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Table 1. Primers used for the multiplex PCR of virulence-associated genes in APEC strains

c(primer) /' product
gene description sequence (5" —3") usage reference
(umol /L) size /bp
F: CATAGGCGTTTCTCTTTCCGAT 0.3 multiplex
aatA APEC autotransporter gene A 1226 Ll
R: CCTGTCGTTCATACAGATTCGTT 0.3 PCR 1
F: GCTGATATCACGCAGTCAGT 0.2 multiplex
papC  pilus associated with pyelonephritis 768 present study
R: GTCAACAAGAAGACGTGTTCC 0.2 PCR 1
F: GTCTGTCAGACGTCTGTGTTTC 0.3 multiplex
tsh temperature-sensitive haemagglutinin 598 present study
R: ATAGGATGACAGGCTACCGAC 0.3 PCR 1
type 1 fimbriae (D-mannose-specific F: GCCGATGGTGTAAAGGATGG 0.2 multiplex
fimC 475 present study
adhesin) R: GGGTAAGTGCGCCATAATCA 0.2 PCR 1
meningitis-associated and F: CGACCTGGTCAGCAACAGCC 0.2 multiplex
mat 238 present study
temperature regulated fimbriae R: TCCACGCCCACATTCAGTGT 0.2 PCR 1
F: GTTCTCACTCAGCCAGAACG 0.3 multiplex
ibeB invasion of brain endothelium 1172 present study
R: CATCCAGCACTTCCAGATAAC 0.3 PCR 2
F: TCCATGCTTCAACGTCTCAGAG 0.2 multiplex
vat vacuolating autotransporter toxin 939 present study
R: CTGTTGTCAGTGTCGTGAACG 0.2 PCR 2
F: TGGCTTGATTCTGCATCCGAT 0.2 multiplex
yyp invasin of brain endothelium 517 present study
R: CATCGTCTGCTGGTTGGTGAT 0.2 PCR 2
F: GTATGACGGTGGGAACAAGAG 0.2 multiplex
tbeA invasin of brain endothelium 321 present study
R: TGGCAATAGCAGCGGCAGTC 0.2 PCR 2
F: AGCTATCGCGATTGCAGTG 0.2 multiplex
ompA  outer membrane protein 919 A
R: GGTGTTGCCAGTAACCGG 0.2 PCR 3
F: GGTGGTACATTCCGGGATGTC 0.2 multiplex
neuC  KI capsular polysaccharide 792 present study
R: CATGGTGGTGAAAAGACATTAGC 0.2 PCR 3
cva/ F: TCCAAGCGGACCCCTTATAG 0.2 multiplex
structural genes of colicin V operon 598 ma
cvi R: CGCAGCATAGTTCCATGCT 0.2 PCR 3
F: ATCACATAGGATTCTGCCG 0.4 multiplex
iss increased serum survival 309 i
R: CAGCGGAGTATAGATGCCA 0.4 PCR 3
F: CCTCCGACGATGATAATGACG 0.2 multiplex
iroN catecholate siderophore receptor 866 present study
R: GATACCATTATGCGTAATGCC 0.2 PCR 4
F: ATGTGAAACTGCGTCTGGCG 0.2 multiplex
fyuA ferric yersinia uptake 728 present study
R: CGCAGTAGGCACGATGTTGTA 0.2 PCR 4
F: GAAGCATATGACACAATCCTG 0.2 multiplex
iucD aerobactin synthesis 613 present study
R: CAGAGTGAAGTCATCACGCAC 0.2 PCR 4
F: CTGATGAACTCACTCGCTATCC 0.2 multiplex
irp2 iron—epressible protein 440 present study
R: AGCATCTCCTGGCTCTGCTC 0.2 PCR 4
F: GACGAACCAACGGTCAGGAT 0.2 multiplex
chuA  heme receptor gene 278 &
R: TGCCGCCAGTACCAAAGACA 0.2 PCR 4
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gk % 25 Lo £ PCR 4K & 1 g3 K LI APEC
O1 Bt , HoAR FE R L DE719 il (3% 1) , i 4l
KAEZE X . PCR V45 F:95°C HiAZ 1 5 min;
95%C 50 s,55°C 50 s,72°C 80 s,30 A~ f ¥ ; 72°C
10 min.

