HEEE 2026,57(1) :369-377
Acta Veterinaria et Zootechnica Sinica

doi: 10. 11843/j. issn. 0366-6964. 2026. 01. 032 T,
! F R (RS ) B
Fg

¥RiAFL (OSID) : F&EL%

HERFEWE TagMan ik E= PCR&MN 77751
BNV M A

Gk, s M AR, BZE, R RK e iFas R R HHA
(o Ml B2 B P2 B9, K A8 130000)

W OE: B R T S A B T OBUE TaqMan ¢ 62 8 PCR SR 7 i, FH 70 & o B e 1) 3h 4 1 3)
7 i 0 PR SER T O X4 A o A 8 R R LA e A AR 0 Sl A I AR 4 8 T RRE K 1 R R R LR
O SRS o AN SR AR GenBank A A5 (1) galU 1 Omp31 0 Ty Z1 3 114G 51 4 R 4L+ 8 1 41 5ok, Xy
R S O B A PRI AN e I S S R PR Bl A S IV B A SRR SRR W T N T A A
W EH TaqMan 26 i i PCR KM J7 3% , i 7 i e IR I BR >R 1. 93X 10° copies- plL 5 Hoth 5 2% [ 1 5§ 6 28 X R
ML, A PR A ] AR S R AN T 250 o RIS AR 90 A N7 9 T 3k e T 5 06 s o) 8 R R I R R A R S 3k 156 45, 'ﬁ
BCSP31-PCR AL, M5 FHTEST &2 4 69. 75% 5 5 PCR I 2 41 5 S5 860 M 1L , 22 ke 97 w5, XU TaqMan 286 E
PCR (1) S8 R 100% , PCR Y SR 69. 7594, R 21 % 82 4 56 1 fiU Bk o 58. 65%% . Kﬁﬁﬁﬁiﬂﬁ%ﬁﬁﬁﬂi
TaqMan 2 Y 5 PCRAGEIN J7 7% , Sk A & T I R 25 SR I e A7 2 R 25 B AR 3R B AR S0 K

KB A E R AE Taq Man 26 Y62 71 PCR K 7 v 5 S85002 Wi

& 42K S R378.5;S852.61 XEKFRERD : A XEHS: 0366-6964(2026)01-0369-09

Establishment and Preliminary Application of a Duplex TagMan Real-time PCR

Assay for Brucella
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Abstract: This study aimed to establish a cost-effective duplex TagMan real-time quantitative PCR
(qPCR) assay for the rapid detection of Brucella infection in animals and animal products, and to
differentiate B. abortus from other Brucella species. This method provides a scientifically valid
diagnostic tool for distinguishing currently used vaccine strains and novel vaccines under development.
Specific primers and TagMan probes targeting the ga/U and Omp31 genes were designed based on
GenBank sequences. Recombinant plasmids were constructed. The assay's specificity, sensitivity,
and repeatability were rigorously evaluated. Clinical serum and tissue samples from animals with

brucellosis were tested. A duplex TagMan qPCR assay for Brucella detection was successfully
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developed. The limit of detection (LOD) for recombinant plasmid standards was 1. 93X 10°copies+ pL.™".

The assay exhibited no cross-reactivity with other Gram-negative bacteria. Both intra-assay and inter-

assay reproducibility were excellent, with coefficients of variation (CV) consistently below 2%.

Testing of 156 samples (including laboratory-prepared and clinical specimens) revealed a positive
agreement rate of 69.75% compared to BCSP31-PCR. Furthermore, the duplex TagMan qPCR
demonstrated significantly higher sensitivity (100%) than conventional PCR (69.75%) and the

RBPT (58.65%).

