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Drug resistance detection and whole genome sequencing of a
multi-drug resistant Escherichia coli strain from sewage

CUI Hong, WANG Jihua*, CHE Qi, HUANG Han, ZHU Jianqin

Life Science and Technology College, Harbin Normal University, Harbin 150025, Heilongjiang, China

Abstract: [Background] The water environment with wide distribution and high mobility is the
main medium for the spread of drug resistant bacteria and genes. [Objective] To understand the
drug resistance genes and mobile genetic elements carried by Escherichia coli from a sewage
plant in northern China. [Methods] A multi-drug resistant strain of E. coli was isolated from the
sewage plant. The antimicrobial susceptibility test was carried out. The 96-well plate method
was employed to determine the minimum inhibitory concentrations of antibiotics against this
strain. The effects of antibiotics at sub-inhibitory concentrations on the growth of the strain
were explored by a microplate reader. The whole genome sequencing was carried out to predict
the resistance genes and mobile genetic elements carried by the strain. [Results] E. coli WEC
was resistant to tetracycline, ciprofloxacin, norfloxacin, and erythromycin. Sub-inhibitory
concentrations of tetracycline, ciprofloxacin, and norfloxacin stagnated or inhibited the growth
of strains. The genome of WEC was composed of a circular chromosome of 4 782 114 bp and
two circular plasmids of 60 306 bp (pWEC-1) and 92 065 bp (pWEC-2), respectively. The strain
carried 129 drug resistance genes, of which 128 were located on the chromosome. Prophages,
gene islands, and insertion sequences was predicted to be present on the chromosome, and some
mobile genetic elements carried drug resistance genes. There was no drug resistance gene in
plasmid pWEC-1, and pWEC-2 carried one drug resistance gene. Prophages and insertion
sequences were predicted to be present in the plasmid genome. [Conclusion] E. coli WEC from
sewage is a multi-drug resistant strain. Carrying drug resistance genes and a variety of mobile
genetic elements, the strain has the potential of drug resistance transfer.

Keywords: sewage treatment plant; Escherichia coli; multidrug resistance; whole genome
sequencing

i 2% [ (antibiotic resistant bacteria, ARB)J&
RERSHRHI G A R XS H B B i aiTaE, X 3 28
R UL BB AR R A HRBT Y 20 TR PR R 22 ST 24 7T
(multi-drug resistant organism, MDRO). fif243&
(antibiotic resistant genes, ARGs)/Z& 5k T Z Ll
(S SO 7] A % e =X 1 -z e X B S I T 2T T 2T
RERS LA [ R B A6 4% , 28 N2 shipAn
BN o G115 N U2 AN 70 4 R s p et A
Xof R B A AR ) , RIS SRR o Sl ) 3ok 1

W) FK R G R E Y. Kawahara 250
T R A e IR WA B iy P i 245 BE ) s aed A
JEFAE]— R NFIEF 2 [AHEHE AE N & St
BHmER A —, T8 . . SEhIERE
25 KGFTFH, L2005 F500 808, &
18 F AR A S 20T ok R IR HAT 55 A
T, R 2 T A 2 2 N AL RS R AL T )
J1, FEEBEEK . BRI KA B TR
32 25 R AT PR A AEAE D) Bl it 24 )

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3802 (YIS Gk

Microbiol. China

ESCR FE B )2 T AR ST B

] N MU 5 5 SR FH 4 4 DS 2 0 7 BRI |
BN A A0 W 505, BT 5L DR A T3 %t i
2 TR I A% {5 L R TR 24 5 TR 5 7 1) T R iR 1 7 fie
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AR st oo RIS DL, WAL oK H o
5 Y PR — PR 22 BT 2 R AT T Ay 4 2 DR 2
Feortr, A mtk e R RN AR B, LI E
AT TR 245 5 DX 0 R] B s ist A% oo e L I 4
A 0, oA s K IR R AT T i 24 1 1A
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1 % &K (doxycyclinp, DOX) . ¥} N ¥ 2
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Table 1 The minimum inhibitory concentration results of Escherichia coli WEC to different antibiotics

