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Drug resistance of Escherichia coli strains causing calf
diarrhea in Tongliao and whole-genome sequencing of a
multi-drug resistant strain
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WANG Tingting®, WANG Zi ', LIU Kai

1 College of Animal Science and Technology, Inner Mongolia Minzu University, Tongliao 028000,
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Tongliao 028000, Inner Mongolia, China

3 Inner Mongolia Aokes Animal Husbandry Corporation, Wulagai 026300, Inner Mongolia, China

4 Horqin District Quality Safety Center of Agricultural and Livestock Products, Tongliao 028000, Inner Mongolia,
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Abstract: [Background] Escherichia coli is the main pathogen causing diarrhea and the emerging of
the drug-resistant strains has aroused wide concern. [Objective] To understand the prevalence of drug
resistance and drug resistance genes of E. coli causing calf diarrhea in Tongliao city, Inner Mongolia
Autonomous Region. [Methods] Forty samples of calves suffering from diarrhea were collected from
multiple banners and counties of Tongliao, from which 20 strains of E. coli were isolated and identified
via 16S rRNA gene sequencing. Drug sensitivity test and PCR were conducted to study the drug
resistance and drug resistance genes of the isolated strains. The whole genome of a multi-drug resistant
strain was sequenced. [Results] All the 20 isolates had multi-drug resistance and showed the drug
resistance rate above 80% to streptomycin, ciprofloxacin, enrofloxacin, and compound
sulfamethoxazole. The detection rates of aphAl, strB, TEM-1, and gnrS were 100%. The strain TL-13 had
the genome size of 4 897 185 bp and the GC content of 50.68%, and it carried two plasmids with the sizes
of 108 288 bp (pTL13-1) and 64 018 bp (pTL13-2), respectively. The plasmids carried 18 mobile drug
resistance genes. [Conclusion] The E. coli strains causing calf diarrhea in Tongliao generally have

multi-drug resistance, and the four common resistance genes were prevalent.

Keywords: calf diarrhea; Escherichia coli; drug resistance; drug resistance gene; whole-genome
sequencing

B RS RS P A R R 1 e D R TR RN R P HAET, iR
RZ—, BABSINREILT R, MEAY Sy KIS R AR m 25, ik
PAEBUR AR, R EMETRURN . 5] ARG I 2 2GR A ORISR, %)
BB B RIEIN R, RIGFF R R s b R/ AT A O™ B, i, AT X

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



4966 (YIS Gk

Microbiol. China

SR K T 18 it 25 P K i 24 36 DR B9 3 4 4
HHABEEE Y. FWEEPEX 75 M40k
WAFFBR AT T s i BT A 2 2 s,
H60% Y TARRNT 2 /0 2 Fh Gl s i RS 25 i 24 .
oV 2 AT 75 MRAR TR K I T T A T R 2 A
W, 25BN, 43 B TR BT BT AR . IR Y
PRLECRTIAR, SkAmknk, FOREE . BinT
BRI PUER R BT 285 25 4>90% ., 41 T i 25 175 i 2>
AR RI M X 25 2 SR R R A 22 5, (HARE
K FF A A i 24 P R R EL H ™ B

KA B 385 77 T 24 35 PR 3l 3k 7K SF
SICEEAR R Rk L E, 25 ik . G
T ATV A . L, 38 A R 2
PR UEAT A LRI Ty, T A4 Ta T AR 25 56
W oy ARG . FEARMEIE R, I TN S L
i DX AR RS R I AT B Rt 2515 00, SRS R I
b DA R TS AR AS HEA T R AT 18 43 B 4 5 &
20 PR A3 B8 R HEA T TR 25 4 (4 T 24 4 % i 25
LRGN, xR 1 AR 251 SE B A R
PEE RS T4 BE DR 200 7 44, DA R4S o8 4
{14 35 DR 2 A5 8 R T 2 3 R o A A O,
3 10 DX A IS K A T i 244 R i 24 5 [
AT LR PRS2

1 #RE5xF*

1.1 #K

A MEVSREAR T 2021 4E 3-10 AR AN
HHRXKEIT FEZ AR, WL E e
7 4. BHURIDAEFSHE 13 0y R 10 .
BHRID A P 10 1. KIBFH ATCC 25922
Jo s A Eh AR TR 2 Bl ) R 2 B 24 3 B B S
0% O
1.2 FERFIFEE

