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Brucella (B.) abortus is a facultative intracellular pathogen that infects a wide variety of animal spe-
cies and human. Brucellosis is the zoonosis and an extremely important disease around the world.
Although the eight species can be differentiated by conventional phenotypic tests, these species display
a high degree of DNA homology in DNA-DNA hybridization assay (>90%). Various methods have
been established for genotyping of Brucella species, but most of analytical methods are lack reproduci-
bility and limited capability to differentiate them. The attempt of this study was to evaluate multi-
ple-locus VNTR analysis (MLVA) for use of epidemiological trace-back analysis in bovine brucellosis.
Ninety-four B. abortus isolates from Gyeongbuk province during 2006 ~2010 were analyzed using 16
VNTR locus. High resolution automatic capillary electrophoresis system was used for more throughput,
simpleer, faster, and better discriminable than conventional gel electrophoresis. As a result, 13 different
genotypes were identified from 94 B. abortus isolates. MLVA could contribute to epidemiological

trace-back analysis of bovine brucellosis.
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(Alton, 1975; Timoney &, 1988; Beran, 1994; Garrity
= 2005).
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HEE2wo] A7) H L O (Verger 5, 1985; Foster 5,
2002; Moreno -5, 2002) outer membrane protein (OMP)
F=%2 SDS-PAGEE ©]-&dlo] &A%t Aite] &fs}
W tFoll wEt protein group®] Zpolido] WAL
(Ficht 5, 1990), E2X12}9] porin protein A X of|
oJ3}t= ompa/omp2b TH GHA}o] gt restriction
fragment length polymorphism (RFLP)o]| &J$t Tt A
S WA A3} 6359 HRAet 3 Aol 9)
= Aoz UK HVerstreate2} Winter, 1984).
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AlEe] 707 BAe Aoy Ao 58 ot
I A Al HYAd A E= Ao gt
Waad 52 FHeleHA 4T = e s8% +
TGO = o] 8Eal Qlow, B4 d 7|&9] Ao
2 A AR o=, A, AEA, A= B4
4 38 5 o HHoR FgE TEo] AHEHORE
7NErElo] ATLo] 0]l QltH(van Belkum, 2007).
A BRAE gides BEARAsHE o

oJat PHLS A =3517] Y3l polymerase chain reaction-
RFLP (PCR-RFLP), enterobacterial repetitive intergenic
consensus sequence-PCR (ERIC-PCR), repetitive extra-
genic palindromic-PCR (REP-PCR), arbitrary primed-PCR
(AP-PCR), random amplified polymorphism DNA-PCR
(RAPD-PCR), amplified fragment length polymorphism

(AFLP) 59 ojz] 7}A] ®ijo] dAtAtEo] ofsff &
o] £3=E|a1 @l O j(Fekete 5, 1992; Mercier %
1996; Tcherneva %, 1996; 2000) E£A2}9] S5}
FEdor e REEAR ] gt AfEd W &
o] BFslo] fHshA Ao m FAZgH

A dgda HEo] Mete FAA 971
Aol st dre ol whet BAF w9lol Ao Al
W= AEskE WHol AR AdE jlen, o] F
o]| 4] variable number of tandem repeat (VNTR)S ©]-&
st Wio] =& AEA, 1HRA, dEEAY 5= L
3 o FAPES 9% e R =& 77 ot
I H 1% 31 9JtH(van Belkum, 2007).

Brucella spp., Bacillus anthracis, Mycobacterium spp.,
Yersinia pestis 52 HYA AAEL FAZFOZE uf
T =2 TATAE el Y F HolA st
FES Uehlle Altel2z 7|E8] EAR oY 4
H4 AR s BEe] BrRssAT mi-
ti-locus variable number of tandem repeat assay (MLVA)
2 olggtoan $874 SRS 0 & dE A
o2 dHFth(van Belkum, 1994; 2007).
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2 A= aof|A E|3t B. abortus bv 13 94FE 0]
gaom el A% o) Al - 2 417 BRI
i~ N EEE LB NE LS|
RBSIFE Agelo] FAl0] Age Saelsic

