 7] Ado] wATGow, Auwe
FUoz Aud T Ushyod, Xz
240 Teugn Fig 2). Fol54 W9
AW o mAE A= 4 Psow
Ao 252 By

B3 @99 A% 99 Ad FUo w5y
2 A8 7 W AwxEAe Zwe] the
2719 Fue SobEy Wuel B

B Ado] AT AEE A7 RA
oo AfAE dusid sge 44, ¥
T, 283 d¥FEol #AHIY. yRE
SolFe FANY:= A8ty A}, FHEs
BSAZEY ZA 83 ¢re A8xA
2 284 QY SFAEE £ELE 3§
T, BEF, QAAE, A9EEFATL 18
QAAYAELERZ TAHAT. LA

e A¥xA] FAHY AFAEY A&
2 83t}

$gaue] 7l

=

o o

d

kA g # A #EE A sttt (Fig 3A).
T WA AFDA oA SolEe F=z
A ReF hAAEI HEE glglon, 9oF

[o]
o sube] oaja ARE T gHEA =

-

PCR 7|#& 0|83 T2 29 Hyy M7
] gof Itk BEF, 3T 183 Fg
A AYAEZZE F&EH e, 7tE 29
FAE #FHUY. JARAE FF =4
o, dRtdow HAY HATHMEZEE 74
=3t} (Fig 3B).

#4435 Hurgld SotFE 7kl ‘HAtx7)
A A2l FARE dEsel FEA3Y
AL 7 SAR T AT 2ok A A X 9}
FoA AAZZE AR FHREE
Sel2T it ¥ESe A" A E
9o FHAAE HEZAY HEE #FHUG
(Fig 30).

FAL 9et, Aa, EqEsie, o 19
TAEF, 28a A3sd 947 e FHAF
o} FEsIE @A’ SolFo] FAHSIT,
TR dAAEe oy s #HS Ad
AZ7F AR SRR EA3FH o,
| At mere] FHR X g7
| #Z2HUY (Fig 3D).

of

2o

ol

o g N o

il
Mo
o

o] dulAstelA #ZEHAY (Fig 4).

Lowenstein—Jensen W|R| A 3FA|HE]
28 HFeto] #FHI] A& o, 45
FEMer wHel Ak A HHe ¥
3tk (Fig 5). #8d 2dAF 542 4
a4 PCR #HAHE HAISHATH

ol

PCR &zt

&40 &3td 2viE]l AdA 2HAdd v
Fols4] B olEZRE REY® #59
S FEQl M bovis ANS, M bovis BCG

a8lal M tuberculosis dFZFE FEH
DNA®] W3] PCRE AASIATE. M tuber-
culosis complex®] Eo]|Aozm ZEA 3=
IS6110% 1S1081 A A= &g s
PCR 2823 z}7} 245bp (Fig 6A) ¢ 320 bp
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Fig 1. Granulomatous inflammation and Fig 2. The cut surface of the granulomatous
caseation of the lymph node. The enlarged lesions was white encapsulated nodule and
mediastinal lymph node with granulomatous vellowish cheese-like pus (inset) in the lung.
lesions (inset).

v e ‘
Fig 3. Four stages of granulomas in lymph nodes from cattle infected with M bovis. (A) Initial
stage. Irregular uncapsulated clusters of epithelioid macrophages were seen. there was no necrosis.
(B) Solid stage. Granulomas were composed primarily of epithelioild macrophages including
Langhan’s giant cell (arrow) and were enclosed partly by a thin capsule. (C) Minimal necrosis
stage. The central necrotic areas of granulomas were caseous and mineralized. (D) Necrosis and
mineralization stage. Thickly encapsulated, large, irregular granulomas with caseous necrosis and
extensive islands of mineralization were seen. HE.
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i

Fig 4. Mycobacterium bovis bacteria using Fig 5. Colonies of Mpycobacterium bovis on
acid-fast Ziehl-Neelsen stain; Magnified 1000 Lowenstein-Jensen medium.
X, bar=20m.