Item PR E NV i3 R AR
Tetracycline Ciprofloxacin Norfloxacin Erythromycin
MIC (pg/mL) 256 32 128 32
HI T 2 Inhibition rate (%) 92.65 94.91 95.63 99.79
A 12r —e—MIC TET B CIp
1.2 r—e—
—=— 12 MIC e
—u— 1/2 MIC
10 F —e—1/4MIC 1/4 MIC
O i ismic 1O 3 /g MiC
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00 1 1 1 1 1 1 1 1 1 1 1 1 J 0() 1 1 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 1012162024 28 32 36 0 2 4 6 8 101216 20 24 28 32 36
Time (h) Time (h)
@ D ERM
12 [ Mic MoK =2
—&8— 1/2 MIC
1.0 F—*— 1/4 MIC —o— 1/4 MIC
—a— 1/8 MIC
0.8 | —»— 1/16 MIC
=0 N
2 0.6 L &
3 S
0.4
0.2 |-
00 1 1 1 1 1 1 1 1 1 1 1 1 ] 00 1 1 1 1 1 1 1 1 1 1 1 1 J
0 2 4 6 8 1012162024 28 32 36 0 2 4 6 8 10121620 24 28 32 36

Time (h)

Time (h)

E1 THEREREEZETKBTE WEC BIEKHEE A ARIKEVUFRZ T WEC Bkl K.
B: AR EIRRVSEH WEC Wk LR, C: ANFRIREEEHF VD 29 WEC Wtk AERK L. D AR

41552 WEC BbkA K 2k

Figure I The growth curve of Escherichia coli WEC under sub-inhibitory concentration antibiotics. A: The
growth curve of WEC strain in different concentrations of tetracycline. B: The growth curve of WEC strain in
different concentrations of ciprofloxacin. C: The growth curve of WEC strain in different concentrations of
norfloxacin. D: The growth curve of WEC strain in different concentrations of erythromycin.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3804 WAEY

IR R Microbiol. China

FATF, BRARAG A H BE I G 0 3, HL vk
PUAE ZAE T B RR 14 A B 3O R ARV B FR
NPT RS T AR AN FIREHRIEAT
BRI PR 18 25 K R 3 5 06 B AL ARL , DI 21 8 R T
BRAE K B AN
23 EHEEEEANFER
231 EREBEKRFES L
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1192 065 bp FIFRIR TR, GC 75 4391 Ky 42.24%

Name
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(0 7c¢5¢9880-fa7c-11e5-ae86-3c4a9275d6c8 [1]
(D 80d30570-fa7c-11e5-aecb-3c4a9275d6¢8 [1]
©915 17 D2[1]
O AGR4303 [1]
s (O AUSMDU00019926 [1]
@BT2[1]
@DTU2016 496 PRJ1050 Eschericha coli EC55172 2014 [1]
@E. coli WEC [1]
OE6[1]
O Mer-CP71 [1]
@ Mecr-CP86 [1]
@ PFEEC0240 [1]
@PSU-4970[1]
@SCBDI127 [1]
@ SYSUSCBDI127 [1]
@ afb17700-fa7c-11e5-850b-3¢4a9275d6¢8 [1]
@ampC 0016 [1]
@ cfb5e040-fa7c-11e5-a546-3¢4a9275d6c8 [1]
@ d2372920-fa7c-11e5-b358-3¢4a9275d6¢8 [1]

1 54.06%, 4rlar4k pWEC-1 #il pWEC-2,
W AR I AR 9422 2 NCBI [ 3 H 4 $ s
JE, W GenBank & g5, HAp e RIELH 4
k5o CP114592, Jikl pWEC-1 3 [ 41 % 5
5ok CP114593, Fiki pWEC-2 JE[HNH & 55N
CP114594. % EnteroBase fE£k /M4 20 M nf
M1, Bk WEC By MLST 435 ST 1589,
cgMLST 4354 cgST 230665, MRk iEAL /M
AN 2 FfR, WEC B kkY Escherichia coli
AUSMDU00019926 (SRA: PRINAS65795)HY iE
R

(O Missing [1]

2 KB E WEC BISs/NERR ARG N E R A ARFIEH 5 AR RER > SCAa AR e s R A g
{5 B BioProject ¥ 3¢5, ND &/t B BAR R/ NFIR Btk EUR 2 /05 FRIE Z A A 924 S 807 R
R 2 I 35 4% B 0 T2 30

Figure 2 Minimum spanning tree of Escherichia coli WEC. The icon on the right shows the name and number
of strains; The ruler indicates the degree of branch scaling; The information in the circle is BioProject login

number, ND indicates none; The diameter of the circle indicates the number of strains; The solid lines and
numbers between the circles indicate the genetic distance between strains.
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7N, HGT (2 5007 500 bp) FA IV BRIk R G E
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Table 2 Drug resistance genes carried on Escherichia coli WEC chromosomes