VNTRO| MEH DNAQ| = R PCR

Le Fléche 5(2006)3} Al Dahouk 5(2007)0] A3t
16 VNTR locusE AT O 2 primerE Xill,L(Bioneef®,
Korea)s}o] AME-5F1aL A9 DNA =& 9 &5
%2 Le Fléche 5(2006)9] Wjol we} ohZx o]
AT &, APHEFE TSAoA CO; 10%, 37°C
o A T2AI7E ZHi%FE F DNA free W ZR4
500 w7} £9] 9= 1.5 ml microtube®] 1 loopE %
gto] EFAIZ th5 100°Col A 10&7E 7HEste] o
AE oskar 12,000 rpmefl A 1027 A48}
A=l 300 ulE A F st A 2L microtubeo]] E3F3F
t}2 PCRE 93} template DNAR A}8-514Th

PCR& AccuPower® HL PCR premix (Bioneer, Korea)
of template DNA 3 pl@} primerE Z+z; 0.5 W& A7}
3}3l DNA free BS54 16 WE A7}5tL T-Gra-
dient thermoblock (Biometra, Germany)ujoll4 4l A]s}
o w271 HA] 96°Coll 4] 51T pre-denatura-
tionA] 7] 11, 96°Co|| 4] 30% denaturation, 60°C 303 an-
nealing, 70°C 60% extension2 303] WHEsl1l X|Z 3]
© 2 70°Col|A] 587} extensiond} T}

PCR SZAMZ(amplicon)9] HE

g3t VNTRE PCR F3F1hz9] 4715 54517
918 g A5 wAT A7) 95 A A8 (multichan-
nel automatic capillary electrophoresis system)Q] QIAxcel
(QIAGEN, USA)& o]-§-5ko] +2 bpo] 22} 9] ol
N ZEAZe 2718 SHstgon Ee oot

2

QIAxcel DNA high resolution kit (QIAGEN, USA)E
Z1Alo A2FSFAl calibrationS 43435913 A5t
A} 3h= PCR 5F4HES VNTRE R AH3E T5 9
B SHAREY A719F vlEEte] 15~400 bp (E
+= 15 bp~1 kb) alignment size marker (QIAGEN,
USA)2} 25 bp~1.8 kb (= 25~800 bp) DNA size
marker (QIAGEN, USA)E Aztslal A =72} 3HA| 127)]
o BAHE B Asor AP s AASHIh
A7195S vl § 3hdo| 9% ZF A[=9 DNA
WES BA57] 8 #7195 A% WY Biocalculator
software (QIAGEN, USA)E ©]-83}o] alignment size
markero]| BrE=o] 2 A AAIZ] oh2 A LF 2ol
A 71953t DNA size markere} W|n&lo] #5H =
F3715 % thg =AA Y E 98 Microsoft excel
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QlAxcel S o] g3t ZEZA1Ee] 272 2% &
VNTRHY ZZ5| repeat units= Al Dahouk 5(2007)2]
A5WEE Hxste] thgo] sAlo) whet yhEy)
x(Repeat unit) WEFIAT THEA HAZE I
DNA fingerprinting Informatics II (BioRad, USA)2]
character type %|-83}9] categorical coefficient?} un-
weighted pair group method using arithmetic average
(UPGMA)] 27]3t0] HAat HERTHS 244
e},

Amplicon-(amplification-unit lengthxbasic unit) — Repeat
Unit length unit

2o

20064 5E] 2010717 AEA|e] HEdahg o
HAEH oA B3t B. abortus 94FE O 2 ZF
Zko] VNTRY PCRS AAlSkL 71 F34HES High
resolution multichannel automatic capillary electropho-
resis system o]-83}o] FA|H#FEE VNIR 16E2] =
Z|E =43t A3} Bruce 04, 07, 30, 439] 4%9]
VNTRO|| A RE 5= 7t F-354HE0] 2po] 7t SQlE Qi
Ui 1259 WIRS RE @57} £ S
of Al = IThFig. 1).