B
M1 2 3 45 6 7 8 910 M

B00bp =~
320bp=

st

“109bp

Fig 6. (A, B) Gel electrophoresis of PCR products of the 1S6110 (panels A) with INS1-INS2
primers and ISI08] (panels B) with B1081F-B1081R primers run on 1.5% agarose gel. (C)
Ethidium bromide-stained 1.5% agarose gel showing PCR products amplified from different
samples and mycobacterial species by multiplex~-PCR assay with CSBI1K-CSB2K-Mtuber
primers. (D) Identification of polymorphism at prncA nucleotide 169. RFLP after digestion with
BstEIl of PCR products amplified with P1-P6 primers. The 561 bp and 165 bp products
obtained for M bovis, while three fragments of 452 bp, 165 bp and 109bp were obtained in M
tuberculosis. Lanes: (M)100 bp molecular size marker; (I)lung from Hanwoo; (2)lymph node
from Hanwoo; (3)M bovis isolate from Hanwoo; (4)lung from Holstein; (5)lymph node from
Holstein; (6)M bovis isolate from Holstein; (7)M bovis ANB; (8)M bovis BCG; (9M
tuberculosis positive control; (10)negative control.

(Fig 6B)7719 FFAbEo] #FAHI u) 3}¢ Bakshi £270] B3
2 AEoF FolFo] whAd 2viy] & BF S ¥ 17 Zo] AL B ATl
24 79 A2 FY A ANFA AT primer

M tuberculosisol Tt 4Fd¥ 12.7-kb HH& AE Al a3

i
N,

o M bovisiiMe Hold dVNLE 7xR 99k FA9 SolFAd WHF BT F 1
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TujEtch YHE, GelE, HME AN, Y4B, Ags

2l M bovis ANS, M bovis BCG R4
X M bovisell Eol&<2 169 bp 7Y F
ZAHEo] ARG OH, M tuberculosis %
Az 339 bp A7)9 FEAER B
ZH AT (Fig 6C). @k FE LdA
IS6110% 1S1081 FRAAEY ¥l o}y
2t M bovis®] o2 HetE o

pncA gene2 PCR—RFLP A3}

2ol ¥ M bovis AFES PZA o
 AAUA T BEE pncd FARY EdWo)
£ 0|83l M tuberculosis® M bovise
7E38t7] 48l PCR-RFLP A¥S st
FolFd WHIy SFHddz I4F EFA
726 bp A7 pncA FAAI} FEHC
o, o5 FZAE d& AW 52
gl Y3l BstEIl Algtas= A 2
M tuberculosis= 452 bp, 165 bp, 2181
109 bp AVIZ AH9Elow, EId M
bovis®} M bovis ANS, M bovis BCG %A
izl A& 561 bpst 165 bp A7IE Aw
53t (Fig 6D). wetx 28 M bovise
PZA® A3 WAL 71 Roez FHZ o
™ M bovis® FE AG=E o

= T TSRO
A S FAH S Fad APo=
E YA FE

Z273¢ FAHen
Atk FHEE 7EHEPE FAAR 9
3t 20024 o]FRE dld HgFow
430,0000] 9] Aie] W& ITT YHo=z
AHAANE AAS "whd 2109 Fo 23
a9 A8 MEIGoY, HAEL 0.03~
0.07% o] FA=HIZ 3t}

