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IR = B2 oo dgs AslstAY HE2lotS AFBAIZ]Z] Hsil 22 At
85l ik QR uElzjobs FMAIS WPAIIAL Bof, vhEstn A
B HIAIA A WS Adoh. A Widder e AdE2 A
27F oy, AN Widd ¥ A WA 5 AHantibiotics resistance
gene (ARQ))= A=t Ao S 7HF S Hsta ot A Ud &
MAH= plasmid, integron, transposon <S9] ©}st mobile genetic
element (MGE)S &3l t}2 uvhg|2jotz AMutelct 27| ofj2of & QA7
£, @72 o]$2% One health WHolAe] FAA By 2Yeo] 2%
At} 2 Aqte h=xo] YRR 20 X9 5 R F= HEAA = A
=] extended-spectrum beta-lactamases (ESBL)S X345}

7]
L E coli 128 35 thgos YA YA Aol ofs AR,



Aztreonam 2] 7719 SAIAS AFESto] Antibiotic susceptibility test
(AST)S ZIsist¥ on], Xbal restriction enzymedt S1 nucleaseS AR5}
o] Pulsed-Field Gel Electrophoresis (PGFE)S Aldist3itt. E3$t Illumina
platform®@] Hiseqy¥t Oxford nanopore technology (ONT) platform®]
MinlONE ©0]&83] hybrid sequencingS ZIsist¥tt. Whole genome
sequencing dataS 7}X|aL ARGt MGE, plasmid prediction, plasmid
mobilityS EAFSICH A WA Mol 49 AL xS Melst Y

& g0l 43t WBESvIe) FelAEY i FPo] FAFIoN AR Ao
i H

o] 4% A& 9 RARE A Wd i"S Horje ok 25 Wo A
= Apo]ofA] Al yAdo] AmtEl 7oz o &Y AU mobile ARG
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Introduction

A= 22 dYste Xmstrl Hs AlES ZES F=oA 29
AREE D Qlt dRtdoz FAIAI= =t 2jote] DNACH RNA, T, Az
[1]. 78~
RISt AfREshs = AR, LR BtE2ots YAS HIAIZIAY 25

% HiEsty, A mAS AU Heste A AFeH2]. FAA

Wy 52 Aol #o 4FS WAL Fol AEsEs @

Ia)

A SAAHAntibiotics resistance gene (ARG))= 2F 3,000 Aof JFAHEPS
Aoz FAEE GIEEZOINE WARU, PN UL Azo] IWAS
AHESE7] o] ARE] AfAoA AT AL JESTH3]. SR FAAAITE

|~

NI GRS Aol BrtstHA AMALREA A Wi ARGY E=H
EIT S7ISHTHAL ESF A 9
S Hols dEjoryh Adopd I Axp iidwto]l 7oA g5t 5]

I EE T L]

St selective pressure@ FAYA|O]

ol

ol2 QIs) uhejejolz It 7ol A=t

a0

Penicillin, cephalosporin, monobactam, cabapenemit ZF2 B-lactam7
FEAE A AARCez TPE AR AREE A 5 stuolt6].
NA X7 7] (world health organization;: WHO)o| A= penicillin,
cephalosporin, carbapenemS =35 %Q35F 3dM¥A|(critically important
antimicrobials (CIAs))2 /3t ol& Al Uidol dist #e]E Fsta
AcH7). @R W AANEoNA B-lactamA| MOl BHAT AL
Ho]= extended-spectrum beta-lactamases (ESBL) A o] &A= 9l
- $HE g2l AH(8-10].

SR Wdol ABAR] olf & stue A=t Ao giEolth. FAAA WA
O XMAH= plasmid, insertion sequence, integron, transposon =9 T}QFs
mobile genetic element (MGE)S &3] o2 gifglotz2 Aat=EIcH11].
Plasmidi TF2 Al@oll 471 NI 4 = MGEOIM, FAA Wy fAAR

é rulo

-

ro



ofet 54 fAA &2 78 A5 ARt 5 olEAIE 4 Ui, tE MGELHY
2oz gdd o= JAAH12]. old it #AHoz T BH A
AtoloflA plasmido]l ©fsff A WY AR AoHEite Bi7F AJ&EI
UATH13, 14]. F=0A A2t A= Widwts FHESth He et al. (2016)2
=o] Hider F=E5 Sl A diddol ez REEHO AN Ul
Aupzb dojd AHfE EugicH15]. ol2ist flddez 2| Xt 5=, &4
0]%-2+ One health #A A9 A U ZYEH o] FRE L ITH16].
A U AoE At Uyez JA d4d  HIAE(Antibiotic
susceptibility test; AST)Q} pulsed-field gel electrophoresis (PGFE), whole
genome sequencing (WGS) 5ol SItH17]. 7]Eo= 8ief 7IRre] 242 F=
A|SYSHAAITE,  &|Fo NGS 7]=9 L=z DNA sequences Aoz
bacteria typing2 Z3stst SAA] AACQ] BAo] 755t 18-20]. Bacteria
typingS &5l 0]A=9 taxonomy identification, A WAH L HAA
AR d& 5ol 7hestti21, 22]. =9t ARGeF MGEY| st 4&% 7Hs5it
SUSAABRAAN AU F PAA AHE D U RUEY &4 Zato

