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Establishment of epidemiological cut-off values for bacterial fish pathogens,

and effects of antibiotics and probiotics on fish gut microbiome

Won-kyong Chun

Department of Aquatic Life Medicine, The Graduate School,

Pukyong National University

Abstract

Use of antimicrobial agents is one of the most commonly used methods
to treat bacterial diseases in fish farms. However, abuse of antibiotics
could lead to the accumulation of residues as well as the emergence of
antibiotic resistant bacteria. Aims of this study were to analyze non-wild
type distribution of several bacterial fish pathogens based on
epidemiological cut-off (ECOFF) values established in this study. Also,
effects of antibiotics and probiotics administration on change in gut
microbiota of olive flounder were determined using next generation
sequencing. Antibiotic susceptibility testing based on an international
protocol was conducted using some tens of strains of Streptococcus
parauberis,  Edwardsiella  piscicida,  Vibrio  harveyi, = Aeromonas
salmonicida, and Phtobacterium damselae. Olive flounder were fed with
feed supplemented with or without amoxicillin for 2ldays. Also, fish
orally challenged with a non-wild type of E. piscicida were fed with or
without a probiotic strain. Changes in gut microbiota were investigated
in different timing points. In this study, ECOFF values were established
for each fish pathogen against different antibiotics, which can be used

as interpretive criteria for antibiotic disc diffusion test. Recent strains of



S. parauberis and E. piscicida tend to be non-wild type (NWT) for
more kinds of antibiotics. In case of V. harveyi, strains originated from
farmed fish tend to be NWT for multiple antibiotics compared to
wild-fish derived strains. In this study, amoxicillin seem to cause
imbalance of fish gut microbiota (dysbiosis). Administration of probiotics
could increase microbial diversity, indicating improve microbial balance
in fish.
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AAAARA  wde]  slelsa UTiFAO, 2019) nUE  FAL

| AERAw Awd dwe TRe o
An By F7F EAE ZYFTH(Cabello et al, 2016; Heo et al, 2002
Pokhrel et al., 2018; Santos and Ramos, 2018). AM|iA ZAWS ows}7]

At WHO R vaccination©] UA|TEH FAA A& LHEH o)

u)
(ot
ol

AtgstE WY & syl th(Defoirdt et al., 2007; Romero et al, 2012).

S ggAle] TREE S AREY ZAWD oje G WA
Mt 8-S 7ME53t A1 4 9 tH(Tendencia and de la Pefia, 2001; Liu et

al.,, 2017; Jang et al, 2018; Suzuki et al., 2019). Y= FAFHL A A
dd AHAAA 7PE de AR HE B T ostuE BdAd AT
Algst=d Al AdAd o] =2 WH S = (Matuschek et al., 2014) 7174
ERAQ FAAE AAst=d S8 E8E F do. ¥ #H
21342 Clinical and Laboratory Standards Institue (CLSI) <+ European
Committee on Antimicrobial -Susceptibility Testing (BUCAST)o A A& 3}
A ZREgC ue A ed Alge AP 2y CLSI
Zhol=ghle]l  wew #Fo A

&)l A 7] =(Interpretive criteria)~ Aeromonas salmonicida T+ F°l T)3]A

=

[e] = = -
s FEE F dE

2

k@ & o] QITHCLSL 2014). Kwon et al. (2016) & A& Z o on=
WA 3= “Clinical breakpoint”t= W2 H|&3 A|7to] AQF B2 Kronvall
(2003)©] 7)1™3+ Normalized resistance interpretation (NRI) S o] 83} ¢]
epidemiological cut-off values(Wild type cut-off values; COwr)e 3O 2 X
oFA S (Wild type; WT)S H]oFA J(Non-wild type; NWT) Feto ZH-E
TR At Bagrh NRI WEH-S A 3k WT 59 A
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COowrs A3+ 3434 W o] th(Kronvall, 2003). COwr o ZH-E %
WTe NWTO H&S& Edz FEF IYAE ZAste] AW +#
ATHKwon et al, 2016; Smith, 2012). #H<* NRI WHES A}&35H]
o g Alttel  wigk COwr A4 d77F ZEeA oA L Utk 4
salmonicida  (Smith et al, 2007), Vibrio anguillarum(Smith  and
Christofilogiannis, 2007), Streptococcus phocae (Avendafo-Herreraa et al,
2011), Vibrio ichthyoenteri (Lee et al., 2012), Weissella sp. (Figueiredo et al,
2012), Flavobacterium psychrophilum (Henriquez-Nunez et al., 2012; Miranda
et al., 2016; Smith et al., 2016; Van Vliet et al.,, 2017; Ngo et al., 2018),
Vibrio ordalii (Poblete-Morales et al., 2013), Edwardsiella tarda 2 Vibrio
harveyi (Lim et al., 2016), Piscirickettsia salmonis (Henriquez et al., 2016),
Photobacterium damselae (Kwon et al., 2016), Edwardsiella piscicida(Kim et

al., 2018), Streptococcus agalactiae, S. iniae, and S. dysgalactiae(Tavares et al.,

2018). < 7idE JidE NRI WS oA mgeE9 Azt

o

7N

#ale] COwrs: FAE A4S =¢gsted oS AHggsetn 7

=2
r <
ax
o

al
2o 7hFsl7 Ao = o AZITtHSmith and Kronvall, 2015a; Kronvall and

Smith, 2016).

