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H. METITEH. BRAHENTTE. ARV ITEH A5 EZ T8, 4 PCR R 8w &4 H k45
% 10° CFU #m# #= 100 pg & F 22 DNA. I6 K5 & BN E =, % F PCR 5% ik 375 kR
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Abstract: [Background] Colibacillosis and salmonellosis are the most common bacterial diseases in
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poultry, causing economically devastating to poultry industries. Salmonella and avian pathogenic E. coli
(APEC) are important zoonotic pathogens, also with potential threat to human health. Thus, it is necessary
to strengthen the rapid detection and differential diagnosis of these bacterial diseases. [Objective] We
developed multiplex PCR to efficiently detect APEC, Salmonella enteritidis, Salmonella typhimurium,
Salmonella gallinarum and Salmonella pullorum. [Methods] The special genes of APEC, Salmonella
enteritidis, Salmonella typhimurium, Salmonella gallinarum and Salmonella pullorum were screened and
selected for primers designing. A multiplex PCR method was developed by optimization of conditions.
Then, the sensitivity and usage for detection of clinical isolates were determined. [Results] A multiplex
PCR was established for accurately and effectively detection of APEC, Salmonella enteritidis, Salmonella
typhimurium, Salmonella gallinarum and Salmonella pullorum. The sensitivity of the multiplex PCR was
10° bacterial colony forming units (CFUs) and 100 pg genomic DNA. The results of multiplex PCR for
detection of clinical isolates agreed well with those of traditional serological assays. [Conclusion]
Multiplex PCR developed in this study could efficiently detect APEC, Salmonella enteritidis, Salmonella
typhimurium, Salmonella gallinarum and Salmonella pullorum.

Keywords: Avian pathogenic Escherichia coli, Salmonella, Multiplex PCR, Detection
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3 2 & B0 M K% AT 1 (Avian pathogenic
E. coli, APEC). IRIPITHE(S enteritidis). FA77E
I (S typhimurium) . XS PRIV (S pullorum)
FXGAEFEVHT TR (S gallinarum)5 2. 341, APEC
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. BRI . BRAAFEDTIE . XS R TE
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RUPTIR  BRAGTEVDT TR XS R TR ARG £ 9
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1 MRS hE
11 Bk

BEEIE R BT DE719, RAGZEVSI T
(S. typhimurium) ATCC14028 . {5 % 1]
(S typhimurium) SL1344 . Rl 5 % W 1 &
(S typhimurium) CVCC3384 . i & ¥ '] Hi
(S enteritidisy CVCC3374 . W % ¥ I
(S enteritidis) CVCC1805 . ¥ [ %i ¥ I i (S
pullorum) CVCC519 . % 15 %€ W 1 | (S
gallinarum) ATCC9184 . & ¥ K WM
ATCCIPDH591-77 . #4xfi S ffiE PAL4, A3 SL
Jifk CVCC1651. FEBEEREE . MLy 1 7RUHGHE 2R
AP CH3. I 2 R BLER FCAF I Yb2, I
10 RURGEE BUBRICAT I HXb2, FH 2 ke I
10403s, & M- H CVCCA93, 4 {04 % Bk
P CVCC543., & ot 1 AT 5 Ifs IR 43~ 5 ik A
DTV RRTING IR 2 g ik vl T 5 R AR 5 T PR AT
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DNA marker. 2xTaq PCR Master Mix, bt
J AR AR A F] s GeneJET Gel Extraction
Kit, Thermo 2~ wl; ZHEJERIZH DNA $2HULH]
&, KRR L) A RA W, PCRAYL, ABI
ovuls BIREIKAL . 4 H BB IR R, LI
KuePHEA R A H]
1.3 S|4t

3 o A A AT AN ()L T TR 1) 1 ) 4 PR A
750 K & BUm M KA A B SE R 3 5, e e
WP, iR SR G (R 1), 51
A AR AE IR A B FLA
1.4 E[F4 DNA B92EL

FRFE 41 1 32 [ 2 DNA 3 BGAR £ 6 kA7
FLIK 2 DNA 25,
15 2%E PCR RMHAEIL R

TS LA B bR R AR 1T B PCR 4
B, @ RRILR PCR RUVIAR . SR, SRITTRE
BB Pk IR JGRIE, B i fE PCR U
KRR RS 5544, a2 PCR 7k, £ PCR
WK Z . 2xTaq PCR Master Mix 10 plL, #5#k
1ul, &5 PRt e i W 1, @2tk kb Z 20 ulL .

