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2 WEH HIRXZEA PR BB Ho N5, PEANES: 010031

3 g R AT O NS 5248 012000

4 BUMI T B s ] o WL Bl 310021

i B AFRI AAAEGRARRT ARG RRE, T2FRRASTFALAER, BRRAAEK
BB EAFBR BB Y I, 2R RIA & KE A2 Ren A E%X., BT, &ERHH 7K
8 RAT A F AL R KA A7 & K 093848 Z A MR R AR 8 2. 7R KA A J2 69 RATHF IR AR A%
B R Bt ik KA A R o9 Wl By dx B A T2 5050, [ B 69 ) x5 RFF A 9% 69 IRAT 34 F 45 4 A2 RAFF A &
KE 9 RAE S AMBAITAE, A RFAROGERESE. [F%] XA FNEE 7 %4 BCSS-PCR
3t 63 HhikIe B MR UEATAZ . KA HGDI (Hunter and Gaston diversity index) % A4 #4848 & K+ # &
KB4 % AH, A MLVA 7 %24 F BioNumerics 5.0 #4F st Bt AT R L 547, 8BF KA H 7
RAT R A . o, AT MLVA-11 K goeBURST #kAF#2E K AT A & K, 1 49 5 ) A& st
(Minimum spanning tree, MST), K& E KA A& KE e RSIE, [LR] FHEL T Ef
BCSS-PCR # 3§ 4 R £ 7 63 HhiXIe W k23 A KAP A & K H . BCSS-PCR 5w HLE & 7 ik 69 /56 %
2 100%, BCSS-PCR #4448 4 102 (Bp 50 pg/ul KA+ A & K 3 DNA). & B KFfr A& K8 L
HE G EME S A, AT HGDI 44748 Pand 2B 4 5 M2 S EA R SRR E, FaLARA G
5 3| RAMRK A bruce09(11)> bruce07(8)>brucel6(7)>bruce04(6)>bruce30(5). MLVA & £ 547 & 8 b 7
WX BT 3REBAHABE R A RBLAAT, BRWEHAREHREL., KRERFAERETHH
5 ANMIEERE, vA MLVA-11 3 26 A L I6BE H T FAEE, MBS RA£E. A, mEKX. &
. LATAEFEROEHHRLA LR GRIERLE, LA ANFEATYEEA. (L] KB X
A ERKE 2 G AT SRR T IZAGRIZRR, RIAMAEA T EEA skt 5o R
VARG AE,
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Genetic diversity of Brucella canis
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Abstract: [Background] Brucella canis is a pathogenic bacterium of canine brucellosis and mainly leads
dogs to abortus and reproductive disorders. B. canisis arare source of infection for human brucellosis, but
safety risk of human posed by B. canis remains controversial. At present, the epidemiology characteristics
and genetic diversity of B. canis research in China were lacking relatively. It is significant to investigate
epidemiology characteristics and genetic diversity of canine brucellosis for strengthening surveillance and
control of canine brucellosis. [Objective] Epidemiology characteristics and genetic diversity of B. canis
strains were investigated in order to provide a reference for control and prevention of canine brucellosis.
[Methods] Both conventional bio-typing methods and BCSS-PCR were applied for species identified of
63 B. canis strains. The genetic diversity of B. canis strains were investigated by the means of HGDI.
MLVA method was used for cluster analysis of B. canis to revea the epidemiological characteristics of
canine with BioNumerics 5.0 software. goeBURST software was applied to construct minimum spanning
tree of B. canis strains for elucidate characteristics of geographic origin of B. canis strains in China.
[Results] Both conventional bio-typing methods and BCSS-PCR were used and 63 tested strains were all
B. canis, and 100% identification coincidence rate was found between conventional bio-typing method and
BCSS-PCR assay. The analytical sensitivity of BCSS-PCR at DNA sample was 10~ (50 pg/uL DNA of
detecting B. canis). The higher genetic diversity was observed in B. canis strains in China. The results of
genetic diversity investigated have showed that five loci in Panel 2B presented higher variability, the
orders of alele genotypes from high to low were bruce09 (11), bruce07 (8), brucel6 (7), bruce04 (6),
bruce30 (5). MLVA cluster analysis showed that there were three small-scale outbreaks of canine
brucellosis in Beijing and sporadic in other areas. B. canis strains in this study were divided into five
geographic groups (1-V), MLVA-11 genotype 26 clone group was predominated population. The strains of
this clone group had common geographic origin with the strains from countries such as the United States,
Greece, Canada, France, Romania and Korea. The others four geographic groups were unique lineages of
B. canisin China. [Conclusion] There were higher genetic diversity and extensive of geographic origin of
B. canis strains observed in China, and the results exhibited characteristics of origin and evolution of
co-existing of imported and native specific lineage.