-2 et T2 ol A Ay oF = T8 Al Ay o=
A - (Choi et al., 2009; Kwon et al., 2014), o =% =4 (Kwon et al.,
2014), H]HE 2] 2 ¥ (Kim et al., 2005; Kim et al., 2010; Kwon et al., 2005),
A3 (Kim et al., 2011; Han et al, 2011) & o8 Ad@dde] <3|
BAMoR @ e Jar e HAAoIthKim et al, 2012; Jee et al,

2014).



AT 19580 o] FAJ| Fo] (Oncorhynchus mykiss)ell
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o
Ag masel AFAA B oFe g4 Agd = NS

N
R

2\ TH(Hoshina et al, 1958, Kim et al, 2014). A&+l

Foze AN, AT, HFES, B,
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1o
ro

e
e
o,

o

S

o)
=
=
<y
)

ATHCho et al, 2008, Kim et al, 2014) AFFHLS I %2 dA o
7 2 Fele dode M AW =EA Lactococcus  garviae,
Streptococcus iniae, Streptococcus parauberis & | 93t= Ao=E HIiEo
ko 2000 FHE ol 2= S parauberis7t FHAQ0 Qo=
B 31531 lth(Baeck et al., 2006; Park et al., 2016).

NEAEHS ofFodA FoFd AdA HAH T stHE olHd
Edwardsiella tarda®| 23] 2A ST} K 3% ) th(Mohanty, B. R., & Sahoo,
P. K., 2007). 2012 A7} Edwardsiella <-& E. tarda, E. hoshinae 2 E.
ictaluri®] 3 Fo2 TFAFAANCH, HITo xAY R FHIdH AT
Aol met E tarda= TE FF AFS=2 750 E tarda WOl oY
553 B9 E=A471F ¥9he A th(Abayneh et al, 2012; Yang et al, 2012).

-

oAl E. tardaz SJA¥ oF WU T Edwardsiella piscicida=
A&7 5 A L™ (Abayneh et al., 2013), o= W& WAool A el
M2 & Edwardsiella anguillarum©] ¥ 31% 91 TH(Shao et al., 2015).

Aeromonas  salmonicida= -2~ ¥ (furunculosis)= Yo7+ HIAZ

an Ad, o, B4, LEd 9w OE daE Ase 2w
A o] th(Bernoth, 1997). A. salmonicida~= YUWHH S 2 tetracycline®] Wd <]

N

AR et geneo] AubHow Zgtamlte Q7Y H o] 9l thAdams et

al.,  1998; Schmidt et al., 2001). ZI#E3AATe] FA=EE WAL

f

quinolone-resistance  determining regions (QRDRs)®] &EdwWolo  F



ZIQlgkey, ¥ B2 A salmonicida’?t TS0l A tetracycline  H
quinolone®l] thH3t WA FAkel hE o] ATt SHATHKIm et al,
2011). Vibrio harveyi= ©1¥, FHFEE L AFolA A7 HAAE
&2l x ATh(Austin and Zhang, 2006). =59 WHo] EAAE HFAA
Aol o AZebAl YEFG T (Grimes et al., 1985). Extracellular Products
(ECP), quorum sensing, <Aool F-2ZE £ biofilmes Pt o9 &

TOT AAJARE FH=U, Vo oharveyi® BAE 71AE
oA 7t=] 3] ¥ra] A x| 24 TH(Austin and Zhang, 2006). Photobacterium
dameselae= 157, 145, dAsE 2 nYgFe 2L kst
TAsEAA BRaw WA Alro|th(Labella et al., 2011; Rivas et al,
2013). aF27]o] WIWHEA ZAAEH A Fo AMNLE AL B
el 25 HAY &9 Teol gy ==y {AE 2

ol 5428 vedth(kwon et al, 2005).

]

o
)

T4 8 FAA FF 24 B FAA WA /AR BHE Ee
Agolgt= FWHAA g 213 Ho|tt(Jang et al, 2018; Santos et al.,
2018). Serum (2006)> B AT th2 A HEH ozt A F7)gE
=EHW O 7HA ol Al Y WAde e Ao

dol S7kstel 1 f1g/de] tisar o

f
=l
_0|L
R
vl
B
r
2
ok
=
BT
lo
=

v



2 Ao AFE-E oW Mer2 Streptococcus parauberis 75 15, Edwardsiella
piscicida 54 ¥+, Vibrio harveyi 57 5, Photobacterium damselae 44 T,
Aeromanas salmonicida 43 5% AF&3ITh. E. piscicida 397770 dgh
sulfonamides®] H o] EJ(Kim et al., 2018)ollA] Z<tol| #el¥ TFE9 o
FAAE F7tste] A=A, E. tarda and V. harveyi(Lim et al., 2016)<}
P damselae(Gwon et al, 2016)> ©|7] F3|X COwrE ©]&3to] T4
NWTZEZS £437] fal AFEHAT. 4 dFo dE5dd dd Ar+=
Table (S1-S5) ol YebAot AAA 58 A1@ F3 Aol 1% NaCls
718k tryptic soy agar(TSA)o| HE3Fe] 28°Col| Al 18-24A] 3wl 35}

