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Erwinia amylovora, a causal pathogen of fire blight, has been continuously inducing damage to the apple
and pear trees in South Korea since 2015. Farmers apply antibiotics during blooming season to prevent the
fire blight. However, continuous use of antibiotics can induce the emergence of resistant bacteria, which
consequently reduces control efficacy. In this study, we assessed the minimal inhibitory concentration (MIC)
of streptomycin, using a total of 361 E. amylovora isolates that were collected from the six provinces of South
Korea from 2019 to 2023. As a result, the MIC of streptomycin ranged from 0.5 to 4 ug/ml and the strA-strB
genes were not identified from the isolates. The MIC was higher in the isolates from Gyeonggi-do, Gangwon-
do, and Chungcheongbuk-do compared to those from other three provinces. These results may bring broad
attention to the use of streptomycin and aid in developing a management protocol for the occurrence of fire
blight in South Korea.
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© 7)1 QIth(Van der Zwet 5,
2012; Vanneste, 2000). E. amylovora= 7|52] FoFolut XAy
oA LEste B 710] A5stH 71379 ot A
S-S =3 A9lste] W& Yo 7ithVan der Zwet 5, 2012). E.

amylovora®] 25 Q] B9 Zo 2 thofsl ARE E3)

2023; Thomson, 1986). whe}A], 14 2] F3H2Q1 HIA|E 23]
A B30l A AAY T E- AHgSto] HEIE L
amylovora AFBA)7)= WP SR o) A S0 WA S
AH-&-8t] E.amylovoras APEAIZ | AU F-41& JAIAA 715 U
22 HSHA 2= SH A2k AAISHT YIrHAGmovict)
Meredith, 2017; Ham 5, 2020; Johnson &, 2016).

E3] /3ol 3] WA= E amylovora®) ZHE-S A}
@517] el vl S-83t, o] wiolli= A, AELAA, 4
SR U 7)et HEAS oA S AR BHo
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2 AFE5HaL 9ok (DuPont <, 2023; Johnson %, 2016; Yuan <
2023). 3 WAl 7HE ARl Ao s g7l 222 Y
Ao, A AH-E-ol whE ATt WA, A HeA e =2
O A AR A, AE v A Fe H A 1t 52
= Az oA = A tiet AHE 55 AISHAY
M-S HAF Eole FAloltkChang 5, 2015). 124 5
Ao A AHESHe A7 AAI= 2oy lAof FAA
o) 9L 712 AYH A BaEA gteHMcManus
%, 2002; Stockwellx} Duffy, 2012).

sHr8 o skeha Aol 71 g ARgShe AL 2B
@ Ento] Xl (StockwellZ} Duffy, 2012)-2 Streptomyces <5 Al
oA ¥FA%E aminoglycoside] &2 =2, Alat 2]X2<4 30S Tl
20| 519] gl 1250] Aotstm Ao T =
A5t} A= A Th=thHSpickler 5, 1997). 2 E| Enfo] Al
o] FHojt Al A= A AAR S 2 e w704 2EF]
Enpoile SHH WAlo ARk, o= Qls A+t
o] &8s} tHMcManus 5, 2002; StockwellZ} Duffy, 2012).
Hl=rol| A= 1950t 78] AEf Entolilg A A9
A&, 1970 o]l 2 E Ento]Al AgHdqto] &gt
SEERME FERRE S B RERERCE 2 ER S
3}l Y tHMcGheef} Sundin, 2011; McManus2} Jones, 1994;
Miller2} Schroth, 1972).

ol A= BHrgo] WAEE 20159 AEREnfol4l,
SAHEZAO|Z™, SEUAS Y AlE] Ao A
&3k Ql=tl(Ham 5, 2022), @A 7HA] ol A &2 E
amylovoradl Al SAlE|Eakrtol 2 Tt & sk dhgt X}
4L FRI=A] grtrh(Ham 5, 2023). & 4= 7]E SAH|
Egpito| S} SE&A4E A 7o et & AFEHA
Ham 5-(2023)0] X 313t #3229} 2023 ¢ £2|3F 1037# 5
o2 sto] A4 Aoz AEJEntol4lo] TRk 4
A== (minimum inhibitory concentration, MIC) & ZA}3}
FaL, o]A9] A=, 7|59, A9 ZFolE ZASHTE ESF
M FHo 2 JhE ARoA Aldt< #8 9 A5k,
2 EfEno|4lof tigt A A3 A B R E
glstgitk o] & F3l SollA AEJEntol4l A7t dwtol
Y ol FLof MIC ¥} o2 rgsto] WAl S sl
o5t 712 Am = B8l 59Tk