@ArHAEE SN PCR R N R G 18 4
TR N4 4L EPCR BT (LD, 2 E
PCR fA % 1 LL APEC O1 Ky #iki, 242 DL DE719 Jy i
B, 43 Sl i 44 5 | 0k BE AN PCR B 3B UL JE 25 5 8
X2 @ PCR f& RUEAT AL & M &AL ROV A R
F 28 F 12 x PCRmix 12.5 wL, DNA BikR 1 pL
B AR B AR 2 L, & 51 AR Ik, Al K A 2
25 pLo. ZH PCR AR 1 (R AH G D) 1 aaid
tsh L FUE5I9 % 0.75 wL, papC-fimC.mat I T if
% 0.5 pl; Z E PCR 1A R 2 (12 78 ) 75 R A K
FLA) ibeB R U5 % 0.75 wL, vat- yijp - ibeA
EFUESI & 0.5 wh; £ # PCR & & 3 (P ML 47
5 AR SCIE KD o ompAneuC i cvalcvi I 5]
W 0.5 whoiss BRI 1 pl; 2 E PCR AR
4 (BB M = ZE K T oiroN fyuA~iucD~irp~ chuA |
TSI & 0.5 pL (LR 51 4424 10 pmol/
pl) o PCR W 2% K : 95°C T 4% 1k 5 min; 95°C,
50 s;55°C 50s;72°C 80 s, 30 Wi H; 72°C 4 Aif
10 min.
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FH XA K Bk — i i = Ak, K 5 & 10 10 4R oK R T &
5 x 10" CFU/mL, & 5 #i B 2 5 x 10° CFU/mL,
Y 2 L MOBEAR b B T B Ul 10°0107 1101107
10°.10.1 CFU,

1.4.2 & F ¢ DNA & &% %K 36 7 ) $2
APECO1.DE719 I3 K2 DNA, 4K R i B 22 DL R ik
JZ: 100 ng/pL. 50 ng/pL. 10 ng/pL. 1 ng/uLs
500 pg/wL10 pg/pL.1 pg/pwL.0.1 pg/nL, & 0
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FE (CH3) & I AT (CVCC 493) 39 3 3 J5 44
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T7) 4 V€5 A BR B AE BE R O BORRCHEAT B0, 3
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(453K ER) .
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100 —
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Figure 1. Development of multiplex PCR for detection of APEC
virulence genes. (A) Lane 1:Products of multiplex PCR 1; Lane
2 -6: Products of aatA, papC, ish, fimC, mat genes; Lane 7:
Negative control (B) Lane 1:Products of multiplex PCR 2; Lane
2 —=5: Products of ibeB, vat, yijp, ibeA genes; Lane 6: Negative
control Lane (C) Lane 1:Products of multiplex PCR 3; Lane 2 -5:
Products of ompA, neuC, cva/cvi, iss genes; Lane 6: Negative
control (D) Lane 1: Products of multiplex PCR 4; Lane 2 - 6:
Products of iroN, fyuA, iucD, irp2, chuA genes; Lane 7: Negative
control Lane M: DNA Marker.

