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Abstract: We defined the sequence type (ST) of 2 Brucella strains isolated from patients’ blood in Beijing by multilocus
sequence typing (MLST) and investigate their genetic characteristics to provide scientific basis for the control and prevention of
brucellosis. The 2 isolates were identified using Brucella genus specific BCSP31-PCR and species-specific AMOS-PCR. Nine-
teen house-keeping genes, one out membrane protein gene and one gene-inter-region sequence of the strains were further ana-
lyzed using MLST. The sequences were compared with the existing allele sequences on the MLST website to determine the al-

lelic profile and sequence type and to determine the 9-loci ST and 21-loci ST. Clustering analysis was used to investigate the ge-

netic relationship between the 2 new STs and other known
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STs of Brucella. The 2 isolates were identified as Brucella

with BCSP31-PCR. AMOS-PCR results suggested that the

BB L ETERTGEA TS, LA TR E TR F A, isolates were not B. melitensis s not type 1, 2 and 4 B. abor-
b 100013; tuss not type 1 B. suis, and not B. ovis. MLST analysis re-
LHBBEMAFART EFR. AT 100069; vealed that 2 novel allele combinations (gap/aroA/glk/

3. BRI £ 0 A 1012005 dnaK /gyrB/trpE /cobQ/int-hyp /omp25/ prpE /caiA /cs-

LEHEMARFHBIEHIZER LT 100015
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nA)2,1,2,2,1,3,1,4,1,13,2,2,2,2,1,1,3,7,6,2,3and2,1,2,2,1,3,1,4,29,13,2,2,2,2,1,1,

3., 7,6, 2, 3 were found in the isolates but not reported before. Clustering analysis revealed that the 2 novel STs located at the

same branches as the STs of B. abortus. The 2 isolates from Beijing were identified as 2 novel STs by this study which were

confirmed by the MLST website.and were assigned as ST74 and ST75 (9-loci ST), ST108 and ST109 (21-loci ST). The 2 STs

were most genetically closed to the STs belonging to B. abortus. The results provide scientific basis for the control and preven-

tion of brucellosis in Beijing.
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W AT B, 2 38 [ A W 22k 28 i b iy AR ) R
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A Sk A KA A R BT, B WHO B R
“FEEREETRL YN . RIEH 20 42 90 AR
VLK A5 96 - BE AT - EIE B AE BT B OB #™ IR
2000 4R DL db mt i A i g 5 2 W —HE L i A
%02 AT b T R A, 95 XN B IR L S AN W T vy L O
) AR, WAL BRI AR L JF A R AR AR
R B SR IR T AT I A R A5 R 35
R AE 2 A7 05 Bl 48 19 JE Atk A T0LATE 5% R 3L F A &
B B MR 31 R 19 PCR(BCSP31-PCR) Fil
TAEAJTH IST11 M4 F L 4 F B 52 R0 FhoA &
B 4% 5 i PCR (AMOS-PCR) # R % 2013 4 I
2014 AEAb Rt DX 43 B B A5 e BB E R Y 2 bR AT &
AT B R R () S8 0E, R T 2 AL U A 4 R
(Multiple locus sequence typing, MLST) £ K Xf 2

PRAT & R AR 19 AN RN 1 AR R
Ko 1A BE B ) XY e 2 2R A7 00 5 S 8 45 1> S5 A0 ik
751 5 MLST i v ity 45 467 55 DY e 91 i 47 1
XF W R Y S AL RS K2 9 A S B B (se-
quence type,ST)HI 21 fif w5 50 &L, 43 47 H 5 45 &
FANTE ST B R j5t 4% 2E 46 5C 2, b 5t Hl X A7 s 19
B 42 S (LA 2 AR 0

1 MRE5FE

L S 97 W I 7 5 571 B i o 21 R 7
1 F 3 E OXOID A A, %45 PB0123A, PCR Kl
Platinum PCR SuperMix, ¥ F 3£ [E Invitrogen 2%
AL 55 11306-016, #iiR A 2 i ik H -k 9 (QIAx-
cel DNA Screening Kit) 5 QX Alignment Marker
15bp/3Kb 14 H 18 H QIAGEN 2 #l. 4% 5 4 5l K
929004 F11 929522, DL2,000bp DNA Marker I H
FAEY LB REARAR, 5K D501A, 519
A TAEY TR CEE Bh A RA RS .