B Ao AF8-3F E amylovora w5= FU|Q] SHAMY BHAY
Aol A 2019958 2023874 574 A 443k 3612
Z2 AHgslgl e (Ham 5, 2022, 2023), #3529 44 A&
9} B3l 7130 @2 B3 T Quantum Geo-spatial Infor-
mation System (QGIS) 3 (v3.8; Open Source Geospatial Foun-

~

—_
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Fig. 1. Distribution of Erwinia amylovora isolates collected from
2019 to 2023 in South Korea. The map was generated by Quantum
Geo-spatial Information System (QGIS) 3 (v3.8; Open Source Geo-
spatial Foundation, Boston, MA, USA). The color of symbol repre-
sents the isolated host (apple-red, pear-yellow, quince-blue, haw-
thorn-purple, mountain ash-sky blue). The shape of the symbol
represents the isolated year (2019-triangle, 2020-circle, 2021-square,
2022-diamond, 2023-pentagon).

dation, Boston, MA, USA)-&- o]-8-5}o] 2331 ThHFig. 1).

E. amylovora 43 E2] 2E# En}o]Al MIC B4 F 2 7
Z151 Sensititre MIC plate (KRNASF; TREK Diagnostics Systems,
West Sussex, UK)S AF-g-35}o] A} 34 (broth dilution). &
2 Y319 HWiegand 5, 2008). MIC plated] A Ed] En}o]
Al 55 0.12,0.25,05, 1,2, 4,8, 16, 32, 64, 128, 256, 512 L
1,024 pg/ml=Z 3} &4 2% E. amylovora+ tryptic soy
agar (TSA; Difco, Detroit, MI, USA)of] A =Tslo] 27°Cof| A
48 A7t Fot wjFskt v et E2Y 5-770E Hat et loop
2 Fst] Bt S F5 5 mlof| &0] vortexingdt $ et
€ A|(Sensititre Nephelometer; Thermo Fisher Scientific,
Cleveland, OH, USA)E o]|-8-3}9] McFarland turbidity 0.5% ot
Z29]t} o] & 100 uIE 33} 11 mle] Mueller Hinton Broth
(Sensititre; TREK Diagnostics Systems)o]l Y11 vortexings}]
A2 =7} oF 10° cells/ml7} Bl =2 a1¢ic) Al detle
50 pl& 96 well MIC plateo]] Z¥Z} EF35)o] 27°Cof| A 24X]7F
ot vfjoksl ) vl ok 3t MIC plate= H-=7](Sensititre ViZion;
Thermo Fisher Scientific) & ©]-83}] E. amylovoraZ} 1= 5
74 AgHEA) 13 B MICE TSIk

E. amylovora®] 2~ ER|Ento| il Z3}Hd F-HALe] £ of 7
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Table 1. Frequency of minimal inhibitory concentration (MIC) level of streptomycin in Erwinia amylovora collected from 2019 to 2023 in

South Korea

Antibiotic MIC level Year
(ug/ml) 2019 2020 2021 2022 2023
Streptomycin 0.5 - - 1 - -
1 30 26 54 19 83
2 2 23 31 70 20
4 - 1 1 - -
N 32 50 87 89 103
Mean 1.0625 1.5200 1.3851 1.7865 1.1942
F value 24.75
Pr>F <0.0001
Group® a b b C a

*Duncan’s multiple range test (0=0.05).

2 3181|914 stA% strB S S Zsie 7iz}o] mafo]
H A|E strA-F/R & strB-F/R (Palmer 35, 1997)& ©|-835}4] poly-
merase chain reaction (PCR)2 AA|5}9th PCR BFH2-0 2AJ &
DNA 1x buffer, 0.2 mM dNTP, 4 mM MgCl,, 1.25 U GoTaq Flexi
DNA polymerase (Promega, Madison, WI, USA) & 25 ng DNA
templateZ o] & 25 pl£ 3} PCRE 95°Col|A] 587 =3
DNAE "HAAJZ] & 95°Co)|A] 302, 58°Cof|A] 30%, 72°Co]| A
30% & 35 cydeS WHESH S 72°ColA) 1027t RE-319TE 52
AHE-2 6x LoadingSTAR (Dyn Bio, Seoul, Korea) = FA45}o] 1%
agarose gelo]] 90VZ 714953t & UV transilluminator® strA
(301 bp)2} strB (303 bp)2] =7} FZ =] =%] &215}3iTk