Capillary electrophoresis systemo] 2]3]| £2 bp2o] <



bp M1 5 10 15 20 23
Bruce04
bp M1 5 10 15 20 24
Bruce07
bp M1 5 10 15 20 23
e e B e Fig. 1. Amplicon size resolution of
Brisadl 1VN 111{ locushby agtomatlc caspll-
bp M 1 5 10 15 20 93 aryefef:trop oresis system. ize
2500 2500 variability was detected only in
S ) L L L] ] | e Bruce 04, 07, 30 and 43. M;
DNA size marker; 1-23(24): B.
Bruce43 abortus isolates.
2R 9] Woll Al FEAbEo A7]15 AL A} FA i Xt
w72 VNTRE S3FAiHE9 47|85 F74sta 16
VNTRE 2 F3AHES RHEA| a2 Helste] i | BRAgG] it A A AR G714
Az 7] DNA fingerprinting Informatics 112 Aol gt 3o wa} VNTRE E£xj7F &RlEelal o]
character typeS Z]-8s}o] f-7dsh AAAAE 24 = VNTRE ©|-83F DNA A EEAHO Ao 2 o
3 AT Fig 201 o] AA MZHA & 13709 & BFAQl FAxAL] BEStaA s o] wol A
AFdERZ YJeEl o, 16 MLVAS] VNTRYE HHE X L5 37 ¢Jth(van Belkum, 2007).
Fofl ZAF FA 2 pattern 413 A= Table 1 o] Agol AH&3F MLVAE ol A-ta}e] ofsf &
¥} 2tk MLVA patterno] T #3473 FolA DI F7F olH & o7 HEdS tdes A f4
of b W 48FE(GL0%WOIAUL Aol 16F  SPA AEA BAo| ofF Ay FHe| shpm
(17.0%), F&o] 73(7.4%), L& o] 652(6.4%) SO &2 oju] ¢J=x u} Qlti(Le Fléche %, 2006).
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A B A= 57 FAE 278A] o]+ Aol =
A= Ao 2 ZALE I tHTable 3).

A=EE FHFY BFE 2ARE 2= Table 4
o} Ztth 2 = 2 7H =2 48—,—_4 B. abor-

Bricker 5(2005)> "|=¢] 57 = 107112} 9ol A]
E2|3t B. abortus bv 18 1759} ALET E40A] B
2|St B. abortus bv 1§ Z}z+F 25 4 33 184l B
abortus B2 TEY} AT 235 JAOE 8 bp
9] ZFHHHES 7}X| = 879 10013 A 3}aT capillary
genetic analyzerS ©]-83dlo] A& GAMAS HA%H
A7 AN Aol7k AR 53 volA 22
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3171 24tho e shAv} QLT sk
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140 2008 Cheangdo Kim-YS
147 2008 Cheangdo Kin-Y5
172 2008 Cheangdo YeoHS
222 2008 oungchean Kim-5S
223 2008 Youngchean Kim-5S
224 2008 Youngchean Kim-5S
258 2009 Seongiu Goo-GM

A o 2009 Gurri Park TS
a3 2009 Chilgak Bae-MG
327 2009 Gurmi Park-TS
351 2010 Seangju Lee-SW
352 2010 Seongiu Lee-SwW
378 2010 Seongiu Lee-SW
381 2010 Seongiu Lee-Sw
382 2010 Seongiu Woo-MH
~| 383 2010 Seongiu Wao-MH
B 134 2006 Youngchean Lee-ST
150 2008 Gurmi Kim-5wW
151 2008 Gurmi Kim-5W
¢ 2008 Cheangdo Se0-UG
a21 2008 Cheangdo Seo-UG
103 2008 Pohang Yoo-GS
104 2008 Pohang Yoo-GS
105 2008 Pohang Yoo-GS
108 2008 Pahang Yoo-G5
120 2008 Goryung Lee_HS
121 2008 Gurwi Kim-HS
125 2008 Cheangdo Kim-BW
177 2008 Cheangdo Kim-BW

d 129 2008 Cheangdo Kim-BW
131 2006 Cheangdo Kim-BW
133 2008 Goryung Kim-SH
135 2008 Cheangdo dungve
37 2008 Gumi Kim-Y G
146 2008 Cheangda Byun-SH
153 2008 Gurmi Chai-JT
154 2008 Gurni Chai-JT
185 2008 Gumi Choi-JT
156 2008 Gurmi Chai-JT
157 2008 Gurmi Chai-JT
159 2008 Cheangdo Kim-BW
160 2008 Cheangda Kim-BW
183 2008 Gyungsan Park:A/G
L 164 2008 Gyungsan ParkWo
171 2008 Cheangdo YeaHS
177 2008 Cheangdo Bin-DS