KA a5, & S EAR
HIRFAF/A ] ; 16S rRNA PN 12 Fliifif 24 5

K1Y, A RSP ARA A 405
FEH DNA $2BULH & . PCR AH G5 1
DL2000 DNA Marker, Fg 5t MEREAE PR I
WARAF 2580y, B E R A Y A
BRAW]; B2 RYek, BRI RAEYH ARG
B/ HE] . PCR Y, FEERCHERBHEE (h ED A R
ol KA, oS —ERA R A A Bk
B DAL, SCARTERAR Al BERRUR RS,
et s P AR M HR A IR w5 H IR 1 R
f, B EERS A BRA RIS
1.3 fHENBEE

TC TR R B M 5 B A Z AR A B0 SL LA
EREARVE N E AR, M T35 LB &
IRREFEIE, 37 °CHES% 1012 h, PRBUCAHEE T
KT R B ARG R 5P 4k, 37 °CHi il
R, PRI AR VR AT R ST . R AR
LA ZH DNA 4 Hia ) 6 vt 1 45 2 O ik 4 2k
P 2H DNA. ZMOCHR[6]45 i 16S rRNA LA
519, {#i[H Primer 5.0 #4131 B2 &
FEH K88, K99 Fl F41 ) PCR 5|#¥) (5 1). PCR
Fe AR Z (50 pL): 10xTag Buffer 5 pL, dNTPs
(10 mmol/L) 2 uL, MgCl, (25 mmol/L) 2.5 uL, [,
THESIY(10 pmol/L)4& 1 L, Btk 6 uL,
ddH,0 #b & 50 uL., PCR JZJui 251 : 95 °C 5 min;
95°C30s, 56°C30s, 72°C 30s, 3L 30 Mg ;
72 °C 10 min, PCR 4" $8/=#)2: 1%E5 R EE I
HEAT R PRSI I A T DU
1.4 e i

KM K-B %) 15 A 2k T 2 Wy Uk
Rl . L ATCC 25922 Ry Jdiatk, 2 HESE I AL
K= b ER 23 (Clinical and Laboratory Standards
Institute , CLSI) Fl & K Mif It i R W R 42
(National Antimicrobial Resistance Monitoring
System, NARMS)HES b5 i JE 171056 18 /5 Fi 45
FEHANWTT, 550 J e . rp R SR R i 2

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



FKGERAE: L DXCRE AR RS R T i 28 AN B — R 22 I 24 T 4 22k DX L0 e i

x1 SMIKFT

Table 1 Primer sequences

H i [ 519751 PIGRE

Target gene Primer sequence (5'—3") Amplification length (bp)

16S rRNA F: AGAGTTTGATCCTGGCTCAG 1369
R: GGTTACCTTGTTACGACTT

K88 F: TGAATGACCTGACCAATGGTGGAACC 484
R: GCGTTTACTCTTTGAATCTGTCCGAG

K99 F: GCGACTACCAATGCTTCTGCGAATAC 230
R: GAACCAGACCAGTCAATACGAGCA

F41 F: TTAGCAGCGAAGATGAGTGATGGG 515
R: GTACTACCTGCAGAAACACCAGATCC

aadAS F: CTTCAGTTCGGTGAGTGGC 398
R: AGGTCGTCGTCCTCGCTAC

aphAl F: AAAGCCGTTTCTGTAATGAAGGAG 642
R: GGCAATCAGGTGCGACAATCT

strB F: GCGTTGCTCCTCTTCTCCAT 723
R: ACCTTTTCCAGCCTCGTTTG

floR F: CTGAACACGACGCCCGCTAT 751
R: GGACCGCTCCGCAAACAA

tetA F: GCTACATCCTGCTTGCCTTC 210
R: CATAGATCGCCGTGAAGAGG

tetR F: AACAACCCGTAAACTCGC 116
R: GGTGCCTATCTAACATCTCAAT

blaSHV F: GGGTTATTCTTATTTGTCGC 567
R: TTAGCGTTGCCAGTGCTC

TEM-1 F: TTTTCGTGTCGCCCTTAT 512
R: GCTCGTCGTTTGGTATGG

gnrS F: ACGACATTCGTCAACTGCAA 417
R: TAAATTGGCACCCTGTAGGC

qnrB F: GATCGTGAAAGCCAGAAAGG 469
R: ACGATGCCTGGTAGTTGTCC

qnrC F: ATTTCTCACAGGCAAACT 666
R: CTGGAATAACAATCACCC

gnrD F: TTTTCGCTAACTAACTCGC 984
R: GAAAGGATAAACAGGCAAAT

1.5 THEREN

8 F Primer 5.0 BRI AS RS2 56 T 75 i
GRS Y, I PCR 374 K DNA 5% 43
BERARIETT 12 PP 2RI (R 1. KL 1.3
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PR EE 1% BEBH R IS A T WL VKA DN, IR PR