1.2 SLEEEtR  SLIS R BI3 5 BJ91 AsrE AL
SUHL X 2013 4F T 2014 4% A 955 B IR A 0 B 0k
1.3 Wtk DNA §l45 B4 2 bk Ah T 58 L
MFAR , & T 37 CAARREFR4H 1592 72 h J5 S 1
~2 MR EF] 150 pL KB R IR IR A
B B . PRIAEE T s, T 100 C R &
10 min;12 000 r/min &[> 10 min, &5 B EE R T
—20 CyKAE P IRAF R

1.4 BCSP31-PCRE¥EMEWRE KM EH
JE R S ESE R BCSP31 1B & & JE X, # IS 25 3
HRCS-9 142 LAY B4 A BS 514 ¥ 31 Fi 2 B0k 17 A 4
R 1% E .

1.5 AMOS-PCR % & fi & W Fh /8 RHZ%
SCHRL10-11 424 iy DL AT & 5 & 1S711 4l AT 51 K
FAlH 7 AMOS-PCR 51 %) J 2 80 47 4 & 6
il /AU S
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1.6 MLST 43#d

KM 2% SCilk[12-13 142 i 1 i
B 19 NMEREN (gap varoA . glk .dnaK .gyrB
trpE | cobQ . int-hyp . omp25, prpE | caiA . csdB .
soxA | leuA . mviM ., fumC . fbaA . ddlA . putA .
mutL FlacnA) 1AM B Comp25) Fl 1 A~
HEPE] X ine-hyp VR MLST (i $0 b5 5 DA 2 B
FERRIED I W) P9 S 9 i K EE DL R 1., PCR S hf
FAF N .95 CHASME 5 min; 94 “CAEME 30 5,63 ‘Cil
K 30 5,72 ‘CHEMH 1 min, 30 MEFR; 72 °C FEAH 10
min, ddIA FEPG 3 198 IR 55 C L H Al 2%
AAE ., PCR ¥R AR A 3 L Uk ACHL Ik A I, L
DL 2 000 bp DNA Marker /E N4> T imbr e, WM
HLUK S5 R A W PCR 9734 2 % 2. % PCR &,

ELRA F KR I A R AR AE T AR TR (i)

JBe A A R 28 ) R AT 2l Ak KDY . s 1T MLST £ 4
T H (M ik https://pubmlst. org/bigsdb? db =
pubmlst_brucella_seqdef & page= sequenceQuery) ,
3 PR B R TR Y 21 AN R IR L S 1 D 25 R 5 A
P MLST A 4 bk 55 (0 56 R 81 AT Lo X, B Af 7
B I 5 5 A A A6 TR B B O 4 — B, AR —E )
S SUR HEA S5 B AL 75 U 5 Sk — AN 8 1 S
BE DRI, DT AR A5 B ke AT 119 45 o2 BE PR3 (gap /aroA/
glk/dnaK /gyrB/trpE/cobQ /int-hyp/omp25/ prpE/
caiA/csdB/soxA/leulA /muviM / fumC/ fbaA /ddIA /
putA/mutl /acnA) . ¥§45 B0 &7 5 K35 5 i &
MLST ¥4 P b 1 B8k 14 45 037 55 R 2R 47 L X
M 28 B AR Y ST A,

