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Abstract Fire blight, a destructive plant disease causing great threats to the apple and pear industries, was first
occurred in South Korea in 2015. Various pesticides have been registered and used for the control of fire blight.
Among them, antibiotics are known as very effective agents, but developed countries including Europe have been
avoiding their use due to concerns about the emergence of antibiotic resistance and ecosystem disturbance.
Antibiotics have been used for fire blight control since 2015 in Korea, however, antibiotic resistance of the
pathogen has not been systematically investigated yet. Therefore, in this study, we surveyed the minimal inhibition
concentration (MIC) of Erwinia amylovora, a causal agent of fire blight, against the oxytetracycline and oxolinic
acid using a total of 258 isolates that are collected from overall areas of South Korea from 2019 to 2022 to assess
the presence of antibiotic resistance. The MIC of oxytetracycline was in a range of 0.25-2 ug/ml, and that of
oxolinic acid was less than 0.25 pg/ml. In addition, the MIC of oxytetracycline was increased in 2022 compared to
2019. However, no significant differences in MIC existed between isolated regions or hosts. Taken together, the
results indicate that oxytetracycline and oxolinic acid resistance may not occur in E. amylovora of Korea. This
study also provides fundamental information to the assessment of resistance against antibiotics registered for the
control of fire blight in Korea.
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t FHUAIZ AN B Jk(Park et al., 2017; Park et al.,
2022). B3 s oS flal SA1719 TS el E=E
A2 WA S sk, BAI7 s el o] 23
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A= 2~EF Enfo] X (streptomycin), SAJE|EEALO] S
A (oxytetracycline), $&H2H oxolinic acid), &2 Thrlo]Al
oo (validamycin A7} YoH F2 A3 e AL 2~
EEnfoldl, A EZAllEd 2 S&dAolth(Ham
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H=E Stk AldFE 10 WE Fsk tryptic soy agar
(TSA, Difco) B0l M= slo] 27°Cel|lA 48417k &<t
w8ttt o] W =] XFHFA E amylovora TS3128
(Kang et al., 2021y 37 wjato] #% HIALE 915+ A
U272 ARSI TSA wiRlolA wigst #5& E
amylovora TS3128%] %3} fAke Z1& # 3kl TSA #i%]|
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amylovora 5°] Zg}o]H 3l A/B (Bereswill et al., 1992) &
£ RS24580-205 (Ham et al., 2022a)2 o]-&&}o] 7} =50
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B 205 bpe] PCR AH=o] SIS E. amylovora= 573
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E. amylovora Mo g MICE & #1238 Sensititre
MIC plate KRNASF (Thermo Scientific, UK)E A}-8-3}¢]
WAk 3419 (broth dilution) 4] 0.8 A5 th (Wiegand
et al., 2008). MIC plate®] FAAE T SAHEZ AL
£ 0.12, 025, 0.5, 1, 2, 4, 8, 16, 32, 64, 128 & 256 pg/
ml, S&AF0.12, 0.25, 0.5, 1, 2 2 4 pg/ml 2 kAT

E. amylovora= TSA WjA|ol] A =2sled 27°Co|A] 48
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o] McFarland turbidityE 0.52 %537, 100 ulE Mueller
Hinton Broth (Sensititre, UK) 11 mloll 37 vortexing 3+
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A5HEA] BelslaL, MICE 45t
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range testS T BFATE B MICT} 7|5=(Ak=, wl)ol] whet
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" oy 9 e 270 F 258FFE EEEiaL, 2021 87#F Z 2022 89AFRoH, AgHE FH
Ae, He, 75 2 X9EE E=3] 319 th(Table 1). &5 10437, 737] 91, 32 487, I 995, A& 5
o] 7L, A=EEE 20199 329, 20209 504, F B AE 1@FEUTh 71FEEE AR 17125, W 81t
Table 1. List of Erwinia amylovora isolates collected from 2019 to 2022 in orchards of South Korea
Year Province City Host Isolates
2019 Gyeonggi Anseong Pear 3
Yeoncheon Apple 2
Paju Apple 1
Icheon Apple 1
Pear 1
Gangwon Wonju Apple 1
Chungbuk Chungju Apple 7
Pear 1
Jecheon Apple 10
Emseong Apple 3
Chungnam Cheonan Pear
Total 32
2020 Gyeonggi Gwangju Apple 1
Anseong Apple 1
Pear 5
Yeoncheon Apple 1
Icheon Pear 1
Yangju Apple 1
Paju Apple 1
Pyeongtaek Apple 1
Pear 1
Gangwon Pyeongchang Apple 1
Chungbuk Chungju Apple 20
Jecheon Apple 8
Jincheon Apple 1
Emseong Apple 2
Chungnam Asan Apple 1
Pear 1
Cheonan Apple 1
Pear 1
Jeonbuk Iksan Apple 1
Total 50
2021 Gyeonggi Anseong Apple 10
Pear 6
Hawthorn 1
Yeoju Apple 3
Icheon Apple 1
Pear 2
Yongin Apple 1
Pear 1
Hawthorn 1
Pyeongtaek Pear 5
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Table 1. continued

