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Whole genome sequencing of a porcine multiresistant
Campylobacter coli strain carrying both optrA and cfrC

TANG Mengjun, ZHANG Xiaoyan, ZHOU Qian, LU Junxian, TANG Xiujun,
ZHANG Jing, YANG Xingxing, CHEN Wei, GAO Yushi’

Jiangsu Institute of Poultry Science, Yangzhou 225125, Jiangsu, China

Abstract: [Background] Campylobacter is a common group of foodborne pathogens that can
cause gastroenteritis in the world. It is increasingly resistant to clinically important antibiotics
and poses a serious threat to food safety and public health. [Objective] To investigate the
resistance phenotype and genes of a Campylobacter coli strain carrying both optrA and cfrC, the
whole genome characteristics of the strain, the distribution of virulence genes, and the gene
environments of optrA and cfrC. [Methods] Agar dilution method was employed to determine
the minimal inhibitory concentrations (MIC). Whole genome sequencing (WGS) was carried out
to sequence the DNA of the strain. [Results] The strain was highly resistant to tetracycline,
clindamycin, azithromycin, florfenicol, and linezolid, and sensitive to ciprofloxacin and
gentamicin. WGS identified a circular DNA with a size of 1 436 486 bp (GC content of
31.63%), which carried 12 resistance genes involving four major categories of antibiotics. All of
the 12 genes were detected on the chromosome, most of which were aminoglycoside resistance
genes. A total of 83 virulence genes involved in adherence, invasion and motility were
identified, and most of them were associated with motility. The gene islands GIs002 and GIs003
contained resistance genes. CfrC was located on the GIs002, linked with aph(3’)-///a and
flanked by two transposons. OptrA was located on chromosome and connected to the insertion
sequence Integrase/IS607 family at upstream and downstream sides. Transposon and insertion
sequence could mediate the horizontal transfer of resistance genes. [Conclusion] The genome
information, resistance genes, and virulence genes of a multiresistant C. coli strain were
analyzed by WGS. The mobile genetic elements (transposase and insertion sequence) played an
important role in the transmission of antibiotic resistance of C. coli. The findings provide basic
information for risk assessment of antibiotic resistance of Campylobacter.
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WA, B TS e PA mT s i A 2R e 1
R4 iy 5 i 5 2 W S ol R RE IR AR AL, 2
PRRIETE . WKk R AREER, 28
. BRMEEmR, (MR SRR ™ E e
K ARG S RER , FEX PS03 P A %
L TN < B R (N2 1 ) A N N U S E i
A F, PRAE T 2 S AR, IR
5 R AR YT LA SN A R 1 BB R B o

TR N T A LAY R 25 B R AT AR
Y, RESTHBRERAER, TEHT
R SR T RER B E
WOl A AT 2 il A, S SOCH T 25 TR AS I B
AN R SR T 25 P 2 E S floR | fexA il
fexB 4 SR ANHEFE LU R AR (4 3
[Hl optr A FlI poxtA P & 23S rRNA [ H S AL i 3
cfr A5 S8 RIS 41 75 25 il T vt G )
HEEREMWAMEHIEN, W cfrC.
RE-CmeABC. fexA F optr A1

Z M 25 3L ofr JE R AT X S Ak 2 25 kAN
AP R PRAT eSS | A M EE 3R 28 . ek
BERBEPHE R A Z5IIZ5Hm 2524, 2000 4
B UK AER B 28 BR 7 (Staphylococces sciuri) s &
B, OptrA JE[HJ& F ABC #izEH, AN G
IR WA o Tl 24S 0 T e B 2R i A R 2 N 2
OptrA J [H 8 7] 4 5 1) 25 e Jie 1 — A 1 s
Foe T 25 245 49 2 St e R A T 27, ) 4 e e R 4
b T fig S W A IR T 8 2% I B T R e < S —
L BRI L2y W) I AR H T2 i B R g
(3697, A TRIRE % e s
V2 A8 AT AT BEAR HE optrA I cfr JEDR
Tang 25U SV7E i 98028 8 % 45 W 25 il 7 vb i VA
2 cfrC N, AWM REEZEMAS MR
HRINE] optr A FEF PP, 2018 4, ARSIRE
MITHRAE 10 AR RBEAL R 4y B4 5 22 #k
e, Hd Pk Campylobacter coli