#1 Z%EPCR&MNSH
Tablel Primersused for the multiplex PCR

PCR i 4ff: 94 °C 2 min; 94 °C 50 s, 57 °C
30s, 72°C50s, 35 MFFF; 72°C 10min,
1.6 PCR F=HIR%E

B 10 pL PCR #3844 b #EF 1.5%35 I B 5k
Jie, 120V fEHHL K 30 min, 7E£4MT T WELIFC
SRE . BV, RA GeneJET Gel
Extraction Kit [EH R B, &% Bigedd vkt
B R EHF -
1.7 %E PCR RS MRS

S LB BOURPERIBATR . TR . BT
P OSSR S EBR IRAF R . & R
B SRR . RIS AR . A A
BRI E LN DNA N T2 # PCR ¥
DI EE 7 2 8 PCR ik ek,
1.8 %E PCR ROBUR RIS
1.81 ELEEURMIRLE

GG FEEEORPIERIAFFE DET19. RAGFEDD
PTG ERITDT TR . WS FEVP TR R UPT T
PRk, FRUHRE, B 1 pb VRN T2 &
PCR S )i, Kl 225 PCR J7 i i R i Bt
1.8.2 FHFH DNA RIS

SIS BOR R IAT I DE719., RUALIEYD

Primers name Primers sequences (5—3) Concentration of primers (umol/L) Size (bp)
phoA-F GGCAATACACTCACTATGCGCTG 0.5 761
phoA-R AGGATTCGCAGCATGATCCTG 0.5

glgC- F CGTCGCTATAAAGCGGAATATGT 0.2 83
glgC-R CCTTTTCAAAACATACGCGAGTAG 0.2

SGP-F GTTGCCGTACCGGTCGTAACG 0.3 249
SGP-R TTCCTGACGGGCATCGACGGC 0.3

sdfl-F GATGTGGTTGGTTCGTCACTG 0.4 409
sdfl-R GCGAGACCTCAAACTTACTCAG 0.4

STM4495- F CAGCGGTATGATGCGGTAGT 0.5 569
STM4495- R TCACCGGTGGACATGCCTGC 0.5
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FTG . BRUPTIE . R ERIvb T . A0 TR
PRAERRAGZERIZL DNA, JHRIKFRE, BU 1 pL 7EH
MR 725 PCR, #llZH PCR Jrikf DNA i
JEE
1.9 %E PCRHMNMA

N FHEE ST () Z2 8 PCR 7 iR AR SE 6 = (A7 11
52 ¥k APEC KD TR B BRI A TR, HeA S I i
SEHERSEE AR, WIEZE PCR Jikiyn]
itk
2 ZRH5ah
2.1 %E PCR 3EMEIL

o3 LA BUw R AT i DE719 AT s
VER AR L 2 DNA ASEh, ST 51 i sr 5
HH PCR, RJG&nt S5k vy 2 PCR
FR, g5 R, @M PCR ARy 3t H
W&t , HS B I A B/ h—28(E 1),
EEURMER AT A AT 1 th 761 bp FRE A
FAGFEVD T AT Y 569 bp FR SRS IR
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1 %E PCR FEMIENM

Figurel Development of multiplex PCR

H: 1. £ PCR ™; 2: X{[%EIPITE ATCCO184; 3: X%
TP CVCCB19; 4: s bl CVCC3374; 5: Flfh
FEVDI T ATCC14028; 6: &EUFM:AKMAFFE DE719; 7: [
PEXTRE; M: DL2000 DNA marker.

Note: 1: Products of multiplex PCR; 2: S. gallinarum ATCC9184;
3. S pullorum CVCC5E19; 4: S enteritidis CVCC3374; 5. S
typhimurium ATCC14028; 6: APEC DE719; 7: Negative control;
M: DL2000 DNA marker.