FEABEATIN Y
1.6 =EREBNF

W7 i 44 BE Oxford Nanopore Technologies
(ONT)A vl S It A ARERR A E AR A T, P TR
AR IR BT A R L N 4 DNA, T4l
e B I SE AL K 3 BluePippin 4 H a2 1R [F1IR
ARG R H B DNA; SCEHE(SQK-LSK 109
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Figure 2 Gram stain microscopy results.
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1369

Figure 3 PCR amplification results of 16S rRNA gene of the isolated strain. M: DL2000 DNA Marker;

1-20: Strain number.
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Figure 4 PCR amplification results of Escherichia coli adhesin gene K99. M: DL2000 DNA Marker; 1-20:

Strain number.
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Table 3 The determination of drug-resistant genes
in Escherichia coli

1iif 245 K& A 1S 245 5L DA 2 Ko
Drug resistance  Types of drug resistance The detection
gene genes rate (%)
floR AmEL 55 (11/20)
Chloroamphenicols
blaSHV B- PN Mot e 25 80 (16/20)
TEM-1 Beta-lactams 100 (20/20)
tetd JUIEZSE S 60 (12/20)
tetR Tetracyclines 45 (9/20)
aadA5 IR 55 (11/20)
aphAl Aminoglycosides 100 (20/20)
strB 100 (20/20)
gnrS o T T 2 100 (20/20)
qnrB Quinolones 0 (0/20)
qnrC 0 (0/20)
gnrD 0 (0/20)

2.7.2 NR HUBREFRDH

WS NR EEER T, ol AR A
T 35 DR 26 1) 55 A 0 A AL 2 % (R D
SN INREMS B . A5t 4 568 K7 HI1TE
FEE NR Bl e, R R wE 5 R, fa
1 989 55740 5 AT T B A 2A R, &
SLNR R 43.54%, HE KRBT (1 276,
27.93%)FIAZ L E [ 1(981, 21.48%)
2.7.3 GO HUIBETR

SRR 2 A 64T GO R L 45 SRl 6
Fin, 264 3963 &P HIERME T GO R, ¥k
BT = R4 41 A GIhRESRH L A4 4
FRFB G SRS E M 33.99%, FEAAH
R S ML 53 o TR E R o SR
ZHEBY 25.53%, FEAREMIEE . 255 6
M B IE M. Y BERAH A S BThhe
TR 40.48%, FEGCHHTRE . A FE A0
FAHUART A G
2.7.4 KEGG EERIT &R

KEGG &R, JF 3208 74115501

x4 EEDTNER

Table 4 Gene island prediction results

FEH 5 (AT FE R LA

Genomic_island Location Position

POERES
Chromosome
POERES
Chromosome
POGRES
Chromosome
POGRES
Chromosome
POGRES
Chromosome
POGRES
Chromosome
Qefk
Chromosome
USGRIN
Chromosome
UGRIN
Chromosome
Qefk
Chromosome
UERIN
Chromosome
Qe fk
Chromosome
Qefk
Chromosome
Qefk
Chromosome
USERIN
Chromosome
P GRES
Chromosome
P GRES
Chromosome
PAGREN
Chromosome
EREN
Chromosome
Genomic_island 20 pTL13-1
Genomic_island 21 pTL13-1
Genomic_island 22 pTLI13-1