18JS15S £ PCR ¥ 34 [w] i A6 2] cfrC A1 optrA
FEDH, R AR B 9 e 4 35 DR A 000 32 TR R
(IRE S . W25 . BE B LK cfrC
optr A JE R PR AT 434, AR i — 20 98 i
RURR 9 6 LA AR AT L 3800 0 ST 2 A% 45 AL
HES K

1 MHE7%

1.1 #eb
1.1.1  EkkKIRE

2018 4F VLT3 A8 FE R0 A 3 1) i 2 A A
BRI, BES R NS T A
(Campylobacter coli), %i*5 4 18JS15S. PCR #~
1 [l BT optr A F ofrC TR 25 3L L 25 i 25 i
[ ATCC 33559 S B bk, A = RA7
1.1.2 FEAFFUEE

LA R CCDA itk | BHE LRI
S MH BEfERT IR, Oxoid 2w Wier 44
Faf, FHEEFEAEYHEARGIRA A w5 E
ZH DNA 2B &, 4B TAY TR ()R
AR E] S EA (5% 0,.10% CO, Fil 85% N,),
MR AREBR A ] TR . SRR .
WNTP R | BT8R . RS RIS i
Dr. E /3 #] 5 20 mg/mL JKRE R4 , Biomed
HEEARA ]

PRAHE, MGC vl HEW)44E, ESCO
AT R EELOHL, HITACHI A ; &
b5 546, SIM &~ wl; PCR {X, Eppendorf
ocEly BUKAL, bt mios—ANEs) s BER A
24, FEHNAMZA]; NanoDrop 2000 fif i #%
iR T KA, Thermo Scientific 22 Hl o
1.2 7
1.2.1 =& {& #) & K E (minimal inhibitory
concentration, MIC)#& |

4 3 ] R 52 35 %k E 2% 51 23 (Clinical
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and Laboratory Standards Institute, CLSI)fE4# )
TR AR BT 7 it i 2454 MIC ABL#EA T
MEERHE . BAPENy: il 2 RATM
FIGEMBEER . IR ANV BRI TCE K, B
TR R FFIZR R F DMSO, #UR e 2% ok I
TR V5 e i T ) B — 8 R B2 PR 25 YA o W 5 U
—E IR 50 °CZ247 1) MH Biig Fi s,
FEATIR SR K I, i HAE AR e 2 25 ik 7
SRR 128, 64, 32, 16, 8. 4.2, 1, 0.5, 0.25
F10.125 pg/mL . FZFMTERFE L M FH L 42 °C
F53% 36 h IAS IS T MH W, TR
% 0.5 McFarland, #0135 R0H 47 ) 25 BbR
H, 37 °CHiS% 1824 h, W% MIC {H.
1.2.2 WEEFEARRNEE

R T RHE LI PR | 42 °CHEFR 36 h
1) 245 i 25 it o ] I TR AV 25 1 BT 3 T S K
W R FH AN B R TR 2H DNA $2 0050 6 32 B2 T
FEHH DNA, FIHIEASHEEE R B Uk Al DNA
(Al B AT SE e vE TR A% R 2 1 A I SO0 HE
HATE R .
1.2.3 £ EENFRBHELE

KR 6 400 R DNA SRRt i R B AE
Wi BRHE A B2 w], R NanoPore # % 1D SC
JEF Tllumina PE150 # % 350 bp /B SC%,
PERE GAR IS , O [R) SCZE R B 0K FE K HAR T
HLEHE B 134T NanoPore PromethION A1 [llumina
NovaSeq PE150 il /%% .
124 EFANEDERFSH