[GESTIN GEEASESA i 25 FE R 24 R (R H )

Resistance mechanism Antibiotic resistant gene family Antibiotic resistant genes (numbers)

Pk 2B BRI X} B-PIE RS 15 B R B I A E 4 LR ompA, Klebsiella pneumoniae OmpK37 (5)
Reduced permeability to General bacterial porin with reduced permeability to

antibiotic beta-lactams

A R B Pt FF AR e LU MR A LR DFR Trimethoprim-resistant dihydrofolate

Antibiotic target replacement Trimethoprim resistant dihydrofolate reductase DFR reductase DfrA42

BUAE R AR Bl i Fl B K A B-THE RNA R4 Bifidobacterium adolescentis rpoB mutants
Antibiotic target alteration; Rifamycin-resistant beta-subunit of RNA polymerase

antibiotic target replacement

PRI RS

Antibiotic target alteration

WERRBUIEFE R . van 420 vanl
Glycopeptide resistance gene cluster; van ligase
B PR e PR

Glycopeptide resistance gene cluster

IR £ 15 e e R il

Phosphoethanolamine transferase
R R AT DG bacA
Undecaprenyl pyrophosphate related proteins
ampC I B- P I St

ampC-type beta-lactamase

vanXA

PmrF, ugd, eptA (2), eptB, arnA, arnT

PUAER R

Antibiotic inactivation

Escherichia coli ampC1 beta-lactamase (2),
Escherichia coli ampH beta-lactamase,
Escherichia coli ampC beta-lactamase

APH(3") APH(3")-1b (6)
APH(6) APH(6)-Id
AAC(3) AAC(3)-IIb

CTX-M B B-INBERLH CTX-M beta-lactamase
TEM % B-NERLE TEM beta-lactamase TEM-108, TEM-116
SHV %I B- N WEA% S SHV beta-lactamase SHV-64

HEPH R 2R LM% R il vatD

Streptogramin vat acetyltransferase

CTX-M-5, CTX-M-66

Pk Z M Xt B-PI LS B LR A B AN B FLE T . RND marA, ramA
Antibiotic efflux TIAMHERE
ik R B EEREAL General bacterial porin with reduced permeability to
Reduced permeability to beta-lactams; resistance-nodulation-cell division
antibiotic (RND) antibiotic efflux pump
AMEEFLEE [ (Opr) . RND FIAMHESE ParR (2)
Outer Membrane Porin (Opr); resistance-nodulation-
cell division (RND) antibiotic efflux pump
A RIME ABC # . MFS # . RND #I4MEZE Pseudomonas aeruginosa soxR, tolC
Antibiotic efflux ATP-binding cassette (ABC) antibiotic efflux pump;
PiAE RS major facilitator superfamily (MFS) antibiotic efflux

Antibiotic target alteration =~ pump; resistance-nodulation-cell division (RND)

antibiotic efflux pump

A EAIMEER
Antibiotic efflux

ABC BIAMNEZE

ATP-binding cassette (ABC) antibiotic efflux pump

kdpDE
MFS BIAMHESRE

Yojl, LptD, macB, msbA (3), TxR (8)

kdpE
emrB, emrA, emrR (2), emrY, emrK,

Major facilitator superfamily (MFS) antibiotic efflux Klebsiella pneumoniae KpnE (2), mdtH,

pump

mdtM, mdtG, mdtN (2), mdtO, mdtP, arlR (2),
tetC, Escherichia coli mdfA, Klebsiella
pneumoniae KpnG, Acinetobacter baumannii
AbaF, gacEdeltal

G))
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(B3 2)

firf 25 HIL il

Resistance mechanism

CEEEEESA

Antibiotic resistant gene family

i 24 5 9 2 B (R H)

Antibiotic resistant genes (numbers)

MFS IS . RND BIAMIESR

Major facilitator superfamily (MFS) antibiotic efflux
pump; resistance-nodulation-cell division (RND)
antibiotic efflux pump

MATE #%iz#EH

Multidrug and toxic compound extrusion (MATE)
transporter

RND FU4MESR acrB, acrA, acrD (2), acrE, acrF (3), acrS(2),
Resistance-nodulation-cell division (RND) antibiotic adeH, baeR (2), baeS(2), cpxA(2), CRP,

evgA, evgS (4), H-NS (2)

MdtK, hmrM

efflux pump gadW, gadX(3), golS mdtA, mdtB, mdtC,
mdtE, mdtF (2), MexD, OprZ, ogxB,
Pseudomonas aeruginosa CpxR, ramA, sdiA,
smeR YaiC

SMR FAMESRE Pseudomonas aeruginosa emrE (2), gacL

Small multidrug resistance (SMR) antibiotic efflux pump

A T 2GRN i TR GO AR, SRRz FE N H O 1

If there is no digital mark behind the resistant gene, it means the number of the gene is one.