29, AL P wol BolEE 15 Hixlol] Mg A Wolss tEe

_EL

A0|tH23](Ministry of Agriculture, Food and Rural Affairs, et al., 2021).
SfR1e] HL 2017 536%, 20199 %= 507%, 2021d % 555E0| 7I=8 YA =2
o] 1 ot, penicillin Al FAAL  tetracyclineAd] A7 7HE wol
ARYEITH23]. A9 AL 20179% 89&E, 20199%= 98E&E, 2021d%= 97&
HojE o, £2 AYEE FAAME penicillin A, aminoglycoside A,
tetracycline 7loltt. vtzZo] &st= 7Hol disiAde A Ud<toll it
ZAbE AISYEUATE, YA HORFL ZALEA] 44T

g=olA AZFoIAl AYH DA AMEFY EAE AGEIFAARG7HAONA
$Yst= HIRA Hlgjo]ly 7i¥tF =¥ (https://opendata.hira.or.kr/home.do)<
ARSI ooFF AR A0 wad AYd dAA(dR &/ ZE 611~619)
= 20209 %= 179 7H, 20219 = 172 71, 20229 % 24 7jo|ct,

e W2 49 FAE Ak 7HE, v sl AREst Qlo. FAEA

Uidtoll et msis Eol7] s FAAl W Aos =AY Ba/do] Ao



2 AlLojAs oI7F =X, A, 7N, &4 S ESBL XA Escherichia colis
tiJo2 ASTSl PGFE. WGSS 43stol oS Aole] apaja] wjie] AMube
FAbstE Al S8z ot A W/d siHat plasmid profile ¥ ARG 2

212 B WAl AmE wdozK AR WH 2UHY A7 =gl



Material & Method

Escherichia coli 4% X

2 A7E FURAATY YT BUA AY A2 2aolA] HAA
wgEor oigiti(Table S1). ESBL A7 E. colie =9 tgeh AA(HHE=
= 18), 47l1= (n = 6), 4= (n = 24), A= (n = 29), Fete (n = 48),
FE= (n=3)A F2HACH, A, =HA, &, 7, EHo=EH FAHSUH
A Ao o2t 252 Urol 5 20719 2Eez AN AlE olF, =Y
2, 28] AlY & 5o tiet Al B E+= Table S1. o A&

AL o 3

rE

PAH AaA HAE

AST+= Clinical and Laboratory Standards Institute (CLSI) M100-S279]
otel  disk diffusion "®HAlo g SiEITH24]. Bordre B coli isolatesS
ampicillin (32pg/ml) (Sigma-Aldrich, St Louis, USA)o] 8% MacConkey
agar (Difco™, NJ, USA)o] AZ3sta] 37°CollA] 18-24h overnight vjjeFsict.
0]% single colonyS Mueller Hinton broth(Difco™, USA)9| 7&&sto
37°CollA] 18-24h overnight vj2Fsict. B8 Mueller Hinton agar (Difco™,
USA) plateo]] spreading £ Antimicrobial Susceptibility discs (aztreonam:
30ug/ml, cefoxitin: 30pg/ml, gentamicin: 10pg/ml, nalidixic acid: 30pg/ml,
trimethoprim/sulfamethoxazole: 1.25/23.75pg/ml, tetracycline: 30ug/ml,
chloramphenicol: 30pg/ml, nitrofurantoin: 300pg/ml) (Oxoid™, USA)S
Hix|ste]  37°CollA w3ty o] w{Yo] ZejHAE o]g&sto] inhibition
zones?] F7]|E EASHth AST o8l v|w S 98 susceptible, intermediate,
resistantS 0, 1, 22 2HI6te], Euclidean #2]S 7|¥t0 2 hierarchical

clusteringS 4~3H3lC}.

PFGEZ o] 83l molecular typing ¥ plasmid profiling
RE MZo] PFGE= CDC PulseNet protocole] 4o w2t AIA|EHTH25].



= A ZolEo] 37°C2 14-18 A|ZbEeQt viFsion,
=l #2 1% suspension buffero] 3]Asto] O.D. Zfo] 0.8-10] EHE=
AAeitt, o]lg, ARZ &H=z ZF7F 1:19] H]&Z2 1 % SeaKem Gold Agarose

(Lonza, 50150)9 AlolA 2|18 wEolch 22119 lysis, washing 392

mjo
=
=
©
—
L
=}
=
]
3
ol

AR & 8AE XYt B A= molecular typingdt plasmid
profilingS $¢JsiA Xbal A|staA(Takara, 1093A)2t S1 nuclease (Thermo
Scientific, EN0321)2 Apg3ion, zizto] Zgjdo] g42 Aalsid & 37C,
Ao 1AIZF vrSAIFTH26, 27]. 84 AYE ol Z8 15 1% SeaKem
Gold Agarose©]| loading 3%°o 0, CHEF-DRII system (Bio-rad, 1703615)C =2
o},

PFGE conditiong xAste = OA=Z Urxo XIsisict A 197 PFGE=
initial pulse?t 6%, final pulse?} 36&2% 00 6V/cm9 ZAofAl 48.5-1,000kb
ladder (Bio-rad, 1703635} oJ&sto] ZI3¥3Ict. A29A PFGE+= initial
pulseZt 1%, final pulseZt 329001 6V/cm9 XYoo 8.3-48.5 kb ladder
(Bio-rad, 1703707 ol&ste Aledgict. A Al A =0l
Al AENCANNON, UNOK-8000HS)¥t UV Transilluminator (Major science,
MUV21-312)5 o|&3sA AlZtsksich. PFGE W= =2 8,300bp FE 7,500bp A
FSES sfo] 17 Uieol WESS PP FEY dolHz A olF

Euclidean A2]& 7]|¥tC 2 hierarchical clusteringS 4~383lic}

Al
=

oo
g

DNA #% 9 whole genome sequencing

= MZS  ampicillin(32pg/ml)o] $S8=  MacConkey

ol

d E2o]Eo
37°CollA] 18-24 A|7F=ot ujfsict. Single colony= Mueller Hinton
ZeolEofl 37°CollAl 14-18AF FoF wiIsiT. vy O =2FE Genomic
DNA extraction kit (BIONEER, K-3032)& ©]-&3diA] Genomic DNAE ZFZ3lct.