Year Province City Host Isolates

2021 Namyangju Pear 2

Paju Apple 1

Pear 1

Gangwon Yeongwol Apple 1

Wonju Apple 2

Pyeongchang Apple 1

Chungbuk Chungju Apple 9

Jecheon Apple 4

Jincheon Apple 1

Emseong Apple 2

Pear 1

Mountain Ash 1

Danyang Apple 2

Goesan Apple 3

Chungnam Asan Apple 4

Pear 1

Cheonan Apple 3

Pear 6

Dangjin Apple 4

Yesan Apple 2

Gyeongbuk Andong Apple 4

Yeongju Apple 1

Total 87

2022 Gyeonggi Anseong Apple 5

Pear 9

Gwangju Apple 2

Yeoju Apple 1

Yongin Pear 1

Icheon Apple 6

Pear 2

Quince 1

Pyeongtaek Pear 5

Hwaseong Pear 2

Gangwon Wonju Apple 1

Pear 1

Hongcheon Apple 1

Pyeongchang Apple 1

Chungbuk Chungju Apple 13

Pear 1

Goesan Apple 1

Dangyang Apple 1

Eumseong Apple 2

Pear 3

Jecheon Apple 4

Jincheon Apple 3

Pear 1
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Table 1. continued

Year Province Host Isolates
2022 Chungnam Cheonan Apple 2
Pear 13
Quince 1
Hawthorn 1
Dangjin Apple 2
Apple 1
Pear 2
Total 89
SDW E. amylovora Goesan Namyangju
TS3128 (21-59) (21-32)

Yeongju
(21-87)

Fig. 1. Pathogenicity test of Erwinia amylovora isolates inoculated on immature apple fruits. Numbers in parentheses refer to the
isolate names. SDW indicated negative control that inoculated with sterilized distilled water.
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HEZtAto] 2] MICE ZAFeFTHFIg. 2). SATHIEZAL
olZdel gt E. amylovora 258d52] MICE 0.25~2 ng/
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3). 53] 20194 ¥
pg/ml ©]Yd ¥HA

rg
M

— N
il

o

=

g

=

T

n

I

o

o

o

wn

o Al Hs wjube] ofallol gk SR A ARE
S AFad 271014 20199L 7oz el 3
o] tPEAYSIAA Kk ASH< A AT} o] FoiF 7]
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EE fFEARY WA IE] EH GAlE 85~170
pg/ml, FAE 7.5~15 pg/ml 0| th(Lee et al., 2018). u}
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WA Evhs e %ote E 08 Bl
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Positive
control

0.25
(19-7)

0.5
(19-2)

1
(20-4)

2
(20-19)

Fig. 2. Determination of oxytetracycline minimal inhibition concentration (MIC) of Erwinia amylovora isolates by broth dilution
method on the MIC plate. Numbers on the top refer to the concentration of oxytetracycline (pg/ml). Numbers on the left refer to MIC
level of the isolates. Numbers in parentheses refer to the isolate names. Positive control, oxytetracycline resistant £. amylovora which
is artificially constructed. SC, sterile control with only broth. GC, bacterial growth control with no antibiotic.

Table 2. Frequency of minimal inhibition concentration (MIC) level of antibiotics in Erwinia amylovora collected from 2019 to 2022

Antibiotics MIC level Years
(ng/ml) 2019 2020 2021 2022
0.25 5 - 1 3
. 0.5 25 17 64 12
Oxytetracycline
1 2 30 22 73
2 - 3 - 1
L <0.12 32 50 87 88
Oxolinic acid
0.25 - - - 1
Table 3. ANOVA analysis data of minimal inhibition concentration level of oxytetracycline over year (o = 0.05)
Antibiotics 2019 2020 2021 2022 F value Pr>F
N 32 50 87 89
Oxytetracycline Mean 0.4922 0.8900 0.6236 0.9185 35.29 <.0001
Group a c b c
* Duncan’s multiple range test (o= 0.05)
00 E— S GAA 4GOENE RER Zolth EF OmpF
700 —9—-2020 porin protein®] o] 52 F3 Al 2= lipopoly-
o 900 +§g§; saccharidesE ©|&-slo] A9 IFE AAT|E 714
< o SHAUT. 53] 9% W (efilux) AAVES T3SAA
E 300 ZollM F2 QFulE F-AA (tetd, tetC, tetD, tetE, tetG
fgg N\ tett, teth?] 5L T3l Lo =), ©15 AR Tnl72,
0.0 T ﬁlf Tnl0, Tn5706, Tni404 52| transposons F3l| ©]&-3H}L
100 0.25 o.ls Il 5 &4 QltHThanassi et al, 1995; Schnabel and Jones,
MIC (ug/ml) 1999; Guillaume et al., 2004; Sundin and Wang, 2018;

Fig. 3. Oxytetracycline minimal inhibition concentration level
and ratio of Erwinia amylovora isolates over the years.