*3 KB E WEC EEANETHFEIERFIER

Table 3 Virulence factors carried in the Escherichia coli WEC genome

(AT S ST ESIE- TSI EED)
Location VF class Virulence factors VF genes (number)
Chr Rkt CFA/I fimbriae cfaA, cfaB, cfaC
Adherence E. coli common pilus ecpA, ecpB, ecpC, ecpD, ecpE, ecpR
E. coli laminin-binding fimbriae elfA, elfC, elfD, elfG
EaeH eaeH
Hemorrhagic E. coli pilus hcpA, hepB, hepC
Type I fimbriae fimA fimC, fimD (2), fimE, fimF (2), imG (2), fimH, fiml
AFHZHEE  AatA aatA
Autotransporter  Antigen 43 agn43
Cah Cah
EhaA ehaA
EhaB ehaB
UpaG adhesin upaG/ehaG
Af% Invasion Invasion of brain endothelial cells ibeB, ibeC
I LEE 4sf4f/9  EspLl espL1
TTSS ZU¥#F  EspL4 espL4
Non-LEE EspR1 espR1
encoded EspR4 espR4
TTSS effectors EspX1 espX1
EspX4 espx4
EspX5 espX5
EspX6 espX6
SRS ACE T6SS Undetermined, aecl5 (3), aecl6, aecl?, aecl8, aecl9,
Secretion system aec22, aec23, aec24, aec25, aec26, aec27/clpV, aec28,
aec30, aec31, aec32
#FK Toxin Hemolysin/Cytolysin A hlyE/clay
TEFH A IE % Capsule biosynthesis and transport GlIf

Colonization and

immune evasion
pWEC-2 Zhiff}

Adherence

(Campylobacter)

Type IV pili biosynthesis (Pseudomonas) pilU

Type IV pili (Yersinia)

pilwW

A RN S TR RRTE , RN ZEERE A 1

If there is no digital mark behind the virulence gene, it means the number of the gene is one.
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B3 KBE#FTE WEC FAERSEHETFHEBREEMEE

Figure 3 Protein interaction network diagram of drug resistance genes and virulence factors in Escherichia

coli WEC.

VAT LA M ProQ/FINO % 4E 11 F1 & il
HE I (Rep). Bk pWEC-2 L0 2] 4 4~ HGT
Xk, & XL EmE 4D frn, HGT
(2 500-10 000 bp)H Ik A 4 it (1) 25, 1 4 5 T B A
X%, HGT (15 000-32 500 bp) i3] 1 42l Kt
OmpK37, MFHIEGHHEN TraA, Kl
JRShEA . R B EE ParM, A, EA
A DNA REME, VI 2 A 1T RGER-IHR
R4 EM ., HGT (62 500-67 500 bp) FA 1A

DNA #i$M 5+ #4/ TopolA N DotA/TraY FJKiE
. HGT (87 065-92 065 bp) &5 A5 HHE M
TraF I % FR B 41/ XerC. Ff pWEC-2:HGT
(2 500-10 000 bp)#bh, Hisx HGT I & A —&
5 H B 2 11 (HP) @4k BLAST 4347 & 3K,
BrkrH ) HGT IR 52k B R IHAT @ iy Bk H.
AARERARIPESN, #80 HGT XI5 Shigella
flexneri 1 Salmonella enterica th EL A7 % &5 o AH
PEGEE 4),
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TopolA HP HP H‘P DotA/TraY
1 1 l‘ (L 1 L L S T T T T T T T T T T O T T O T T T T T |
»
——— - AN G——
L R
05kb 1.0kb 1.5kb 20kb 25kb 30kb 35kb 40kb 45kb 50kb
pWEC-2:HGT (62 500—67 500 bp)
HP Xe|rC
IR AR AT T BN S S B AT SR I TN SO Y S N B |
w? O
05kb 1.0kb 1.5 kb 20kb 2.5kb 3.0kb 35kb 40kb 45kb 5.0kb

pWEC-2:HGT (87 065-92 065 bp)