E. amylovora®] MIC7} A=} A9 = {-2Ju]gt o7} )
EA] &1817] I3l SAS 9.4 (SAS Institute Inc., Cary, NC, USA)
£ o] g3}o] YYE AR XK(analysis of variance)} ST
A(Duncan's Multiple Range Test, DMRT)2 4345} %ith &3t
MIC7} 712 A1, ol whak zfol7} 9l=R] EHelal] 91a) SAS
94 -34S - Wshoick

E. amylovora #F52] 2E#En}o]Alo] MIC H$= 0.59]
A 4 ug/ml Ako|H.om 1-2 pg/miQl 29| H1=7} &3t th(Table
1). B3 5} o5 Foll A 2EfEnto]4le] MICZ} 2-4 pg/ml
2 BaA] A Uehd #5632 ALk strA-strB 34}
7F EA A 2ARE A}t 27-S A Sk B oA
NF A7t 5 FEA| 2 3ttH(data not shown).

20199 =g 2023 =71R] A= E. amylovora®] 2E#]
Enlo]Al MIC HF-2 ZH2} 1.06, 152, 1.39, 1.79 L 1.19 pg/mi
TH(Table 1). £AHEA3} DMRT A3} -§-9] 4=F 0.050]14] 20194
T} 20234, 2020-20214, 20224 9] A 120 2 ZEEL 3}

o] Bg=t, 5 7 MIC B2 20239 A|Q]skal A%=7}t
BHEF F7FchE A2 2 et 20234 F 103+
3 % MICZ}1 pg/mliQl Zo] 83457, 2 ug/miQl Zo] 20¢ 52
A Wk MICZ ZHastgld) of2ig 2ol g 223t
FAZ MIC P B157] $13ke] 2142191 mUEge] B
3 A0.2 A7,

FUoll 5F5H 2EfErtol4l oFA|(THA & FANE AFA
| TR AHE Al 2EJIEno] A1) 9 75-160 pg/ml
E(Lee 5, 2018), = &2 #5+= o|Eot MICZF &4 Wore
™ o] Htol| 2EfEntolil Aty AR ST 7
F UEhbs MICHTH: E4 B2 2ol gubde s &
EdEnto|3le] Mgy 7|2He 37 A2 deiA glck A
A2 phosphotransferaseE 4 3ol A E Enlo]AlS
EA9] P& A= strA-strB A A7} transposon & 2 4]
plasmidE F38l B8 2 WA= = Walo] Sl=H], o]= Al
o 7F FAA| A3 AR Ago] golsht AdtiA e & oF
St AFA-S YEFATHMcManus 5, 2002). E. amylovora®l| A=
AdLA © 2 strA-strB - A A7} transposon?] Tn53930] £4Y35}
, o|1Ao] SeAm|EQ] pEa34, pEa29 Fofl AdE o] lor,
15 F AR} ZA5HH MIC7} 500-750 pug/ml2] o= et
o} H 3156 QIthMcGhee 5, 2011; McManus =, 2002).
H transposon©|t} plasmid¢] E4Jo] whe} HYto] ¥
A= o] #3FA(moderately resistant-low)2 YERY = 3¢}
QA= | A Ty olof| A= strA-strB -G A A7} 1S11330]
A= “Tn5393a” transposono]] £A]3}aL, o)A o] pEU309] ¢
A8t= wFE oA MICZFE 11.5-32.2 pg/ml2 WA eyttt
(Forster 5, 2015). &= WA 7)2+-2 ¥ chromosome A1)

.
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Table 2. Frequency of minimal inhibitory concentration (MIC) level of streptomycin in Erwinia amylovora depending on the six different

provinces of South Korea

Region
Antibiotic MIC (pg/ml) Gyeonggi-do Gangwon-do Chu;lg:'c(l_mde:ng- Chu:agniljde:ng- Gy:t:‘r;g:zng- Jeollabuk-do
Streptomycin 0.5 - - 1 - - -
1 59 9 79 45 15 5
2 54 8 60 21 3 -
4 2 - - - - -
N 115 17 140 66 18 5
Mean 1.5304 1.4706 1.4179 1.3182 1.1667 1.0000
Pr>F 0.0101
Group® b b b ab ab a

*Duncan’s multiple range test (0=0.05).