F1 BTFyHEMUFEIFE 21 459K
Tab.1 21 Primer sets for amplificstion and sequencing
V7 A e 2 T fig gl¥ ) 5'-3 KB /bp i &
SRR I SR YGCCAAGCGCGTCATCGT - AE017223
gap glyceraldehyde 3-phosphate dehydrogenase GCGGYTGGAGAAGCCCCA 1685083-1685671
oo SHRIRERING 15 LR AR GACCATCGACGTGCCGGG . AE017223
are 3-phosphoshikimatel-carboxyvinyltransferase YCATCAKGCCCATGAATTC 7Y 29974-30538
" 7 TATGGAAMAGATCGGCGG - AE017224
8 glucokinase GGGCCTTGTCCTCGAAGG ? 988660-989134
Ik AR R CGTCTGGTCGAATATCTGG 70 AE017223
"% Chaperone protein GCGTTTCAATGCCGAGCGA 2066742-2067211
o DNA FIRERS B LA ATGATTTCATCCGATCAGGT 169 AE017223
EY"7 DNA gyrase B subunit CTGTGCCGTTGCATTGTC 142378-141910
o R A G GCGCGCMTGGTATGGCG 186 AE017223
4 anthranilate synthase CKCSCCGCCATAGGCTTC 1538194-1537709
oz 20 kD ShE ATGCGCACTCTTAAGTCTC 190% AE017223
OMPZ2 95 kDa outer-membrane protein GCCSAGGATGTTGTCCG 710041-710530
0 ek O T G GCGGGTTTCAAATGCTTGGA 1294 AE017223
“OP% cobyric acid synthase GGCGTCAATCATGCCAGC 1289341-1288920
, e ® AL 55w , CAACTACTCTGTTGACCCGA . AE017223
int-hyp upstream and extreme 5 of hypothetical e . o 4307
, GCAGCATCATAGCGACGGA 1372708-1372279
protein
g IR A GGTGCTGTTCACGCTGGAA 168 AE017223
rpr.
PrPE - opionate-CoA ligase AGGTTTTCGCAGGCGGCGAA 1687838-1688305
A JE i - A AR S TGTGTTCGGCAAGCCTTTG 14 AE017224
“4Y acyl-CoA dehydrogenase GGTCAAAAGACGTGCCACA 633492-633940
qp ARSI R CGTCACTTCCTGGATCATTTC 187 AE017223
o cysteine desulfhydrase GCCACCGACGCTTATGAGAA 930109-929623
e VR SACH o 2 CCTCGTAAAGCGCCTTCC 186 AE017223
SO arcosine oxidase alpha subunit TGTTCGATGCCTCCACATTGG 245488-245003
touA 2-SF N AR A T TCAACCGGATGAAGGAAGTC 182 AE017223
eu

2-isopropylmalate synthase

CCCTCGATAGTCTTGGTGACA

1534688-1534207
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17 55, e E D g gl 5'-3' KB /bp 7 B
M ] 0 - SR W S A T D T T A ATCGCCCGTTCGGTGAC ar AE017223
MU glucose-fructose oxidoreductase precursor TGTTCGCCGTCCTTGTCC 1990600-1990154
fumC HE R KA/ C CGACCATGTCAATATGAGCC 150 AE017224
T imarate hydratase C GATATCGTTGGCGATCTTGAA 7 180504-180055
b - R R 4 CGTGAAATAACCTGATCTCAC 158 AE017224
o fructose-bisphosphate aldolase CATGCCGGTTTCAAGCGAAC v 360206-360663
A D-NER-D- N & TR A TTTCAGTGCGCTCGAACAG - AE017223
D-alanine-D-alanine ligase A GTTCTTCAATGATGAGATTAAA ’ 1251848-1251296
AR GTGGGCGTGCAGCCTTTCG 7 AE017224
pu proline dehydrogenase CCTGTGTGAGTACGAGCGG ’ 512957-513483
i DNA B EE A ACATCCAAGCTGACCGAC “10 AE017224
" DNA mismatch repair protein TCCCGTGCGATCACATCCGA 208009-207461
A REUKEE GAAGGCCGCATCCCACTG 190 AE017223
4R aconitate hydratase GCGGCGAGGCAAGGTAAT 99997-99508

T2 [ A5 Bk R A R Tl 1 )7 B i B

1.7 BEDHT NiJH eBURST #4545 2 ¥k A & 5
() ST B 5806 b i BT A ST T AT 3R 2840 #1 L IR
WX A ST B S5E [ ST Mgk &, B
MegAlign F{EXF 4 ST B 5 4% R T 51 k47 8 25 4
BT BRT 5 B RR (B A LG R