WITHEATY 1 409 bp FERPESA s IR
WA 1 249 bp FESEARA; WO FEVDT A AT
P14t 249 bp 1 83 bp #f kAT . FH MR S
PRSI ORIy, 45 R R 1E 5671 7 471
H5HMERFI—3 . 2 R0 500 e L
SEA T B AR (R 1) &% PCR [V AEFF,
AR W ZH0 1.5,
22 % E PCR HIFFF M4
A& BRI R AT DE719., B %ETD
I'I/§ ATCC14028. fin#iPI 1 CVCC3374., IRy
I'1i CVCC1805. [ 1¥ivhI 1 CVCC519, X3157€
I'TR ATCC9184, &% IK T ATCCIPDH591-77,
ML TE PAL4, W97 5A CVCC1651, f#4
BERRUA . TG HLUBR G AR R . B AR AR A
10403s, BECHH CVCCA93, 48 {0 4Bk
CVCC543 %41 1R FE K 4 DNA AR EF T PCR ¥
e, 2R BN BAPETE AR 1S & H 845, A
PERRRRY G H i R Br (¥ 2), RIEZE PCR
T HA BT R Rk
2.3 %= PCR ISR
3 ) LA R 1 B T o o T AR AR R A T 2
PCR ¥}, #5R BN, BEURYERGIE . W
FEVPITE . ARV . G RV T B G 45 98
VoI T ARG 1 B8 10° CRUS/RUN (& 3A).
DAAS R B8 B2 1 BHE TR AR SE [ 4] DNA Sl
Wi T2 H PCR Y4, 45 RE/x, £H PCR X
;A 2R A 8 BOw P K I AT R . R A FEVD T TR
W RUPTITE . XSG EURITD T TR ARG AL FE VDT T 1) i
ICKS 1 DNA 35 100 pg/Ss i (8 3B), HA
o R
2.4 GRS BEREIEN
KA ST Fr e ) 25 PCR X 4 255
FRAFI 52 ARIm AR B AR SE T AR, A5 R
/N, ZH PCR KSR (& 4)5 5H PCR A
PR BER IR A E SR -, R E
PCR 751 AT FH 11 DR B A
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Figure2 The specificity of multiplex PCR

W 1: ZFE PCR ™Y 2: Mg 1 AU HERICH A CH3; 3: &d (AR CVCC543; 4: IMSHRHIN PAL4; 5. W#ERk
B 6: IMIE 2 BIMG EERERAT B Yb2; 7: BUGFEIDI TR Eikk SATS2; 8. Ifli 10 AIMSHE B BRCHF B HXb2; 9: A{HFEV 15
ATCCO184; 10:. FAMAZASHIAFEH 10403s; 11. @EKHFE CVCC493; 12. @RI KIAFFE DE719; 13: [MLiE 15 BUHEHEE BB FCAT
T wgd; 14: ASERITPITH CVCC519; 15: & 3¢5k CVCC274; 16: RAGIEVITH SL1344; 17: & IKH IPDH591-77; 18: 4:
WA CVCC543; 19: R I 1H CVCC1805; 20: X7 Jffk CVCC1651; 21: [#EXfiE; M: DL2000 DNA marker.
Note: 1: Products of multiplex PCR; 2: Riemerella anatipestifer CH3; 3: Staphylococcus aureus CVCC543; 4: Pseudomonas aeruginosa
PA14; 5: Streptococcus suis; 6: Riemerella anatipestifer Yb2; 7: S typhimurium SAT52; 8: Riemerella anatipestifer HXb2; 9: S. gallinarum;
10: Listeria monocytogenes 10403s; 11: Pasteurella CVCC493; 12: APEC strain DE719; 13: Riemerella anatipestifer wg4; 14: S. pullorum

CVCCh19; 15: Mycoplasma avium CVCC274; 16: S typhimurium SL1344; 17: Bordetella IPDH591-77; 18: Staphylococcus aureus
CVCC543; 19: S enteritidis CVCC1805; 20: Mycoplasma gallisepticum CVCC1651; 21: Negative control; M: DL2000 DNA marker.