¥ NanoPore )7 J5 B £ 4710 08, 153
BREAE, I UniCycler #{f(https://github.
com/rrwick/Unicycler) % F — A+ = A0 EHEIE 1T
SR AR, i ok S BURiya, g
AR N2 R — A FRARIE A, B AR
0 gap ¢ EITF 91 o W20 256 1) BORLIT 41 5 Jo pr £

PEPEJEAT HEXT o i GeneMarkS (V4.17)%k {4
(http://topaz.gatech.edu/GeneMark/) X} #r M 5 Y Hk
DN ZH EF 7 2 B D T . >R ] IslandPath-DIOMB
BAE(VO.2) TN BE DR 155 , R FH 4 T 800 18 75
“f~(Virulence Factors of Pathogenic Bacteria, VFDB)
s P BE ) B AT U RS, R I 24
0 P& JE (antibiotic resistance genes database,
ARDB)#1 CARD %&?Eﬂhp(comprehensive antibiotic
research database) X i 24 & [A HE X AV %

2 HZRE5OM

2.1 THZAMENER

KB BT 25 i 2 Wi 18JS15S
HEAT 7 A MIC {9, HR4P% CLSI A5
X Hom 25 G BB T, SR, IR
WER. whER . FEER. BoReE MR
MEf A 2, R ZEIN L, (XTI AR
PR 85 2= BU (R 1)
22 EERAMNFER

LI A PR, O o G AR S TR
G, R gL k7 1 418 B — IR DNA,
HKFE R 1 436 486 bp, GC &t 31.63%;
W 2 2 1 SR S 91 SO B s R R A T e, 19
3 3 ANKBEE4R R R 20 893, 26 417 Fl 92 445 bp
B JFORL . JEDNZH DNA T3 B 45 21 i 3k R 5l
17144, REREKEE A 1462 098 bp., KA
ZHAE4MAS RNA (ncRNA)TIMA53] 0 4~ sRNA .
9/ rRNA (345 3 4~ 5S rRNA. 3 > 16S rRNA
F1 3 4~ 23S rRNA)FI 34 4~ tRNA, KM Island
Path-DIOMB i {4 il I 12 A% JE (K 5 A7 4 A, fifi
phiSpy B4 T 5L K 41 HpAFAE 1 A7 I B 44K
2% CRISPRdigger Tl & & 81 I #k H AT HH ¢ 7
Gl o DR S5 O 25 SR LR 2. X RTE
GenBank ¥ %1524 CP115181.1,

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



3542 e E A IE R Microbiol. China
1 HHTHIE 18JS15S MALER

Table | Drug resistance results of Campylobacter coli 18JS15S

ik E 2k PR AR BRI R I AHE ZER
Type of the antibiotic Antibiotic MIC (pg/mL) MIC breakpoint (ug/mL) Result
M i1 2 Quinolone NP A Ciprofloxacin 1 >4 S

P ¥R 2 2 Tetracycline PUIREK Tetracycline >128 >16 R

MR 24 Lincosamide F AR K Clindamycin >128 >8 R
KIFHEEZ Macrolide P47 % & Azithromycin >128 >8 R

Tt e 25 Amphenicols FAJEF Florfenicol 64 >8 R
ek RS Oxazolidinone F| Z= iz Linazolamide 64 >8 R
FHFEWEF2E Aminoglycoside PR KE Z Gentamicin 4 >16 S

RN 25 S gk

R indicates drug resistance; S indicates drug sensitive.