2 & R

2.1 BCSP31-PCR %% BCSP31-PCR J5 % *f 43
BIAR RN BETR MR AZ R AT 1S 7 W R AR A 3
P, DK ASC PR CHE AT G T, 35 SR S 75 T PR 43 5 TR R B P
PEXT B PR AR A% TR 35 7 3 1 A & T B R 1Y 223 bp
14 257 o 17 BF ) R TG 45 H B

2.2 AMOS-PCR #2558  AMOS-PCR J7 ¥ Xf
Gy B PRI BB AR AL B AT 1 L 7 W R AR
Bl e PKASCE Sk AT AR L 45 5 R B S b o) BE B
PRAZ IR W43 1 178 bp By 554 R £ Fh 1 & I =
9 731 bp WA 2 BRIT B R AR HA 178 bp 4571,

I AT H Al %4 T IS4 ) R O 2%l H B
2.3 MLST 4rBIZER 2 BRE M 19 MR 1
AHMEE A FEH Comp25) F1 1 ASFEF B X int-hyp
A3 Bl P 45 2R 5 5 A0 & MLST il JE 45
A 5L RE B LR, A5 35X 2 MR B bk By 21 A A
(gap/aroA/glk/dnaK /gyrB/trpE/cobQ/int-hyp/
omp25/prpE/ caiA/csdB/soxA/ leuA /mviM/
fumC/ fbaA/ddIA /) putA/mutl /acnA) B %5 B
PUF S5 43500 2.1.2.2,1.3.1,4,1,13,2,2.2.2,
1.1.3.7.6.2.3 f2.1.2.2,1.3.1.4.29.13.2.2.2,
2.1.1.3.7.6.2.3(K 2.8 3) . HXEREIR X 2
PRAT & R 9 A7 5055 7 H K 4 5 1 21 67 st FE ) 4
SR A BE ST,

FRATTHE X 2 R AT T 10 B S A& S5 R P
51\ 9 5 i 2o LK I S A B i MLST %8 )% . © Bt
FWOF N ST v 45 2 ST74 A ST75(9 i s,
ST)5 ST108 1 ST109(21 fii 5 ST),

T2 2HROBHRNEMLERE (9 s ST)
Tab.2 Allele profile of 2 isolates (9 loci ST)

ST B bR ST gap aroA glk dnaK gyrB trpE cobQ Int-hyp omp25
BJ3 ST74 2 1 2 1 3 1 4 1
BJ91 ST75 2 1 2 1 3 1 4 29

I 2HROBHRNEMNER L (21 IR STHEM 12 LX)
Tab.3 Allele profile of 2 isolates (addtional 12 loci of 21 loci ST)

I3 bR ST prpE  caiA  csdB  soxA  leuA  moiM fumC  fbaA  ddIA  putA  mutl acnA
BJ3 ST108 13 2 2 2 1 1 3 7 6 2 3
BJ91 ST109 13 2 2 2 1 1 3 7 6 2 3
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2.4 BESWEIR RESMER,ECHEKRAM
734 9 i s MLST 43 BUE) ST B 6 5 0 A & 18
10 ANFh S B A TR A ST AU 3 Bk B 55 X%, A [
Ff 2z (Al R B MR 4 R R4, X 2 BRIA
)9 fisi ST HHEILNYE T4 M &R ST
RIURAE— 8, 5 ST2 & BE RN 8 4% 56 R, ST74
5 ST2 A 1 ANENMIEN int-hyp (25 ,.ST75 5
ST2 H 2 NEN K int-hyp .omp?25 25, $m
ST74.ST75 5 ST2 M FE % X R, ST2 v H &
RIAAATERENGEMA ST B (E D, &M
MegAlign 1} (By ClustalW Method) %t 4% ST % 9
AL SRRy 9 HEAT RIS 4 Ar, 45 R WOR ST74.
ST75 # 5 J& T 4R Fl fi & W A HoAth 18 4~ ST AR TE
— L (E 2) X4 ST & 21 A7 S I R 7 51 17
BB L5 B B R ST108.ST109 % 5 & T 4= b A

Ll ]

ST33
ST34
8732
B.abortus ST8
ST35

Nudleotide Substitutions (x100)

2 2#EFSTRSEMHEE ST RHEMHLXF(9
fir 5 ST)
Fig.2 Phylogenetic tree of 2 novel STs and the known STs
(9 loci ST)

B HAL 30 4~ ST B R E—# (F 3) R iX 2
ME NG ER ., 5 AMOSPCR 45 R W4 .