Agol ALg s



22 FAA FFAH A Y

FAA FFANEE Fare FAA BEA A

g ¥+ Z2ZEZF CLSI

o

M42-A (2006)°] wrgt tvlx= FabH(Disk  diffusion test)S A A]3FATH

e Y PEe Asshu

1 T

TS WA 22°C T+ 28°Co]| 18-24A] 7+

v

O
ftlo
o,

sk F 2x10° CFUmMIY) FxZ 3AAz Fo "t WEE
AR&-3te]  Mueller-Hinton agar (MHA) HiX| AAo] ZEsta A A
Haag =8 29 § 28°Ce wisttt. 7hol=zklel weh F8A
MHABI A ol 1% NaCl(V. harveyi, P damselae) 3= 5% sheep blood(S.
parauberis)E  F7Fske] FEAT. ©]F CLSI M42-A (2006)° #1412
Fzdel wed FAA Haa FRel At Aol <fAd

lE’_
999 AFe SAs] 3= AHESlH. Quality control(QC)E ¥

(el

of,
ro

N
rr

CLSI M42-A (2006)°] A|Al€ ol whet Escherichia coli ATCC 259229}
Aeromonas salmonicida ATCC 336582 AF&3t3ith. oM Ao AR&-sh
FAA = OxoidIMAl A Fistlom Alge] ALgd FA= thaat 2ok
AMP, ampicillin(10y¢g); AMX, amoxicillin(10, 25uxg,); AMC, amoxicillin-clavulanic(20 +
10ug,); TET, Tetracycline(30ug,); DOX, doxycycline(30ug,); OTC, oxytetracycline(30.g);
CEF, cephalothin(30xg); LEX, cephalexin(30xg); CXM, cefuroxime(30ug); CFP,
cefoperazone(75ug); EFT, ceftiofur(30xg); NAL, nalidixic acid(30xg); OA, oxolinic
acid(2ug); CIP, ciprofloxacin(54g); ENR, enrofloxacin(54g); UB, flumequine(304g);
GEN, gentamicin(10xg); NEO, neomycin(30ug); ERY, erythromycin(154g); SMX,
Sulfamethoxazole(254¢); SD, Sulfadiazine(254g); TMP, trimethoprim(54g);  SXT,
trimethoprim/sulfamethoxazole(5 + 2518); CLI, clindamycin(10xg); VAN,

vancomycin(30¢g); FFC, Florfenicol(304g); CHL, chloramphenicol(30.g).



2.3 o H AT 2] Wild-type cut-off values (COwr) 273

Kronvall and Smith (2016)2] NRI %S ©] 83} epidemiological cut-off
value(ECOFF) X+  wild-type cut-off values (COwr)E AT NRI
wAYHE 53 A Al Bioscand AB, TA™ BY, Sweden (European Patent
No. 1383913, US Patent No. 7,465559)ZFF 3d7tE Lo A&
Wild  type®] g7 3}% (normalized) zone 719 Ht gk} A}
Aatstd 54 WXEF9 probitS o] 83t ALEE AT COwr Kronvall
and Smith (2016)9] W e} HygholA HTHAY 2.5 wjE W

b
)

s

=z
LN

oz HAASAY. V. harveyi(Lim et al, 2016)9t P. damselae(Kwon et al,
2016)%1 A5 ol AFelA olw FEHAUE COwrE ©] 835
SAEQon #F NWT EE AHS olash] 918 AHE T,

2.4 o] Al F 2 Non-wild type ¥ £4]

AAE s5eFe] e FAAEE FSZ] COwrs ©1-&3t] wild typedt
non-wild types T2 AH}E F3IH RS ©°]&3te] Heatmap o=
Al Z+3}a gl 0™, 1 non-wild type W-3¥ Ho|EE o] &&lo] z} wFo]

259 A8 olgdtel AR, AGW 2 oFY F uRHom ¥4
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3. 23

31 o H AT FGEH YA 7] FH(COwr) E2H

Quility control< E. coli ATCC 25922 ¢} A. salmonicida ATCC 33658<
AFEEE e CLSI M42-A (2006) 7Fol=g}elo] AAE JAthHe] =9
Qtoll Axpgre]l & AHS sttt 7F wEH COwr 9 NWT 1] & (%)<
Table 1o YEFHAG. 2 #FE NWTQ  H[E&(%)°]  50%°] 4= =
FAA = S parauberis®] 745 OTCe} ERYOlA NWT H|&o] 51%°]%
Uebutth. 3 E piscicida= DOX, OTC, ENR, SMX, SD, SXT, TMP, CLI
2 CHLAIA NWT H|&°] 50%°]7d WELSEAL A, salmonicidai= OA, CIP,
ENR, UB, SD % SXTel|A NWT H|&°] 60%°]%d YELSTE. V. harveyi=
sulfadiazine®l| 5] NWT H]& o] 95%°|’ EFSTE P damselae= tetracycline