23 BhERESHER

K H VFDB $#s FEXT 45 i 25 i i 18JS15S
FLR P PEAT XS, 1% identity B{E N 80%,
R IGE S ih B 181S15S Fh4fiaiy 83 ML )
B, FEAFESE. Bk, A .
Jig Z- M (lipooligosaccharide, LOS)& .. 1778 7
DA KRR A AR, EARIE R A L3R 3
A 1,

T2 ZRIFTHhE 18JS15S HEEFIEAER

Table 2 Basic Information of genome sequence of
Campylobacter coli 18JS15S

FHY Kot K
Type Quantity Length (bp)
¢ %1 Sequence 1 436 486
GC & GC content 31.63%

2 % R DR RO AL 1714 1462 098
Number and total length of

coding genes

5S rRNA 3 345

16S rRNA 3 4503

23S rRNA 3 8 864
tRNA 34 2 688
sRNA 0 0

H A Genomic island 4 41511
CRISPR 0 0
BWEEE /& Prophage 1 98 126

24 MAHERSHER

45 i 25l R 2 A L DR A I A, R
CARD ¥ % fll ARDB ¥4 FEEATIE RS, $hk
B 12 Fivief 253 [N (55 4). T2 A2
VUPRZR I | Tk Mg B S TP AT 23 3% R S5 Tig 24 B 1A
DL g FEBE AT 25Tt 25 55 A (ant(6)-1b . ant(9)-1a.
aac(6")-le-aph(2")-la, sat4 , aad6 F1 aph(3')-I11a)
2, HUOEMUF R KM 2 HH (tetO . tetA Fi
tetd4), & B[R] B 45 A7 2 e B i 2K/ T e 2
optrA Fl cfrC M 253, Frf Hiik 5L K 345 fir
TREAEIERA ., FE RS 238 rRNA
2075A>G I REAZ, ARAKGIF rpsL Fl gyrA s
2.5 optrA # cfrC EEIME SR

K017 optr A L () — Bt KA 10 001 bp 1Y
J¥ 4 A% %] RAST M3 (http://rast.nmpdr.org/) i/
AT REDR B, M i) BLAST #6417 AL HX, M
M3kAT optrA FEYL ik B EENREE . bk
BTE optrA b, T4 & — B repeat region,
1% repeat region 4% 3 1~ CDS, CDS1 KEH
639 bp, & integrase/IS607 family ; CDS2 I CDS3
KB435 195 bp Al 1 071 bp, & mobile
element protein; T jif repeat region £ &% %)~ CDS,
CDS1 K& 639 bp, CDS2 KJE N 1 293 bp;
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*3 BT 18JS15S SNEESINLER
Table 3  Virulence analysis of Campylobacter coli 18JS15S

BT FHRIE A — 3 BT HHREEN —Hk
Virulence factor Related gene  Identity (%) | Virulence factor Related gene Identity (%)
Filf} Cell adhesion #% 3l Motiltiy

TFHESEEEA cadF 82.6 #1k Chemotaxis motA 98.4

Outer membrane
fibronectin-binding protein

il % (1 PEB1/CBF1 pebA 84.9 chew 96.0
Adhesion protein PEB1/CBF1 ¢j0596 86.8 chey 933
JEfE 2 BE Capsule biosynthesis  kpsS 88.3 cheA 93.4
gmhA2 88.0 chev 95.6
wchK 93.6 #i<E Flagella fliw 96.9
Cjj81176_1424 84.5 fliR 89.4
kpsF 90.5 flaB 90.8
kpsD 82.7 flaA 89.6
kpsT 90.9 fliL 95.5
REZEH waaC 82.2 flgl 94.3
Lipooligosaccharide (LOS) Cjj81176-1152 81.7 flgJ 88.5
waaF 94.4 flgM 87.7
waaV 92.2 flgK 94.9
gmhA-1 97.3 flhF 87.5
hldE 94.1 flhG 96.2
hldD 93.4 fliA 91.7
gmhB 83.6 fliM 98.1
{%Z& Inavsion fliy 85.4
22251 it Clnvasion antigen C ciaC 81.8 flgE 95.6
Yl 5 7% Cytotoxins flgD 91.3
Y B K R cdtB 100 cjj81176-1152 81.7
Cytolethal distending toxin
cdtA 100 flgE2 83.6
Wi AL 35 1 Protein glycosylation fliQ 95.5
N-#i AL EE pglF 84.7 flil 97.3
N-link protein glycosylation pglE 89.6 fliF 95.2
pglD 86.7 fliG 99.4
pglC 96.5 flhB 92.0
pglA 82.7 fliN 94.1
pglB 81.5 fliE 89.9
pglJ 89.6 flgC 99.4
pgll 85.8 flgB 98.6
pglH 83.5 flaG 82.1
O-WEIEAL pseC 98.1 flis 96.1
O-link protein glycosylation pseB 97.3 flgH 94.4
pseF 97.0 flgG2 93.3
pseG 96.4 flgG 97.3
pseH 95.4 flaC 95.2
pseA 98.4 rpoN 87.3
psel 96.2 Cjj81176_0079 91.7
pseD 96.8 ¢j0371 94.5
pseE 91.5 HAth Others
maf3 98.2 M LT R HAE IR RS chuB 88.1
maf7 94.0 Direct extraction system for heme chuC 82.9