E1 273 STREEMAEE ST 2 eBURST 5 47
HR
Fig.1 eBURST analysis of 2 novel STs and the known STs
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B. abortus
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3 2HMEHSTESEMHEE ST RBEMIHMALXER (21
fi g ST)
Fig.3 Phylogenetic tree of 2 novel STs and the known STs
(21 loci ST)
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3 4t i

1985 4= WHO # 45 75 40 74 35 57 o 7 b iy 4= 1k
DA B i T R 25 ffe AR L ¥ 5 4 A P OB A B TR 0 o
R TREN NG CRITE Iy U TR = I I S = 7]
BT VDA BRI A TR AR R A R AR 6 Sl 19 A
AL O R A T R 2 By B 2 e SR 2k R B
T AR R B . HETACH A& WA 10 D,
BT 5 B HAl A & B CGE R AGE B B meliten-
sis 3 NEYIRD A S W R AT S B abor-
tus 8 N B P AT B W (B. suis 5 NEY)
) 48 E M SRR AT B R (B. ovis, 1 NMAEYHED VPR
SPGB (B. eotomae , 1 A B | K Fh A &
(B. canis,1 A8 o DA 7 T 7L 3l 0 4 it 59
50 T K A5 T 20 B ) B R A S T (B cetd) RN
Ui B (B. pinnipedialis)™™ . WEBF B o 40 85 1
1 BB A 6 (B micror)M ™  FE NFL A A K
R I IR A &5 (B. inopinata)', Hrp 4 4>
T (2EFh B. melitensis , 2F F B. abortus, #EF B.
suis FURFN B. canis) X N EBUR » BUW VE F KNI F
— I RN OR T A Bl R ORT R, A A B A
AR BRI R 09 AN 8] B0 & S NEUR )
ST PR VIR ok T S N RO NEE S
55 AE IR A 101 A A PR 1 A1 0 o L 2 R AR
Xof A1 0 A 28T B AN R R OC T AR 0RE ok I
THRHFE 2 PR bk ok A& 45 5 1 BCSP31-PCR i#
AT U5 45 2R 7 3 9 Bk o3 B8 Y R 588 A A XY O A
. AMOS-PCR &5 A7 178 bp 24 1M JCH A K
NGB Y 2l B HR R 43 B B R O R A R AR 2R
Fiv 1,204 B RS Fh 1 AU A 4 S B SRR A T

1% 58 MUK 2% J7 5 % 8 HORE B A & T 58 3 A
(AL, T 32 %) 1 ik 847 ) 20 A . BB 2> TR o
() % Ji& . — 2853 1 73 B J7 3 ANW 1 B 4 PCR 7™ )
B R B K B 2 25 M (PCR-RFIP) (B ALY 1 %
S DNA(RAP-PCR) 9™ 8 Fr W K B 2 25 1 0 i
(AFLP) | Jbk 37 8¢ it B 9K (pulsed-field gel electro-
phoresis, PFGE) \ Z v 5, 7] A8 % H & 1t 8 2 )7 51 5
#r (multi-locus variable-Humber tandem repeat a-
nalysis, MLVA-16) 4 AR F1 £ £ 510F 51 43 AL (multi-
locus sequence typing, MLST) $f R 4, {H /& PCR-
RFIP.RAP-PCR Fil AFLP 43 ¥ R A, 75 4> F i
frmee i A E 0 A R T A S T e R )
DNA [FJPE R 35 9020, 75 %8 3 B ) i 43 AL 7 vk
FH ke B A 5 % 1 A5 X 4 F AT 2% 15 B . PF-
GE.MLVA 1 MLST 7£ 15 5 Ji 4 5 J5 48 5 | A% ¢
3B B 5 09 JEUAR 0 ) DR A5 D7 TR AR T EEEAEH] . 2