Keywords: Brucella canis, Genetic diversity
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A TR L A, b R RS VR PR
WX S EA v P AL YT SRR R A

BEAE TR A REAT , R A G PR SR A 2
L PAEZARE T AR Z K0, FREFR 1
DX\ R SR B 37 S R I 0 B9 4R A T R A A 6 IS
T, AT TR S B AR R, {1
T84 [ 2 T ) SRl A1 9 Bt A 7 AR S R o A - R TR
8351 22 35V SRR DG BIF 5 A i 0 A1 B8 PR TR ) i
PRI 2H i B2 [R50, i n R e e B B 2 S R B il
Bt S v (Restriction fragment length polymorphism,
PCR-RFLP 4347)1% | 251 DNA FibLy 1 (Random
amplification of polymorphic DNA, RAPD)™ . Zfi
A5 41 43 B3 B (Multi-locus  sequence typing
MLST) A4 5013 TR W G 3L T 40 % TRk 1] £
BAGAHOCHE . 2005 AT A2 B0 H S B E A 7 41 43
(Multiple locus variable-number tandem repeat
analysis, MLVA)J&—F53- 3 1A g (8 A 5 QTR 4557
Tivk, BE BRRBOIRA TS R B AT A& G
PR A RIS FRATIR A 2 250t xt
KA oa A T4 T 1 43I A T 2 s AR 2 25k
I3 RSB T [ R A AR A ARSI 75 4 FL AT
AT LM ARSOR MLVA MBI AR R
Fe [ 1983-2011 4 (7] 7325 1 63 Bk R A A & [Q I E
F103 T, B AR T R T A1 68 DR ) 35 1% 2 PR AL
ATRHIE , 764 ] )23 TA1 S 471 ik 6 6l R A g 1) 3k
B E-98
1 MEEE
11 ##b
111 EHES

1E 63 BRARMAE IR, 1 ARR P& R
kB BE AR, HA 62 Bk ARG RFEAS
FAPATE R AEY) 1 ISR 16M ., R &
[CHAY 1 BISH bk 544, R & IR AEY
1 RS EF R 1330 K KA A & QA 275 18 bk
RM66/6 FiFS25axt i, 4 FhbrifES 2 wbk i
S FLIA DX 25 G e T B 42 il vh O A i BHEE 1L

112 FERFIFNEE

R AP ARG IR 5L, S5 BT 3R i (i)
ARRAF(BD); A& REAREMTEME, bR A,
M. R HFMiEH Tb, Wb DK Bk, MeiA, ¥ 5t
BIAEYRHHABRA A, IETEASUHNMEHT; B
(QIAGEN)ZH 1 JE R A $E G &, NSt g2 LR
A PR/ ; 2xEasy Tagq PCR Super Mix (+dye),
b XS EYHARBRAF ., WL aeti, CO,
KRR MGG e T, ZEBR G R BN (h )
HMRAT; PCRY, Applied Biosystems /A .
1.1.3 3|4

BCSS (B. canis species specific, BCSS)-PCR
(9154 BCSS-F (5'-CCAGATAGACCTCTCTG
GA-3)#1 BCSS-R (5-TGGCCTTTTCTGATCTGTT
CTT-3)1, P H47=4° 300 bp; MLVA-16 4%l )y
ERn G R L 100 51t A sCE R AR
FARA RAF A
12 FH&E
121 RMHAEREEYELEE

