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Abstract: In view of the fact that the bovine pathogen detecting method has a single detection index and a
complicated operation, this study is intended to establish a visible gene chip detection method for simultaneous
detection of Brucella, Anthrax, Bovine tuberculosis, Foot—and—Mouth disease, Bovine viral diarrhoea, Bovine
parainfluenza, Bovine infectious rhinotacheitus. Primers and probes were designed based on the published nucleic
acid sequences of each pathogen. The multiplex PCR method was used to amplify the target fragment, and the
amplified product was specifically hybridized with the probe. After the color reaction on chip, the result was determined
by visual observation. The detection method was further optimized before establishment, and the sensitivity,
repeatability, specificity, and shelf life were assessed. The chip detection method was of high sensitivity, good
repeatability and specificity. When detecting the single pathogen, the sensitivity can reach 1.0x10°° ng/pL. The
seven mixed pathogens can reach 1.4x107 ng/pL. There is no cross—reaction among the seven pathogens, the
healthy bovine samples, and bovine epizootic fever samples. For the same samples, the same batch and different
batches of chips have consistent results. The chip shelf life test shows that the chip can be stored for 6 months at
2~8 °C. The 30 clinical samples test results were consistent with the results of the standard detection methods.
The method established in this study is a high—throughput method with high specificity and high sensitivity, which
can simultaneously detect the seven important diseases in 3 hours, and can be potentially applied in diagnosis and
epidemiological investigation of bovine diseases.
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Tab 1 Pathogens information
o B T/ B i A B IR
Brucella—A19
Brucella-S2
Brucella PE TR IVDC
Brucella-M5
Brucella—M590
Anthrax CVCC40-205 55k IVDC
0JMS
P L s
0/MYA98/BY/2010
IBRV IBRV-LNOI PRETE IVDC
BVDV BVDV-C24V KA BE IVDC
BPIV3 / KT B IVDC
MTB CVCC-68002 PET R IVDC
Bovine epizotic fever virus / KGR IVDC
L1 £2ZR A EREBGLHF & AXYGEN A N JEH BT 519 84 IBRV A7 DU

Axyprep PRI 5 DNA/RNA /N iRk 1) &, 3 5 5
{37 & Prime — Script One Step RT-PCR Kit Ver2
(TaKaRa) ,PMD 18-T Vector Cloning Kit( TaKaRa) ,
TOP 10 Jg& 52 75 41 M, MakerIT ( HE M 142 ) , 2x Taq
MasterMix 3538 5 R /)y & $2 B0 ) &5 | Bt IR b B
IR ) & (A st RARAE BB A BR A A,
SA-HRP ( Jackson) , Pierce™ 1-Step Ulira TMB Biot-
ting Solution ( Thermo) ,,

1.2 FHEWET

1.2.1  3ladfAegait DA & IR A IR 2R A
(OMP25) PR5FIFH N REEE R B35 1) 5 LA JE 27 4
FFEE ) POXT B AT 16SrDNA 5k [R F- B A BB 15
5 IHRED s S HESCHER P T 5% e BT B 5 14
RAREL ;s BITEIEBE N 2R AR o2 Wi

BN gB BR3P OR S IO 1T 51 R
B BVDV E2 FE R 8 19 32 BB R
TR 7E E2 LR 570 B A ek 0y A8
X3, it B BVDV 5-—3E #1 [X (5°— Untranslated
region, 5'=UTR) &5 ¥ FA#HE ") s LK FMDV 42
BERHHATZ I, B FMDV 7 A Il E AU 1Y)
PRSFIEDR 3D LA F MAR I I O <7 17 51 1 15
YRS, UL BRIt Rtk AR AN F oligo7 4K
. SIREr BIRME B IR 2 ik 3,

1.2.2 R R & IREFHBERR St B A
WHER 6 wmol/L, & & sS4 100 drop, #
HE SRR 25 BRE JSRE T AR B | SRS 0
L B TR 40% ~60% , IRE R 22~25 C 4%
PF R T ,2~8 CAEl, R sSRER LA 1,
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Tab 2 Primers information