2.2 %EPCREREMENER

2201 ERSBMERE: 50 UL RELR
APECO1 Hl DE719 Jy #5417 % & PCR #14. 45
KRR, ZH PCR VAR R 1234 [ 80K M IR
25 10°.10°.10°. 10° CFU (& 2) , PCR §" 189 45 % W,
* 2,

2.2.2 E [F4H DNA 8RR 58 2 o0 DU R 1Y)
APECO1.DE719 3 [K 41 DNA 4 #4217 £ & PCR
4, £ 8 PCR VAR R 1.2.3 4 [ BURPE K )

(A) M1 2 3 4 56 78
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Figure 2. Sensitivity test of multiplex PCR using bacteria. (A)
Products of multiplex PCR 1; (B) Products of multiplex PCR 2;
(C) Products of multiplex PCR 3; (D) Products of multiplex PCR
4; M: DNA Marker; lane 1: 10° CFU;lane 2: 10° CFU; lane 3:
10* CFU; lane 4: 10° CFU; lane 5: 10 CFU; lane 6: 10 CFU;

lane 7: 1 CFU; lane 8: negative control.

1.1.10.10 ng (& 3) »
2.3 APEC HEHERSHERN

N BT gl 7 9 % 8 PCR J7 vE % 100 k APEC
B HRUEATR I, PCR SEih 45 WLk 2. 45 R W,
fEiX 18 N5 S FEE A, B2 papC (2% ) ~vat (3% ) ~
ibeA (5% ) J¢ neuC (4% ) 4b, Ho4x 14 A8 )y 5L R
HIE AT, 40 A aatA (44% ) itsh (47% )
fimC (85% ) vmat (83% ) ~ibeB (100% ) ~yijp (98% ) «
ompA (85% )« cvalcvi (68%) « iss (79%)  iroN
(70% ) « fyuA (22%) « iucD (72% ) « irp2 (26% ) il
chuA (47% ) « 4y K1 K i FF B2 40 30 A0 43 BF R 5 )
FEDR B 73 AT 2 TR) G &R 5 45 AR W, K8 2 28 ) FE A
15 K A B3R A B v X9 A7 43 A s HLOR 38 43 55 00 Bk A
L6 K T A1 1 B4 T B2 K D o gy A R, R E A
IR S G
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(A) 1 234 567 8M
bp
b — 2000
aar4 1226 — —1000
papC 768— — 750
tsh 598 — — 500
SfimC 475—> 250
mat 238> B
— 100
© 1 2 3 4 567 8M
bp
- — 2000
— — 1000
N ek 7 - —1750
cvaevi 598 . — 500
iss 309 — 250
— 100
E 3. £ = PCR £ F ‘A DNA & MHiR1E
Figure 3. Sensilivity test of multiplex PCR using DNA. (A) Products of multiplex PCR 1; (B) Products of multiplex
PCR2; (C) Products of multiplex PCR 3; (D) Products of multiplex PCR 4; M: DNA Marker; Lanel: 100ng; Lane2 :
50ng; Lane 3: 10ng; Lane 4: 1ng; Lane 5: 100pg; Lane 6: 10pg; Lane 7: 1pg; Lane 8: Negative control.
%2. APEC P BHENREN T
Table 2. Distribution of virulence genes in APEC isolates
group
(n'=100)
gene Aln=31) Bl (n=22) B2 (n=33) D(n=14) s
aatA 9(29%) 3(13.6%) 22 (66.7%) 10(71.4%) 44 (44% )
papC 0(0) 0(0) 1(3.0%) 1(7.1%) 2(2%)
tsh 16(51.6%) 3(13.6%) 23(69.7% ) 5(35.7%) 47 (47% )
fimC 31(100% ) 10 (45.5%) 33 (100% ) 11(78. 6% ) 85(85%)
mat 26(83.9%) 12(54.5%) 32(97.0%) 13(92.9%) 83(83%)
tbeB 31(100% ) 22 (100% ) 33(100% ) 14 (100% ) 100 (100% )
vat 0(0) 0(0) 3(9.1%) 0(0) 3(3%)
. 31 (100%) 22 (100% ) 32(97.0%) 13(92.9%) 98 (98% )
ibeA 1(3.2%) 1(4.5%) 3(9.0%) 0(0) 505%)
ompA 27 (87.1%) 22 (100% ) 25(75.8%) 11(78.6%) 85(85%)
neuC 1(3.2%) 0(0) 3(9.1%) 0(0) 4(4%)
cva/cvi 22(71.0%) 18 (81.8%) 19(57.6%) 9(64.3%) 68 (68% )
iss 20 (64.5% ) 16 (72.7%) 32(97.0%) 11(78.6%) 79(79% )
iroN 20 (64.5% ) 13(59.1%) 29 (87.9%) 8(57.1%) 70 (70% )
frud 4(12.9%) 0(0) 12 (36.4%) 6(42.9%) 22 (22%)
iucD 19(61.3% ) 13(59.1%) 31(94.0%) 9(64.3%) 72(72%)
irp2 6(19.4%) 1(4.5%) 13 (39. 4% ) 6(42.9%) 26 (26% )
chuA 0(0) 0(0) 33(100%) 14 (100%) 47 (47%)
I I 0 Bk (10 $% HOK U 5T 4 v ) A1 K AR OA ik
N » N e K | [14] 1y
3 Wi BR AT IR/ 6 R A A0 BN P 3888 T . i

