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Reclassification of fish pathogenic Edwardsiella spp.
isolated before 2010 and their characteristics

Eunheui Kim

Department of Aqualife Medicine, Chonnam National University, Yeosu 59626, Korea

Edwardsiella piscicida previously identified as E. farda is an important pathogen of numerous
fish species. In this study, reclassification was conducted on 17 strains isolated from diseased cultured
olive flounder or eel and identified as E. tarda between 1996 and 2010 in Korea. For this, the detection
of a polymerase chain reaction (PCR) amplicon by species-specific primers and phylogenetic analysis
based on gyrB sequences were performed. And, nucleotide sequences of three amplicons detected
in RAPD profile of the isolates originated from eel and the antimicrobial susceptibility were compared.
Only 17 isolates formed an amplicon in PCR using E. piscicida primer. The gyrB of the 17 isolates
diverged with those of the E. piscicida reference strains in a phylogenetic tree constructed with
MEGAI11 software. Regions matching the nucleotide sequences of the RAPD amplicons were identified
in Edwardsiella phage GF-2, E. piscicida plasmid pEPMS-18199 and E. anguilllarum ET080813 plas-
mid 1. The antimicrobial susceptibility of the isolates originated from flounder showed non-wild type
(NWT) for doxycycline, oxytetracycline, and tetracycline, and only isolates derived from eel were
NWT for oxolinic acid and flumequine. These results confirmed that all 17 isolates of this study
classified as E. piscicida, and that the characteristics of the isolates showed differences depending
on the isolate’s host.
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2018b). mebA F-Eluhel &4 o Fel A= ET
ANHE YEE E piscicidai B =AY #5748
HA & AA E. piscicidaZ & 1l I TH(Dubey
et al., 2019; Jang et al., 2020, Kim et al., 2022).

15 A= F TS $13 marker gene
o2 AEIAY 168 RNA F8AE LA A
Hol e At T& EHSHA FEsHA Xoke
EA7F A4S Gyrase subunit B % 2K (gyrB)=
single-copy gene®]™ DNA gyrase2] ATPase 7]5=

e RRow fRMoR & RED 9L 7
3l AEe F 54 9 A% BRAY ATE

23 2 23k PCR primers 7l tol] o] o] &=t}
(Huang, 1996). Reichley et al. (2017)2 Ay3}std &
o] uf-$- F-ALRY Edwardsiella <5 Al 5%l tlsh
©J 16S tRNA, gyrB, superoxide dismutase %1%}
(sodB) B71A Gl <A AT EF/FE AAISH
Aot 1 23} 16S IRNAE FU == T2 FAF
T7F BEF 99% oo 2 yehuE bk grBet
sodB= & Woll A Q] FAEE 99% o] ol F3t
A= gyrB7} 84.02%—95.88%, sodB= 83.95%—
97.16% =2 YEtY S 22 913l 16S rRNA fr
A 2ot gyBY sodB A4 S 1835
B R(. =3 E. anguillarum, E. piscicida, E.
tardas TEFl QXM= sodB Y} gyrB7F Th4
o 9gsit= 7)\% o] Azt= A AF Yt u}

E A8 FE& o AL

S 7VssHA o2 M Edwardsiellass
Mo AFEFIE £4S 28 gene marker=
78514 A8 o] Yth(Reichley et al., 2017; Dubey
et al., 2019).

199613} 2010'd Akololl f-2jue} k4 {x] e}
WrgoloA Eejd B A9 AdHES FHE
2 B4 A3etd EAS 2ARE S85RS
E. tardaZ E55 %31, Sakai et al. (2009)2] E. tarda-
specific primersE AF-8-¢F PCROIA motile typical
E. tardat RASAT. 12t o] BEEol gk
o] Aol A random amplified polymorphic DNA
(RAPD) profilesoll A3 TS HES A}
3 groups® &2 TEE F Jslon FYHEL E
tarda type strain (KCTC 12267)3= Th4d o2
RAPD profile2 R Qltha B 133 tH(Kim, 2021).
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B 2010 Afolo] k2 JX] WojolA 23t 11

9} Wiato] Wolo A {23t 6 v 5°] TH(Kim,
2021). 282 A EA-Y Al ER(Korean Collection for
Type Cultures, KCTC)Z FE B4 B E tarda
(KCTC 12267)8} E. ictaluri (KCTC 12264)5 H| 1L

T2 AESIAY. 312 E4-& 93 template
DNAE £85}l7] 93l 1% NaCle] H714 tryptic
soy broth (TSB) (BD, USA)ol A &S 30°CE
24 A7t vl FSEA T vl T2 8000 rpm 2 E 5
B3 94 Bt A miA] s AAsk
o] &3} McFarland No.5 (1.5x10°
T2 XA} &

PN
E&%%Tg

CFU/m))9 %
DNA extraction kit (Bioneer, Korea)S A}-83}¢]
DNAE HE3tH.