EIEZE2 SRS (5—37) PR bp BUFEN 751

GTCAAGCAGGGCTTTGAAGGCTCGCTGCGTGC-

F CGTCGTCCAAGCCGTTGT-Bioli
fotin CCGCGTTGGCTACGACCTGAACCCGGTTATGC-
Brucella 137 CGTACCTCACGGCTGGTATTGCCGGTTCGCAG-
ATCAAGCTTAACAACGGCTTGGACGACGAAA-
R GTCAAGCAGGGCTTTGAAGG COAMCTICCG
o ACCCGCAACAATACTCACAGCAATACCAACC-
- F AAAACTACCGATGCCGCTA ATACATGCAGCATCATCCGGACCAAATGATCC-
(1 62 Dr;’;) 143 CTCCTCAAATGTATGAATCAAACGAAACGCGC-
1y
R ACCCGCAACAATACTCACBiotin GGCGTGCAGCAACTACAGCAGCATCAAGTAG-
CGGCATCGGTAGTTTT
. ACCCTATATCCTTCTACCTCT—Biotin TTTATCAAAGTTAAGAATAGCGATGAATATAC-
Antheas(POX1) 1o ATTTGCTACTTCCGCTGATAGTTACCTAACAAT-
e GTTGGGTAGATGACCAAGAAGTGATTAATAAA-
R TCTAGTGATAACTTACAACTGCC CCTTCTAATTCT A
F GCGAGTCCTGCCACGGA TACAAACCTGTGATAACTTCGAATCGCCTCGA-
FMDV 90 GGCTATCCTCTCCTTTGAGCCCCGTGGGACCA-
R ACTGGGTCCTACAAACCTGTGA-Biotin TACAGGAGAAGTTGATCTCCGTGGCA
. CCOTCCCCTAACMGCC TTGGCGCGGACTACGTGTACTACGAGAACTAC-
BRY 103 GCGTACGTGCGGCGGGTCCCCCTCGCGGAGCT-
GGAGGTGATCAGCACCTTTGTGGACCTAAACC-
R TCGAGTGGARGTAAGAAAAGG-Biotin TCACGGG
AGTCGTCAGTGGTTCGACGCCTTGGAATAAAG-
F TGGGATACATAGTAAGAAAAATCAGG
CEGATAC ¢ GTCTCGAGATGCCACGTGGACGAGCGGATGCC-
BVDV 148 CAAAGCACATCTTAACCTGAGCGGGGTCGGCC-
CAGGTAAAAGCAGTTTTAACCGACTGTTACGA-
R CGAAATGAAAATTTTATATGGAAT-Biotin A CACCCTCATAGCCTCCT
. COCCAACTACAACAACCTCATCA —Biotin ATCTGCAGCAAAATTAGACATTCCCAAGACAA-
BPIV3 7 GAGAGTTGTGTGTCGTGCGAATGTCCTAAACA-
ATGCAGATACTGCATCAAAGATAGATTTCCTA-
R TACACGGAGTTGGCCGTGATCTTGTA CCACCTCTAATCATACGACT
F CATCTTGCTTCGGCGTGTTCC-Biotin GTAACCGTCTGAATCAACGTCATGATCGTGCT-
MTB 97 ACCGATGCGCCAAGTTGCGTTGTATTGCACAA-
R CTCTGAAATTCGCCTCTGTAGTGC GGTGTGCAGACGGAGAGGATCAGATTTGTCAGA
®3 FEHER 1.2.3 $F—smREBRORIR T3 SRR
Tab 3 Probes information Umlﬁ% %hﬁ%ﬁﬂ? E/ﬁy 7 ﬁEﬂﬁ B J(\‘Ell&f%
BREF 2 FK 3 (5—3") BREHKE /bp