& B

bp bp
2000 2000
1000 1000
750 750
500 500
250 250

100 100

E 3 %E PCR R MItIE

Figure3 Sensitivity test of multiplex PCR

1: A: £ PCR EWEURIE. 1. 10° CFUs; 2. 10° CFUs; 3: 10° CFUs; 4: 10° CFUs; 5: 10* CFUs; 6: 10° CFUs; 7: 107
CFUs; 8: BAMEXIHE. B. £ H PCR ) DNA g, 1. 200 ng; 2: 100 ng; 3: 50 ng; 4: 10ng; 5: 1ng; 6: 500 pg; 7: 100 pg;
8: BAM:XTHE. M: DL2000 DNA marker.

Note: A: Sensitivity test of multiplex PCR using bacteria. 1: 10° CFUs; 2: 10" CFUs; 3: 10° CFUs; 4: 10° CFUs; 5: 10° CFUs; 6: 10° CFUS;
7: 10* CFUs; 8: Negative control. B: Sensitivity test of multiplex PCR using DNA. 1: 200 ng; 2: 100 ng; 3: 50 ng; 4: 10 ng; 5: 1 ng;
6: 500 pg; 7: 100 pg; 8: Negative control. M: DL2000 DNA marker.

3 WikH4ie FFEREE o 8 R FF R AU [T 2 1 T 97 &l

H X2 R AL G B I 2R P AE R 55
TG, RTINS, 3
it 2k i B R B 257 S B 2GR BE . ARG SF
%wﬁﬁﬁﬁﬁ,ﬁﬂﬁ%ﬁﬁﬂéﬁkﬁi

(TGN . 478l R & R,
HEAEEGAL DA RE L Wik, #28K
FA T B A 1] Tt ) bR S I ity 0 2G04 551)2
Wik, XFRE e AT A HATE EAEH].
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Figure4 Detection of bacterial isolates

{E: M: DL2000 DNA marker; 1: FUAFEVNITH SM5; 2: JEEFLIPI T SM1; 3. BUALFEINITH SM10; 4: EEURTERIGITF#
APCE94; 5: J#UbI T SM2; 6: A IPI T SM12; 7: XFRIVPI T SPO0L; 8: RUFEVDITH SM11; 9: #AAMI T
SM3; 10: EEUHMERGIIE FIL-B; 11: BUHEITIE SM4A7; 12: XGPRITPIIE SPO17; 13 #RMIAIPI T SM4; 14 R5%
YITH SM50; 15: IARVPITR SM8; 16: MR IPITTH SM13; 17 RAGFEVPITH SM51; 18: JEEERLIPITE SM9; 19: MR
[ SM14; 20: YUY SPO35; 21 BITTIRYDI TR SAL; 22: XIS T CVCC519; 23: BUMFEVPITH SM15; 24: Bk
X HE.

Note: M: DL2000 DNA marker; 1: S typhimurium SM5; 2: S, choleraesuis SM1; 3: S. typhimurium SM10; 4: APEC APCE9%4; 5: S.
enteritidis SM2; 6: S enteritidis SM12; 7: S pullorum SP001; 8: S typhimurium SM11; 9: S dublin SM11; 10: APEC FJ1-B; 11: S

typhimurium SM47; 12: S, pullorum SP017; 13: S dublin SM4; 14: S. typhimurium SM50; 15: S. enteritidis SM8; 16: S. enteritidis SM13;
17: S typhimurium SM51; 18: S choleraesuis SM9; 19: S enteritidis SM14; 20: S. pullorum SP035; 21: S agona SA1; 22: S pullorum

CVCC519; 23: S typhimurium SM15; 24: Negative control.

1% 58 1) 240 TR 06 12 T 5 AT 2 3 Ao A 1 4
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I, ARG R P8 o H 0 I S 2 R Y
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G AR LR G TE XS PCR RN 57k
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DRSS o ASBIF SR 3 28 FE X 20 B V0 1 o 4 2 DR 4
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L R B SGP 1EMHEFREER . 341, 5 HA i 75 7
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ARG B, 1 Ry B4R B R 4 e 8 5 FE VDT
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