A (efflux protein)y& T3l LA E LXste] FYAE A2
o g YWy, glid BE thilAS Ealo] ribosome

Herbert et al., 2022). o} 7HA] E. amylovora®] S-A1E|E2}
AtelZd A3 A Hale A9 glovt HZel rerBt
strd-strBE AN B3 E. amylovoral X SATH|EEAL
o] 2ol W3k MIC7} 100 pg/ml o]0 Ao 2 B IE
THSundin et al., in press). ©]9]T SAHEZAIo|EH
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Aoz dH7 AEHdMTe A9 AFHE 58 &
W= Pseudomonas syringae pv. syringae a5 SAJE|
EfilolZd F% 50 e 500 pg/mle] F%, 3ol
AT HHEE AO7|= Xanthomonas arboricola pv. pruni

FE 100 =5 250 pg/mlollA] A7go] 7hsdt 2oz By
= TH(Spotts and Cervantes, 1995; Herbert et al., 2022).
o o] AFES FTHAOE A, SAHEZA|E-H
MIC7} 2 pg/ml Q1 =€) P FFollA= oA 7kA] A
ol AR 2 o2 AlRHT

£toil st MIC st
sk E. amylovora 455 MIC platedl] vl gsto] &&

ICE XAl tH(Fig. 4). E. amylovora 258 €45
£kl i3k MIC 522 0.25 pg/ml ©]&+2 LFERt
, 2022 %0 E2E 15F(MIC 0.25 pg/ml)E A 23k
w771 0.12 pg/ml ©]ate] MICE YERHtH(Table 2).
Well 55¢ SEUL Ao Aol we f84
i T TA 200 pg/ml (Lee et al., 2018), TA 50~85
pg/ml O 2 E. amylovora®l] Wt WAl E&ole 93-S
HA]A] = rolth

$&U2ES quinolonel FAYAZE HjFE, EFol T ok
st FAEe Al WA AS-ETHChung et al., 2003;
Ryu et al,, 2023). Aol SE&AL Agdo] LA sh= ol
£ T2 DNA?| supercoilingg ¥27]+= DNA gyrase 2
g dsslehs grd e grB Sk Edwel7E BAY
ate] A 28-S Welsly] WEoRE P o,
Escherichia coli, Burkholderia glumae 2 E. amylovora &
oA #HH A7t HIEUTHRuiz, 2003; Maeda et al.,

do
> AT
©

J
il

4 ofo lo
M &

0.12 0.25 0.5

Positive
control

<0.12
(20-15)

<0.12
(21-4)

0.25
(22-10)

2007, Ham et al., 2022b). °FA & (wild-type) B. glumae=
L&k thk MIC7F 0.5 pg/mlSl ¥ gyrgol] wol7}
WA B glumaed| A& MIC7T 5~300 pg/mle-2 S715F3
tH(Maeda et al., 2004; Maeda et al., 2007). E. amylovora
ol A= R E ] MIC7F 1 pg/ml o321 WHA, #j&tAdo]
A 7345, 50, 2 300 pg/ml FEZ SEANS AT
WA B mjs ol AESHAY B dod)= Zlo] g9l
HJATHManulis et al., 2003). 3+ quinoloneA A=
plasmidel] ©]gt A 85 7|Fo 2 gnr 72} Tol &
A o1 (Rodriguez-Martinez et al., 2016) E. amylovora
A= of7EA] Ha®E vph glok. Sujelld &€ E
amylovora®] 7% MIC7} 0.25 pg/ml ©]stE wj$ dho}
grdol Hol7t BANS 7Hs3-e AL fitka & 5 Sl
oeh S&ke] A9 5 pg/mle] ¥wE vk FhoAd=
Aol WA ¢ louma Aol A Frs
OFA| ARgell 53] frofstofof & AS R AlE T

7152t Ko mE EME AN SEMIC

E. amylovora 258 v+ tiste] Z2|gh 7159} A H=
SAHEZA|ZHS] MICO] Aol7h A=A] A 33T
SEANE Y #F VIS AT BE #7F9] MICTL
0.25 pg/ml ©J3t=2 e 48 A8 Skt