R AT FC TR A ) 80 S R 248 TR o e A
& IR E S E BIP AT, WG HEEEAY L4
3 gis e se it
1.2.2 SCISEFE DNA HOH) & RIRTE

S TR R Y DNA ] 2545 BREILAS 0 TR 5L D5 2 4
BOAR G BAE L SR UEAT, RFIRUES 5 AR
DNA Jl T2 BCSS-PCR /0 Hréusett:, 4%
JEEETEXT L DNA Eatififr 7l , DNA il
50.03 ng/uL . il % 4FH DNA F-20 °C #4745 F .
1.2.3 BCSS-PCR 1%

PCR JZ 3 {A % (20 uL): 2xSuper Mix 10.0 pL,
F. FUFSI¥(10 umol/L)#% 0.3 ul, DNA itk
1.0 uL, ddH,0 8.4 L . PCR S Jij %A% : 96 °C 5 min;
96 °C 305,56 °C30s,72°C40s, 30 MiE#f; 72 °C
5min, # 5puL PCR =% 1.5%0 B igbiEE
HLYk 120V, 25 min, FHEERCHLIGR RGERIN . LIS .
1.2.4 BCSS-PCR S Hr&Usi4an

W RF A& IRE AR HES R DNA FE 5
(DNA %4 50.03 ng/uL) 10 £ Fe5] 10°
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&1 MLVA-16 5|¥E2
Tablel Primersof MLVA-16 approach

Primers . . o Sizes

name Primers sequence (5'—3') (bp)

bruce06 (F) ATGGGATGTGGTAGGGTAATCG 274
(R) GCGTGACAATCGACTTTTTGTC

bruce08 (F) ATTATTCGCAGGCTCGTGATTC 330
(R) ACAGAAGGTTTTCCAGCTCGTC

brucell (F) CTGTTGATCTGACCTTGCAACC 698
(R) CCAGACAACAACCTACGTCCTG

brucel2 (F) CGGTAAATCAATTGTCCCATGA 362
(R) GCCCAAGTTCAACAGGAGTTTC

bruce42 (F) CATCGCCTCAACTATACCGTCA 414
(R) ACCGCAAAATTTACGCATCG

bruce43 (F) TCTCAAGCCCGATATGGAGAAT 170
(R) TATTTTCCGCCTGCCCATAAAC

bruce45 (F) ATCCTTGCCTCTCCCTACCAG 187
(R) CGGGTAAATATCAATGGCTTGG

bruces5 (F) TCAGGCTGTTTCGTCATGTCTT 233
(R) AATCTGGCGTTCGAGTTGTTCT

bruce04 (F) CTGACGAAGGGAAGGCAATAAG 200
(R) CGATCTGGAGATTATCGGGAAG

bruce07 (F) GCTGACGGGGAAGAACATCTAT 166
(R) ACCCTTTTTCAGTCAAGGCAAA

bruce09 (F) GCGGATTCGTTCTTCAGTTATC 156
(R) GGGAGTATGTTTTGGTTGTACATAG

brucel6 (F) ACGGGAGTTTTTGTTGCTCAAT 146
(R) GGCCATGTTTCCGTTGATTTAT

brucel8 (F) TATGTTAGGGCAATAGGGCAGT 146
(R) GATGGTTGAGAGCATTGTGAAG

brucel9 (F) GACGACCCGGACCATGTCT 175
(R) ACTTCACCGTAACGTCGTGGAT

bruce2l (F) CTCATGCGCAACCAAAACA 172
(R) GATCTCGTGGTCGATAATCTCATT

bruce30 (F) TGACCGCAAAACCATATCCTTC 127

(R) TATGTGCAGAGCTTCATGTTCG

(0.5 fg/uL), PEHMIZINIER ST EUEYE, §oig S
VKA A PR [A] 1.2.3,
1.25 MLVA-16 3E5§

(1) MLVA-16 53 B 7 3k

16 Xt 519550 2 4119, Panel 1 (8 4Misk
bruce06. bruce08. brucell. brucel2. bruced2.
bruce43. bruce45 Fil bruces5)., Panel 2 434 2A Hl
2B, Panel 2A (3 M5 : brucel8. brucel9 .
bruce21), Panel 2B (5 /M 4.: bruce04, bruce07.,
bruce09 . brucel6 FI1 bruce30) ., Pane 1 X F§
MLVA-8, Panel 15 Panel 2A 4H& R MLVA-11,
Panel 1. Panel 2A 5 Panel 2B 214 Bl MLVA-16.