E 4 RH pWEC-1 #1 pWEC-2 qﬂ%mflz’iﬁé’,@ﬁﬁ;ﬂ%é*% A:
BIMZE R B Bk pWEC-2 H 5L PR /K P-4 8 X I 7 2%
ZERL D. JFRL pWEC-2 HpBE [RUK 5678 DX E B4

JEHL pWEC-1 R AR5 IX
C: JFURL pWEC-1 HREE RIS XS B

Figure 4 Annotation results of horizontal gene transfer regions in plasmids pWEC-1 and pWEC-2. A:
Prediction results of horizontal gene transfer region of plasmid pWEC-1. B: Prediction results of horizontal
gene transfer region of plasmid pWEC-2. C: Annotation results of horizontal gene transfer region of plasmid

pWEC-1. D: Annotation results of horizontal gene transfer region of plasmid pWEC-2.

% 4 [RHI pWEC-1 1 pWEC-2 ®f HGT Xig Rt s R
Table 4 Homology analysis results of HGT region in plasmids pWEC-1 and pWEC-2

5y HGT X ETipu

Plasmid HGT region Description

pWEC-1 HGT (2 500-7 500 bp)
HGT (42 500-47 500 bp)
HGT (52 500-60 306 bp)

pWEC-2 HGT (2 500-10 000 bp)
pZ0117EC0062-3
HGT (15 000-32 500 bp)
pPNUSAS039582 1
HGT (62 500-67 500 bp)
pPNUSAS039582_1

HGT (87 065-92 065 bp)  Escherichia coli strain 90-1 plasmid pCD90-1-1 99.77

HAARLEE B
Similarity (%) Accession No.
Escherichia coli strain 14EC033 plasmid pl4EC033a 99.94 CP024148.1
Shigella flexneri strain SWHIN_107 plasmid unnamed3  100.00 CP055102.1
Escherichia coli strain O177:H21 plasmid unnamed1 99.83 CP016547.1
Escherichia coli strain Z0117EC0062 plasmid 99.93 CP098200.1
Salmonella enterica strain PNUSAS039582 plasmid 99.32 CP093089.1
Salmonella enterica strain PNUSAS039582 plasmid 99.94 CP093089.1
CP050048.1

X R AT T WEC K LK 21 Hh i Ji e P A 67
W, A1 AT YRR B 2 ATk
ERA 1 AEEEACE 5). Hpjaik i
Prophage 2 W47 8 4~ ARGs,
Prophage 6. Prophage 8 Fll Prophage 10 %54
1 4~ ARGs. JFR. pWEC-1 #5114 o G
ARGs, [k pWEC-2 MREIEEEIA F#EH 1 A

Prophage 3.

Klebsiella pneumoniae OmpK37., ifij BLAST 43
MrR®L, TERPRIGL IR T, £ 6 IR ALY
SR RE W E STEFF 18 fEAE4 m AR , 1
NURS RN EI i W7 S 7 E N RS = R (DY d o5 i
pWEC-1 ™ (1 Jit W 3 K 5 R I & B

SWHIN_107 HyJsoks i B i i, o 99.81%,
kL pWEC-2 H i [ 1R 1A 5 i v ) [ B ks
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pPNUSAS039582 1 HAHLLI: R 98.24% (3 6)-
fdi FH% 1 IslandPath-DIOMB F0l 3 A 5

GEREH, 2 AR EIAEE LN S, 7E WEC
PRRR I ik F LT3 18 AN B . MR
DUERRLE I, A 13 DT B A R 46 AT
41, Hiip GIs001. GIs004 F1 GIs007 435 4&:l
1 ADAEIEHETT R 25 APH(3")-1b, 7E
GIs016 HGIIF] APH(3")-1b FlSk 71 5 2 i 24 5L

TS5 KEIFHFE WEC E R4 A 8 BRE R 70 45

Escherichia coli ampH beta-lactamase (% 7),
o, W85 77 T 2 66 D) g R DR 0y LA R A AT
Y7, RN GIs002 3 Z N AE 1,
GIs010 H A7 % e FIEE 21 6l , GIs011 A7 fHiE
IR TIF-1 AL e e R G . GIs013
BEMEN . BARML R SHEEBMHECHEN,
GIs015 W47 DNA 454 % 1 HU-beta Fl§% 5%
J7HF BolA,