r

o

Z&= DNAQ =T} qualitye= Qubit fluorometer (Invitrogen, CA, USA)Z
o]-&

technology (ONT) Z21&°] MinlON& AE3itt. xGen DNA Library Prep EZ
Kit (IDTDNA, 10009821)S o]&sff Illumine-Hiseq =Zto]lHzigd]E A|AHH O H

siA] A3t WGSE ol lumina =M =Z9] Hiseqat Oxford nanopore

_‘]O_



Macrogen Inc. (Seoul, Korea)ol ¢9J2l5}o] HiSeqXten (350bp X 2)0=2
Al

ONT MinION =gto]lHe2{2]= Nanopore Native Barcoding Kit (NANOPORE
Tech, SQK-NBD112.24), NEBNext FFPE DNA Repair Mix (Biolabs, M6630L),
NEBNext® Ultra™ II End Repair/dA-Tailing Module (Bio labs, E7546L),
Blunt/TA Ligase Master Mix (Biolabs, M0367L), NEBNext® Quick Ligation
Module (Biolabs, E6056L) and NEBNext® Quick Ligation Module (Biolabs,
E6056L)= NNl MR Nanopore protocol (NANOPORE Tech,
NBE_9065_v109_revS_14Aug2019)o] AAlH wHoz At ARbst
2fojE2{2]= MInlON AJHA A9 loading Elot] AJHA FAI2ZH flow
cell R9.4.1 (NANOPORE Tech, FLO-MIN106D)o] Al&=it}t. Flow cell ARE
Aol &7 JEi9 pore £(> 900)7t F&eHAlo] #aiA &Isith. & 7HA] R/
WGS =ztoleaig] A&t QlojA W% HiAccuBead (AccuGene, Incheon,

Korea)S Al835}o] purificationS X1333Hct,

WGS glojg &4

MinIONE E3df A= long read A|HEACQ] basecalling2 guppy (ONT,
UK)9] high accuracy modez ZI8§80c}t  Hybrid-assembly+= microPIPE
[28]5 o] &ate] FsiE|gion] = oo]E 24 Illumina-Hiseq 2t ONT-MinION
A|EAS 2% ARE3Htt In-silico bacteria typingS 95 chromosome
contihe Ao 2 mlst (Seemann T, mlst Github https://github.com
/tseemann/mlst)S XIS§3ict. Prophage Y95 74A%5H7] ¢si DBSCAN
-SWAE o] &3litH29].

Plasmid contigES o&5t7] Yol Plasclass [30], Plasforest [31],
plasmidfinder [32]5 A2519 00, Plasclass® plasmid 9&3o] 0.75
ojxtolny ZA]of Plasforest == plasmidfindero|A] plasmid& ©o&% contigEs
Adbeitt. Plasmid?] type % olzAdE& ZAFSH] s MOB-suite [33]9]
mob_typer 7|52 0] &3t

ARG annotationg ¢l A|EHAES Prodigal [34]2 AMEd SAA HY=

_‘]‘]_



o £5t0 amino acid AE= ¥ ARGE AESH’] #sll comprehensive
antibiotic resistance database (CARD) [35]2F DIAMOND [36]5 ©o]-&3f
identity 95, subject-cover 402 2 3}o] blastpS XI8§dict. MGE annotation<
95 MobileElementFinder [37]5 ©]&3lc}t. o]& ARGEt g 5000 bpo|ujof
MGE”} 9]X]5t= mobile ARG (mARG) £99] A|H2AE £&3517] Ydl In-house
~3dES AR} A7IHPY SAEES uEHoR AESE ] el
mMARG A|HEAZS mafft [38]5 o]8&sl] align 5} 01, FastTree [39]5 ©o]&3]

newick T2 TSt} Prokka [40]5 &3l genome annotaiong RI8¥sHALL,

2 A

Easyfig [41]5 &dll AlZ2tE A1°830.

_‘]2_



Result & Discussion

Antibiotics susceptibility test Ay} 24
sixloh Ak, & Aol Al Uge] A nfolsl7] 9ol ASTZ
Algsick,. A=xAloz 7P Wy ®¥l=rt =Y A= AztreonamQ =2
1

1287119] M= = 74.8%0]4 UYAHS BPon,

=)
2
T
mlm

Trimethoprim/Sulfamethoxazole 50% £0 2 SHAA UAd 81 7F =9ttt FESH
FoA oz 34709 PR WdS UERUHIT

A &M, d¥= 2152 Badoz 42719 A0 WS Hol thE
Aol vl 7MY =2 oAU/ES 2R UtHFigure 1A, 1B). 47|29 4%
DE MIEo|A aztreonam WAL Haon t2 x|do| v} nitrofurantoino]
=7 Yetd= S740l At 4= de B« 2.2709 FAAN Uide 2ot
A A oA 71 2 OAUE S BolEt

JF AfF JEo] €F XHoM+ tE IF9 ol JARRE AST f®o]
&Y. B3 Ae A9S AYste 39 2§ e AEs2 A2 fAR
A W miele EcHFigure. S1). 3 &4 [ BE2 AR = =