(2) MLVA-16 PCR 4"}

PCR 2 3 1A % (20 uL): 2xSuper Mix 10.0 pL,

b RIS 1#9(10 pmol/L)4% 0.4 ul, DNA it 1.0 L,
ddH,0 8.2 uL. PCR Ji)Jii 514: 96 °C 5 min; 96 °C
30s, 60°C30s, 72°C40s, 35 1-1F¥; 72°C
5min.5 uL PCR=“#14: 2.0% (Panel 11 14)5% 3.0%
(Panel 2 i 53) A B AR HHEE Fi UK 2EA TR0 254600 , i3
P IGES AT B A0S UK A . ] GeneMapper 4.0
AT A 38 v B, OF S SR A IR R i
ZERMR 16M IARAESE A LR T X, 9T
W B RO B S BRI (V). SR
Jei K TR RR B FPORY g ORI 43 B A A Excel
2016, PRAF AR o0 B SO TR 2800 o
126 HESH

K HITELE HGDI (Hunter and Gaston diversity index)
22 25 PEFE B0 B 344 (hittp://www. hpar bi oinformatics.
org.uk/cgi-bin/DICI/DICL.pl) 43 Hr 1 &k 14 15t 14 22 25
PEAFIE, FH BioNumerics 5.0k HH UPGMA (Unweighted
pair group method with arithmetic means) J5 i1 1
R, WERERI R . R goeBURST
agorithm JEF3k A 4Bk 135 #R[ R P A & G
(TORR) . VEIEFN(24 KK) . 2 -FRNEEFP(7 #R) LA LB D
A QTR (25 BRI B IRTEHY MLVA-11 stk
Tl € PG TR (1 B/ NAE B (Minimum spanning tree,
MST), AR T R A B PR Y 2R PRI

2 HR54h
21 RMHERENHXSHEFR

63 kK Fh A R A T 16 4 (Th/1X), B
[) %5 i A 19832011 4, B3 1 Bk K F A & G 1 40 i
WL EE 24 X R MR REAS , HoAy 62 PRk
AT RBIGRAEAS, Foe g, widb, widk . #im
IR FNILIVE 5 5 LR R Fh A FQ TR TR VL7
L B Hssr BIRS 2 SRR A A IR . N
Sl 34k, WiVl 4fk, JPE 68k, YLJ5 68k, b
28 P JbETH X A B BR 2Ok T 2011 4R b A
RIEFEFEM R FI AR R IATCA A 17 MRyt
[R50 (£ 2).
22 RMHhEREENLEELER

AR SRR RO G B BRI S R AR AR A
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x2 AMAERENMESS. HE. SENE 0 TR R 1 5 B R SR A 2 56 A BRI (6 3)

Table2 Geographic distribute, numbers, isolate time of B. "
canisused in this study 2.3 BCSS-PCR ##84R

Regions Number Years BCSS-PCR X6 TR Ak 9 4 15 45 2R 7R K Fh
Anhui 1 1987 . X s
Hebe 1 1080 PR BE A5 T BUY 5, BT B DL .
:”2; i iggg Rtk 3RS T 5 R A 225 Wtk — SR e 5

ul
Shandong 1 1987 sy, Y=o 300 bp (K 1),
o > e 24 BCSSPCR UL HIRMER
Jiangxi 2 1987, 1988 K BCSS-PCR A 10 5% FU A B A R AN A1 & [T
Liaoning 2 1988 e N — s
Shanghai 2 1983 ST PR DNA B9 45 R B, 1% sk
Xinjiang 2 1986 M 102 Bl 50 Lk £ LB DNA (E 2),
Inner Mongolia 3 1988, 2010 FE 50 pg/ul. Kl [T (%2
Zhdjiang 4 1986, 2011 25 EEZEMINE
Guangxi 6 1986, 1987 N s .
Beijing 28 2011 SN HEA R, Panel 114 brucell 47 4 446 i KA

%, 7€ Panel 2A 1) brucel9 4 5 A~25 (v 3L [H 7
T ARSI AE R . 63 BRI MR CO, T2 Al Panel 2B 1) 5/~ 7 55 40 Bl 26 A0 A7 5 A28 37 S R AL

PE, A IR M IS BER T EIE, BRI pryce09(11)>bruce07(8)>brucel6(7)>bruce04(6)>
BT S TR, S ZO BRI A TEHIME, A bruce3o(s) (€l 3).