A<Dl TET, DOX % OTCelA NWT H|]&9°] 50%°]4 e},



Table 1. Epidemiological cut-off values

calculated from NRI analysis of bacterial fish pathogens

Streptocogcus E.dw.al.’dsiella Aeromqnqs Vibrio . Photobacterium
Antibioti  Antib parauberis(n=75) piscicida(n=54) salmonicida(n=43) harveyi(n=57) damselae(n=44)
-C class —iOtiCS COWT * NWT COWT A NWT COWT % NWT COWT * NWT COWT * NWT
mm) T @ @mm YT @) @mm YT mm YT @) mm VT (%)

Penicilli- “AmMp =35 40 47 =12 30 44 ND ND ND - - ND ND ND

AMX 35 38 49 =19 30 44 ND ND ND - - - ND ND ND

AMC =36 39 48 =18 47 13 = - & % - - - - -
Tetracyel pp _ _ : _ _ _ _ ] : _ _ >23 21 52
-ines

DOX =25 38 49 =18 17 69 - - 5 =23 55 4 =21 21 52

OTC =28 37 51 =25 14 74 =15 18 58 =23 54 5 =27 20 55
Cephalos  pp ; ; £30 . 37 W W - - ; : ; ; ; ; ;
-porins

LEX =29 41 45 - - - ND ND ND # - - =1 41 7

CXM =36 41 45 =20 50 ND ND ND ND ND ND = 44 0

CFP - - - =27 46 15 - - - ND ND ND - -

EFT =30 63 16 - - =28 38 12 - - - =15 41 7
Quinolo- oy - ] - ] - >18 53 7 - -
nes

OA - - - =11 30 44 =27 13 70 =13 51 11 =20 32 27

10



Streptococcus Edwardsiella Aeromonas Photobacterium

Antibioti- Antib- parauberis(n=75) piscicida(n=54) salmonicida(n=43) Vibrio harveyi(n=37) damselae(n=44)
c class  iotics COwr + NWT COwr + NWT COwr +  NWT COwr + NWT COwr +  NWT
mm YT o m YT o @m YT o mm YT o) mm) YT ()
Eé‘i;’;‘;?“l'CIP - . . >25 35 35 >46 6 86 >22 30 47 >30 24 45
ENR =24 65 13 >19 27 50 >37 6 86 >14 56 2 >22 34 23
UB - - - >20 30 44 >24 38 12 2 - - >26 33 25
Aminogly cpy >15 g8 9 El 53 2 - - : ND ND ND =13 44 0
c-osides
NEO - . _ s 2 i - - J ND ND ND - - -
Is\/lacr(’hde'ERY >31 37 5l " - ! 1 R 7 >8 52 9 >9 36 18
_S(;{clsfonami SMX - - - >Th \ 25 54 ND ND ND ND ND ND - - -
SD - - - % 1€y 29 50 =16 16 63 =21/ 3 95 - - -
SXT =22 62 17 >26 26 52 >18 17 60 >15 51 11 >23 34 23
Antifolate TMP - - - >36 13 76 . s . >13 51 11 >27 25 43
_L(igs"osamlcu 230 47 37 29 7 ¥ - - - - - - - -
Glycopep-
tido VAN =21 68 9 - - - - - - - . _ . - -
Ampheni- ppe 557 g7 11 - - - =29 42 2 =26 51 11 >25 37 16

cols

11



Streptococcus Edwardsiella Aeromonas Photobacterium

Antibioti- Antib- parauberis(n=75) piscicida(n=54) salmonicida(n=43) Vibrio harveyi(n=37) damselae(n=44)

c class  iotics COwr + NWT COwr + NWT COwr +  NWT COwr + NWT COwr +  NWT
mm) YT o) om YT % mm YT o) mm) YT o) mm VT (%)

Ampheni- CHL =24 75 0 =231 26 52 =234 40 7 =225 49 14 =25 37 16

cols

Abbreviations for antibiotic agent are as in the materials and methods. "Number of isolates categorized by the application of the
relevant COwr value. AMP, ampicillin; AMX, amoxicillin; AMC, amoxicillin-clavulanic; TET, Tetracycline; DOX, doxycycline;
OTC, oxytetracycline; CEF, cephalothin; LEX, cephalexin; CXM, cefuroxime; CFP, cefoperazone; EFT, ceftiofur; NAL, nalidixic
acid; OA, oxolinic acid; CIP, ciprofloxacin; ENR, enrofloxacin; UB, flumequine; GEN, gentamicin; NEO, neomycin; ERY,
erythromycin; SMX, Sulfamethoxazole; SD, Sulfadiazine; TMP, trimethoprim; SXT, trimethoprim/sulfamethoxazole; CLI,
clindamycin; VAN, vancomycin; FFC, Florfenicol; CHL, chloramphenicol. ND, not determined

12



32 oJH AT A Non-wild type £ EA]

T £2Y

e

3.2.1 Streptococcus parauberis T 35-2] Non-wild type

S. parauberis T2 AR Non-wild type =X ZIE= Fig. 19
el 3, 5 2 6719 A AA classoll gt S parauberis] NWT =
H] (%)< 1999~2007 30l ZHzE 24, 16 H 4% Lo 2013-2018' 9] 7§
Z27F 100, 81 2 65%2 LFEF5THTable 2). NWT Aol B HA o] A

s

w
N
-

, 5 2 6709 BAA classol ek NWTE B & (%) AF% Fd +F
Zk7y 57, 31 2 14%=2 YEY dEET 0% EH(ET 0%)
o vl 453 =2 22 E G T(Table 3).