ribosomal protein S125 Y3 315}H= rpsl -F-AR oA HEAH
o|7HdA¥sH= Ao = 73t A d S rdRitial dEA qlem,
E. amylovora®l| 4] 2,000 pg/ml o|Are] MICE YEH = o2 1
1=K Chiou®} Jones, 1995; McManus <, 2002). <04 &
2 #F= 2EFErtolilo] gk MIC7} 4 ug/ml o]t et
wWom, MIC7}F 2-4 ug/ml= ¥l d] 7 Uehd 67 Aol =
strA-strB -3 AR} HEE) R groHdata not shown) strA-strB 571
S 8437 pstol] AEAH BASAE FH5 AL )
W32 ARSI webs, 2 EfEntolilo] FH-E Al
Aok 1) S 29 A B3-S B 5 qlokn AR
A7} A48 2= Erlo| 1] MICTH ofzh S7hek
F= U E 2, Aol TSR] §E=S oFAlE QFdAL
8710 Yo A T = Asial FUtt o] 23k oF
AE WHES}o] AFE 81 FES §olstofop 8 Holtk
2019-2023le]) £-2Jl 3617 F70] ste] spabso] Wkt
AGEE 7], 73, 55, 5 A5 AEo = FEste] 22E
F50) MICo] el 3fol7t Q=] B4 BAS 4asieir
AEFETto|AE 77191 7 W S5 A oA MIC Hto] 2+
7} 1.53, 147,142 pg/ml= th2 A A Heh A e, 1 ok
23 1.32 pg/ml, & 117 pg/ml, AE 1.0 pg/ml 0 2 e
THTable 2). 0|28t X MIC Xfo|L 22 =Z5 A4 £
2ol ahe} b 4+ g, 1995K1E ol vjLRo] Erwinia
pyrifoliae°l| 913t 712 8-2nkEHo] WAl & 7h it A7 157
Aol K= AEHERtol Al WA = ARS8l S 7Hs /o) &
o] ofaigt aglo] A EgEnto]A1o] MIC] FaHE PI2ke 4 9)
CHShrestha 5, 2005). E3] A EZ EntolAle] thgt MIC7F4 pg/ml 0]
A9l 5 252 A7) e Bold ReEgion, o)

Table 3. Frequency of minimal inhibitory concentration (MIC)
level of streptomycin in Erwinia amylovora isolated from apple
and pear trees (a=0.05)

Antibiotic mic Host
(ug/ml) Apple Pear
Streptomycin 0.5 1 -
1 144 66
2 99 43
4 1 1
N 245 110
Mean 14143 1.4182
Pr>F 0.5139
Pr>t 0.9499

717t 2EREntol e lEEHA] YA AT)= 52 (per-
sistence)o] Z7|8t Ao &2 AR E|QItHBrauner <, 2016). 12U+
2 Ef|Entolilo] gk ArhAQl MIC $=2]7} o} AgH/do]
ARt -2 ofd Ao 2 gtk

3hw, 20 7179 ALziel o] g MIC Zolg 2Aks1] 9]
o) SRAT R AT AR S] F 005)S SASHck 7 At
AR (2454HF)¢F B U110 )| A 22 E 9] E
amylovora 5= MIC7} 1-2 pg/ml @ $jo]l £33tk AEHE
uto] 418 MIC B2 Aol A 2|3k o] 141 ug/migiaL
HiLRRol|l A E2fet o2 142 pg/migl e, 17 At 223 7]
o] upz MICo] $-ojml3t xjol7} 2H1E1A] ektehTable 3)

371402 20204 A W TH 13O AT A
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Table 4. List of isolated streptomycin-resistant bacteria from the

diseased tissues of apple and pear trees

Sample by Isolate G’a'f‘ Gr'al.n
region ost number negatl\!e p05|t|\{e
bacteria  bacteria
Gyeonggi-do
Anseong 1 Pear 7 5 2
Anseong 2 Pear 12 3 9
Anseong 3 Pear 3 3 0
Anseong 4 Pear 3 2 1
Anseong 5 Pear 2 1 1
Chungcheongnam-do
Cheonan 1 Pear 1 0 1
Cheonan 2 Pear 4 3 1
Chungcheongbuk-do
Chungju 1 Apple 4 4 0
Chungju 2 Apple 3 3 0
Chungju 3 Apple 4 4 0
Chungju 4 Apple 4 4 0
Chungju 5 Apple 5 5 0
Jecheon Apple 2 2 0
Total 54 39 15
A