AccuPrep Genomic

Species—specific primers= 0|25t Fawardsiella
gfol

E. tarda®] template DNA 1 pl®} Griffin et al.
(2014)°] B8 ET (E. tarda), EP (E. piscicida),
EPL (E. piscicida-like)2} ESC (E. ictaluri)®] primers
1 W& 722k 20 nl 9] PCR premix (BiONEER, Korea)
2} HH-&-AlA thermal cycler (MyGenie96, BiIONEER,
Korea)Z PCR-S 433} % tH(Table 1). A4 E prod-
ucts= RedSafe (iNtRon, Korea) 0.5 ppm= Z &3}
+ 2% agarose gel (Bio-Rad, USA)E 1xTAE (tris-
acetate-EDTA) buffero| /1 Z7] §53}e] UV trans-
illuminator (WUV-L20, DaiHan, Korea) gl 4 am-
plicons®] Z7|& &Ittt

=

=
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Table 1. Primers used for the detection of species-specific amplicons (Griffin et al., 2014)

Primer Sequence(5'-3") Amplicon (bp)
, ETF CAGTGATAAAAAGGGGTGGA
Edwardsiella tarda ETR CTACACAGCAACGACAACG 14
£ oiscieida EPF CTTTGATCATGGTTGCGGAA 130
- pia EPR CGGCGTTTTCTTTTCTCG
B iseicidaike EPLF TTTGATCGGGTACGCTGT s
- pisacaa EPLR AATTGCTCTATACGCACGC
£ il ESCF2 ACTTATCGCCCTCGCAAC 120
: ESCR2 GCCTCTGATAAGTGGTTCTCG

PCR conditions : 95°C for 5 min, 35 cycles (95°C for 15 sec, 58°C for 15 sec, 72°C for 15 sec), final extension

step (72°C for 5 min)

7] 9130 Griffin et al. (2014) ©] AAAI$ primers, GyrB
630F (GGATAACGCGATTGACGAAG)S} GyrB
2540R (GCCGTGARCAAARTCRAA) 23S A&
3T} Template DNA 0.5 ul(¢F 5 ng)e} z+z+e]
primer 0.5 pl(10 pmol)E PCR premix (BiONEER,
Korea)ol] 0] ¥H-8-A]1Z1 & thermal cycler (MyGenie96)
Z PCRS F33}Y . PCR initial denaturation
(95°C, 5 min) A A] ¥, denaturation (95°C, 15 sec.),
annealing (58°C, 15 sec.), extension (72°C, 15 sec.)
cycleS 353 47383} 2™ final extension (72°C,
5 min)& F7FE AAISHATH A4 PCR products
+ RedSafe 0.5 ppme E&3}+= 1.5% agarose gel=
IXTAE bufferdll Al 7] @53t 2F 1800 bps A
9] bandZ At H T

RAPD PCR2| amplicons £&2|

29 RAPD £4& B33 o] A A}
o A (Kim, 2021) PCR profilesoll x}o]7} QA 1l
Aol B9 ampliconsol] gk F7] HEE o}
17 93te] E97-13} E09-20] théte] RAPD pri-
mers 59} 6(Cytiva, USA)S. 2 o] A A 3(Kim, 2021)
o] =73} 5YU3HA RAPD PCRS A A3 TE PCR
AES 27 20 ul# geloll loadingdte] A A (F
3040 volt) .2 H71g S AAA T Long wave
UV illuminator (365 nm)Z Z+Z}+e] amplicon©] 2
g S 823 3 bandE gel o= et
Wel(R1, R2, R3 in reference figure of Table 4) 74|