B BOW K o K B9 2 S T 77 65 ) T 240
I o 25 T 5 Ml A OR 7 TR AT B K 22 TR KR
JIA 7 AE APEC [0 L FE b k455 AR . 26
B 3% L5 A R S 1 52 A 5 A A 1R E B T 1 A0
R G T AR S Pk BE B K3 KR 1k T AE A0 e
BVRANBAERF TR EAENY . B E R
APEC {2 NI I35 P Rz 20 i AN T 5 A% it fi 5 s 51
i BB 2 » ) O 5 5 AR M B T R - B R 4

T A 1 DAL T e o R AL PR SR A i
8 E. coli KL )3 ™ o 2 ML e i 3 (Vau) )
APEC 3t A\ I Y8 JF 45 M ¥ P A7 3% BT i 19 5 O B
TS AR R A . T A A IR T RAT R
A A WK, APEC 1 800 E 5 L8 ) 1% D) A
Ko Christa 75 1 if Lt 42 7 #7 APEC, EPEC. EHEC.
ETEC.UPEC LAz Ak 8500 11 K o #F B (0 55 J) 58 B
UESE APEC 205 FH 4 NLUT astA.issirp2 . papC-
iucDtshvat~ cva/cvi T 775 K, 10 & AE 20 YE K g
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Multiplex PCR assay for detection of virulence genes in
Avian pathogenic Escherichia coli
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Qingmei Meng '“, Shaohui Wang”, Xiangan Han”, Yue Han®, Chan Ding", Jianjun
E . 2%
Dai’ , Shengqing Yu
' College of Veterinary Medicine, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China
? Shanghai Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Shanghai 200241, China

Abstract: [Objective] To efficiently study the virulence genes distribution of Avian pathogenic Escherichia coli (APEC) ,
we developed four multiplex PCR to detect adhesin-associated genes, invasin and toxin-associated genes, serum resistance—
associated genes and iron acquisition-associated genes. [Methods] According to gene sequences published in GenBank,
we designed and synthesized 18 specific primer pairs, which were used in the four multiplex PCR. Then, we determined
the sensitivity of multiplex PCR using diluted bacterial or DNA templates. To verify the feasibility of these multiplex PCR,
we determined the distribution of virulence genes in 100 APEC isolates using these multiplex PCR. [Results] According
to the results of PCR, we can conclude that each of the 18 genes was exactly and effectively amplified in the four multiplex
PCR. The sensitivities of these four multiplex PCR were 10’ Colony forming units (CFU) , 10°CFU, 10°CFU, 10°CFU
bacteria and 1ng, 1ng, 10ng and 10ng DNA, respectively. Furthermore, the results multiplex PCR for virulence genes
distribution in 100 APEC were same as the single PCR. [Conclusion] These results suggest that multiplex PCR
developed in this study could efficiently detect the virulence genes of APEC, which was a useful and rapid technique for
epidemiological investigation.

Keywords: Avian pathogenic Escherichia coli, virulence genes, multiplex PCR, detection
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