=l

-

PCR K 1%, ¥ BPIV3 BVDV FMDV #% P& ( 55
Brucella—P1 CTGAACCCGGTTATGCCGTACCTCAC 26

16StDNA-P1  ATCCCGAGCAAATGATCCCT 20 &I RNA) , Brucella IBRV \MTB  Anthrax #1
POX1-P1  CCGTGACAATGCATGAATCCCT 2 (ALY DNA) 23 5l 5 IR R4 . [N 4%
FMDV-P1 TCCTTTGCACGCCGTGGGAC 20 44354 50 °C 30 min,94 °C 4 min,94 °C 45 5,56 C
IBRV-P1  TGGAGGCCGTAACATATTGAACTC 25 I min,72 °C 30 5,35 MEFF,72 °C 10 min; 94°C
BVDV-P1  ATGAGCCATCCATTTTCCAACTCT 24 5 min,04 °C 45 5,56 C 1 min,72 C 30 5,35 1/
BPIV3-P1 TGCATCGAGTTGTAGATCTCGCGGT 25

I, .72 °C 10 min,
MTB-P1 CATCAGCCTGGCCGCACGAGTTA 23
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Biotin MTB Buffer
BPIV3 ﬁgggax' i\:sth:g;IA

Brucella IBRV BVDV
IC-1 FMDV 1c-2

Biotin ,1C~11C~2 S PB4, Buffer Sy (4 B mi
B1 ShaREEX
Fig 1 The chip spotting model

1.2.4 RAEHZRBZBRGY ¥ NHEZE PCR L
PR GRS AZ R AT 1S 38 2 % R JOREE 51
Y 45 RN SR A W e A% TR 3R 4 KR
HATY R, P RIZER 50 °C 30 min,94 °C 4 min,
94 °C 455,56 °C 1 min,72°C 30 s,35 MEH,72 °C

10 min,

x4 REEEERBRYIEER

Tab 4 Mixed sample nucleic acid amplification system

75 X751 4 Bk A /L B /ulL
1 2x1 Step Buffer 12.5 12.5
2 Brucella F/R 0.7 /
3 MTB F/R 0.4 /
4 Anthrax—-POX1 F/R / 1.0
5 Anthrax-16StDNA F/R / 1.0
6 FMDV F/R / 0.6
7 BVDV F/R 0.6 /
8 BPIV3 F/R 0.5 /
9 IBRV F/R 0.4 /
10 F1/R1/R2 1.0 1.0
11 FE %R 2.0 2.0
12 T s BH M kL 1.0 1.0
13 Primescript 1 step Enzyme mix 0.5 0.5
14 DD H,0 0.8 0.8

At 25.0 25.0

125 ARG AR RESTALERN B
20 wL PCR 7=, INAF] 100 WL 9458, kK
5 min JEIIAZIE 47 °C FHGE FH1, 200 r/min
S 20 min, 325 SN S 47 °C AR Y Uk %
2,200 L/ FLIKPE = ,47 °CFLAUE 7 #5310 min,
Z5EW 1 2000 FiBé SA-HRP, 100 pL/#L,200 1/min,
FIRS 10 min, PESAEEIRIE 2 W, BLIMA
60 wL TMB #EG I €, BRIk S0 45
1.2.6  @RFE PIPEREE SR W B B4 A
P4 €8, B S 5 S A o A W S A PH
R BV — BN A TR, g
B BT AR TR S A S0, B R B 5 SR ol R
FRAERET SRR 28 €5 0 R BH M
1.2.7 Fl#eg8 ik KA R Y 1,
2% B BEWEBEIS LUK o K JE DS ™ ik A1 A R R A
AN FEIT
1.2.8 #RATOGH MRS BB AP R a4 I
W RRAT R TR, IR 1.2.4 91 5 2R AT
g el
1.2.9 BH M RBEREE  AIEIE PCR PEYIBUE
WHEERE B UK 2 )5, B 8 [BD™ 4y 3% #%: pMD 18 -T
Vector, ZEHE =55 L 2 TOP 10 JBAZ IK4m i b, i
M, e IBOR /)N i v i B0 T 7 35 9% TR PCR S,
H PCR PH: By RRBGE AT A 71 )F . ffiFH DNA
Star 1 NCBI Blast 23477 I 7y 25 5% | [5] By 6 I 5 12 2y
18 PR DR R 384 55 5% e SR IBUTORE 25 PR M Ok
EFmﬁﬁw%ﬁﬁﬁFﬁ%ﬁﬁﬁﬁﬁ
AT B — B e Joi A SR A [ s X FL R AT 2%
m FOBRREIE FELTK o P8 i L SO Aer 45 ok A AR
IRA, 10 M LA RS, U 15 500 228 A 7L b
BRAPE BRI G R BRI 2