The established duplex TagMan qPCR assay provides a robust technical

foundation for the clinical differential diagnosis, epidemiological surveillance, and eradication

programs of brucellosis.
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Gene Primer and Sequence Product size
probe
galU galU-F 5"-GAACGGGGGAAAACCGAAGA-3’ 149
galU-R 5'-AGTGCAAAAGGTTCGTTGCC-3’
galU-P FAM-CAGCAGGTGCCGCTTGGCCTC-BHQ1
P-galU-F AGTTCTAAATGAGTTCTATTCGGAAAATCCGCAAGGCAG 917
P-galU-R GACGGCCAGTGAATTTCAGGCTGGCTGGATCGTCTTCAACAG
Omp31 Omp31-F 5’ -TTCCGCCCCTACTGCTGCT-3’ 138
Omp31-R 5’ -CCGGAAACCTGTTCGTTGTC-3’
Omp31-P HEX-ACGCCGGTTACGCAGGCGGCAAGTT-BHQ1
P-Omp3l-F TCGACTCTAGAGGATATGAAATCCGTAATTTTGGCGTCCATCGCC 755
P-Omp31-R AACTCATTTAGAACTTGTAGTTCAGACCGACGCGAACAGT
pUC19 pUCI19-F ATCCTCTAGAGTCGACCTGCAGGCA 2698
pUCI9-R AATTCACTGGCCGTCGTTTTACAACGT
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H pUC19-galUR-Omp31., i HI#A i 5 4 6ok B 1
W) i VR B, AR DB, 2 B KR R
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PREF Y AR TaqMan 288 2 it PCR & I 5 74 1 #
B R SR B M0 2 W Re D), [l B BCSP31-
PCR 1 52 £ - Al 35 4 1 50 9547 75 A 3056, 430 #r L5
R

2 & B
2.1 WETaqMan XK EEPCRI|WEFREMT
I8 F

i iF NCBI primer-BLAST 3 {F K R . 458 8
/&, galU-F/R (JOB ID: - _EkqOHC7GrLVPZR-
HSY4Eqw1GsOdhMrQ) 519 B A7 B 4 (1 45 5 ¢ vl
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2.2 EARKpUCI9-galU&Omp3l &

DL 2 B A 5 8 00 A% R T 8 A B AR, 1 P-
galUF /R ,P-Omp31-F/R .pUC19-F/R il i PCR ¥
HEOH MR B, SR (E D FR A 5 o —
9 H IR BEL 439 galU(917 bp) .Omp31(755 bp)
K pUCL9 £ M4k BE(2 698 bp) o Kt A7 [ Y 4
7y 5 2 PR AL pUCT9 Fr Bl i 6 4% v e v 4 LU
Pl T2 FORE, 26 AR T AR TR R R 45 A BR
S A A 44 o8 pUC19-galU&.Omp31, £ HE
TR, 045 5 41RO 90. 7 ngepl . £
5, pUC19-galUR.Omp31 T £ 5 v 1Y $% UL %%
1.93X 10" copies-pl.'s
2.3 WETaqMan XX EE PCR KN FHHMLL
RARAE & E L

f# 1 1. 93X 10° copies pl.~'pUC19-galUR.Omp31
AL TR R 5 B 9k X 51 W 0B B vk B R AR
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Fig. 1 PCR amplification

(% 2), 8% W E TaqMan % 6 5E it PCR B K RN
20 pL: SuperRealPreMix (Probe) 10 pL, gal/U-F/R
M Omp31-F/R % 1 pl, galU-P Fl Omp31-P 4%
0.25 pL, A TR 3 ul, BB F/K2.5pl. K&
BRI : 95 °C 15 min; 95 °C 35,57 °C 30 s, 2 40 M
o, o R pUCT9-galUR-Omp31 3% 2% 10 15 Fi
B LAl P 1. 93X 10°~1. 93X 107 copies- pL. '
RN, #EATLE TaqMan 2865 it PCRY™HE 23 il b
HEM 2R . 45 R BoR , T YW B2 2 500 nmol-1 1,
A 125 nmol- L' (5% 2) , galU B9 b5 HE B £k Ry y=
—3.561x+44. 069, R*=0. 999, Omp31 iy 4x i il &
M y=—3.38x+43.455,R*=0.998([& 2) .
2.4 HRMERAR

A B 5% B A 57 19 X E TagqMan % 6 5
PCR J7 ¥ X5 2R Al 8 B 4 FhoAin 8 B AL9 Bk A3
FETE 7 RFERER T o BUR MR 5% 45 IR ™
BRKNWBRARE AT ETEF A 5 S B

F2 WETaqMan KX EEPCR G EMSI MR RERURER (CrE, x*s)

Table 2 Primer and probe concentration optimization of duplex TagMan qPCR (Ct value, x=*s)