L 20 522-58 730
Genomic_island 1

. 943 173-949 462
Genomic_island_2

. 950 350—960 298
Genomic_island 3

L 967 628—976 181
Genomic_island 4

L 1225 186—1 231 304
Genomic_island_5

L 1352 617-1 360 222
Genomic_island_6

. 1435 851-1 443 492
Genomic_island 7

L 1598 463—1 606 978
Genomic _island 8

L 1 844 681—1 854 778
Genomic_island 9

L 2278 652-2 291 383
Genomic_island 10

L 2388 094-2 401 258
Genomic_island 11

L 2 577 489-2 590 216
Genomic _island 12

L 2708 837-2 718 926
Genomic _island 13

. 3010 175-3 025 705
Genomic_island_14

L 3165 526-3 198 838
Genomic_island_15

o 3 862 106-3 881 888
Genomic_island_16

L 4083 440—4 110 957
Genomic_island 17

L 4539 9884 548 976
Genomic_island 18

L 4584 358—4 596 058
Genomic_island 19

33 489-46 613

58 661-68 118

70 829-80 670
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NR homologous species distribution
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Figure 5 NR database annotation result statistical chart of strain TL-13.
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Figure 6 GO functional classification diagram of strain TL-13.
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4R, WK 7 B HERRRH R K2k
IR B 2, 1428 4%, L% 38 IR
g&%a o

ABC transporters

Bacterial secretion system
Phosphotransferase system (PTS)
Two-component system

Bacterial chemotaxis

Flagellar assembly

Alanine, aspartate and glutamate metabolism
Arginine and proline metabolism
Cysteine and methionine metabolism
Glycine, serine and threonine metabolism
Phenylalanine metabolism

Phenylalanine, tyrosine and tryptophan biosynthesis
Amino sugar and nucleotide sugar metabolism
Butanoate metabolism

Citrate cycle (TCA cycle)

Fructose and mannose metabolism
Galactose metabolism
Glycolysis/Gluconeogenesis

Glyoxylate and dicarboxylate metabolism
Pentose and glucuronate interconversions
Pentose phosphate pathway

Propanoate metabolism

Pyruvate metabolism

Starch and sucrose metabolism

Methane metabolism

Nitrogen metabolism

Oxidative phosphorylation

Sulfur metabolism

2-oxocarboxylic acid metabolism
Biosynthesis of amino acids

Carbon metabolism

Degradation of aromatic compounds
Fatty acid metabolism
Lipopolysaccharide biosynthesis
Peptidoglycan biosynthesis
Glycerophospholipid metabolism

Folate biosynthesis

Nicotinate and nicotinamide metabolism
Pantothenate and CoA biosynthesis
Porphyrin and chlorophyll metabolism
Ubiquinone and other terpenoid-quinone biosynthesis
Glutathione metabolism

Purine metabolism

Pyrimidine metabolism

DNA replication

Homologous recombinate

Mismatch repair

Aminoacyl-tRNA biosynthesis

Ribosome

2.7.5 THZAERETMER

FEI P DA bR A, LTS 72 A 2 4 OGS
PR, b e o (A A (R T 25 36 X DA ARHESE . 2
El%iéé&él%ﬁzo Fok I A 17 AR B
it 25 3L/ (3% 5), Hith TEM-1 Hy 2 ARkt
EEN e SES Iy A el T TR S PS B T < N B

187
Environmental information

159 processing

Cellular processes

Metabolism

118
111

Genetic information
processing

0

7 Bk TL-13 KEGG 8% it H L E

5 10 15 20
Annotated genes (%)

Figure 7 KEGG functional statistics classification diagram of strain TL-13.
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Table 5 Prediction results of plasmid carrying drug resistance genes

it 253 i PR it 24 4 0

Antimicrobial resistance genes  Location Position Antibiotic resistance phenotype

APH(3")-1a pTL13-1 28 600-29 415 FIMETF P4 E Aminoglycoside antibiotic
cmlA6 pTL13-1 23 822-25 081 KNI 4E & Phenicol antibiotic

aadA?2 pTL13-1  25343-26 122 S FEMEH P14 E Aminoglycoside antibiotic
qacH pTL13-1 22 43622 768 JH s A5 A 25310 4 K Fluoroquinolone antibiotic
aadA pTL13-1  22938-23 717 S EMHH 2P 4 FE Aminoglycoside antibiotic
sul3 pTL13-1 20 465-21 256 24 £ Sulfonamide antibiotic
TEM-1 pTL13-1 16 525—17 385 B- I B 254 4= & Beta-lactam antibiotic
mef(B) pTL13-1 18 450—18 704 KR A TE P E Macrolide antibiotic
dfrd12 pTL13-1 26 54227 039 T e mE g 2B 4k F Diaminopyrimidine antibiotic
TEM-1 pTL13-2 29 571-30 431 B- P Bk i 254 4= & Beta-lactam antibiotic
floR pTL13-2 36 612-37 826 KA EEZEH4E K Phenicol antibiotic

tet(C) pTL13-2 38 426-39 625 PUFR R EHTE R Tetracycline antibiotic
rmtB pTL13-2  30601-31 356 F B 2P 4E E Aminoglycoside antibiotic
APH(6)-1d pTL13-2 40 961—41 704 FIMEF P4 R Aminoglycoside antibiotic
TEM-206 pTL13-2 11 190-11927 B- P B 254 4= & Beta-lactam antibiotic
FosA3 pTL13-2 9 628-10 044 W% 2 54k & Fosfomycin

vgaC pTL13-2  51394-51 624 BEE E P4 & Streptogramin antibiotic
CTX-M-55 pTL13-2 12 709-13 584 KA TE 2 ik & Cephalosporin