AEoll Hlsh A Widol AAl et FAA WS Ge YFe= HoldS

_‘]3_
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SHAA JA E coli®] bacteria typing

g 529 AN {AMdE sty #s Xbal Aletaa o]
PFGE®Q} in-silico Aol MLSTE Alsslict. 20719 2§ 5 A= U=
=A2 Feb Go|t Xbal tElyt sequence type (ST) & Figure 2A0f UERJIC
=& Fo] A9 Xbal cluster 1-40f Uirof BxstH ST= 58, 101, 410, 641=
3 45RE UEEH. s 6o H$ =& AlEol ST 11790 sigstx|gt
Xbal®] miElofA Ao FelH MES2 Xbal cluster 30|, oA F2d
GE1Z cluster 4o £3t= Zlo=z UERHH. &4 Algel GEI2 25 W t&
M=ot 2] aztreonamof Tjst Aol ¢glom AST cluster 19
& 380CHFigure S1). Genotype©] k22 & phenotype?l FAIA UA AA] h27

Ly

op
]

|

Mete A9 54842 A, D, E, H, ], K 4719 2Fo] %5t Figure 2Cof
UERdcH 08 A9l 7@ Xbal cluster= Th2A UERFARH fA] S A=
2% ST 100]9let, &4 e &9 AElZ ST 101 ojith. 25 DY 4¢
22 Xbal cluster 39| &31ony ST 1091 74L7F @otty. DE1, DF7, DF9+=
2 9ojX Q= 352 "HoRrh ASTOAZ DF1-6, DF82 &4 AST cluster
7o &3SHA|RE, DE12 7P Wiidol AQlen, DF7i DR tE HES
B Rt =& EQ] 4L we= AEESo| ST 27310 g7 ABZQl EE1, EE29}F
ES12 ©& Xbal clustero] &3tk IOF He He ©we AMEZol ST
10562910, 73 A=o] HElo] =X} .2 Xbpal clustero] &£3ic}t. 18
8% ST 100] JH5 &X} tf2 Xbal clustero] &30t I8 K9 742 SAlo|A]
SeE ME52 ST 6481 Xbal cluster 20 &0, e g2iQ KE ST
930]d ot A fef S5 tE Xbal HiHS BT

o
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&7 walidl [E1S AQstal Xbal cluster 1if 20 $Jx[sh Qlth. 47]=9 C
=Xo =2 Xpal cluster 33t 40 &35tH tiekst STS HASZCH AT B
A2 M2 o2 Xpal cluster?t STS B oj&rt.

ool Og0A &4 AlE2 s AEY 22 STE AWSd= t&
&g B 4ol UEEHT ol AR Wolrt dolitZS ofulettt

_‘]6_



-

1

b

388 kb ——

291 kb —

INIIEE B
COEENIE 1}

.e
OO R BNk
LR |1
T U

"
miei Bl
L TR
i

L |
1IBIEBRI B
CERE
BEE WO
N TR il
DR Mo
(1N I AL
1N T il
TR LY
gy 10
TIE &
R 1B Bl
LR ARIE | LB
' v ¢ 9 4
tttt 1
g% ¢ % ¢

3395 kb =—>

~

lI<

Sd

139

visd

S5O

259

959

¥sO

£SO

Ls9

LSO

Zisd

234

854

954

654

olsd

LS4

LLSd

SSd

Lsd

L34

€lsd

LLL71S

LLL71S
LLL7LS
LLLLS
LLL71S
LLLTLS
LLLTLS

LLLTLS

85 1S

85 1S

g

[
[
-
v

85 LS

85 15
85 1S
85 1S
85 1S

85

3
ST b{ II!I

Figure 2A. PFGE patterns of Xbal-digested genomic DNA and sequence type of ESBL
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A YA E. coli®] plasmid prediction

Plasmid?] = 7]e} BEx = =Holst7| ¢J6 S1 nucleaseES o] &35t PFGEQF WGS
clol& ol tisll in-silico 4JollA plasmid predictiong AI§3tt. FA =0 YAt
5732 Sl PFGEQ] HjdZ Z2{AHY 12 W, 15 Fe G7F UFolxl= A2
sl &~ QATH(Figure 3A). iR A0 TddS BIE 15 Fol 4%
P Zatan)Ez oEEE contig &% 44702 E}F I8 Oy wte oz

LERGTE &2 oF 25 kb, 75 kb, 165 kb 37|9] Z2tAn|Eg €8st Ut

Fa

el

AZollAl S1 PFGE ZAit= Xbal PFGE Zitet 2] sto] MEZ Al
YA &S0l oAl 719 S1 clustero] £3t= 7oz HWeltHFigure 3B). o=
15 W ©E strain APOJOM = FSADIETL 3REE S uleit. &5 Nif

2% 25 UlolA S1 PFGE mi®o] UX|ste 2GS HARUT. =3
dickao] 2504 BES Atolol [AL SotAnlE WETE YUE=
Aoz Hol dRo FAU|IEVt OF U FREE Aog Bty EZ2AutR

o 5%= contig &= 1§ POA ®H< 0.370= 7PF AL 2§ OoA H<

ot
|u
)
1

53712 7P wrorch
Aete A|do] HL S cluster’t 6702 U A cHFigure 3C). 15 A= =2

S1 cluster 69 &35t 24 ABZ=9] AE1L 150 kb HF£9] ZctAn|=erp ¢
cluster 50 &3ttt 15 DX =2 cluster 20 €310, Xbal 8y} OpRH7HA] 2
DE1, DF7, DF9= ©t& t}2 S1 clusterd] &5 Qct 7§ Ex= cluster 31t
40 &5l o™ 98 kbot 150 kb L] 4L 60 kbo] FtAU|ES A Z10]
Exjoleh. HE cluster5o] £319.00) 23kbe] Zetavj=g AU 9rf. 1§
J= 2% cluster 69 &3st0, 150 kbo} 98kb, 68 kba} 34 20 kb~55 kb
Afolo] gre Zatan=s AWrks SAo] Qtf. le} SatAnEz o SEE
contige @+t 2.5702 AA| S1 PFCGE Zatets Ago|sity. 2§ KO 4% 34
el AEE52 cluster 10 &stH, &4 &
b