Table 5 Prophage prediction results of Escherichia coli WEC genome

JE W T 1A (A FEPL AR BE%ECH i 25 5L (B H )
Prophage Location  Position Gene numbers  Antibiotic resistant genes (number)
Prophage 1 Chr 411 344-449 421 60 \

Prophage 2 Chr 1071541-1188 188 130
Prophage 3 Chr
Prophage 4 Chr
Prophage 5 Chr
Prophage 6 Chr
Prophage 7 Chr
Prophage 8 Chr
Prophage 9 Chr
Prophage 10  Chr
Prophage 11  Chr
pWEC-1
Prophage 13 pWEC-2

1414 812—1 471320 59
1502 471-1520 609 20
1841272-1864796 24
1908 342-1 937519 36
2278 288-2326 058 56
2510 862-2 569 823 63
2765475-2 785562 28
3378 810-3 438 003 70
4221 566-4244380 29
9410-51 385 56
12 603-40 355 46

Prophage 12

rsmA, emrB, emrA, emrR(2), Klebsiella pneumoniae
KpnG, H-NS APH(3")-1b
APH(3")-1b

\

\

sdiA

\

Klebsiella pneumoniae OmpK37
\

gadX

\

\

Klebsiella pneumoniae OmpK37

. R ATZGEN. T

\: No antibiotic resistant genes. The same below.

*6 KIAHE WEC EREH P RIEE KRR HFTER
Table 6 Results of homology analysis of prophages in Escherichia coli WEC genome

IR ik FAALEE BT
Prophage Location Description Similarity (%) Accession No.
Prophage 1  Chr Shigella flexneri strain STEFF 18 chromosome 99.99 CP055179.1
Prophage 2 Chr Escherichia coli strain RHB39-C14 chromosome 99.32 CP057062.1
Prophage 3  Chr Escherichia coli strain GN02545 chromosome 99.55 CP041544.1
Prophage 4 Chr Shigella flexneri strain STEFF_18 chromosome 100.00 CP055179.1
Prophage 5 Chr Escherichia coli TUM18530 DNA, complete genome 99.96 AP023190.1
Prophage 6 Chr Escherichia coli strain RHB13-C06 chromosome 99.97 CP057841.1
Prophage 7 Chr Shigella flexneri strain STEFF 18 chromosome 100.00 CP055179.1
Prophage 8 Chr Escherichia coli strain 1943 chromosome 98.99 CP023359.1
Prophage 9 Chr Shigella flexneri strain STEFF_18 chromosome 100.00 CP055179.1
Prophage 10 Chr Shigella flexneri strain STEFF_18 chromosome 99.99 CP055179.1
Prophage 11 Chr Shigella flexneri strain STEFF_18 chromosome 100.00 CP055179.1
Prophage 12 pWEC-1 Shigellaflexneri strain SWHIN 107 plasmid unnamed3 99.81 CP055102.1
Prophage 13 pWEC-2 Salmonella enterica strain PNUSAS039582 plasmid pPNUSAS039582_1 98.24 CP093089.1

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3812

(DGX7ES ik

Microbiol. China

*7 XBHHE WEC EFEEPEFEZTNLER
Table 7 Prediction results of gene island in Escherichia coli WEC genome

AR JEWRLA LR 25 3L W ATESICBCH )

Gene island Position Gene numbers  Antibiotic resistant genes Insertion sequence (number)

GIs001 118 068-123 480 7 APH(3")-1b 1S3 (2), ISEc17

GIs002 416 049-441 010 46 \ \

GIs003 613 467-616 991 8 \ 1S621 (2)

GIs004 1106 782-1 118926 12 APH(3")-1b ISEcl7 (2)

GIs005 1135395-1 145768 18 \ TnShfrl

GIs006 1412 127-1438 181 28 \ IS911 (2), IS30D, ISEhe3, 1S1414, ISEc48
(2), ISEc31 (2), ISCrol

GIs007 1 440 232-1 467 324 28 APH(3")-1b ISShdy2 (4), IS1414 (2), IS30D, ISSdl,
[S640, IS100X, ISEc16 (4)

GIs008 18417021867 730 28 \ ISEc47, ISKpn42 (2), ISEc38, IS30D,
ISEhe3, IS2, ISEc27

GIs009 2430 205-2 440 004 8 \ ISEc5 (2), ISEcl, IS1138B

GIs010 2671 970-2 686 764 15 \ \

GIs011 3052233-3063981 13 \ \

GIs012 3226515-3235357 9 \ ISEcl (2)