K3 BHRAMHTERENEMLESR

Table3 Conventional identification of 63 B. canis strains

. CO, Serological agglutination tests Dye tests Phage lysis tests .
Strains requested HzS Aserum M serum Rserum  Thionine Fuchsin Bk, Th10* Wb Number  Interpretation
16M = = = + - + + + = = 1 B. melitneis bv.1
544 * + + = = + + i i 1 B. abortus bv.1
1330 = ++ + = = + = + = + 1 B. suisbv.1
Tested strains = = = = + + = = = = 63 B. canis

TE: o+ B - BIMES +0 SRORTRBRIHYE.

Note: +: Positive reaction; —: Negative reaction; +: Positive of partly strains.

M1 2345 678 9101112131415161718192021 M bp

El1 #oiREYRE) BCSS-PCR #1845R

Figurel BCSS-PCR amplification of partly test strainsin this study

[E: M: 2000 bp DNA 43 FHibr; 1. FHPEXTER; 2-20: iX38mbk; 21 BIVEXTER.

Note: M: 2 000 bp DNA marker; 1: Positive control; 2—20: Tested strains; 21: Negative control.
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M1 23 456 78M bp

2000
1000

100

[E 2 BCSS-PCR B9 trsua s
Figure2 Analytical sensitivity of BCSS-PCR
H:: M: 2000 bp DNA 4rFEfr; 1-7: K& RESHH

Note: M: 2 000 bp DNA marker; 1-7: Stock solution (x10°°) of
DNA of B. canis standard strain —10"®; 8: Negative control.

26 BESHER

63 PR RFME LR N 3 KIE(A. B fil C)
50 ~HE KA (GT1-GT50), ¥ 7 AL ILR A
H 5 AN ERI(GT26, GT34, GT37. GT38
F1 GTA0)FH 3k [ b a0 3 X0 B8 Bk MG B, 43501 4 65
2-5 BRR A& IRTE, HA 43 iR SR
BT AU R B — B TR A . JEE L7 GT24
2 Bk 1986 - EWT VL0 X 5325 i R A A7 B[R T 2H 1
GT42 i 2 ¥k A 52 AL T 1 R Fp A & Qs 41
Ao 2011 A DT VT M X £ 2 IA 43 5 B4 R ol A 5

[T (GT36) 2 B AR A JE R 7, 63 MR R Fh Al &[G
HIE AL 161~ MLVA-11 KL [ #4351 CN1-CN 14,
26 il 28 FL[N AL, R R b aT Hh XA R R R
5/~ MLVA-11 £ A, 435125 CN4, CN9. 26.
28 #il CN10 (K 4).
27 RMHERERN MST SiiER

AHFSE h 24% (15/63) Y H KB T MLVA-11 %&
Bl 26 B, JR53ER . A, gk, B, 25
JE U [ 45 1l ) TR AR AR [ 9 MLVA-11 R[]
26 74, CN1-CN214 JE[H AU H F E R A 1 R AP
IO SR Y, FR R A A QR R BRI 40 A
5AHBHREERE, SR [ A6 5 LA 51k 28,
26, CN10. CN11 1 CN12, SEHf 11 fudh 8 AL
R4y 5% CN1-CN8 LA A, FEFII. VAV 4
1 LR, 43%0% CN9, CN13 il CN14., CN9
B 4 Bk B A6 5T DO R T 43 2 i R oA - R e
20, CN13 1 CN14 4351 Hi ok [ 155 A0 1L P9 K
Gy B BRI TESERE T PP Ay 4 AN SR ALY R
FE 26 B PR s RAS . FEAERF T A 74
FEPIA ISR [ BE R CN3 YY) 1-3 7 I A8 T
VANV B[RRI SRS i AL 2 (24), e 1k
R AL 53 3 (K 5).