—
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11T

[ ] Wild type o Isolation year
: b

M Non-wild type agei 1999
2003
2004
2005
2007

2013

_ 2014

@ 2015

M 2018

Isolation source

[l Starry flounder

Fig. 1. Heat map shows classification of wild type and non-wild type of 75
strains of Streptococcus parauberis strains. Light yellow and red blocks
indicate wild type and non-wild type, respectively. *Note that strains recently
isolated tend to be NWT for more kinds of antibiotics. Rows and columns
represent antibiotics and bacterial strains, respectively; where red blocks

indicate non-wild type and lightyellow blocks indicate wild type.



Table 2. NWT for multiple drugs of S. parauberis 75 strains by isolation

== Ratio (%) of non-wild type against multiple antibiotic
Isolation Number _classes

year of strains 3< Avg. 5< Avg. 6= Avg.
1999 75% 75% 0%

2003 75% 25% 0%

2004 6 67% 24% 33% 16% 0% 4%,
2005 33 0% 0% 0%

2007 2 100% 100% 100%

2013 100% 100% 67%

2014 100% 100% 83%

2015 5 100% i 100% e 80% 65%
2018 12 100% 58% 50%

Table 3. NWT for multiple drugs of S. parauberis 75 strains by isolation

location
Ratio (%) of non-wild type against

Isolation location = Number of multiple antibiotic classes

strains 3< 5< 6=
Jejudo 35 57% 31% 14%
Gyeongsangbukdo 1 100% 100% 0%
Haenam 2 0% 0% 0%
Wando 20 0% 0% 0%
Pohang 8 100% 100% 75%
Geojedo 3 100% 100% 67%
Y eongduk 3 100% 100% 100%
Uljin 3 100% 100% 100%

15



1%

3.2.2. Edwardsiella piscicida 2] Non-wild type =¥ &

s

E. piscicida w59 FAAAE Non-wild type X ZH} Fig. 2 ©l
UEN AT}, E piscicida= 371¢] FE2~EHZ UFolxon HT AR
=8 #F7F § 82 A Y NWITZ2327F debgtv, =3
Sulfonamides] @ AAA  HA  fFadll dF9 AF dFEE NWI=E
et o WA fdl 759 A tiFE WIE Yewsth 3, 5 3

67012  FAA  classol W E piscicida®] NWT T H[&

rlo

1999~2004 39 = Z+7F 63, 25 2 13% 2o, 2011~20181d2] 7§ 97, 83
2 83%%E UEFETH(Table 4). NWT A 9W BX EXoxE= 3, 5 @ 6719
A classell gk NWTO] B &(%)2 AF% Fdl #5771 BF 81%=
el 9583, 17 2 17%)H E3(50, 0 Z 0%) 2 5ol HlE) 253
=2 A0 8 UE Y tH(Table 5).

16



ET4FL
i ET3I
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Fig. 2. Heat map shows classification of wild type and non-wild type of 54
strains of Edwardsiella piscicida strains. Light yellow and red blocks indicate
wild type and non-wild type, respectively. *Note that strains recently isolated
tend to be NWT for more kinds of antibiotics. Rows and columns represent
antibiotics and bacterial strains, respectively; where red blocks indicate

non-wild type and lightyellow blocks indicate wild type.
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Table 4. NWT for multiple drugs of E. piscicida 54 strains by isolation year
analysis

Ratio (%) of non-wild type against multiple

Isolation Number of antibiotic classes
year strains 3= Avg. 5= Avg. 6= Avg.
1999 3 33% 0% 0%
2000 2 0% 0% 0%
2002 2 50% 63% 0% 25% 0% 13%
2003 12 75% 50% 25%
2004 5 80% 0% 0%
2011 15 93% 73% 73%
2012 1 100% 0% 0%
97% 83% 83%
2017 6 100% 100% 100%
2018 8 100% 100% 100%

Table 5. NWT for multiple drugs of E. piscicida 54 strains by isolation
location

Ratio (%) of non-wild type against multiple

Isolation year Is\‘igilg)ser of antibiotic classes

3= 5 6=
Busan % 50 50 50
Chungju 1 100 100 100
Geojedo 1 0 0 0
Haenam 1 100 0 0
Haman 9 100 100 100
Jejudo 16 81 81 81
Naju 1 100 100 100
Pohang 4 50 0 0
Wando 6 83 17 17
unknown 13 85 38 15
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3.2.3. Aeromonas salmonicida 2] Non-wild type & ¥ &2