2 =43 T A G}

DNA EH|et H7IME EM

Gel 2753} PCR 4HE-2 Gel & PCR purifica-
tion kit (Accuprep™, BioNEER, Korea)S A}-&-3}<]
Al zALe] A Aol whet FAlskd Tk FAE PCR
AHE9] ¥ 7] A E-2 Bioneerol| & F st Ao
u]= P A EA HAE (NCBI, National Center for
Biotechnology Information)2] BLAST (Basic Local
Alignment Search Tool)E ©]-83}% Genbank data-
base®] @714 HwstATh BEHEY] & F
LA QX & LolR Y] {5 Edwardsiella 4 Al
TES gB A7IMEES Uy wol(Table 2)
BioEdit 7.2. (https://bioedit.software.informer.com/7.2/)
£ AH8-3FS] multiple alighmentE 33} A T} ©] 2
A AEH DNA @7IAdE WEHAE o=
MEGALI1 (https://www.megasoftware.net) program-=-
o] &3t - HTH S Z(Neighbor joining meth-
od) EFRIstsHa EA4 S AASAY. AlsTe
Kimura 2-parameters 2 -8-3}o] 2439 om 2zt
A 9] A A== 1,0003)] replicationS &8k boot-
strap B4 02 T3}

= 2l ZAL

2] Aol gk A AP HA A
I Aok FLAHEEAEA A AL HlF D (NIFS,
2020)2] paper disc methodE WSTth Al H S 1%
NaCle] H7}4 tryptic soy agar (BD, USA) A =
30°Col A 24A12E v gk 3 23709 S8 E e
< & sto] TSB iAol @EFsle] 0.5 McFarland

d o
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Table 2. Origin of Edwardsiella reference strains used for comparisons of gyrB sequences and their GenBank accession

numbers

Strain Origin

(Host, Country, Isolation year)

GenBank

Reference .
accession number

E. piscicida ET883"
Norway, 1989
E. anguillarum ET080813"
E. ictaluri ATCC 33202"
USA
E. tarda ATCC 15947"
E. piscicida CK41
Korea, 2011
E. piscicida KES
Korea, 1999
E. piscicida LADL97-168
E. piscicida CZ12001
Klebsiella pneumoniae
KAM260

out group

European eel (4dnguilla anguilla),

Japanese eel (4. japonica), China, 2008
Channel catfish (Ictalurus punctatus),

Human (Homo sapience), USA
Olive flounder (Paralichthys olivaceus),

Olive flounder (P. olivaceus),

Channel catfish (I. punctatus), USA,1997
Catfish (Silurus asotus), Korea, 2012

Abayneh et al., 2013 JRGQ10000050.1

Shao et al., 2015
Hawke et al., 1981

CP006664.1
AFJI1000008.1

Ewing et al., 1965 CP084506.1
Baek et al., 2020 CP047671.1
Kim et al., 2022 CP090967.1
CP084514.1
Kim et al., 2022 CP090962.1
AP023264.1

o gz =Y. 97 @y ol

o t3 Fol Al o] AAH
< SAAAT FA disces £ Wl
At FAA R AA = U= A
cillin (AM), amoxicillin/clavulanic acid (AmC), dox-
yeycline (DO), florfenicol (FF), flumequine (UB), ox-
olinic acid (OA), tetracycline (TE)3} 2] & %ol A
AHE Bl =7} =L oxytetracycline (OT)S AF&3HS
o disce =5 BD-BBLAHUSA)ONA 434
ok A A e o] vl ok & (Non-wild type,
NWT) ¥ = Edwardsiella®; o157 Al o
3}o] normalized resistance interpretation (NRI) £2]
S AAEl AL wild type cut-off (COwt) aFS 3+
kel AAEH AL, Cowt ghol AAH A 2 TE
= AU FEHA FS S NWT=Z 2A
SFATHLIm et al., 2016; Chun, 2019).

7:|I|_|. ol

L] _—,I_il-

=
& E0| primersE 0|28t PCR ZAx}
Edwardsiella spp.l W3} species-specific pri-
mersE ©]-83t9 PCRS T3 A, 17 £+