SHH, B A AU E amylovora= A1k, B, AHAL
B3} 2 SRR BYEde, AL B 9 2R
FH 2Ed g A v, vl 3 UlE 2wl 71
Y Hof FAoA Aejsiint. wabs FoHe] 71 E
= Alte} wjof] tiste] MICS] HIE ZARSIAL Fholl xfo]
7F AEA TR A (el 0.05)2 Fal gl

Fig. 4. Determination of oxolinic acid minimal inhibition concentration (MIC) of Erwinia amylovora isolates by broth dilution
method on the MIC plate. Numbers on the top refer to the concentration of oxolinic acid (ug/ml). Numbers on the left refer to MIC
level of the isolates. Numbers in parentheses refer to the isolate names. Positive control, oxolinic acid resistant E. amylovora which is
artificially constructed. SC, sterility control with only broth. GC, bacterial growth control with no antibiotic.
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Table 4. Frequency of minimal inhibition concentration (MIC) level of oxytetracycline in Erwinia amylovora classified by isolated

host (o= 0.05)

Antibiotics MIC Host
(ng/ml) Apple Pear
0.25 6 3
0.5 80 35
1 81 43
Oxytetracycline 2 4 0
N 171 81
Mean 0.7632 0.7562
Pr>F 0.0462
Pr>t 0.8561

Table 5. Frequency of minimal inhibition concentration (MIC) level of oxytetracycline in Erwinia amylovora classified by isolated

region
— MIC Region
Antibiotics :
(ng/ml) Gyeonggi Gangwon Chungbuk Chungnam Gyeongbuk
0.25 3 - 6 - 5
0.5 39 3 45 26 -
1 49 6 - 21 -
Oxytetracycline 2 - - 2 1 -
N 91 9 104 48 5
Mean 0.7610 0.8333 0.7596 0.7500 0.5000
Pr>F 0.3498

Duncan’s multiple range test (o = 0.05)

stk 1 A AR (171559 Bl (81e5)ell A &2E o
T8O E amylovora 475 SAHEZROIEH 0.5~1
pg/ml Heol &3kt 3 MIC Ha-2 212+ Ak} 0.763
pg/ml, B 0.756 pgml=2 744 A3} 7|50 mE MICo|
Frefm|gh Zpol 7 YeRA] 2 4TH(Table 4).

o] wE NqERE ) #59 FHE AE
MRS ALE 7], A, B85, S, BES
e #5] MIC] fojul st Aol7} 9l
AN S Az, SAHEZALO]E- S A9 A 9EE MIC ¥

ml, 5% 0.750 pg/ml 2 7345 0.500 pg/ml ©] 21 o] A o]
fefmgh 2pol= obd 2102 UERSITE (Table 5).

SAE EtAto|FAE oA 7R A E. amylovora &
Aol HAE Havh BA okqle] F3r} 2ENED}
ol2lef Hls| vlwA SFairial LA AR WIw=7F 2EJE
npo] ARk A= A TH(Herbert et al., 2022; Sundin et
al,, in press), & 170 olaid =) FFoA Axr} H
55 MIC7E S71ske A9 ok, S&dte] 35 =
WellAl ok 7] E. amylovora®ll thgk MIC7F T2 0.12
pg/ml ©|3t= vl A E Mol o2 AYA| o Hal
g Rty 44 drk(Kleitman et al., 2005; Stockwell

X,

and Duffy, 2012). AAZ o|xe}dNM = E amylovora®
A ZEZ Enfo] ol Aol wAsle] AAE K&
o2 tAIgt A 2wkl Aadaro] WA A0 HiE
RoH, 1 Folle Jish]o] SEALS 73] Axs U=
AATHManulis et al., 2003; Kleitman et al., 2005). 5L 3+
28 712 7R A E A8 STE AT 3ol
gola| A H (Miller et al., 2022), A4 wo] s g
A gk WAl g7 Aael] wiEel AR 4 e
A0 F77F HAAL AT HE o]HA Hrk 2023
S ol ZAAR] AR mEH Sl = i3]
o FAAE P SR mt dEsty, A4x Sl
+ 23] WA 332 31, 3 TG SIS 23] o] AX
SHA] = AAISkAL QUTt

2 AT BAATE T8, oFA7A FuelA] e
3P AFollx] SAE ERprte] 2R3 SE7A g
g WS NS = Aoy Ao EHS o
Weko = 2o WA a3E 7Ish] Qs AL ==s
of & Zlo|t}. Tk o]E I8ty s dlFA A&
Tk, AGER s iAo ARg-gk HAlE ZALSH
o|F 7|Wto R FUSH FAAE HHESI] AR e A
ok g Aoz AlgHTh
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