Genetic diversity characteristics of Brucella canis based on HGDI

Number of alleles

&\% Qz.br‘» Ge?rb c‘e.bb & & O
¢ & FFFF

OSSO N

Panel 1 loci

Panel 2A loci Panel 2B loci

16 loci in MLVA-16 assay

3 AMHEREFMNERESHHHE

Figure3 Distribution feature of allelestypes of B. canis based on HGDI
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o — o e o ow o = ° o
M 3333338935371 331%
-0 -0 0 B BN - B
GREIGR2NSCRLLILEEES Ky GTA A @ 8 & @ ;M m @ @ @ @ & & @ MLVA-L Species Host Isolatedin Year
BCOS2 1 2 3 9 11 3 2 3 2 6 4 8 6 6 3 7 6 CN1 B. canis Dog Inner Mongolia 1988
BCOs6 2 2 3 9 11 3 2 3 2 6 41 8 6 6 6 7 7 CN2 Bocamis Dog Jiangsu 2006
BCos4 3 2 3 9 11 3 2 3 2 6 41 8 6 6 5 7 CN2 B canis Dog Jiangsu 1987
BCOS3 4 2 3 9 11 3 2 3 2 7 41 8 6 8 5 9 7 CN3 Beanis Dog Jiangsu 1986
BCOss 5 2 3 9 11 2 2 3 2 7 4 8 7 6 5 4 7 CN3 B canis Dog Jiangsu 1988
BCO44 6 2 3 9 11 2 2 3 2 5 41 8 7 10 13 7 5 CN4 B canis Dog Beijing *
BCo46 7 2 3 9 11 2 2 3 2 S5 4 8 7 10 13 7 6 CN4  B.canis Dog Beijing *
BCOS7 8 2 3 9 11 2 2 3 2 5 4 8 6 5 9 7 6 CN4  B.canis Dog Liaoning 1988
BCO47 9 2 3 9 11 2 2 3 2 5 4 8 6 11 10 9 5§ CN4  B.canis Dog Guangxi 1986
BCO49 10 2 3 9 11 2 2 3 2 S5 4 8 6 8 9 10 5 CN4  B.canis Dog Guangxi 1987
BCO48 11 2 3 9 11 2 2 3 2 5 41 8 7 8§ 9 6 5 CN4  Boanis Dog Guangxi 1986
BCo43 12 2 3 9 11 2 2 3 2 5 41 7T 7 8 4 4 CN4 B canis Dog »
BCO45 13 2 3 9 11 2 2 3 2 5 41 8 5 § 9 4 4 CN4 Beanis Dog  Beijing *
BCOSO 14 2 3 9 11 3 2 3 2 7 41 8 6 7 13 6 5 CN5 B camis Dog Henan 1988
BCOGO 15 2 3 9 11 2 2 3 2 7 42 8 8 8 12 10 3 CN6  B.canis Dog Shanghai 1983
A BCO61 16 2 3 9 11 2 2 3 1 5 42 8 7 8 10 7 3 CN7 B.canis Dog Xinjiang 1986
BCO63 17 2 3 9 11 2 2 3 3 6 44 8 S 6 11 5 S CN8 B .canis Dog Zhejiang 1986
BCO39 18 2 3 9 11 4 2 3 3 5 3 6 5 6 10 4 6 CN9  B.canis Dog Beijing *
BCO40 19 2 3 9 11 4 2 3 3 5 3 6 5 6 12 4 6 CN9 B canis Dog Beijing *
BCO41 20 2 3 9 11 4 2 3 3 5 36 6 5 6 9 4 6 CN9  B.canis Dog Beijing *
BCO42 21 2 3 9 11 4 2 3 3 5 3 6 9 11 5 5 6 CN9  B.canis Dog Beijing *
BCOO7 22 2 3 9 11 3 1 S 2 6 40 9 S 6 6 6 3 28  Bcanis Dog Henan 1987
_: BCOI2 23 2 3 9 11 3 1 5 2 6 40 9 5 6 6 7 3 28 B. canis  Dog Jiangsu 2006
BCOI8 24 2 3 © 11 3 1 5 2 6 40 9 5 6 11 5 3 28 B.canis Dog Zhejiang 1986
—Bcos2 24 2 3 9 1 3 1 5 2 6 40 9 5 6 1 S 3 28  Boams Dog  Zhejiang 1986
L———BCOOI 25 2 3 9 11 3 1 5 2 6 40 9 5 6 8 9 3 28 B canis Dog Anhu 1987
BCO31 26 2 3 9 11 3 1 5§ 2 5 40 9 5 6 11 4 3 26 B canis Dog Beijing N
BCO32 26 2 3 9 11 3 1 5 2 5 40 9 5 6 11 4 3 26 B.canis Dog Beijing *