Collines 52 3 ZaFo] Al
T ZA9Ee] A¥S doyity AFEP T,
ARAZANN M bovisd AHE Z9E 0.3~

e

1.5% Fxolgtn FFstm A", &)
HAA7HA el E SFAAT] T
Atggdd A o7 obx Hud uk gitta
g E 1 488 E A = QUrh
FolEA Hwd us HeElzAsE HA
Ay Aagde] 54 diAAE, AR
PAAE, & AUME T8l X7 F
ARR9l e} FRPA #AFFH oW, HF3F
Ag3, FE}E JAFATE A BFEHSA
o SolFA WwoRHE A T e vl
2 ¢ gz AP AGE H3A Al
2 Lo AHY FZ7)o] 2k 10-100 cfud
RAEFA EAte P22 Q7P
o] o]gd FHAAFL wigsted 2-37]€o] &
Hu R Ayse F4& A& 2-3F7
g 2odY, E8 uld UREsF 100 %71 of
Ud, 9¢49 2xs Yt pCREY
& 10 fg A= DNAE HEY £ 3loH,
oF 27/ FANM FER Fol Ao
olxY HAFAHQ A N dF g e
stual BAAESH 7|HEC] AEEHA=
1% UFgEe Eolxrt $43% PCR WHol
dA dg AHEH3 gtk PCR 71l o1&
= 1S67110% A% M tuberculosise copy
F7F 52 671 ol Uy M bovise o2tk
AAY 28 3 copy? EAHAL, 1S1081-
M tuberculosis complex®] W3t copy 7} 6
A ol AT BaEyoHs? Jexza}
o REFFENY FTHE AW 1S6110%
[S71081& ®A o2 o]g3te] RFLP WL
2 M bovisE AN A 1S6110R
IS10817}F copy i H HSroy, g
9% WMEygL [Se1I00] ¥ IA Holutt
T BusgoH?. B AgeME 1861107
1S1081 §AAE o] &% o]d A7 EY
PCR 71'H& AH&3te] Solgd Hwy EeEo
FEEE ol FAAE AT & s
A, M tuberculosis E°]%&< mtp—40
FA=Le} M povisell Eo]F <l 500 bp DNA
HAEE o] PCR WHOZE ol F+ ¥4
A2 s gATWI0 05 mtp-40 F
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A= A% M tuberculosiso A 27 E A
ot M bovis$t Ao} {8312 $X
9 o] FAAERL M bovislE EAFA
dedn Busgdo’® 22 Zumarraga
5292 12.7kb BBl M tuberculosis T
FEAT FAsA EAEH, M bovis #F
Eole Aol Juta Bty e, PCR
ZIe® ol HAAE zhEsgdc. M
bovis| Al 12.7kb 9 Ao wj&io &3
AZU=z A7 wle HSA B@d 470
9] operonZ 3 71 mce—3 operon? U
FEo] AARCEZN F FEox BAAF
SF Mo Ao 23 Aog F=3n
ATt

3#, Bakshi 5°”& multiplex—PCR
HO R M boviss 168 bp, M tuberculosis
337 bpE EolFoR FEAZ oY tvok
v A Fabate] disiAE PCR SEALE
AAEA &ty By, s
ATFAME R FHA AEARE 97 g
3|4 Bakshi $%7o] ®u3t 229 primerd
annealing %7} FABIEE 43191, 1
F2 AEA EASAYG. B AT A1gw
M bovis$t M tuberculosis® % forward
primer?! CSBlel 971 wEdol¥ls, M
bovisel Eo|&9l CSB2 primer®] HF&d 0]
= VlE & 1% Zo] F7}138tlch. Bakshi
20l nuS M tuberculosis®] Eo]A <l
CSB3 primer= Gene banke] Xi¥
Z7970198 @71MLH AEgsA dA A ¢
kS W olUel M tuberculosisol Eo] A
Q337 bp7t FFEHA ¥ 250 bp7t F=
HA R vAAD. wEbd B Aol A
MEFA 2AS M tuber primer$t multiplex
PCR wh5-275 dF £435te] 43 Fx
M bovis AN5S9 BCG #F 183 ZHAAMA
ENME M bovisell Eo]&<Q 169 bp7t &
FHoH, dx=2 A" M tuberculosis
X 339 bprt HojFHow FE g on
(Fig 6C), o] W2 &M AAZRQ £33
A EAF TN AT N&Em A

rie & ok orlr

PCR 7/#2 o|8% T 2o Zay Manc

5l Acto] F8E Aoz AZ4ET, g8y
= o W& M tuberculosis complex®l tf 3}
A BolAdd wigxd dgt F7EQ HF
AZol agE Bt ol M bovis?t M
tuberculosis ©]818] A8 ZAEHNS o
A4 AHE gstel™ copy 71
1701 IS6110¥ Y+ copy V)
1S1081 Fxksel WaAetel HAsH=
FH st

