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Abstract: Primers, and probes were designed for the conserved
sequences of five virulence genes involved in Escherichia coli di-
arrhea mentioned in the new standard of GB 4789.6—2016 na-

tional food safety standard. Four kits of multiple real-time fluo-
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rescence PCR were established to detect five diarrhea-causing E.
coli simultaneously. The results showed that 12 pairs of virulence
genes of the four kits were verified by the standard reserve strains
of the five diarrhea-causing E. coli strains. In addition, these 12
pairs of virulence genes only play a role in the specific role of cor-
responding diarrhea-causing E. coli, and have no amplification
curve for common foodborne pathogens. The detection limit of es-
¢V, bfpB, stxy, ipaH and invE genes is 10 CFU/mL, and that
of aggR gene is 102 CFU/mL. The detection limit of astA and
Pic genes was 10° CFU /mL. When the concentration of stxs A,
ipaH and stIb genes was less than 10 CFU/mL, a significant “S”
type amplification curve could be observed, and the line shape was
better. In addition. 40 samples including meat. milk, animal
diarrhea, and some artificial contamination samples were tested, and a
total of 11 positive samples were found. Consistent with the test
results of the new standard 4789.6—2016, The results showed that
the four kit methods were simple, specific, sensitive and practical.

Keywords: diarrhea-causing E.coli; real-time fluorescence quan-

titative PCR; virulence genes
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Table 1 Strains involved in the experiment

BB 4 PR T #hilr 8 1 A A
EPEC CICC24189 escV B eae bfpB
STEC CICC10670 escV B eae stxy (staz A
EHEC CICC24187 escV B eae.stay stxz A
ETEC CICC10667 It \stla st
EIEC CICC24188 invE B ipaH
EAEC CICC24186  astA .aggR . pic
KIFHBRFE 0157, H7 FSCC149015  escV
VITRE ATCC14028 /
Bl ot A S T ATCC17802 /
R I R ATCC19115  /
BB U g A ATCC25944 /
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Jo 1 S0 M K i 3% A I (EPEC) (9 3 J1 2 K o8
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stry sty AR R KGR A IR (ETEC) 1 3 J) JL B
Kl stla sl J 1B AR Z2VE K % A [T (ETEC) (198 )
IR invE /ipaH ., i i B £ KB A K E (EAEC)
B a1 R astA aggR | pic (JLFR 1) ;1 56 7E NCBI H
T escVLbfpB. stxs .
astA aggR Fl pic )24~ genebank J 515 1) 5 77 51
i 7 Genbank 2K} 1 BLAST %4 247 15 51 [a) W% 4 B »
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Table 2 Primers and probe sequences of virulence genes in the five strains of diarrheagenic escherichia coli

5 ﬁ‘ﬁl‘F
8 JI R Sl YRR E T 5
K A
F.CCACAATCCTGTTGATTACGACGTT R: TACCGAAGGAGTAAATAATGTCACCC
escV
T.FAM-TGCGCCTGTCGCTCAGTGTTAGTACAAC-BHQ,
F. TGGGCTCTGTTTCAACCTCAA R:CGTTCCCATTCAGATATCCTGTAA
EPEC 5 bfpB
T.CY5-CGGCAACAAGCGGCACCCC-BHQ;
STEC/EHEC
(1) F. TCGCCATTCGTTGACTACTTCTT R:AACATCGCTCTTGCCACAGA
=2 stx
1 T:ROX-CGCATAGCGGAACCTCACTGACGC-BHQ:
F.GTGTCGCAGCGCTGGAA R:AACGCCAGATATGATGAAACCA
stx2 A
T.JOE-TTCCGGAATGCAAATCAGTCGTCACTC-BHQ
F:GATTAACCTCTTCGCCGGACTAC R:GGAACCATGCTGTCACGGC
ipaH
T:FAM-CGGCCCGCAGATTTACTTCTCCATGAGTG-BHQ,
EIEC(2 &)
F.CTTTCAGGCAGCAAGCGTTCCACAGGA R:CGCGCGAAAGTCACTCGT
invE
T.JOE-AGAGATTCATTAGCCTTTTCAAGTCCTT-BHQ,
F:AGTGGAAACATATCCGTCATCATATCT R:GGCATAATGAGTACTTCGATAGAGGAA
it
T.FAM-CAAAGCCGGTTTGTGTTCCTCTCGC-BHQ,
F.CTCCCCTCTTTTAGCCAGAAAG R:GCTCTGTCACTAGAATTTAATAACATGG
ETEC(3 &) stla
T.JOE-AGCACAGGCAGGATTACAACAAAGTTCACAGCAG-BHQ,
F. TGGAGGCTGAAGAACGACTAAGA R:CCTTGCCTTCCGCTAACACT
st1b
T:ROX-TGAAAGTCCTCCACACACCCGGTGA-BHQ:
F.CCGGATGCCATCAACACA R:GCACCATATGCACGATGCA
astA
T.FAM-ATATCCGAAGGCCCGCATCCAGTT-BHQ,
F.CCATTTATCGCAATCAGATTAAGCAG R:CGGACAACTGCAAGCATCTAC
EAEC4 &) aggR
T.JOE-GCGATACATTAAGACGCCTAAAGGATGCCCTGATGA-BHQ,
F. TACCCGTGGAGCACATGCT R:CGTGTCAGACCCGATGGTAA
pic