2
AEe, A7e, AL AME2S ngst oY 1822 I1E58icH(Figure 3D).

al

BZQ KE12 cluster 40f 434},

15 19 4% 255 kbo] Z2tAUIES ER5h= 97t AU 100 kb ofstof|Af
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Cho¥st 3719 =ZctAn|cryl wrAsich S1 o cluster 1-30] R ZsFgon,
EtA0|E = 35700l 25 Bet Cy H{d EAU|=E9 47 27 olstz
plasmid &7} A& HWof| &350, & 1F2 S1 cluster3o] &340}

dolA WGSE &8t plasmid typing AA| S1 PFGE Zutel xjol&
Hat. d=h=rt ol UtEle hybrid sequencing 7|¥S ARSIl =

ol2ier xtol7b LEttE 22 WGS9 ARl W2 sequencing accuracy £

okl

ot

O assembly qualityQt 22 ZFA|Z Qs read So] &¥lst genomel 2

assembly &7 41X 7] Gl o= HITH4Z].
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Figure 3A. PFGE patterns of S1 nuclease digested genomic DNA and sequence type of ESBL

producing E. coli strains isolated from Gyeongsang region
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Plasmid mobility XA}

= dolA 7187H9)  contig & ESAUIER o|FH  contige EF
37071199tt. Plasmid® mobilityS ZA}592 T, non-mobilizable plasmid
6971, mobilizable plasmid 787, conjugative plasmid: 2237§7} A=Sict.
Non-mobilizable plasmid®] 7349 B4 contig F7|= 499 kb¥FOow,
EZFHAH= 52818.7, 5432 31.8 kboz ThE mobility &0 vls] H|w
thoFst 3 7)o AA B x3icHFigure 4). Mobilizable plasmid®] contig F7]=
I 30743.6, Y42 6.6kb2 th2 /o] vlsf =2 AF2
gtolslitt. Conjugative plasmid®] 239 =+ 117.1 kb,

HFHAL 52534, HY% 106 kb o v]WA F A7z HH S AT
Chris Smillie at al. o] |3st =Z2tA0]=9] 37|t mobility Ato]e] &2 u}
= 2458 "HoRrH43]. o|59 ZRAMO|A] Proteobacteria®l ZztAU|EQ]

o]'=/Jo] non-mobilizable 49 %, mobilizable 23 %, conjugative 28 %92]

Dall

o4t 18.7 kb, B&FH

Jt‘L

ne
Hi
olr

H| &2 HORAXR| O, ol ZAyoAde= 19 %, 21 %, 60 %= conjugative
of 7 UERJTh o= ARGe TS uEole] A&

(o]

=
F71402 Wed QHAEC Eean|=o] BmSN conjugationg 9
d

rok

Non-mobilizable plasmidES  &£3! ARG Muote  Z9sfof C}.
“Non-mobilizable” o|% conjugation ¢]°] WAL =3 C}2 uvrgzjotz
Mol 7hssh7] mjZoltt. Non-mobilizable plasmide A2 sizeES AW 7]
j+of transduction ¥ AFHA 02 Aoji}= transformation of 8-2]5ttH43].

AG £F0A BoHS o, F¥ = Ho 1.17§9 non-mobilizable plasmid®}
2719] conjugative plasmidE A|d 7oz wOoltKFigure 5). 737|%9 74L&
o ZeAvEg B9 HO2 Uehdth AST
FE BHE7E Bt 3.8709 EetAn|EE

A

H 1.8719 plasmid2 71 A
ZaoA M H2 WS 2
Qo35 7oz wolck A]g9 #A
Uetdch Aen Mele, E¥c g3 2.4, 2.8, 2719] ZgtAnjcE g O3l
Aoz o &d.

Chromosomeo||A] ZA&% ARGE 54967}, non-mobilizable plasmid2 2187},

2
4o A

=

conjgative plasmid®] H|&o] 7} WA
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mobilizable 3971, conjugative plasmid 820 7¥c}. 1153] o]At AZEGHE
ARGE ©% chromosome9] $]X|3itt. Non-mobilizable plasmido|A] At&
A&% ARGE tet(A) 30.4 %, TEM-1 27.5 %, sul2, APH(3"')-Ia 18.8 %o]C}.
Mobilizable plasmidoflAx] TEM-1 7.7 % tet(A), APH(6)-Id, floR& 6.4 %=
UERJTH  Conjugative plasmide= o2 SdEHT ARGE HE8sH A7t
uolom], 22 W93 ARGE sul2, CTX-M-14, TEM-1, APH(3")-Ibo|c}.
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R RE R RCE LT Y
2 AFolA 1005729 ARGZF 6,5737 4Asity. @Wol] H&E5H+= ARG o2
A0 Y-S ZHA 3H= multi drug resistance (MDR) A€z 2,917 3
AEE9on, 1t} 0 3 aminoglycoside 7|, peptide 7|, fluoroquinolone 7
A U RARE FHE olitHFigure 6). d&® ARGO FAA Wid 1A
s YAE BiEStes efflux pump AlE FAAPE 497102 7P ©ol
UERF O™, antibiotic inactivation, antibiotic target alterationo] HS ©o]| %}
£ %M 3EMoz M Wl Ut ARGE Yojlz & 1299
AsEglon, 1158 o)y #&d ARGE ©% 36/5icHFigure 7). oS
Aolat gEglol tikael RRol WAHSY] whEd] WA Uy A
ZAtoll= EAZS thPHAl 2 2E d30M EEA @AaEHE U RARE
2 vE7E wor Wd Amb mAtole A stk 1149] olstz A&
el 1670 & 6715 Adste] ARG AmbE ZARICHTable 1). AY® ARGE
sul2, TEM-1, tet(A), APH(6)-Id, floR, QnrSlo]t}.
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Figure 6. Antibiotic class and resistance mechanism of detected antibiotic resistance genes
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0] 578 FBA U8 /X A