E. tarda, E. ictaluri type strain Z}Z} T2 amplicon
S PA3H t(Table 3). o] A ATl A Sakai et al.
(2009)°] At A3 E. tarda (motile) E-©] primers
(EDtT-F, EDtT-R)Z PCRS a3+ A3}, Ee|tol
AT eF 270 bpse] FY3F 2719] amplicons®] A&
H Q3L E. tarda F 79 A= amplicon®] 43
HA gkeS B vf Jdok(Kim, 2021). Griffin
et al. (2014)01 X 3%k ET, EP, EPL 1811 ESC
primersZ A Al gk PCRO A EP primersZ= 17 £
AT amplicons©] A E AL ET primersZ+
E. tarda type strain®] ATt amplicons©] &A= S th.
o9} & A3} Griffin et al. (2014)°] Sakai et
al. (2009)2] E. tarda-specific primers (ETT=EDtT)Z
A& dFE0°] AA Abayneh et al (2013)°] E.
piscicida® 88T FF9 LAkl g B}
2t} WA E tardaE SAFFRE B AT 17
Y T#E B5F E piscicidaZ & & 0

gyB G7IME &4
19965-H 20101d Aleloll B89 Edwardsiella®s
279 gB A Yol gk PCR 2%
= Bl A €F 1800 bpse] amplicons©] Y
A Ydetgt o 47 AEE o Wi A,

B Y AL FEFEL 99.9% olF o= e
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Table 3. Results of species-specific PCR

Edwardsiella spp. isolate

F96-1, F96-2
F97-2, F97-3
F98-1, F98-2
F00-1

F02-1, F02-2, F02-3, F02-4

E97-1, E97-2, E97-3

E09-1, E09-2, E09-3

E. tarda KCTC 12267(= ATCC 159477
E. ictaluri KCTC 12264(=ATCC 33202")

*Primer abbreviations: ET, E. tarda; EP, E. piscicida; EPL, E. piscicida-like species; ESC, E. ictaluri (Griffin et

al., 2014).

L o] E gB AR Aol o] A S EA ¥
Ao 2 A5 % th(data not shown). gyrB 971 A
doll A3t L2 phylogenetic tree (Fig. 1)l A1,
B AFY 17 B FE2 E piscicida type strain®]
E. tarda BT883%} 7|E} E. piscicida 31752 3
A 99%, E. piscicida CZ12001 (Table 2)5 X 3}3)| A]
= 100% bootstrapping©. 2 A| X = = 3}ye] 2 &
g8 A% V& 43N SH, E tarda, E. icta-
luri, 183 E. anguillarum®) type strains 3=
EEAT o]2H B AF9 17 EEHF2 7] E0
SAEND E tarda®t= 433 B2 EH = clade®
AstslF oW o5 5 E piscicidaZ EFE T
AT =S 17 B TEY subtree topologyl A
QA feled WA Feide] A= o 181
= A5t A= o= RAPD profile w4

A LhERG Ak} AT

RAPD amplicons?| €7|ME &AM

Wogo] EEl3t, E09-20l thake] primer 5& Al
gk RAPD patternsl| 4] YE}L}= R1 amplicon(F
350 bp)e] E71AES £X4% ZF(GenBank ac-
cession number OQ679871, OQ679872) Edwardsiella
phage GF-2 DNA 4] & (Genebank accession number
AP014629.1)°l1 A 100% YAt Fo] LA A
ot ol& 75 o] EQlE A & T ERA "GF-2_
ORF-37"2} "GF-2 ORF-38"9] partial sequences=
Q1= TH(Table 4).

Edwardsiella phage GF-2& integrase®} 722 £
4 #E FAAE 7HA AL e S99 ol E A,
tail fiber T (receptor binding protein, RBP)<]
C-terminal ¥ H o] <5 5ol AA3l= 3 a9l
© 2 B Yasuike ef al., 2015). o] 3 &3
EoldE ZAs= FHolA FHAE o] &35HH
hostQl Edwardsiella®] 982 ZUE| o] 7}
AL Yasuike et al. (2015)2 A <H3kar Ut

2P Fe o7 MTEA AW A 5E Yl o
gk SAAE AFE3 =l weEl gekAu A F
(multiple drug resistance strain)2] 33} A LAY
Aol oA FFet e FFERAGY EAVE A
2 4= 2l9] lytic-bacteriophage S ©]-8-FF phage-ther-
apy°ll W&k #A4lo] EobH th(Oliveira et al., 2012).
Edwardsiella phage®| T gF T4 GA| =9y
A 85 8l AHgEE A dAA AL A
2 AZ = A H(Nakai and Park, 2002). Matsuoka and
Nakai (2004)= d*| S Aol A E. tardas} bacter-
iophage(=phage)®] A4 WFS AR Aol A
ol AW A 3 DR I HAEEH Aol
A E. tarda phageZ} AE= =0, ol AFSFl E
tarda7} Qo= A oP|StEE A ALFol
A F712 S 2 Edwardsiella phageS 71 Z& 3O 2 A
o=eley WA AL o Fo] Jhsdtthal Bl
AT ol &L X3 E tardad ZEIE B2
phagesS YA st ofF 20 EZHE &