T:ROX-TCATGCCTCTGCGGCG TCAACA-BHQ:
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Figure 1 Amplification of uidA gene in Escherichia coli

EFHFSHBEABEFREIMRAEERE PCRRELDHE AR

22 BAMSHEETABRERNEFEEEAKRSNEEN

&HR

WALEM 12 X 5T BENSI YA A R
4 BN AR FR T R 5 A R M B A T AR R AT R U
K45 58 % s (8 2) . EPEC 5 EHEC Y 4 Fh 3 51 5
sty stxs AbfpB FlescV;EAEC 1y 3 Fh i Sy B astA |
aggR Fl pic ; EIEC () 2 Fi 3% 11 5 invE FlipaH ; ETEC
By 3 FEE I e sela 0 seIb ST B 550 < S” L4 18 il
L H CtEIIM T 15~35, BB 4 A~ R R4 5 Flvgk
T8 R My 35 A TR R A% BR A DU S0 R AR 7 47
2.3 w4 MIKFENHFERERE

{8 T A 5% 2 S A A D Jr 3 R L £ U P 300G T
YO QT @V M IR | R A R I T R R g A
PAZ R HEATAG I, 45 51 7R (38 3D, U T ER B 0¥ i 2 9K
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it AR B 52 57 0 5 i E0E K 18 A 1C T8 09 A8 7 12
SR . RIBFFE O157. H7 If 3% B 2 EHEC —Ffi 3%

BB A EHEC ﬂﬁﬂﬁﬁ. escV .52 3 IR escV 3
FRT P 00 465 S5 A B & 1 — 2B B0 IE T AR 7 I 0 A sk A
PR

2.4 M4 MRFEHRGE KR

X R ) e B 1 5 D BOTE K AT T AT R L 45 R L
&l 3 R 4. 7 1B B0 KA 5 A IR (EPEC) iy 45 3
7 10° ~10% CFU/mL, &R 10 CFU/mL; =3 %
Kl % 75 G (STEC) i i 38 o % K % 3% A IR 1
(EHEC) iy & U 35 Bl o 10° ~ 10 CFU/mL, # Il BR
10° CFU/mL; ™ g 3 2 K W B A G (EIEC) /9 5 ) 35
[k 10° ~10% CFU/mL, # M B8 10> CFU/mL 5 i 0%
Kl 45 IR (ETEC) 1 5 Mg B 24 10° ~10* CFU/mlL,
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Figure 2 Amplification of virulence genes in the five strains of diarrheagenic Escherichia coli
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Table 3 Aplify the results of each standard reserve strain
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Four amplification kits were used to analyze the amplification spectra at different concentrations

Table 4 Cr values of virulence genes at different concentrations of bacterial fluid

HeEE/(CFU « mL—1) escV bfpB st stxy A ipaH invE
108 / / / /
107 / / 18.54+0.44 18.140.17 /
106 16.340.20 17.64+0.36 22.1+0.56 21.4+0.72 16.940.17 19.14+0.53
10° 19.1+0.46 20.47+0.70 25.640.96 24.940.53 20.240.10 22.3740.44
10* 22.840.62 24.2+0.78 29.5+0.53 29.0+0.56 23.740.44 26.6+0.17
103 26.6+0.30 29.5+0.53 32.4+0.62 30.3+0.26 26.7+0.46 29.740.72
10? 31.1+0.72 33.1+0.56 35.8+0.89 34.1+0.36 29.9+0.96 34.5+0.26
10 / 35.540.61 32.640.36

WepE/(CFU « mL™ 1) It stla stlh astA aggR pic
108 / / 16.44+0.10 19.440.17 17.740.17
107 / / / 19.44+0.26 22.8+0.26 21.0£0.61
106 18.740.35 16.8+0.87 16.6+0.26 24.5+0.66 24.0+0.56 25.2+0.26
10° 21.740.35 20.0+0.40 19.5+0.35 29.140.17 26.940.69 29.140.20
101 25.040.26 23.6+0.53 23.2+0.26 32.6+0.17 28.140.50 32.340.17
108 29.1+0.17 27.4+0.61 26.640.17 32.440.52 /
102 32.1+0.35 31.5+0.36 31.1+0.30 /
10 35.1+0.17 /
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Figure 4  Multiple common PCR detection kits were used to

detect five strains of diarrheagenic Escherichia coli
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Table 5 Test results of samples in a different way
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