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



3544 WA

IR R Microbiol. China

Direct extraction system for heme [ -]

Cell adhesion

Cytolethal distending toxin [~]

O-link protein glycosylation [ -

N-link protein glycosylation [~

Motility

Invasion []

o 15 20 25 30 35 40 45

Number of genes

1 ZHETHE 18JS15S S HEES XD HE

Figure 1 Types and distribution of virulence factors of Campylobacter coli 18JS15S.

x4 HHTHIE 18)S15S MAERE S LR

Table 4 Analysis results of drug resistance genes in Campylobacter coli 18JS15S

ifit 24 3 A for ¥ FER AN Tiif 24 2= 74

Resistance gene Location Gene site Antibiotic resistance phenotype

ant(6)-1b e {4 {&K Chromosome 252 428-253 294 S M 25T 25 Aminoglycoside resistance
ant(9)-la e {4 {&K Chromosome 254 215-254 994 S M 25T 25 Aminoglycoside resistance
aac(6')-le-aph(2”)-la Y4 {k Chromosome 592 811-594 250 S M 25T 25 Aminoglycoside resistance
sat4 et ik Chromosome 591 305-591 835 B 2T 25 Aminoglycoside resistance
aad6 et ik Chromosome 591 844-592 545 FIHBFH M 25 Aminoglycoside resistance
aph(3’)-llla et fK Chromosome 258 821-259 615 FHME 25T 25 Aminoglycoside resistance
tetO Yefa{k Chromosome 250 783-251 823 VU 2 250 2 Tetracycline resistance

tetA et {k Chromosome 1330 637-1331365 MU ZE LI 24 Tetracycline resistance

tet44 Yefn{k Chromosome 597 058-598 977 U2 2K 2 Tetracycline resistance

InuC et fA Chromosome 594 881-595 375 FRA]BE 2 2L 25 Lincosamide resistance
cfrC Yeft i Chromosome 257 632-258 771 Tt JHie P25 1 25 Amino alcohol resistance
optrA Y {4 {& Chromosome 33 013-34 926 Tt Jiie P25 1 25 Amino alcohol resistance

CDS1 “# integrase/IS607 family ,CDS2 “4 transposase,
I 5415 MT780493 . MT780491 Fl1 MT780492
i ISChhl-like A AJFHIMAT T XA 2)0

Integrase-mobile element-optr A-integrase-transposase
HATE 2 A~ NAD(P)H nitroreducatase/dihydropteridine

Z 8], 8K cfrC M5 tetO . ant(6)-1b. ant(9)-la
1 aph(3')-1lla 5 24 5 K 7E HL [ 5 GIs002
W, TEFEDR S R A7 7E transposase (& 3), %
FER KB R 10 851 bp, H GC &K 40.16%,

TS EEEAN GC i, HEG
GIs003 117 sat4 . aad6 . aac(6')-1e-aph(2")-la,
InuC F tetd4 it 25 KL K, HASHEEH 15 128 bp,
GC &l 33.57% (K 4)