GIs013 3427 041-3 440448 19 \ \

GlIs014 3468 979-3 479 288 \ ISErspl

GIs015 3538 494-3 545 679 \ \

GIs016 3604 527-3 614665 11 APH(3")-Ib, Escherichia 1S3 (3)

coli ampH beta-lactamase
GIs017 3749 884-3 771455 19 \ ISEc26
GIs018 4134 0084 156 284 23 \ ISRor6

{5 Fi 1S finder 25 $% WEC F#k L K 2H A (1) 4
AT, BERFHYEAME HA 122 MERAFS,
He i AP 18621 LA £, it — S KinHT
B4l A4, £1 45 ISEcl \ISEc5 . ISEc16 .ISEc17 .,
ISEc26 . ISEc27 .ISEc31 .ISEc38 . ISEc46 . ISEc47

&8 WECBE#HABAEPHAFIEMAHERMNMNEKRSR

Table 8 The positional relationship between the insertion sequence in the chromosome of WEC strain and the

drug resistance gene

Al ISEc48 Z53L 11 Flr 28 A4~ MR8 JE K AL 147
BRI, ATHAE 6 ANt 2536 APH(3")-1b (1)
FWESE — MR AT, T2 H-NS 9 1
FEAE— B AJFS 1SCro3, 3% MR 24 3 K Y K
SRR AL T AT BB (3R 8). UKL pWEC-1 kA5

NG L s A7 18] i 253 [ LD s A5 1] e R
Insertion sequence  Position and direction Antibiotic resistant genes Position and direction Transposase
IS3 121 926-122 225, + APH(3")-1b 122 222-123 088, + DDE
ISEc17 920 080-920 379, — APH(3")-1b 919 217-920 083, — DDE
ISEc17 1107 955-1 108 254, + APH(3")-1b 1108 251-1 109 117, + DDE
IS30D 1444 657-1 445 808, + APH(3")-1b 1445 893-1 446 711, + DDE
ISCro3 2701 118-2 701 708, + H-NS 2703 212-2 703 625, + DDE

IS3 2 884 9562 885 255, + APH(3")-1b 2 885252-2 886 118, + DDE

1S3 3611072-3611371,+  APH(3")-lb 3611368-3612237,+ DDE

+o IESEE; - e W EE

+: Positive sense strand; —: Anti sense strand.
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2 MEARFS, B 18609, Fiki pWEC-2 | H
H 1 MG AJFES ISCHr3 (46 663-47 622, +), %1
AT 5 i 24 35 DR ) g B A, o5 | i 25 3 TR
R REMEA R .

3 WibE4£&#®

15 KB KA WEC X DU ZE RNV |
RPN 2T R R P RN R R B T 2, S
I Z BN . KIGHE WEC 4K 2 3t
A KBS, TET. CIP F1 NOR X Bk A 520
KF ERM. HHFFEERAPY, BEEDAER W E
FVE FHIS B A3, EL b P s ALl AR
i), KIGFF R EARFSTA ZER N A K S22 3)
AN TRV FEE A A ] I A0 Pk B ) 2R R BR T RRAIR
AR AR R B A, 6 K T T 2B BB 1) T b
FIFEH B FEk A —E m s,

KIGFFHE WEC JER 4 & ZFp 2
ARGs il VFs, H i 322 (0 25 WL A8 128
RUAy AR A R M HER RGBT . AR R A i fE e 2
PRSI A HMHESE | 02 T 3™ A T 24 1) 2 22
R PUPRZE 2 | g e 2R 2 e 2 i
HENER G IR RIGFF R ik 0w, 5w
R 25 26 RUHLA 45 i i — 250k 5 (HOR R R IR B K
AT DA Z IR 25 PR AR — B 25 5, X T B 5 2
Mo 2 PR A 220 2 DL DL RPOIZ A
T 5 KGF R 25 S S, GRE T
ompC JE K Fifiit 25 ShHER B9VEF o BRar 3 &0
Xif BE 2540 T K T il A= 0 e v 1 s 245 B il 2
B oE B0, T 24 45 15 4k 40 . 5316 5K T (RND)
HMHRE & F R . RIB A WEC 4i i &30
RND %% AcrAB-TolC ZMIEZE , LA K5 i Hik ik
R4 S R mar A FiT soxREY TE [ 4 R R &
MarA . SoxS REME AcrAB-TolC ZMHEZEAH CIE
Rt 2Rk, PRI ARG, X251 E
KA FE B = AR i 25 1 1 S B R R P, SRR