Cc

M

M

12 3 4567 8 9 M

12 3 4567 8 9 M

500 bp
250 bp

500 bp
250 bp

I v U9 o] B 7HA] Al RollA] 2 EqEnfo]Alof A3
ol 2] A o529} strA-strB - AALS] Bf R E 2ALS}
Ack A=A Wt MldE 5T F FESH 10 uE &
ER|&Ento]Al 50 pg/miz} - TSA aljz|of] 27°CoflA] 48A17t &
S ufeFsto] Ak E2UE FEIL, oI5 FUE iAo 33] A
tajtste] =42 '3}"“ .—’Pi‘r-‘?‘—ﬂlﬂ At DNAE &
3l HFEE 25 ng/ul= 9 strA-F/R 2 strB-F/R Zgto]|y
2 PCRE +3¥5}9th E?_P strA-strBE 7]+ transposon & 2
&2l Tn53932] &3] o H2-E thpA S (Jones2} Schnabel,
2000y 53l EHIsH3T: PCR &5 913k vh3-o 2409 =

AL strA, strBL} S U514 3Fich
E3L strA, strB 2 tnpAoﬂ 1‘416} 125 HHE7} 4=
a)e

97 BHE AN, A0 2 § 4BFE S
m(Table 4), 0] Z 39730l|A] strA, strB AL} o] AL 7]
+= Tn5393 transposon©] ZA3}= A2 22lsItHFig. 2A-

Q). O A|&-2 Pseudomonas spp.7t 41%2 713 vjZo] =
Q¥em, Stenotrophomonas spp.”7} 15%, Enterobacter spp.2}+
Pantoea spp.7} 22} 13%S 2}A|3}aL Q)IchHFig. 2D). U A]
1573 TSN FOE strA, strB L tnpA ZZ A B vl
E7FYehA] oottt 23k © 2 E amylovoraol| A= oF& 7k
2| strA, strB - AR} BRI R] FroLt § ZAEH= T2
NFEN M= strA-strBL} 0] & 2415} = transposong X835t

B M 12345678 9M

3%3%
5%

B Pseudomonas

W Stenotrophomonas

W Pantoea

W Klebsiella

W Enterobacter

u Frwinia
Chryseobacterium
Citrobacter
Kosakonia

Fig. 2. Polymerase chain reaction amplification of strA, strB, and tnpA from Tn5393 and composition of the bacterial genus of streptomycin-
resistant gram-negative bacteria. Detection of strA (A), strB (B), and tnpA (C). Lane M, Tkb marker; lane 1, Pseudomonas; lane 2, Stenotropomo-
nas; lane 3, Pantoea; lane 4, Klebsiella; lane 5, Enterobacter; lane 6, Erwinia; lane 7, Chryseobacterium; lane 8, Citrobacter; lane 9, Kosakonia. (D)
A total of 39 isolates were investigated by 16S rRNA sequencing and the Basic Local Alignment Search Tool from the National Center for
Biotechnology Information database.
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RS st om, o] Al =0l E. amylovoradl ~2EJE
nholAl Ajabg A1 E AT 4 9l 7H5 A S AN

AEGEv| S S WAl 74 B $& oA
dEA ot Aol WA AH 7 Be B 2 (McManus
5, 2002; Stockwellx} Duffy, 2012; Sundin} Wang, 2018) #*]3}
dato] WAYsHA| s 85| osfjof gtk 2 A5 53l
= UYjol|A] 2019-2023 =0 E2]H E amylovora®] 2~ EREnt
o4l MICZ}1-2 pug/mle] B2 5 Ut ow, Bytol| A 34 &
Y Al SollA Aol 7Hse 2EFErtolil A -4
ZH(strA-strB) S H-38 A0 2 YEh FY A= AEF Enf
o4l Aol WA 7H5Ao] Y-S ARSI Tt
At 282 sk Al L 712 YA E
2aho] AHgHE 2 ok oke] QRAAG N BE E45)
™ YA 28-S AFHor D A 2 Al HT:

o
i

12

Erwinia amylovora+= 2V 2] 150 2 Sfjof A= 20154 ©]
& ARt Hlf uhe]l 2 wjElE 4] ek w7tlA = 3
1 A sl Aol FYAE dEStAL ek 12y 7
A ALAA A2 At S8 kL o= ¢
3 A aal AsHE 2T = ok wEbA, 2 dFolM=
2019-2023\d 53t ol 4] &3t E. amylovora 361455 T
Jo & AEFEntol4l) Rt FaoAl o] Wet P =
ARttt ol A Z2idt A T S ol didt S EREnt
oj4l9] A== 0.5-4 pg/mIFAL oA AESEnf
olilo]l oFgt AJH& Fr=dth= strA-strB 3R = EelEA] ¢
Uk =3 7N, FEE  FEEEANA TE A9 vl &
EfEntol4le] Al FET} w0k ot A B &
EfErtolile] ARGl thet o8 st A &S
7] $IEt 7|2 AR 2 B8-2 o & Zlolth
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