170
AT ©] F 3FF2 E tarda-lytic phages (MSW-
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E. piscicida KES
E. piscicida CK41
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E. piscicida KE5 F98-1
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E97-1 OQETI8T0
E09-3
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E09-1
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- E. piscicida CZ12001
|: E. anguillarum ET080813
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E. tarda ATCC 15947

Klebsiella pneumoniae KAM260

|

0.0z

Fig. 1. Phylogenetic tree constructed using the Neighbor-Joining method with DNA gyrase subunit B gene (gyrB)
sequences of reference strains obtained from GeneBank and those of Edwardsiella isolates from Paralichthys olivaceus
and common eel. Klebsiella pneumoniae KAM260 was used as outgroup. The evolutionary distances were computed
using the Kimura 2-parameter method. Boostrap values based on 1,000 replications are shown next to the branches.
Evolutionary analysis were conducted in MEGA11 (Tamura et al., 2021). The picture inside the square box is the
topology of the subtree.

3, family Myoviridae; KF-1 and IW-1, family Podo- < &7 H7E 48k WA Y E wrdal 5013
viridae)= AN EHEW X5 F oAs 9l A8 o2 A== ¥E, KF-13 W-1&5 §H2 55 ¥
SA AES] et FHA 4S5 53 54 & 7HA AL 9o ’Hdﬂ' HIABE E. tarda®l 25
y}oto] o] o} F t(Yasuike et al., 2013a, b). e =, & AFoA dF @7IA L] A=

deflery dytolt}; X5E 93l phages ©]& GF-2 phage= HE| X O 2= MSW-39} FASH &
3™ lytic phage?} &59}2] 435 28 (phage- & Myoviridae®| U MSW-310} 4 b2 3 |
host interaction)ol] tgk o]s) 7} & & 3slth MSW-3 AE 2= A0 = vre K th(Yasuike er al., 2015).
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Table 4. Reference sequences showing high homology in BLAST searching of RAPD amplicon of R1 in E09-2,

and R2 and R3 in E97-1

2l

A Edwardsiella spp.2] 2010'd o]A Ez]Fo| AEF

A

3

Reference sequence

%

Amplicon (Acc. Num,) Host E-value identity
bp
NC026611.1 Edwardsiella phage GF-2 le-170 100
2000—
1000~ Rl AP014629.1 Edwardsiella phage GF-2 le-170 100
500
=
CP084425.1 E. piscicida S07-1019 3e-152 96.7
E. piscicida MS-18-199
bp p ;
CP035669.1 plasmid pEP-MS-18-199 3e-142 99.3
R2
CP006665.1 £ anguillarum ETOB0813 3e-142 99.3
2000 plasmid 1
1000
500 CP035669.1 E. piscicida MS-18-199 0 100
’ plasmid pEP-MS-18-199
R3
CP006665.1 E. anguillarum ET080813 0 100

plasmid 1

*1 and 2 of the electrophoretic profile is bacterium isolated from olive flounder and eel, respectively.

3t Yasuike et al. (2015)2 HA FHA
GF-291 A Edwardsiella-lytic phage®!
_]

44 #FH FHAE(lysogeny-related gene; in-

lr F{E

fu

o ofl (A
:?1:,"

tegrase, repressor CI, regulatory protein CII and anti-
repressors) < &< A Th wElA GF2&E o/
A==y X855 913 phage therapy=Z+= A &3}
A X o} Edwardsiella?s Al Yol 3-=3HAA
st s WA Aestd A9 marker’} 2
T UE Aol AAZ

Wang et al. (2000)2 phage A2] RBP C-Zt F-9
7V &3 Escherichia coli®] A& TH &4 9
Ashs HAYS B3 Le ef al (2013)2 Pseu-
domonas aeruginosa phages PaP13} 1G0049] <=
Eo]Ad folol gk ATl A phage®] RBP= &5+
oo Agt Eol Aol sty o] T wolr}
719 phage®] sFHL7F etk AE Bl
SFA . P. aeruginosa phage JG0042] RBP C-L T+
FEoll A 1709 opm| 4t X $ho] WO B <
F &4 o e phage2l binding affinity”} 74
SR, o] g 2ol phage®] host 97} W o