TolC fEETFZFHMER T, tolC JEHRENS B 2%
SO A0 i AN HETE MR TR 2GRN S5 TR
K R 3K 2 (B A A — 8 [ R BE DY . R
P WEC [ 4 (o PRI PR ZH L AG I 3] 22 RS 7R 1) 1
ERNIHET, REHHEZHRIEE, T
B IZAAAE T AT R A 2R 1, 8 2 R B A
518 Bz, A AN A B R R
YERDH. KA WEC HAFEER AL Cpx X414
{55 25510 cpxA F1 cpxR . HHF5EERH,
Cpx RGN E . 4000 R 55 (T3SS) %5 1
F I HE R G s HoA TR,

L LM P 3BT B, KIGHFFE WEC
ORI ZHAL B 1 AR L R 2 AN Bk, Fh ks
pWEC-1 HAREEH TP AEAE oriT. T4SS Fl T4CP
SR K A R RS T AT e B LA B &
FERS TR RE, X BURL pWEC-1 Fl pWEC-2 Hhi
DN T AE KO 8% DO A T B, R 3 4
G tra LR gt (1) & 1 (Tral  TraA Hl TraF).
tra JERE BRI GRS B P R AR,
2 tra FHOCHE R B F3R R R, Bk AR
BRA BT R SRS | RERA . AT
G BRI 5E 58 2 (v B st AL oo, mlamad
ZM i N T 2 2N | BN Ve
TCIR BRI, AT 2GS S A
JGfF ICEHpal Rl G R AIZIkE T, H
B PR R 250w T2 AR, TR
PIBIFSEUESE T 0 F Y ok b 19 T % shist 4 oo 14
ICESsuSC128 HI ICESsuSC117 REMS AT i 24 3
S S R 22BN N o g N DA E R
K253, Jiang ZEPSexd MR ARG P9 IR K AT
BRI HP i S 24 6 DR %) o0 A1 B vT B sl asi A% oo i
I ZREHEEATRIESR , R0 sul S 8] B 3 Aol )
ok H ARG R4S A4, Hor 1S91-sul2-1S10A
AIREAT S T sul2 2 RIFE R R R AT 581 A A% 4
XF WEC W PRFE R 20 E 481 10 ) B shistiL oo it
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AT, 7 G AN AT 1 35 e B0 TR 1 1 B
PIAFEAE, LA oy TR R A v A7 AE S ST 2
PUPRZEE . KPR N ERSS sl v v B2 i 24 25 1R AL
A HESFPOME B NCBT $idis e b K A o 14 42 3%
DR ZH 5 A5 6, R RAAT 7 F Ay s o 4 S 8%
GHEITESE & IR PSEiE QS RIE 3 YN
HEA TR AT, 45 5 R KR 7 K AT B Iy
JREDE A, R A I 2R, DRI
e | kAR R M PR R RSN, FE
A RN A 201k X 5 AT 245 R A —
3. WEC TR R A YL (O AL R 40 - Tl 5] 18 A>3
RS, A 4 AL S B3y T 2S00 2 2 5L
Ko SGI1 JEH B2 fe b 1 . & F A e AT & Al
K ¥ A T 55 22 Fh 20 T T 4098 R B TR 0y,
ity 225N, B Yk B YRR ML,
£ Inc A/C FRLHFS T KK . SGIL
EHESAEZMIA, AHEBES 2N S
RS MR IL NG O, R UL AF 5T 6 IR 5 i 45 4 12
DI REALT T LASH: Sh 20 P i 245 56 DR e B 1k [ R P
g WEC RN Y] EAAEZANE ARSI,
FESE 18621, 18609 LA K KIFFHf ARSI, A
R Z 0], #HAFSIFZEA AR, AN
AU A8 BT R 3 A SRR G . 22 R o
NTHERERVERT , B BB kB K4
%, WAL RER AR . Bk A AT R Bloc i
P RS KA WEC WP AE A B 5%
B mohn, SERA AR . SR |
WAFINE R R st oo, X A 25 JE D Fs
TRFHIK R T 4550k, 1Ah, 5259
YRR 2] RKIAFF AR, ZEmZ5 K WEC
K AL TEARARERT, SRS KRR R 24
PRI B 245 35 DR A A 715 LA T B9 St
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