At A A AEAE AMEEHE PZA
of tist drAl T AFLS o] oFE ]
At AT AFel &[] "l
Alzbo]l Wol 28", PZA 4% Y38 %
A A E ARRSH] witel AT A
o] Y& ol AP A Ag|Ao] "ol
A0 okm AT BAE SdwWol A
=& A% DNA fd7IAEEA 59 44
A7 BEE g AHgHo g,
PZALS- A-pFekEoly Pzaseo] falA 543
¢l pyrazinoic acid® thAlEw PR A
& FEE0] o] FAE AR} Pzase
2497 BHE pncA FAAC TAF =
Wol wlEol M povise PZA °FEo] AFA
S AYx YA, M tuberculosis= PZA
Aol A u® . pzad] AAUAE
A AL BE M boviss pncA SRR}
A 553 HEAWO| (CieeG) wWEo]H,
o] wj&e] histidine®] aspartic acid® X &
Hdogx 584 a4F Aiste PZAY A
g4 AR M bovis  (CieeG) 9
pncA AR AAA o7 WA PAH S
M tuberculosis$ M bovisE 3= +¢¢
07 o259 oW*? Barouni 5% pncA
A2 AEAwoele 71xdte M tuber
culosis®t M bovis& 738E 4 3= PCR—
RFLP %3} Allele—specific PCR 7]%]
Bo] NLHAT. B AT AAdE
2R B9 M povisel W3t pncA A
2ol FEdwo] #glg 3l PCR-RFLPE
A A7 g dAFAse] Rud A
ol 726 bp A71Y pncA FHAATT 561

PO =
tlo rlo M
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JHieict HEE, Welg, Y4 T, ™A, atEe, A8

bpe} 165 bp 7|8 HHo=E Hgrgo]
16984 wEY LB =7 guanined g ¢ +
Aood, tERAFoR ALE M tuber
culosise 452 bp, 165 bp, 283 109 bp9
Al 7FA 3719 o] FAHT (Fig 6D).

pncA FAAANA 1699 A 7 2E X
et P AFEa3 BE M bovis TF
£°] o] fAAA L FEIALE E(gua-
nine) & 7k AL of .

Sreevatsan 5V & pncA §AANA 169
HA 7} guanine®] obd cytosined 7} F
M M bovis BIAFE LAPEY IvE
AL, G20 ZaE M bovisola o] X
o] FAHRY. A", PZAd ZFAlo
Q= M tuberculosis?l A= pncA?l 1699
Ao cytosine®] guanine V7|29 EHuo)
= EA8A &o*?. mEkA Niemann 54
2 AAEF7F 2ol PZAY AFAHEL 7R
M bovis subtype bovisZ, %3 di7 A
ZdsFolm PZAC #g/del Q= M bovis
subtype caprae® M boviss: F 719 o}
o7 BF3Am ALsig ).

FFEA G E3tE 2] Ao ol &)
E543FT S3AA e Qi Aaay
AE = HZIEPH] wAEol
lgl PCR ¥ 59 AAAANE §
29 A2 BRFHYUY 2vtely 2
% ¢ E3sUtel dig sEwd
A 53 U ARSEQ 29%
oz AAANE 3 23
F7HH 02 MEEA. w
Z£3F Lo st sAFEAIE A

B

A &9 HFo] FFTRATY &

o ﬁ ot
B

N
)
>~

1o n@ P
i)
12 b 12

Moy

AN A D)
g % e

B oo 32
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