BCO33 26 2 3 9 11 3 1 5 2 5 40 9 5 6 11 4 3 26 B. canis  Dog Beijing *
BCO35 26 2 3 9 11 3 1 5 2 5 40 9 S5 6 11 4 3 26 B. canis  Dog Beijing *
BCO30O 27 2 3 9 11 3 1 5 2 5 40 9 S5 6 7 4 3 26 B. canis  Dog Beijing *
BCO34 28 2 3 9 11 3 1 5 2 5 40 9 5 6 12 4 3 26 B. canis  Dog Beijing *
BCOO6 29 2 3 9 11 3 1 5 2 5 40 9 5 5 & 8 3 26 B.camis Dog Hebei 1989
BCO38 30 2 3 9 11 3 1 5 2 5 40 9 5 5 5 10 3 26 B canis Dog Beijing -
BCOI7T 31 2 3 9 11 3 1 5 2 5 40 9 7 8 10 7 3 26 B. canis  Dog Xinjiang 1986
BCO29 32 2 3 9 11 3 1 5 2 5 40 9 7 8 10 7 3 26 B canis Dog Beijing .
BCoO4 33 2 3 9 11 3 1 5 2 S5 40 9 7 8 5 6 3 26 B canis Dog Guangxi 1986
BCO36 34 2 3 9 11 3 1 5 2 5 40 9 7 5 & 9 3 26 B canis Dog Beijing *
BCO37 34 2 3 9 11 3 1 5 2 5 40 9 7 5 6 9 3 26 B canis Dog Beijing *
BCOO% 35 2 3 9 11 3 1 5 2 6 40 9 6 6 3 7 3 28 B canis Dog Inner Mongelia 1988
: BCOI9 36 2 3 9 11 3 1 5 2 6 40 9 6 9 12 9 3 28 B. canis Human Zhejiang 2011
I BCO2I 37 2 3 9 11 3 1 5 2 6 40 9 6 9 9 5 3 28  Beanis Dog  Beijing 2011
BCO28 37 2 3 9 11 3 1 5 2 6 40 9 6 9 9 $S 3 28  Beanis Dog Beijing 2011
BCOI3 38 2 3 9 11 3 1 5 2 6 40 9 6 9 & 35 3 28 B.canis Dog Jiangxi 1987
BCO20 38 2 3 9 11 3 1 5 2 6 40 9 6 9 & 5 3 28 B.camis Dog Beijing 2011
BCO22 38 2 3 9 11 3 1 S5 2 6 40 9 6 5 8 5 3 28 B.camis Dog Beijing 2011
BCO2S 38 2 3 9 11 3 1 5 2 6 40 9 6 5 & 5 3 28 B canis Dog . 2011
BCO26 38 2 3 9 11 3 1 5 2 6 40 9 6 5 & 5 3 28 B canis Dog Beijing. 2011
BC027 38 2 3 9 11 3 1 5 2 6 40 9 6 5 & 5 3 28 B.canis Dog Beijing 2011
L BCO59 39 2 3 9 11 3 1 5 2 6 40 9 3 10 16 5 3 28 B canis Dog ng 1987
BC0OO2 40 2 3 8 I 3 1 5 2 5 4 9 6 5 9 4 3 CNIO B canis Dog 2011
BCO23 40 2 3 8 11 3 1 5 2 S5 4 9 6 5 9 4 3 CNIO B canis Dog 2011
BCO24 41 2 3 8 11 3 1 S 2 S 4 9 6 5 10 4 3 CNIO B canis Dog Beijing 2011
BCOIO 42 2 3 9 11 3 1 5 2 5 4 9 6 5 9 7 3 26 B.canis Dog  Inner Mongolia 2010
BCOIS 42 2 3 9 11 3 1 S 2 S 4 9 6 5 9 7 3 26 B. canis  Dog Liaoning 1988
BCOO8 43 2 3 9 11 3 1 5 2 7 4 9 6 7 13 6 3 CNIl B.canis Dog  Hubei 1988
BCOIl 44 2 3 9 11 3 1 S5 2 7 4 9 6 8 5 9 3 CNIl Bcanis Dog Jiangsu 1986
B BCOI14 45 2 3 9 11 3 1 5 2 7 4 9 7 8 5 4 3 CNIl B canis Dog Jiangxi 1988
— BCOI6 46 2 3 9 11 3 1 5 2 7 4 9 8 & 12 10 3 CNIl B canis Dog  Shanghai 1983
BCOO3 47 2 3 9 1 3 1 5 1 5 41 9 6 11 10 9 3 CNI2 Heanis Dog  Guanexi 1986
BCOOs 48 2 3 9 11 3 1 5 1 5 41 9 6 8 9 10 3 CNI2 B canis Dog Guangxi 1987
c BCosl1 49 2 2 6 11 3 1 5 2 4 38 9 6 5 & 7 6 CNI3 Bcans Dog Hunan 1987
BCOS8 50 1 4 3 13 2 2 3 2 4 41 T 4 & 6 7 CNI4 B canis Dog Shanxi 1992