1.2.10 LA AR HREN 1.4x10™
ng/ WL A9-EFR R PHIEIR A TR i AL 9% 1.2.4 3
1 516 2~8 CARFFE 30 d.60 d.120 d.180 d Ay
F 3 AT R

1.2.11 B HeyE L b0 BER—FEAEMN Y

HA =) S TRl vk K Rl — b Wk N AS TR s A R 47
iR
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1.2.12 %R AN IS RAR S 5 B AR kA 6 pad
W 23 (4= 1035 4 2RIt ZH 203 1 4 i 4 2 IR
FESIRBUZIR G , #2208 1.2.4 Jrikab ATy, ¥
Y5 i R i SR 5 AR S8 R B 4 A TR
1.2.5, [AIIERE A5 i RAEAS 2 BE 3 40 A1 6 IR A
PCR Wi AR NY/T 1467-2007) { sh#¥ 5912 W
FR NY/T 561-2015) | € 45820 i i 1 52 1) ¢ 't
PCR & 754 GB/T 27639-2011Y) (I B RER 47

M 12 3

1200 bp

560 bp

500 bp
300 bp

100 bp

45 6 78 9 10 11

ARILIE SN/T 11812010 { 2F 55 25 ML 15 / Kl s
GHERLVE SN/T 1129-2007) (B A& Ytk &SR
GREH AR I SN/T 1164.1-2011) K P AR 347
LIl

2 BER5HH

2.1 Bl AR RN SRR RN
R — SR 2) P R S H Y B
FHIAL,

12 13 14 15

M: DNA 43Fuitbrk; 1. G5 2. 4-RIREGEE 3 25 3. AW aE TS0 aE; 4. JRIH-16StDNA;
5: BIH-POX1; 6,7 PALRMER ST RINTE; 8- 11. BT, 12-15. i & [N
M. Makerll; 1. MTB; 2. BPIV3; 3. BVDV; 4. Anthrax—16StDNA; 5. Anthrax—-POX1;6,7. IBRV; 8-11. FMDV; 12-15. Brucella
B2 PCR=¥REE
Fig 2 Schematic diagram of PCR product

2.2 WAEMARMEIEN  BITEREES IO, Bk
JRAAE SR RE , %0 DL AR A i S P e o et B A4

T A RAT PRI RE R P B A L A, AR PR B
e s (1 3) R TBOHREH R R A

e A RIS RE 3 205 2. AR WEMERETS T 3. DIBRREIRTE; 4. BRMERRE R, 5. AJH-POX];
6: HRIL-16SIDNA; 7. G K ; 8: SiATM; 9. A ME; 10, 4 WATHERIEE
1. BPIV3; 2. BVDV; 3;: FMDV; 4. IBRV; 5. Anthrax-POX1; 6: Anthrax—16StDNA; 7. Brucella; 8. MTB;

9. Healthy bovine serum; 10; Bovine epizotic fever virus
3 REFREMEIWER
Fig 3 Probe specificity test results
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2.3 &AW REE TN