FPAERE FE G F A2 BhOCE, RS BORE 4517 19 i
2y R Al o B 7 OK AR i

3 WwE5E®

BB, A A SREEL R R A R
ST IR AT 2t S R B IR i B Ak
PRAGE , 7636 [ 39% A sE T = th I YE 5 i
it B AR R VB FE T L Bl 53.4%!1°0, Bk
(RS SRR 2 S IR TR IR A VR S S e E 2
g B R B R R T AR AR 1 40 £y
FEA R, AR IS KA i 1 70 R0 50%,
BAEHABFEA WA A VPR . SRR
R0 BE MRV 0 2 S5 I AR W, (R B
RS B R T IR

A 20 PR A IR TS KA R 25 B0
BAR TR, TR R R R R A
Rokvb 255 15 M, R IRRERAM

NN BLAF 9 P2 Wi 25 32 7E 50%L . 7
B PN A UK AT s T 2 PE g b, k4 e Y
X7 B DX A K W TR S 24 P R 2 S
IR VD BB VD BT 25 3 53 51 h 6.12% A1
19.70%; PR 55 2 R K 2L i 24 2R 23 31
40.91%F1 15.15%. XL 825 WF s R, IRAI
TR DX O PR AR IR KA AT R B R R L E R
PUbR . R FPUIR R W 25853508 76.2%
90.5% . 100%%H1 95.2%. %54 F 16 U 2P M i v
EEW s g R, 3R E R [ M X A PR K
W kP i 25 P i 22 5, (HXTURER | R
FOMEE RS 2 ARG R 25938 B 5 IR R if 24
R, HL, fERA R, MaA e X
SR 25 AT I A B e PP A 3

i 245 55 IR I 45 SR R W, 20 R4 R,
B- N BEN ST 25 JL [ TEM-1. W RS 24 5
gnrS . BIENETT AT 255 K aphAl F1 strB 1)
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o 1 2348 100% ;117 M R 2 T 25 55 K] gnreB
gnrC M qnrD ¥ARKg . BHILAT UL, bk 3 Fp
T} 245 5 DR 0 O XA A T 3 i tedh, %o
4 STER(TL-13)E 2L Ay, 4585015
TR YL ARSI 2 A ORI S, i 2
FE R 45T Ao A o, AT K- AG 38 A 24 3
R EEAAAET R, 2 ANkl A 9 4>
At 253N, Hrh TEM-1 R33N 5
Ah, TE 2 BRI 2 AR, UESE
JoRL I PR, TR R R T A . TR
i 24 3 DR e B PP 9 ohy AR ARG R . A st g
M EIVEL U RGN, S H HAT R 1Y)
IKVEERLTE T o R 1 18 AT 25 KL K v
B9 Kb R 2GRN, b & S e
R R 2 o TEHAMARCHGE Y, APH(3) |
aadA. TEM . sul3. dfrA. tetC Fll CTX-M 5%
PRITEA= PR A B P A T 8w, T HAEAS [
R RAT, ®UERNGEAE, UES
F . BBV AT I AT T R el R
K DNA H P02 SR AR S 56 42 35 P 21 0 1 7T A
Y o, 1A v 2R S BE T 7% 3l T 1 T 4 A A i 2
, 18 AT KV B it 245 5 R B AEAE T ki
AR S R RIT G TR R IR B) B R A, EL AR AL
D, RRESE A URIIE AT Hh IX A IR TS K
FRERT AT 25 BRR . FESR L oE v, M akat s
AR RETE KM AF R, 5 W I i 24 7 & e S it
LT O, PR PR Z itk 2 5L
M T AT A Hp 2 W e A RS KT 1
Tk 245 4 K e L TS 24 5k PR 8 A 1 00 S B2 IR A
SR TS,
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