4 B3HRAMMERER MLVA EEXRRH

Figure4 MLVA phylogenetic tree of 63 B. canisstrains
Note: *: Unknown.

@ China in this study
@ Former USSR

© Argentina

@ Costa Rica

@ Germany

Romania
® Canada
France

D
:Greece @ ! 5
Brazil B. ovis
® Korea @ ' @\-;
USA

5 R#HERENRNESK
Figure5 Minimum spanningtree (M ST) of B. canisbased on MLVA-11 data
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77 2F A A 5 EG B 0 JE R ) 2 25 2RI Panel
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S Y BRI B AR B 43 BE A R, JCi st i
2 JA THI R B AT PR T 110 A B GRS ) BT ik 1Y
SITIRAT N TSR 2T, SR MLVA 72t 63 Bk
RFNATE LR I 20 FIRA T - R A R, 63 BRR
PP [ RN 50 AR, Jorp 7 A4S Ryl gt
I, BE2HAV N 14% (7/50), $27m 3 [ K Fh A
DIRBEHUE i F ., 78 7AW A 45 5 43t
FIHAI(GT26, GT34, GT37, GT38 Hl GT40)
FH > [ bl XA B RAG) 1, GRS T b X A
TR 2R TRATIG . FEAZ 2011 4EHE ST
RS K 2 T 3 s INBUSE A R A7 5 5% %
WAT, G5 AR A A R ARSI ARER T
B0, AR WAH TR AR R o TR — R R Fh A
SRR TE 1983 4F [ 15— 5 2 B 2 50 sh i ik
Y He ks R A2 g B2t SRR B AT A2 S5k
KRBTSR R AT B R NP Wk, 7E5]
Ry R i S, AR . tkAh, 2010 4
PR 5 T 40 I B TR VR 530 7 1998 AE 4 i I B R LA
FHIF ) MLVA-16 LRI oA SCA et — 0t
FUUESE . 1986 AFWI VLIl X A —if R R A 5 (GT24)
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AT REXT A A T 27 B S PR

63 HR RIS G RN 16 4~ MLVA-11 3K
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Ko R BT A A Y TR AR e S S
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FRAE . AERE T P Ay 4 A FERAIE Sk | 3R 26 7Y
(R B R 578 42 TR R R AR R & R
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0532, 5558 2 A FEE bR 25 5 825 %
oK F AN ] b AT 0 TR A T 4 BRI 3 40 A, A
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