23.1 F—ralkpks R AR B—FHMETRLES R
R A AT 34 1.0 x10°° ng/pL, L% 38 PCR &
H10~100 fi5 (£ 5) .

232 RAMBEREZKE HIREGHMERR
T B E A 1.4x107° ng/ WL B, 2055 IR A A S
PRAPE T 42 3 B, BT s S e B, VR R
1.4x107° ng/wL B, BHAE BT 42 00 1E 5 5 6 B P o

PR IC R KRS 5 2 MTB  Anthrax 75 i
(B 4) L R A PR TR E Fr 6 22 A
Al3A 1.4x107° ng/ L,

24 SAMEREHTEN F-PHTYE2~8 C
-1 T 30 d.60 d,120 d 180 d A5 H RO e, BE A
Jo A 3 S B SO R AR A A (R 5) 3R
HITE 2~8 C .t 2/ AT IRAT 180 d.

R5 B—RERAKTREE

Tab 5 Sensitivity of the single pathogen plasmid ng/pL
Method Brucella Anthrax FMDV BPIV3 BVDV IBRV MTB
PCR 107 10°° 10°° 107° 107 107° 107
Micorarry 1077 107° 1077 107° 107° 1077 10°°

1: 1.4x107" ng/pl; 2: 1.4x1072 ng/pl; 3: 1.4x107% ng/ul; 4; 1.4x107 ng/ul; 5: 1.4x107° ng/pL;
6. 1.4x107° ng/pl; 7: 1.4x 1077 ng/pL; 8: Blank control
E4 BEERREEKRNER

Fig 4 Mixed sample sensitivity experiment results

1: 30 days; 2: 60 days; 3. 120 days; 4:180 days
5 TERFHIBRER

Fig 5 The results of different storage experiment

2.5 EHMEBEEFN IR R R Y5
Y145 [ — L R AN R LU 8 A BEA T SR, S5

SERRW BT R — R dh R — At SO R TR Y
SR RIS SRR, SR iR E A 100%
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26 lImEREABRM 30 MrAFER AR, Kt 7 fr, BVDV K 12 #y, IBRV £ i 10 £,
Fir Brucella #2441 1 65, BPIV3 #1157 64, BVDV £ Anthrax MTB FMDV St o 2 — 5 Ji Jak o
10 3, IBRV #1144, Anthrax \MTB .FMDV 4 7 63.3% , Wi IR A B LU Bl 36.7% , PIFD
Kotl o ZbRMEITEER N Brucella #6141 63, BPIV3 Al r E4F &8 0 98.6% , BAREEILZ 6,

x6 IARERENER

Tab 6 Results of clinical samples

PN Rl EAEES 47 PCR AU 255
o
e Brucella  BPIV3 BVDV IBRV Mf;;t?;ﬁbv Brucella ~ BPIV3 BVDV IBRV M{?Etfl;idxbv

1 - + - - - N " - B )
i ] ) i ) ) ) B _ _ _
3 ] ] i ) ) . B _ _ _
) ] ] i ) ) . B ~ _ _
5 - + - - - - " - B )
6 - + - - - - " - B }
7 - + + - - h ’ ’ - )
8 + - - - - " B B ; )
) ) ] i . ) ) B _ _ _
10 - - - - B B B B . )
1 - - - + - - B * ' )
12 - - + * - - - ’ ’ )
13 - - + + - - - ’ ’ }
14 - - + + - - h ’ ' )
15 - - + + - - B * ' )
16 - - + + - - B ’ ’ }
17 - - + * - - B * ' )
18 - - + + - - - ’ ' )
19 - - + * - - - * ’ )
20 - - + + - - - ’ ’ )
21 - - - - - - - " ) )
2 - - - - B B B B ) )
23 - - - - B B B B . )
24 - + - * B B * B ) )
25 - + - - B B * B : )
26 - - - - B B B B . )
27 - * - - - - " ) ) i
28 - - - - B B B B : )
29 - - - - B B B B - )
30 - - - - - - _ _ _ _