A. salmonicida 72 FAAE Non-wild type +* ZI= Fig. 39

et ATk 3, 5 2 6 Y A classoll gt 4. salmonicida®] NWT

5 B & (%)L 2008~2018 0l 70, 12 2 2%= YEFY QtH(Table 6). NWT
o

A

Ho 22 BAAgAE 3, 5% 6719 FAA classol d NWTS
H & (%) ZY9% Fd o571 100, 67 2 33%= Yely AFE%=80, 10 &
0% a7, 0 2 0% fr FFel wE 953 ¥ Ze=
- E} 5L CH(Table 7).
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Fig. 3. Heat map shows classification of wild type and non-wild type of 43
strains of Aeromonas salmonicida strains. Light yellow and red blocks indicate
wild type and non-wild type, respectively. where red blocks indicate non-wild

type and lightyellow blocks indicate wild type.



Table 6. NWT for multiple drugs of A. salmonicida 43 strains by isolation

ear

. . Number Ratio (%) of non-wild type against multiple antibiotic
Isolation of classes

yeat strains  3< Avg. 5< Avg. 6= Avg
2008 1 0% 0% 0%

2009 1 0% 0% 0%

2010 12 33% 8% 0%

2011 4 50% 0% 0%

2012 21 95% 70% 10% 12% 0% 2%
2013 1 100% 0% 0%

2017 100% 0% 0%

2018 2 100% 100% 50%

Table 7. NWT for multiple drugs of A. salmonicida 43 strains by isolation

location

Ratio (%) of non-wild type against multiple
Isolation Number antibiotic classes
location of strains 1< 5< 6<
Gwangwondo 3 100% 67% 33%
Geomundo 10 80% 10% 0%
Mokpo 4 50% 25% 0%
Namhae 12 67% 0% 0%
Heuksando 4 50% 0% 0%
unknown 10 70% 10% 0%
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3.2.4. Vibrio harveyi T 2] Non-wild type ¥ ¥ ¥4

V. harveyi w79 FAAE  Non-wild type =X AT Fig. 49

UERH AT At wls) FAAAlA ¥ ®@e NWT 237 Yy

AEFS BAY 3,5 L 6709 FAA classoll W ¥ harveyi®] NWT o F
H & (%) G2 Adsto =z vyol 34 A3 44 Fd3 d59 45
41, 11 2 4%= YeEhd ok FEl 77, 3 E 3%)ol HE €53 =

ZA37F YEFSEtH(Table 8). NWT A< &4 EFMoA= 3, 5 2 6719
A classoll thgk NWTO] B & (%) Hall frell #5571 36, 27 2 9%=
el o@®, 0 E 0%l el e wwd =
21 5] A TH(Table 9).
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Fig. 4. Heat map shows classification of wild type and non-wild type of 57

strains of Vibrio harveyi strains. Light yellow and red blocks indicate wild
type and non-wild type, respectively. where red blocks indicate non-wild type

and lightyellow blocks indicate wild type.
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Table. 8 NWT for multiple drugs of V. harveyi 57 strains by isolation year

Ratio (%) of non-wild type against multiple antibiotic
Isolation Number  classes

year of strains
3= 5= 6<

Farmed 27 41% 11% 4%
1999 5 60% 20% 20%
2000 2 100% 0% 0%
2004 5 0% 0% 0%
2005 7 14% 0% 0%
2009 2 50% 0% 0%
2011 1 100% 0% 0%
2012 5 60% 40% 0%
Wild 30 7% 3% 3%
2001 1 0% 0% 0%
2004 2 0% 0% 0%
2010 10 10% 0% 0%
2011 4 0% 0% 0%
2012 6 17% 17% 17%
2013 4 0% 0% 0%
2018 3 0% 0% 0%
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Table 9. NWT for multiple drugs of V. harveyi 57 strains by isolation
location

Ratio (%) of non-wild type against multiple

Isolation Number of antibiotic classes
location strains

3= 5< 6<
Yeosu 13 8% 0% 0%
Namhae 11 36% 27% 9%
Gyeongsangd- 4 50% 0% 0%
Busan 4 25% 25% 25%
Jejudo 3 0% 0% 0%
Wando 3 0% 0% 0%
Southern sea 2 0% 0% 0%
Tongyeong 2 0% 0% 0%
Seocheon 1 100% 0% 0%
Pohang 1 0% 0% 0%
Unknown 13 31% 0% 0%
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3.2.5. Photobacterium damselae T 5=2] Non-wild type & ¥ &4

P damselae 7% A Non-wild type 3

ih)
i)

+ Fig. 59
ek 3, 5 2 67019 A classoll et P damselae®] NWT T+
Hl &(%)<  2004~20091 ol A classo] o] NWT(%) ZAifellAl 42, 42 %
27%% YEFSEI 2010~2014F 0] & 33, 22 2 11%= YEFSECH(Table 10).
NWT A9’ B BEAqA= 3, 5 2 6 el FAA classoll thgh
NWTS] H &%) &4 Fd #5777 247 71, 43 9 29%= e
o1 92(20, 20 F 0%), =33, 17 L 0%), 90, 0 2 0%) 2 I8, 0