2071 O& & & D, PE Mo 18 OAE0M 93572 mARG cassette”|
LAHCE 325 F 7 o]l MENAMN LHE mARG cassette= 8371 RULCE.

ZREE X9Ye| OF 10ME 18 B2 mARG cassette/t H7Aen HF
prophage’t 2|™E|= contig 0| @|X|SIRACHTable 2). F=  cmidl,aadA2,
dfrA12,0nrS1,tet(4)2t  floR,OnrSl tet(4), CTX-M-65.floR,sul2,APH(4)-Ia,AAC(3)-IVa,
mef(B),sul3 12|10 APH(6)-Id APH(3")-Ib,tet(B) 22 U 7ZtX| HE S| mARG
cassette’} LFEFGICH Chromosome & &Y% mARGE #1 =Yt STE EQ
IE1, IS1,6,13-172 clonal isolate & =&0| &M EHiX|et =g 7t 24X
L0 MOe|RUCt & 4= UL

d71=0f #IX|et 5% col E%, 4712 MEONAM 5 B2 mARG cassette’|
LAEF}CM, E5 conjugative plasmidOfl ¢X|2{Ch(Table 3). CHEZX QI ARG
cassette2  dfird14,APH(3")-lIa,tet(4)2F  APH(6)-1d APH(3")-Ib,sul27t SEXSZ
LIEFSICE CB31F CD4= S Xbal THE DL, ST X plasmid profile= 7HA clonal
isolates & 7I5d0] ULE. CHEE CB39| 2% CcB42t  EHi
1S26,aadA,sul3,1S26,dfrA14,1S26, APH(3)-1a,1S26, tet(4),1826, CTX-M-55,ISEc9Z K|l
conjugative plasmidE E-JFSICt  1S26,dfrA14,1S26,APH(3")-1a,1S26,tet(A) S X|L|&
conjugative plasmid= CBI, CEl, CB3 AFO|OA ZR/E|=0l, CE12| conjugative
plasmidZ} MEE = 18267} breakpoint2 83N aadd, sul3 geneO| & E|HLL

CB32| plasmid?t CEISE ZRFE = aadd, sul3 gene2 A2 ASE EOQICH

ARG TEol a2 =0lgt 4= QUX|TH AQF 2bF ALO|O|M FHAIL| I3F7F
st A2 =I5,
BHES 42, F groupdA 77H2] mARG cassetteO|A] SSHZ LiEILl=

ARG cassette= 891 %ICH(Table 3). FS31t FSI132 SYUSH Xpal T{EHIL ST S

plasmid profile 25 A& W CtE MESO| =2¥X5ts 25

mjo
Hr
> 2
ok
3Q
inl

O0|=0| chromosomedl non-mobilizable plasmidO| X|El mARGE CHE
ALK AU7| EO| Y mARGE TOSHK| U2 A= HQICH FS49
conjugative plasmid®| /XSt mARGI} FS122| chromosome®| </X|8F mARGZ}

SYotHl Ol= conjugationOf] 2|3l plasmid7t HEE = chromosomed} €&
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ot

|2 7s80] QUL CHE 782 E, FS12+= S1 PFGE A1t EHE2| WGS
MOlA  plasmid contig7t SHLEEE AZE[QQT] MEO0 assembly Al LFRE

genomeO| HZE ZEEUZ 7tsd8x: EMCE EDE ST 10190 MES

E
S
A

ISEc8,1S30,ISEc37,1S26,1S5075,sul2, APH(3")-Ib, APH(6)-1d, TEM-1,Tn2& coding St
conjugative plasmidE, ST 589 MEE 1S26,4PH(6)-1d, APH(3")-Ib,sul2,1S26, TEM-1
1826,dfrA52 coding OF= conjugative plasmidE S{otes ALE HQICH OF
Gl 4% ZE MEO| Yot xpal I EHI, ST A plasmid profilex HO0{F0
S e wEX =AHELE HOEYS ALE AZICE  Chromosome
20 /XISt mARG cassette= 1S57F & E A2 HMeIstn HEtE o=z YX[SH=
252 HOFYU2, plasmid HA| GS72| conjugative plasmidOl| ISEco7t ZAZ
S8t B58 HOFECh Ol 2tdut =HX[ AtO[Of| A A L-dzOl

ME Xgel 432 EE mARGZt prophageE 2|dEl= contig &0
I XU CH(Table 4). 5 Lo 4d?, 3=X2=E LIEFE mARG cassettes
APH(6)-1d,JSKpn19,0nrS1,JS262 LD13t LHI AO|OA SREICH 1850751t 15269
HFZEZo| |EA HIEE2 M2 CO=7 M0 F 719 1S Ato|of f{X[t
FHXE phaged| 28 HMHEQJS €0l Utk OAEF Mo E%
1S26,dfrA17,aadA5,qacEdeltal,sull,1S6100, Mrx,mphA,1S26,sul2, APH(3")-1b,APH(6)-1d o
MDI1It MH1 AFO|OfA SQSUCH & N2 Xpal WEHLS CHEX[T STE S5
B2 5 non-mobilizable plasmidOl mARG cassetteE X|®Cl= S&&0| UCH NE1If
NDI 2 TEM-1,1S26,AAC(3)-11d,1526,dfrA17,aadAS5,qacEdeltal, sull, 1S6100,Mrx,mphA,
1S26,sul2, APH(3")-Ib,APH(6)-1d,tet(4),1S26,1S26& 7tX|1 1, NE22 3}LIO|
plasmid 9Ol  TEM-1, 1S26,AAC(3)-11d,1S26,dfrA17,aadAS,qacEdeltal, sull,1S6100,Mrx,
mphA,1S26 S APH(6)-Idtet(4), 15261262 S Q0| =838t QUCt NE27t
synteny &O|AM XO|7} LiEtLbE A2 assembly 2FO0| 2|gt ZAtO|AHLt