+ PR s - B
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3 5L

FEPRE Fr H ARG SE AR SR ) 12 o T R A 4
B, RS T BE G BUR ML IR K2 W 25
TR SR 5T 7 U 28 AL . H TR R X B
Tl R i 6] PRSI ks — 8 Ry 9 7 0
RN R VW e TR el | Y S W e < TS
FEDRIL Z2 0 N T R[], Ak H RS T — Tl I
AR S5 BT AT A 194 35 PR R Ay i EL AT 4R T B
PRE A | i i AR AN

B DRI s DB AR — L8588 i e i 2%, A5
Aol 2 R i 55008 B A ) SO D B B A 5 R A
M5 HraET AR HET SRS Bk DL 0+
X7 QK Sy S 530 TR A B R A S
AR AUl R S A NN T S Y ok N TS L TN
F O 25 A5 BRI B ] AR 7 VAN RS 3 b, TR
RESLALTE A R I Z > 5 W FERE S il
£ 7 T AR 250 T A R S PR AR ST X SR TR 5
Y, 8 SCHR T RIERET K/ B ¥ DNA P A &R
SRS 5 ARSI AR B EIAE 25 bp
Koty A HE R B H bR v Be4TE 80 ~ 150 bp, PR IE
TR NAF S AR E MW, MR SRR R HIRA
BLAFm R s AR ic A E s kY
BEM R B R SR R R WY B G R
55 HRP Fric 04k 8 36 MR R, 55 FE R Y
R AVERTT , BR4ET 5 vT i B0 PR o] LAY i 45 (1
M o7 e, P RRER , HOR 75 24 (A8 R e s
TEAER W RHZ T A SRR E T =AM
Joedas i S 1A B g i, F DA I 45V i R Y 2%
HIRIE AT AR, PR I 25 SR T

FIFHZ & PCR ¥ 1R 51k 7 B, 51 vk B I
51 A ELAE P SR 3 a0R K- e R
() \ %5 | I HES 240 45 J5 8473 PCR, & AR S50
BT A AL 1 TR XT 5 |49 R 1 I8 928 1) 5 | 4 ) At
FAE A SRR R B XS AT E B
VA SR, SO PRI IR 3 HEA T 1 AR X
51 Y0 A Uk BE HEAT DA, B T e B T G A
R R RN TR R 2 SR — s £
A8 F R T E T A5 47 °C g fe et A R I T

X B M 42 A (94 W R R AT DA, ofF AR A I A
ANV BT AT — B R [ B AN 52 M B 4 38 1 R
TR, B HOVREE S 1.0x107° ng/ L B 8
R,

FER 52 BB 26 PF R %3 RS F B — 0 S ARG
MR B AT 5K 1.0x10°° ng/ L, Hi# PCR #6107
R0~ 100 F5 %5 - IR G D %) A5 I 28 A0
iK% 1.4x107° ng/pL, A #ESL T —Fl BPIV3 |
IBRV .BVDV Fl Mycoplasma bovis % % PCR &l J7
%, %) BPIV3 Fl BVDV S Ik As I & 43 51 24 100 pg
HI 1 ng, XF IBRV Hl Mycoplasma bovis HYEARAG I
43924 10 pg A1 100 pg.

FEDRIE A I A 1 g FH 4R v T R T R
ST BT, [ A AT A BT I [ R — A
TR AT DL o K R P AR AR R 2 A SR
LT BRI R vk S R E bR T ik ] A A
30 Dyl RFE &, A5 B R K 98.6% ., ASHIFSE T 2 37 1)
751 AT [ s A 0 AL i 5L, b o it ) D1 A2 S
IV7, 5 24 A g it B A B 2 1L 77 4H 4L T ) i S8
JE A AT K 100% ,2 ~ 8 CARFEY AT 15 180 d, 58
4 T LW A2 S 3 I PR ol A B A T 7 2

B30k
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