R 0%) el Tl HliE sl

Hir

& Ao 2 UERET(Table 11).
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Fig. 5. Heat map shows classification of wild type and non-wild type of 44
strains of Photobacterium damselae strains. Light yellow and red blocks
indicate wild type and non-wild type, respectively. where red blocks indicate

non-wild type and lightyellow blocks indicate wild type.
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Table 10. NWT for multiple drugs of P. damselae44 strains by isolation
year

Isolati i\h(l)rtpbe Ratio (%) of non-wild type against multiple antibiotic
on strains classes
year

(n=44) 3< Avg. 5< Avg. 65 Avg.
2004 8 63% 25% 13%
2005 6 50% 50% 33%
2007 2 0% 42% 0% 42% 0% 27%
2008 5 20% 20% 20%
2009 5 40% 20% 20%
2010 4 25% 25% 0%
2011 5 40% 40% 40%
2012 4 25% 33% 25% 22% 0% 11%
2013 3 0% 0% 0%
2014 2 50% 0% 0%
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Table 11. NWT for multiple drugs of P. damselae 44 strains by isolation
location

Number of Ratio (%) of non-wild type against multiple

Isolation location strains antibiotic classes

(n=44) 3< 5< 6=
Yeosu 5 20% 20% 0%
Wando 6 33% 17% 0%
Ulsan 7 71% 43% 29%
Tongyeong 2 0% 0% 0%
Nambhae 2 50% 50% 50%
Pohang 11 18% 0% 0%
Jejudo 7 43% 43% 29%
Geomundo 2 100% 100% 100%
Open sea 2 50% 0% 0%
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(Aoki et al., 1990).
ade, ZeE ddAe A Aaed AEe Sl ARRI The Aol
=2 8% dAAE AEsk= Aol Wi Tasu & 4 vk OIE
aquatic codeoll= FAAl AHE EUEE B AA ZRIO9S FI AFH
A4 dlolHE sl43t7] 9138l Epidemiological cut-off (Wild-type cut-off)
valuesE Ab-&afoF gty @arstal ok @A S. parauberisel o gk 7HAd
Ee WS 7EE 5 e dfTE0] AAEH A &7 "ol A
FAA A oAd 237 o sHeEtE O 2ol ofdHu. ofH
Aol A AANEIL gl #FE FAAE ECOFF 32 FF #59 Wrel
NWTE T3t wg §83 o=z dAdym, Wiz Fid FAA
de =olun FAAY &=

a
o A AF-&%¥ NRI "' (Kronvall and Smith,

2016) Ml 2Xo] wE} et BAE & gle] o AS=TE TS
Wige] HlE F oo ot dAddEn. FAEECA EEE Ao
epidemiological cut-off value (ECOFF)E AAT o ¢ W #5&
gRdrs 9§ AU Cowmrs 2e 7 Aom, Aok 30718 WT #45+

ot
off

= AL 232 efof vt @t ¢lvh(Smith et al, 2009; CLSI,

k

2011; Smith and Kronvall, 2015b). ¥ ZTHA] o] AFox ALEH
RE RFO BRFE FRAUTL BUL, GF A polui 27
1=

dolEH g Z7latel A&H Auel guolest Basity Rea

"

‘

ol AF A S parauberis®] NWT B &(%)<  ampicillin,

oxytetracycline®} erythromycin & Aol disl] Z+2b 47, 51, 51%°] <=l
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o] AL o]ld AFTAI(Kim et al, 2010)¢} FAFE AHow YEhyit B
ATt old A Az 53] duyddAe HEGA|FE ALE A=

S. parauberis®] ©]t A FHH ] X BARZE FALTL AL

=l

o

=
parauberis®] AE=E FA A3 FH2(2013-2018W) FElE TFUF Rt
= Fol A dis NWT2 EFHE Aol Fd S
golstdrl. ol Ao ARgEE RE FH(2013-2018W) T FE 37
ol o] EFAYA classl I NWTZ Fi=Eoem 59 6719 A
classol dial 727 817 65%<9 =& HIEE NWITZ #F

_\"l
I
A
o

SRISEATY. S, parauberis T+ tetracycline®}  erythromycin  ©f  tf 5
NWTZ FiE5HA=d o= o] AF+(Park et al, 2009)N 4 S. parauberis7}
tet(s)? erm(B) genes T/ ZFA i lope At dAstE AL & F
Atk 8 AxE 2 37] FAA| class ©]FY WS Hole fiFREe
TFEoA HYADA, HEZAe|ESHEA B utaRgo] =AY
FAAZEEH TR UAol U= AS FJEdnh dA =l
FAGAME AT HH S A EsH=H Amoxicillin?}  florfenicol s & O]

£33t Baskal 9ot (Jee et al, 2014), - 2007 o]F EHH S
parauberus 287t 7ol A amoxicillin 2 florfenicolo| 3] NWTOo.2 &%
Tl v A7 100%, 31%E FAA WA PS5 e e
AztEct ol #HA Al FAA AFA ol FUFEHA HW AR &8 W
Aot iEwt oyt FTAASGHorE AT 7t "dr(Park et al,
2009; WHO, 2007). $-2l¢] ZAz}o]A GEN, FFC, ENR, SXT, EFT, VAN,
CHL+ wild type®] H|E&©°] 76% oldo= Y} Aol ot
A57F a3 Zolgta e