D 180 2008 Goryung Kinn- W
181 2008 Goryung Kin-Jv
177 2008 Cheangdo Bin-DS
180 2008 Goryung Kinm-Jw/
181 2008 Goryung Kinm-Jw/
202 2008 Gyungsan Hyun-EH
203 2008 Gyungsan Hyun-BH
204 2008 Gyungsan Hyun-BH
205 2008 Gyungsan Hyun-EH
214 2008 Gyungsan Lee-JH
242 2007 Gyungsan Keurn-CH
243 2007 Gyungsan Keum-CH
244 2007 Gyungsan Keurm-CH
245 2007 Gyungsan Keum-CH
245 2007 Goryung Sung_GJ
250 2008 Gumi Kin-Jny
251 2008 Gyungsan Kin-Jw
252 2008 Cheangdo Kim-SH
255 2009 Gyungsan Park-DY
258 2009 Gyungsan Park-DY
288 2008 Gyungsan Kim-HS
289 2008 Gyungsan Kim-HS
385 2010 Gyungsan Choi-NG
387 2010 Gyungsan Choi-NG
- L 388 2010 Gyungsan Chok-NG
389 2010 Gyungsan Choi-NG
45 2010 ‘oungchean Song-MH

E 345 2010 Youngcheon Song-MH
391 2010 Youngchean Song-YS
253 2003 Youngchean Hwang-BS
260 2008 Youngchean Hwang-BS
— 261 2009 ‘Youngcheon Hwang-BS
F 356 2010 Gyungsan Choi-OH
el 37 2010 Gyungsan Chai-OH
— 358 2010 Gyungsan Chol-OH
379 2010 Gyungsan Lee-SJ
141 2008 Cheangda Kim-Ys
142 2008 Cheangda Kim-Ys

¢ i 2008 Cheangdo Kim-Ys
144 2008 Cheangdo Kim-Ys

H 182 2008 Goryung Kin-Jw
| 218 2008 Cheangdo Kim-vC
L) 28 2008 Youngchean Lee-Hy
K 347 2010 Youngchean Song-MH
237 2007 oungchean Kim-sS
238 2007 Youngchean Kim-S

L 2007 oungchean Kim-5S
a8 2008 Youngchean Nam-n
329 2009 Youngchean Narm-W
330 2008 Youngchean Narm-W
M 182 2006 Gyungsan Kim-DG

Fig. 2. Dendrogram of 94 B. abortus isolates by character type of
UPGMA using 16 VNTR locus. Isolates were classified into
13 genotypes (A-M).

Table 1. MLVA patterns of 94 B. abortus isolates used in this study

No. of
16 MLVA pattern* of f:ﬁn isolates  Genotype
(%)

4-5-4-12-2-3-3-3-4-4-3-3-6-21-8-6 6 16 (17.0) A
4-5-4-12-2-3-3-3-4-4-3-3-6-21-8-5 1 1(L1.1) B
4-5-4-12-2-5-3-3-4-4-3-3-6-21-8-6 2 4(4.2) C
4-5-4-12-2-4-3-3-4-4-3-3-6-21-8-6 23 48 (51.0) D
4-5-4-12-2-3-3-3-5-4-3-3-6-21-8-6 1 3(3.2) E
4-5-4-12-2-4-3-3-5-4-3-3-6-21-8-6 3 7(74) F
4-5-4-12-2-4-3-3-4-5-3-3-6-21-8-5 1 44.2) G
4-5-4-12-2-4-3-3-4-4-3-3-6-21-8-5 1 1(1.1) H
4-5-4-12-2-5-3-3-4-5-3-3-6-21-8-5 1 1(1.1) I
4-5-4-12-2-5-3-3-4-4-3-3-6-21-8-7 1 1(1.1) J
4-5-4-12-2-3-3-3-5-4-3-3-6-21-8-7 1 1(1.1) K
4-5-4-12-2-3-3-3-6-4-3-3-6-21-8-5 2 6(6.4) L
4-5-4-12-2-3-3-3-5-4-3-3-6-21-8-5 1 1(1.1) M
13 genotypes 94

*Tandem repeat copy numbers were arranged in the following order.
Panel 1 (Bruce 06, 08, 11, 12, 42, 43, 45, 55), and panel 2 (bruce 04,
07,09, 16, 18, 19, 21, 30).

shE, = 5009 3k o] shbel PEGE
£ ojg3to] ARAo|q Helst 10750 B. abortus
2 oioR fAYES ANsel F b gyow
Begivkn pashe] Helo] virka Bagh v gic.