A3 Aol Avtar Btk ok Edw-
ardsiella myophages®] 74 %ol = RBP C-Z o] <
FEo|AGC BT Z1o R By FHA A4S §
3 ol A}, GF-29F MSW-39] RBP C-2¢ #
oA w9 = BREH opv| it S A
o} o] H$ BE XN EBL E tarda—specific podoviral
KF-13 IW-191 4= A=A %O E. ictaluri
(PEi21) phages®}= wj-¢- hE2th+= Zo] Blsl Hot.
TS GF-29F MSW-32] RBP C-HtH F-5of| 4 ofn
=4 10707 AR B Aol &<l HA=d ol H g
H3l= GF22 335 <5 receptorel o) 3 bind-
ing affinityS ZEA Q1 o] 2 & %5 ¥
A7 W dE Zlew F435h

Primer 6. 2.2 A A] gk E97-12] RAPD patterns©l| A]
el = R2 amplicon(2F 400 bps)e] F71AES
#2413+ Z 3H(GenBank accession number 0Q679873)
E. piscicida strain MS-18-1992] plasmid pEPMS-
18199¢] DNA 4] &(CP035669.1)3} E. anguillarum
ET080813 plasmid 1, pET080813-12] DNA %3 7]A]
H(CP006665.1)°l1 4 100% LXeHe FHo] oA
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A R2+= pEPMS-181999] type IV secretion
system protein “Tra C” gene¥} E. anguillarum ET
0808132] Inc F plasmid conjugative transfer pilus as-
sembly protein “Tra C” gene2| partial sequences &
2ol slgstd e ol AVIAEE BT 100%
U8} gHE E97-12] R3 amplicon (2F 700 bps)
2] 714 ¥ (GenBank accession number 0Q679874)
3 pEPMS-181999] 7]%50] 1= A o2 Tl
A FH A2} pET080813-12] conjugative transfer
protein 1232] F-AAFN A LI A7IALE FHol
1A 2 Atk pEPMS-18199%= 1] =-2] hybrid catfish
Holol| X B&l® E. piscicida strain MS-18-19901 4]
WA % one copy large conjugative plasmid®]th
(Abdelhamed et al., 2019). ©] plasmid®ll= flofeni-
col, tetracycline, streptomycins X &3t= 6719 &
FA WA AL Qow] SFAEAA v ¢
A& 07 [RA = 1L, Escherichia coli} E. ictaluriZ
o] 7h53 AL E BESH pEPMS-181991F
pET080813-1, 18|21 ¥ AF9] E97-19] L3

sequence’} YEFUIL & AOE Hol o]y =%
9] plasmidE R/ Edwardsiellass Ald-©] W73
w2l 7] oF e oA Aed 159 clone
o2 EAE 7Hsdol Aot eyl A EEE
o5 EdwardsiellaZs M52 whole-genome se-
quences 7ol A =(Baek et al., 2020; Kim et al.,
2022) t}3t prophages®} plasmidsE2] EAE B2
sk o wEbA Edwardsiellad A A= =
prophagestt plasmldsgol T EolA<l
olE=Alo g HEE o 202 AAZY.

olelg AREE FH WAl A ELEH E pis-
cicida®] 73 bacteriophage 7]y o] plas-
mid 50| gx Eel¥3 ©E RAPD pattern=
Uetl = d 45 718t es & 5 AT ol
o o] FFo WHAGgE s wep 540]
24 ‘4"31"4":’i % E0]#2l prophagelt} plas-
mid®] HES YA ol FS EUEHT =T
3o TB—?} marker’} 2 4 Ao} AT

=S
BEXE

Table 5. Non-wild type(NWT) profiles determined according to wild type cut-off (COwt) value of inhibition zone
in disc diffusion test of various antibacterial agents against Edwardsiella isolates

Disc AM AmC FF DO OoT TE OA UB
Isolate Oowt  >12 >18 >29 >18 >25 * >11 >20
NWT NWT NWT
F96-1, F02-4 "
(0) (0) (0)
NWT NWT
F96-2
% (12) (14)
F97.3 NWT NWT NWT NWT
(0) (0) (0) 0
F97-2 & F98-1,2
F00-1, F02-1,2,3
NWT NWT NWT NWT NWT
E97-1,2,3
0) (0) (0) 0) 0)
NWT NWT
E09-1,2,3
0) 0)
Abbreviations : AM, ampicillin (10 pg); AmC, amoxicillin-clavulanic acid (20/10 pg); FF, florfenicol (30 pg); DO,

doxycycline (30 pg); OT, oxytetracycline (30 ng); TE, tetracycline (30 pg); OA, oxolinic acid (2 pg); UB, flumequine