WA e E /(nmol - L") EIE7] 51 ¥4k /(nmolel. ') Primer concentration
Probe concentration Primer 500 250 125
250 Ci(galU) 20.20+£0.13 20.50+0.17 22.40+0.18
Ct(Omp31) 22.20+0.22 22.50+0.17 22.90+0.18
125 Ci(galU) 19.8040.08 20.90=+0. 11 22.50+0.12
Ct(Omp31) 21.80+0.15 21.90+0.12 22.30+0.16
62.5 Ci(galU) 22.00+0.13 21.80+0.16 20.90+0. 10
Ct(Omp31) 21.80+0. 20 21.80+0.21 22.20+0. 14
Standard Curve
325
30.0
27.5
25.0
S 225
20.0
17.5
15.0
12.5
100 200 1000 10 000 100 000 1000000 10000000 100000 000 1000 000 000 10 000 000 000
FEHR R Quantity
Wgal/UM omp31

2 X ETaqMan %K EE PCRIETM Omp31 K galU B F F ™ 1545 /4 2%
Fig.2 Duplex TagMan qPCR standard curves for Omp31 and galU gene fragments
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MG DNA S#FATY 3G . S5 R B/R, Z T EFFRER
U, R A & W DNA 938 45 R B R galU K Omp31
FHAE 2R Pl 558 AT9BR DNA B3 25 5 R galU FH
PE, Omp31 P, FoAh 40 TR A% B2 9 38 45 534 /R BAE .
2.5 HEMEIKE

AW FE W pUC19-galUR.Omp31 T 2H i hi k17
o BE R B I, 1. 93X 10°~1. 93X 10" copiespL. ' 54~
Tofs Ji e E R AT W EE TaqMan %8G 2 B PCR Y718, 45
R 2 B IRRER F) 1. 93X 10° copies+pL. s
2.6 REFEIAR

AT 58 W 2F Bl A B 0 A1 R B B A 6 T S2 Bk
WMilg , AT 2 105 M B, 1 ng- pl.'~0. 1 fg-pL ™!
SANBR I M MM . W E TaqMan 786 %E i PCR 7
5 BCSP31-PCR J5 & #E 47 o4, WH TagMan %¢
J6E i PCR T A% R e AR iR Wk B 0. 1 fg-pl ™,
PCR 5 15 4% BR Fre ARG H v 2 A 100 fg-pl '
2.7 EEMWIKRE

AW 5K pUCL19-galUR. Omp31 41 i v o 47
TR BER RS, L 1. 93X 10°~1. 93X 10° copies+pL. !
X3ANBREE EAT A M I AR R 4
RWIR L N A R R R 0,020~
0. 55% Z[a] s 4[] i A8 5 RENAE 0. 6 %0 ~1. 8% Z [l .
2.8 R

) FH N7 B9 A5 S B U E TagMan €6 % 7t PCR
43 ARG D A Bl A B AL T B I T W A Il

®3 ERBMERENER

Table 3 Universality sample test results

T i PR R S ) JBE L35 A o B P 2 ML T 2 A
BRI R LY SR O 8 T S I R A S
SR IR BRI K LS gal U G5l 2K 5585 B 22 1 1L 975 LA
L2 A o S e 2 B

2.8.1 I RS IfiL 1 Ko Sk Gk 4 21 1) A - T ARG
2.8. 1.1 I R R 2 10 JRE I 97 KGN < 0 AR SR 4 52 )

JEE ALV L R R, R 25 R R 3 TR, W E
TagqMan %' 7 ft PCR A 52 43 B8 M35 A3 47 6y
ML 375 147 hy A5 B A% I ARG T B, v 1 0 ol v Sk 2R
ol A 8 T A e 1L 3 L G4y 46 003 1L 3 b HL s B A 8 T
YL I 5 5 BCSP31-PCR 45 % 1 48 52 4y 1fiL 3
A A6 7 2 AT BHAE L A — 03 175 25 SR AN TR
FFG 2R 98 Y0 5 PR LT A 5 4R X 06 245 R 52 03 1M v
L4 Gy S B DA bR B MR R 25 R 5 W E
TaqMan %% ¢ & fit PCR . BCSP31-PCR J7 45 4 %
AR, BHPERY & 4 29. 8%, J8 21 °F b 5t 45 iR 56 45
R E R T W #E TaqMan %% )% & & PCR Fl
BCSP31-PCR.,