3 W54 ®

AT 25 1725 BB 181S15S 245 f5il &
gER BN, ZEAMURE, whER . WA
£ IR H NR 2k et 2y, S L =i
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1S607 family  optrA i3607 famlly

Ab
1818158 ) ;, S

Cosgl 08095 I _C9I81-08095

SH22 : — )
O ot - —_ (R
MT780493 - ’1 { '/- /1 ﬁ /-/ 4
"""" ike "CoT81-03690.
SH52 -4 o ) 4 ‘I,C‘?Js Gfé 0 .
MT780491 :f\ - ; v
SH72 4 4 L 4 4 b L 4 a4 .
— : F ox x a : s k _ 4 k P
MT780492 = iy Qi Qi . - s
HXP31-06305 ISChhl-like optrA  1SChhl-like HXP31- 06305 100%
M Insertion protein M Antibiotic resistance [@ Other protein
83%
2 AT HE 18JS15S 7 optrA EFEIFE 4
Figure 2 Genetic environment of the optr A gene in Campylobacter coli 18JS15S.
ani(9)-la aph(3"-1lla

tetO hp hp Transposase  ¢fiC Transposase

Hemerythrin domain protein ant(6)-1b

3 HERAZEIE 18JS15S H cfrC EE B4
Figure 3 Genetic environment of the cfrC gene in Campylobacter coli 18JS15S.

aac(6")-le-aph(2")-la Transposase

Putative transporter satd aadoé [nuC\ % tetd4 hp

4 ZERATEIE 18JS15S # GIs003 RE
Figure 4 Schematic diagram of GIs003 in Campyl obacter coli 18JS15S.

2, H MIC {E>8 5 FHYE, EIEAKFENZ . 8 APH) . & M 17 & 17 ¥ % B (aminoglycosde
i‘_é% HINFY, RINZE RS ZFhiN 25 5L nucleotidyltranferases, ANT)FIZ i1 2 4%
NHIR GRS 2y R A e, A B2 (animoglycoside acetyltransferases, AAC) %
Hﬁ&ﬁ@&ﬂ?%@ﬁ(ammoglycomde phosphotransferase, K129 Aph(3) gl AL A G R IR = B
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ZHMH 2527, aac(6')-le-aph(2™)-la HAT 4 i
i 4 6 Tt R 2 Tk R P B Wl AL T BB TG R 2°) 577
AR MEX K RGER . FIER. Z4
Tm . POKREMEEGERMZ, MAEA5E
2 R R R 5 2R UK, L 24 5 DR 7R A e T 9
ANER—FE, EARWPEIIXENY satd.
aad6 . InuC F tetdd 5522 FhFk R 2 Al i 24 55 R
B, i FReik b, MR RN s KR
— %5 aadE. aphA-3 4 FEN#% aadE-satd-
aphA-3, (BTEZ B K H R & B 25 55 5 7%
O 9 IE 52 25 il g 4 DU IR R i 25 22 tetO A
S, ERHRANA tetO TH2YFE A, [FIHA & 3
tetA Fil tetd4 JL[RIA 5 PUIR K A 2570 wF5E
RI lunC T 24 B DX 5 R n] 25 2 it 2 A AH oG
PE, EAREE R 2S£ 2 23S rRNA (2075A>G)
ALK cfrC FERAG G, [RIBHFEA TR ik & 91
TS s ke T S i 2 3 TR/ Tk e A S it 2 3 R
optrABPY. R, 252 tetO . tetA . tetd4 .
cfrC. optrA 1 23S rRNA (2075A>G)FETE S
VUM E . webREEER . FORJEH . S e i g
AT B 3R e KT 245 A ARG

AWFFEXT cfrC Fl optrA HYFERN RS UEFT T
30T e FEE cfrC n e AR BOR A, S
JERE A AT B R A -4 7 SCEA A% . Tang
SO R 25 1 7 i T v & B cfrC AT L (VL AE
ek b, AT DUE S RS A e ek |, R
1 4 A 41 1S607* . 1S1380-like, I1SCco7 %541
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