(0 ng)

COwt is not suggested for NWT determination
“The size of the inhibition zone for each isolate (mm)
COwt: refers to Lim et al., 2016 and Chun, 2019.
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22| o| SEA| Z-H0IM Non wild type 531
gelgFee] FAN hd g4 APl
ek AelA e 2716 2Aste] wopy Y

(NWT) 772 2385 ool 3K (Table 5) AMell
i3 NWT FEl = Yeld 1955 A9 2
Foll A AM, AmC, FFoll thgk NWT2 10th. {4
oA EelE #E°] NWTE Y+ 2FAl& DO,
OT, TE %21 OA, UB®l| thslA= Ao o)A
el FES BT NWTE Yehs dhd gx o
A Y9 dFEdAAE NWTZF gl ol2is 4
= E. piscicida®] & A Oﬂ gk A
X]‘ﬁo]‘/}l?‘a] Ue Bo s3F&3Q A

+ Zojgt ATEH o] Eﬂfﬂ' 7L o]
4 RAPD #4] ZA3}ol 4= YEFTHKim, 2021).
ol A E2lH 1997'd ol A thekA| o ot
NWT7F Yebd RS E. piscicida pEPMS-181999}
pET080813-19} #&H o] Q1= plasmidel] 23 AL
Z AZET. X oA BelE Edwardsiella < A
ol Al transferable R plasmid”} T} #] WA A
olo] #Hstal YTHKim, 1999)= oW AT A
2 5w, B A7 dXx Eelel= pEPMS-
18199} DNA %7} & DO, OT, TE WA #H
conjugative R plasmid7} £ 71540l =& A
o2 AAZIH.

B Aol A 19961 d 7 20101 Abolol] $-2]uhe}
2 g2 ef Ao} Wojol A ZEste] E tarda®
FAEAD 17 79 gnB 97 AES &4
A3} ol &S EF E piscicidaZ A TAHE + A
o™, phage} Aol plasmide] &4 =
piscicida 2] 72| <] &A1 ztolof 7]

= ZAoE AdEIT

> o rlo

rg Mo g
VA

o)

i

Hm;?.ri"i

]_

o

e of

ol A Edwardsiella tarda® 275 JE B2

F HYAFE] BFd AT E piscicida =
= E. anguillarum -2 A EFE A Th B A A
= HellA 19963 58 20109 7kA] 2] 2] 2k
ol gdojolA B8t E tardaZ 53
A9 177579 AZFE HAAEAT. ol & 98
species-specific primersE ©]-8¢F 54 PCR ampli-

A

g 103

con AEF gB |7 Eell 71HsE Al FEAY A
A ST B3 5 2 ZEF 54
o] ApolE Lot r] ffste] Al A HE A
random amplified polymorphic DNA (RAPD) PCR<]
amplicons®ll thet 7| LS E43ATh E. pisci-
cida 5°] Z2}o|mE AHE-3F PCR 23 17709] &
2 ampliconS AU, E. tarda Z2Fo|H
=2 A83S wl= E tarda type strain (ATCC 15947)
ol 9t amplicon©] YERSTE 177 & E]—;FQ] gyrB
A7l Aol mE ASFlA BRE &
piscicida9] H}x dFEFH 4 E. tarda type strain

= Y FHE cladeE B oM GX & WA
oloA EEd #E2 7 —u-/] 3} 150 = T
HAT FA A AE A G elA Zeld
T2 doxycycline, oxytetracycline, tetracycline®l]
2] non-wild type (NWT)©] YEFSEIL oxolinic acid,
flumequine®l] T3l A= WAoo A EEE ol A
9 NWTo] Uebtth E piscicida 8552 RAPD
HEANA 2ol b= 370 ampliconse] 728 LE| =
AE-E& B A3 Edwardsiella phage GF-2, E.
piscicida MS-18-199¢] E&g}2H] = pEPMS-18199
9 E. anguilllarum ET0808132] F2}H| = 0] A
dAet= FGo] AU o7 Aol <A
ste], B AT 17 E8lF= EF E. piscicida®
E7E o den, 2EF 5S4 53
zfo] & Holes Zlow ATHIIT

¢
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