Le Fléche (20062 107]519] thoFsh 2] odofA] 1
¥ 23659 Brucella spp.& AT S 2 15719 VNTR

2 A% MLVAS AA5te] & 204719 4719

B2tk W UshHA MLVAL 282l TTW
T 3FT Al Dahouk 5(2007) AFel H=Al}H of
gk AEHA, ojshH BAS 93k MLVAS] 284S
stz Y8l AV S B melitensis 12855 A}
o7 7]1&9 157§¢] VNTR markero] 1709] micro-
satellite markerS 37}5F0] 16 MLVAES 1Asto] &

= A=gHE 110709] g o= 575w panel |
o] H|3}| microsatellite=™ A%l panel 27} FHE o]
O =i 2 sk
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2 AN 23 13709 fHgoR BREgle
BEA ol ek 22l xﬂw% EEL R
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gotol AR ARAG 9 A Fel A G
© B Al fAF0] TN JiHoR g
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Table 2. Distribution of genotype of 94 B. abortus isolates by districts of Gyeongbuk province

Region No. of farms No. of isolates Year Genotype
Gyeongsan 11 25 2006, 2007, 2008, 2009, 2010 D,EEM
Goryeong 4 6 2006, 2007 D,H
Gumi 5 11 2006, 2008, 2009 A,C,D
Gunwi 1 1 2006 D
Seongju 3 7 2009, 2010 A
Yeongcheon 8 18 2006, 2007, 2009, 2010 A B,E FJ KL
Cheongdo 8 21 2006, 2008 A,C,D,G,I
Chilgok 1 1 2009 A
Pohang 1 4 2006 D
Total 41 94 2006~2010

Table 3. MLVA patterens of B. abortus isolates in farms with two or more genotypes
Name of farm Region No. of isolates 16 MLVA pattern Genotype
Kim-SS Yeongcheon 3 4-5-4-12-2-3-3-3-4-4-3-3-6-21-8-6 A
3 4-5-4-12-2-3-3-3-6-4-3-3-6-21-8-5 L
Kim-YS Yeongcheon 2 4-5-4-12-2-3-3-3-4-4-3-3-6-21-8-6 A
4 4-5-4-12-2-4-3-3-4-5-3-3-6-21-8-5 G
1 4-5-4-12-2-5-3-3-4-5-3-3-6-21-8-5 I
Kim-JY Goryeong 3 4-5-4-12-2-4-3-3-4-4-3-3-6-21-8-6 D
1 4-5-4-12-2-4-3-3-4-4-3-3-6-21-8-5 H
Song-MH Yeongcheon 2 4-5-4-12-2-3-3-3-5-4-3-3-6-21-8-6 E
1 4-5-4-12-2-3-3-3-5-4-3-3-6-21-8-7 K
Ye-HS Cheongdo 1 4-5-4-12-2-3-3-3-4-4-3-3-6-21-8-6 A
1 4-5-4-12-2-4-3-3-4-4-3-3-6-21-8-6 D
Table 4. Distribution of genotypes (MLVA patterns) among 94 B. phoresis system ©]-§5 AYHEES A=g 23
abortus isolates 71£9] PCR ZZAHE 7] ¢)st

Year Farm Isolates Genotype (No)*

2006 20 48 A(6),B(1),C(2),D(32),
G@),H(1),I(1),M(1)

2007 3 8 D(5),L(3)

2008 4 4 D(3),J(1)

2009 8 16 A4),C(2),D#).F3),L?3)

2010 7 18 A(6),D4),E(3),F(4),K()

Total 4 94

*No. of isolates classified by genotype. TOne farm was duplicated in

2006 and 2007.
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