PFGE 5250 2 F2 vh 3 T8 484 B8 22, S0 00 3 JRk e XU
MK, ML MLVA-16, MLST 1E 2 Wt i ¥k 8t 1% 4%
I 7 T B IR Ay R e, B MR A A ) S
B [T e N N i i e~ el 1 B = B S S S AT N B
P 2007 £ Whatmore ZEU2 R 7 NS HF &
1 AR R R R 1 AN 3R IR ) X 3351 4, %t
160 #k A & & #47 MLST 4387, i 504 160 B A [T
B b 27 SR, O T R 4 HE R, What-
moret VAEUHIHE T 12 A HEAREE L I B Z AT 9
AEFIRAL 8, BT BruMLSA21 20 85 %, Xk
fHABKM 500 Z WA & W H#E1T MLST 4347, 45
T 101 AP AL, B AW E By ST A gk &
LB N B R 9 A5 RS 73 4 ST
B, 21 (s BEIAT 107 A4~ ST B, R, AWF5E
AR A E B MLST 4343 B k5% 2013 4F Al
2014 A4y 2 A b 5 b X A 9 B Y 2 Bk B Rk TE AT
DTGNS E LA ST RIHEFT X, 45
KR 2 MRBEARI S FE S S BHRTE A W ST Y
A5 AV [N RS 5E 4 — 3, B Ay ST AL,

MLST # ¥ & Chttps://pubmlst. org/brucel-
la/) & B BR 125 0N 08 384 & 18 7 81 40 RS B R &
BB P S SR R R R B 2 Rl ST B bk
P8y S5 AL PR A LRSS W e 2 0T 7 hn 44 B
FTF Brucella W 9 {5 ST BB R 75 Fh, 21 {7 &
ST Bk 109 i, ABFF 2 #RE 0 ST 43 8
fr4 Sk ST74.ST75 (9 i 45 MLST) F1 ST108,
ST109(21 fii & MLST), ST74 5 ST2 HA 1 4%
fFE N int-hyp 1225 ,ST75 5 ST2 & 2 45 J
int-hyp.omp25 25, W% 2, I T —2 5
Mg & B ST B, A eBURST T.H. 204 H [ /i
TR BUUE PE R BT A ) 73 A4 ST RURET & BLAY ST
B, Jf 2 i 4 ST B Z (A 9 5 & K. eBURST
(Based Upon Related Sequence Type) f& — Ff 3& T
FH OG5 50 B 1) SR 28 A0 M 7 v . AR I 40 TR 1) BT A T )
AU ) A A0 35 PR3 K 2 0 40 S AN TR B 4 (group) S 35
B9 /G B 5 A8 A SV (Single Locus Va-
riants) P XA A AR F A DLV (Double Locus Va-
riants) P40, S8 E AT RE AN JE P A LA L 24 2 A4S ST
BIZE R 1A H B AR A, X 2 4 ST
TH Ry BT 8 SR SLV s WS A 2 A 25 o J5 R 8k
FNTEL X 2 A ST AL B SR WA AR S A
DLVY By B 5 A 5 () 7 5 204 g — 20,
ZHA LB Lr) ST AR h R 14 STHARZ
ey SLV, 1% ST BN AT LU 2 1 A AT AT BE AL
AL ST A, eBURST 20 #r B8 (1) .24
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TR 73 4 ST BT & W& 18 10 A2 8
HH R TR b B RR 1 ST 78 3R 4R A X% 1T S [ b 22 (]
WAL KRG X RBm ML, L ST2, STS,
ST15,ST17.ST59 % A A H O RETE KM ST A
4 2% 2% O R G 33X FE 1) TR AR FR Sy o R (BB R e o
HAK clonal complexes) 43 5l Jy 4= Fh LR B F .
FEFpFNfR A, ST74.ST75,ST108.ST109 5 H & JL
N JETAMAE R ST MERE K, 5 ST2 &
JE R, 35t 4% 6 R B . st A5 24 KPR SE T 13X 2 Bk

BRI R ST B AP i & ph . ST2 vl 8 & N
1D ATEE S IR ST A, i8] MegAlign %K
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