translocation0] YOS Zdo =2 O|AEICH OF 09 4% E5% STI1170|O

=

AF

i
N

chromosome®| mobile sul2 & FX[ZD QUCE O] HA| 2 g0l

SREe A2 dEg + UMt OAE Q9 % NE29| ZRet 0| QH19

AN
non-mobilizable plasmid2| & OO @[X[St  1SKpn8,1S26,44C(3)-11d,1S262t
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APH(6)-1d,tet(4),1S260]  QD12| non-mobilizable plasmidOflA] ZZASHCt  CoF
MEtHo 2 MY SAEZL %} E NE29| 422t B2l QHINAM = Y8 FHXLof
CHSH M B MY TP %7 IE0 integration2CHH= IS £2/0 2

22 Xgo] oGS 7ts5d0| =Ch OAF Se T2 BF At ALO[of ATt

rot
z
e

ol

LSt mARG 7} LIEFGECE,

Mtz X|¥o| OF A= ASIZF AS32| mobilizable plasmid® 2| St
genome contextS = O{ELCH(Table 5). HRHO| ARG TEM-1, sul2, tet(A), floR,
APH(6)-1d, APH(3")-la 0| MGEQt 74 {IX|StgeLt, 15 LHO|A HNO|&
Aoz TLHSEI|o 2SCh =X AO[OME Y8 mARGZE SREL, =HE1t
EH X[ AROIOIM = mARGE| S/7F ALK AUCL 1F E= ESI2E M LISt
D5 conjugative plasmidO| R{XISIH tet(d), TEM-1, APH(6)-1d, APH(3")-Ib, sul2,
dfrdl4, Ecol catll2 T3E mARG cassette@t Fosd3, CTX-M-14, floR, sul2Z
T3 E cassette, 44C(3)-Via,aadA23,0nrSI cassettet 15 LHOA SFE0 UALCEH

5 Bt M HRY cassette2| B CHEE prophage”t XISt plasmidOfl ?|X|IZ4CE.

0|2 Xpal TIEHIt STO| HS| S plasmid profile= FASH| M0
A% FAX} MEO| oM=Lt OF HO 4% Xbal I{EHIN STO| =YLSHH

plasmid profile O] FAMSICEH EESH H & MEE2 chromosomell prophge
222t mARG 1826,ErmB,1S26, TEM-1,1S102, CTX-M-14,1SEc9,0nrS1,1SKpn19,mphA,
IS26E coding St UM O|= clonal isolates®¥ 7ts8Z YAlIBHCl  CHEE
plasmid OlAl& <Zte| XtO|E EO|=0H HS22F HS32| non-mobilizable plasmidO]
KT mARG cassette= 72| FAISHH HS10|AM &= LEZTH XSt ZES
HOQICH, & J&= mARGZt BHZAE ZE plasmid?t prophage HEHO|TH, Xbal
D& ST O] SYSID plasmid profile O FAFSICE JS1db JH5 AROJOf|A
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ALOlo] A W dmel MOt 22 WA LES XH plasmid?| S/RE & F
ULCH OF KO ZEF Xbal IEIF, ST S plasmid profileO| SYSHH clonal
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Conjugative plasmid= conjugation= &oll CtE #FE BIHS| MO 7+s5HH

=

conjugative plasmid?} ZHE= competence pilusg AFESH 2HE0| U= free DNAS
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Conclusion
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Table S1. Information of ESBL-producing E. coli