2.8.1.2  FEFNAT S ARG 00 S DG E RS < R 4R E
i A 5 B RS O A5 d I 2E NEDE 15 0, 4R IO R , K
&5 B4 2% 3 T/, AE TagMan % 6 22 8 PCR
15 53 R O A A PH MR 20, B AR A R A
PGy, BCSP31-PCRAAS I H 9 461 BH P | BHPEAT &
F K 60% , BCSP31-PCR {2 M A% F X & TagMan
56 5E f PCR KGN J7 16

XL qPCR #6045 54

1 J ] A3 o . b AR 3t 1

RGBSR Duplex real-time PCR test results PCR Rl 5 DT P AR BEAE A

Sample type PCR test results Rose Bengal plate test
galU Omp31

JEE 1ML 35 47/52 46/52 46/52 14/52

Cervine serum

T 15/15 15/15 9/15 —

Sheep spleen

2.8.2 P BEW BOH B AR W) TS RE Y SE 0012 W
2.8.2.1  galU H H 2% A 4 T8 TR 52 988 B 19 % 031
B 2 4 )R S R T R R R LT 16 0, R
galU B2k 55 75 28 B K BRUIAL 3 O 4y, 2 ol A 5 1 Je 2
A 21 G, A B S L 8 4y, 2 R A T Rk
e R BRI 5 03 , 42 B 34 I T 04 R TR L A 2 2R n
FAFTR W TaqMan 986 52 5 PCR A 16 173
PE TR 52 5 B F LI P AR AW B galU B AT Omp31

FLIH, 9 03 S P gal U 2 55 5 92 1 K BRI T L 340
Omp31 FEFH HARKG T H galUFEF 21 3 FEF i B
JRYL 2 ML SR galU FEPHAT Omp31 Fe A .

2.8.2.2  galU P i 2% 55 15 2 1 19 55 012 Wy T
B galU KPR Bk 2% 585 B 9 B K BRUIALYTE 9 13 DA &
Tl A 5 AT IR K BRI 5 0, B IBURZ TR , A T 445 S
F 4P, WE TagMan % 6 2 & PCR K2 9 1
£ galU Jk PR R % 55 75 52 B K B I 22 46 0 3
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Omp31 FEH , KK 2 galU FEH 530y F A0 & B I
K BRI T L 29K ) galU H& A Omp31 KA

JE 21 - AR BE 42 3R 08 1 BCSP31-PCR ¥4 HY 7 14y
FHAE, FF AR R 78 % .

R4 gaUERBRARGERSSEE AR . FRRERENMFEMGTERRLIYNEINEISHER
Table 4 Results of differential diagnosis for sera from animals immunized with galU-deficient Brucella attenuated vaccine,

bacterial ghost vaccine, and infected with Brucella melitensis

XL qPCR A I 45 2

JRELF B B AR R

HE 2R Duplex real-time PCR test PCR # il 4%
e . Rose Bengal plate

Sample type results PCR test results test

galU Omp31 )
GUBE TS RE W F LT 0/16 0/16 0/16 0/16
Serum of Sheep immunized with BG
-l A B S ML 21/21 21/21 13/21 21/21
Serum from Brucella melitensis-infected sheep
A 95 [ 1 = 1L 3 0/8 0/8 0/8 0/8
Sheep serum negative for Brucella antibody
GoIE galU K R R 2K 55 3 38 17 K B i 37 0/9 9/9 5/9 5/9
Serum of guinea pig with ga/U deficient Brucella
0 A T R R L 37 5/5 5/5 5/5 5/5

Serum from Brucella melitensis-infected guinea pig

2.8.2.3 AT B TR T bR A 5L 02 W R AR I
PR B 8 A Bl A 48 1 A 19 B8 B 5 BRI P A 05 Al
30 1, B BURL R, A I 45 2R fn 3% 5 R, WU
TaqMan % ) & 5 PCR A 30 4 1l ¥ v 22 473 45 U]

RS SMHEHFABERBENFNFNEINSHER
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Table 5 Results of differential diagnosis for sera from cows immunized with Brucella abortus A19 vaccine
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