ID NCCP no. Group &2 X9 E2| L Source ZHHIFEH
AE1l  NMSI1191 A Mete HA Y Ei K| 2 PN
ASl  NMS1186 A Metz Hx =% 2 PN 2 PN
AS2  NMS1189 A Mete HX =% B} K| 2 PN
AS3  NMS1190 A Mete HA =% = PN 2PN
BEl  NMS1193 B R HE s ot 2 PN
BE2  NMS1196 B SHT HE s st 2PN
BSI  NMS1192 B ST HA s =} K| 2 PN
CBl  NMSI1244 C 471 A s% 2 @
CB2  NMSI1247 C 471 253 @ @
CB3  NMSI1248 C 471 L 5% @ e
CB4  NMSI1249 C 471 e 2 2
CB5  NMSI1250 C 471 A s% 2 @
CEl  NMSI1246 C 471z 2 8y IRE @
DEI NMS1261 D etz L RE =3 s
DFl  NMSI1262 D Mete L RS AE @
DF2  NMSI1263 D Mete L RS AME E
DF3  NMSI1264 D Mete e AlE @
DF4  NMS1265 D etz L~ RE AlE @
DF5  NMSI1266 D Mete L RS AE @
DF6  NMSI1267 D Mete L RS ME E
DF7  NMSI1268 D Mete e AlE @
DF8  NMSI1269 D etz L RE AlE @
DF9  NMSI1270 D Mete L RS AE @
EEl  NMSI1294 E Mete HE =% st 2PN
EE2  NMSI295 E Mete HA Y ot 2 PN
ESI NMS1275 E Metz Hx =% 2 PN 2 PN
ES10  NMS1285 E MeEte HX =% B} K| 2 PN
ESI1  NMSI1286 E Mete HA =% = PN 2 PN
ESI2  NMSI1287 E Metz HE s Ef K| 2 PN
ESI3  NMS1288 E Metz Hx =% 2 PN 2 PN
ES14  NMS1289 E Mete HX =% =} K| 2 PN
ES15  NMS1290 E Mete HA =% = PN 2PN
ES16  NMS1291 E Metze HA Y Ei K| 2 PN
ES17  NMSI1292 E Mete Hx =% 2 PN 2 PN
ES2  NMSI276 E Mete HX =% B} K| 2 PN
ES3  NMSI277 E Mete HA =% = PN 2PN
ES4  NMSI278 E Mete HA Y Ei K| 2 PN
ES5  NMSI279 E Metz Hx =% 2 PN 2 PN
ES6  NMS1280 E Metzs HX =% B} K| 2 PN
ES7  NMSI281 E Mete HA =% = PN 2PN
ES8  NMSI282 E Mete HE 5 Ei K| =N
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NMS1355 I o= Hr =% Ei K| 2 PN
NMS1356 I o= Hx =% 2 PN 2 PN
NMS1357 I AR HX =% B} K| 2 PN
NMS1179 J HMEte HA =% Atgt 2PN
NMS1180 J HMEte HE =% Atgt 2 PN
NMS1181 J Metz WX s& N 2PN
NMS1182 J HMEte HX =% Atgt 2 PN
NMS1184 J HMEte HA =% Atgt 2PN
NMS1187 J MeEte HE Y Ef K| 2 PN
NMS1329 K HMetx L~ RE =3 @
NMS1325 K MeEte L RS AE @
NMS1326 K Mete L RE AME E
NMS1327 K Mete L RE AlE @
NMS1328 K etz L~ RE AlE @
NMS1131 L M2 5= Ha 7N 7N
NMS1132 L M2 5= 8 7N M
NMS1133 L MZ == Ha Atgt 7N
NMS1134 L MZ 5= HH¥ Atgf M
NMS1139 M M2 5= Ha 7N 7N
NMS1137 M M2 5= 8 AP M
NMS1138 M MZ == Ha Atgt 7N
NMS1140 N MZ 5= Ha M M
NMS1141 N M2 5= Ha st 7N
NMS1142 N M2 5= 8 LI M
NMS1143 ¢} MZ == Ha 7N 7N
NMS1144 ¢} MZ 5= Ha M M
NMS1145 0 M2 5= Ha sta 7N
NMS1146 P M2 5= 8 7N M
NMS1147 p MZ == Ha Atgt M
NMS1148 P MZ 5= 8H¥ Atgf M
NMS1150 Q M2 5= Ha 7N 7N
NMS1149 Q M2 s= He Atgt 7N
NMS1151 Q MZ 5= ¥ AtE 7H
NMS1152 Q MZ 5= Ha Atgf M
NMS1164 R M2 5= Ha 7N 7N
NMS1165 R M2 5= 8 Atgt M
NMS1166 R MZ == Ha Atgt 7N
NMS1169 S MZ 5= Ha M M
NMS1170 S M2 5= Ha At 7N
NMS1171 S M2 5= 8 Atgt M
NMS1157 T MZ == Ha 7N 7N
NMS1155 T MZ 5= Ha Atgf M
NMS1156 T M2 5= 8 Atgt 7N

_52_



Investigation of antibiotic resistance gene transmission among
cephalosporin-resistant Escherichia coli

in close contact environments

Yujin Jeong

Department of Biotechnology
The Graduate School

Jeju National University

Abstract

Antibiotics are widely used to inhibit the growth of bacteria or to
kill bacteria. Some bacteria get resistance to antibiotics by
modifying, degrading or excreting the antibiotics and target
modification. Infections caused by antibiotic-resistant bacteria are
difficult to treat, and antibiotic-resistant bacteria and antibiotic
resistance gene (ARG) threaten humans with powerful transmission.
Antibiotic resistance genes are transmitted to other bacteria through
various mobile genetic elements (MGEs) such as plasmids, insertion
sequences, integrons, and transposons. Therefore, recent emphasis

has been placed on antibiotic resistance monitoring from the
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viewpoint of one health that encompasses humans, animals, and the
environment. Therefore, surveillance of antibiotic resistance is
emphasized in terms of One-health. In this study, we investigated the
antibiotic resistance dissemination of 128 strains £ co/i producing
extended-spectrum beta-lactamases (ESBL) isolated from animals,
humans, and the environment in 20 farms and veterinary hospitals
in Korea. Antibiotic susceptibility test (AST) was performed using
seven antibiotics including Aztreonam, and Pulsed-Field Gel
Electrophoresis (PGFE) was performed using Xbal restriction enzyme
and S1 nuclease. In addition, generated data from Hiseq on the
[lumina platform and MinION on the Oxford nanopore technology
(ONT) platform were used for hybrid sequencing. ARG and MGE,
plasmid prediction, and plasmid mobility were investigated with whole
genome sequencing data. In the case of antibiotic resistance
patterns, samples belonging to the same group were clustered except
for the Seoul area. In some area samples, similar patterns were
appeared among some groups. As it is predicted that
antibiotic-resistant bacteria are transmitted from a common ancestor
or the mobile ARG cassette is shared between animals, humans, and
the environment, continuous attention and monitoring of antibiotic
resistance is required. According to the prediction that antibiotic
resistant genes are disseminated from same ancestor or confirmation
of mobile ARG cassette sharing between animals, human,

environment, surveillance of antibiotic resistance is required.
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