E. piscicidaol M &= A% FAZA T 0] % (1999~2004d)0 2| H 9
NWTH] £ (%)< oxytetracycline, doxycycline, Oxolinic acid®] Z3}7} 63, 50,
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4 0%2 HEZAOZHANA =S NWT

M

¥ HEs Uedsded,
Kim et al(2010)¢] Zz}o] w=m 2004~2005 9] 9 E  tardao) A
tetracycline(84.4%), Oxolinic acid(71.9%)= oxolinic acido| A% =2 WA S
ol ¢t A3V va g2 e oy 255 ol WA H|
°fF 84%= W EA udEy o] Axet W FARRE sdS
U AT #H2(2011~2018'd) wel¥l E. psicicida 59 7% GEN&
Ads BE FAAC i} oMol HsiA NWT H[E&o] vl
F7kste =2 HES UEY
wE wFelA EF e/l FAA class ool dhEl NWTEE7}

A=A AFAGY  sAtolFolA EEE o= =2 penicillin,

v

Rl
%0

t}. o] Fo|AE 2017:d~2018 9]

doxycycline, tetracycline, sulfamethoxazole/trimethoprim, oxolinic acid®l] A
90~100%2] W< YERAWH, 29 AiM = AYLdAALA AMP,
AMXOl A NWT(%)©= ZHZb 44%°]™, DOX, OTC, SXT % OA% NWT+
69, 74, 52 2 44%= YEeEPPT NWT FEdE 24 Al GXG7HEF)9
WAo] (153 7)l A 0OAS] NWT(%)2 24, 100%= YESLL, SMXQ
NWT (%) 76, 7%= LEISTH o] WX oF WAoo R ol upebi
B E= AL 25 = dE5S dERT

A. salmonicida 14 OTC, OA, CIP % ENRS] NWTH]&o] Z+Z} 58, 70,
86 R 86%E YERlEU, olv A uE FHARJ] teA, teBE
HAAY FAEEAle] gig WA FAAA grAe] WHold og UAES
7M. Aoz AZTETHKim et al, 2011). A. salmonicida= NWT =
A Al 2008~2018 A E2]E 4335l 3,5 L 6 N FAA| classo] 2
NWT E¥8] &%) 22 70%, 12% 2 2%=2 eh|Ad. A4 +5F F
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70%7} 371 AA class ©]Fe] NWT 22 Jeldlaz 9o 571 34
class o] UWAS  RHol: X2 AEE(67%), FHER5%) ¥

AEE(10%)°]™ 6 class©]’de] non-wild type X5 uYERH T
Ao F 2 A

N
rr

V. haveyi® = 1999~2018\d°] &##d dFE& o] &5t]
ATk V. harveyi®l 73

oFA FEl wFet %A FU TFe NWITEXE #]&o] t2A velwsd,
okAl el TFAME 30T T 3, 5 2 6 /MY A class o]
NWTH|&o°] 7, 3 R 3%=E YEtwou &4 fFo dFors 27750l A
41, 11 3 4%= ok8 7o #FHEY £ NWTEEE Yetddla. oA
Hil(Kang et al, 2014)°] <ty  dkolA]  EElE Vo harveyiol A

e
H
2

M
X
N

—\711

il
}
=
ob
32
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SL
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rlr
FI

%9

cephalothin, vancomycin, ampicillin, cefepime, cefotetan % streptomycintl g+
FAA Aol dehde vAlldATEe] Edsve Bart e
A3E FPANL 9 opYBA M FHBHAN FYAL wFol Bol
H7] W& Aoz AAHM FAA AFEAd Fort Hed Aoe=m
A7k,

P damselae= 2004~2014'3 | E2l¥ 4475 5 17 7(39%)7F 3 class
ol WS 7HAa AT P damselae= ETF2=H]E pAQUIE 7FA| Al
dom FopamEe] Hi dY Alxdo] MOBH Zoham= Ald e sh9]
™ Enterobacteriaceae$}t Vibrionaceae ©l 33t
IncA / C 89 Zghxv= 3 SXT/R3917 23 #AE 7HAa
FASA 7 TR AdEy ®Bgol] #ostal 9tk (Nonaka et al., 2009).
dufa T2 7 Eo] FAEA Ao P odamselae subsp. damselae®] *| 5 A =

M gl A1gH

rr
off
.|_,

S} A Al = sulfonamideZl] ©] X 7+ Pedersen et al. (2009)°]
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& % (microbiota)©] =38},
B &Fe YUY A E AP F@ WA 2D Ao EgL
FE= o7 4HFA 9rHCany et al, 2013; Hoseinifar et al, 2019).
W}E‘r/ﬂ 753]'144 H]%% R e %%g ;ﬂgl_?ﬁ]% A7}e %7(]3]-{—13]

% 23} tH(Gomez and Balcazar, 2008). o1 F2] # v A& dutx oz 10

10"CFU.g'e] &A3}™ (Nayak, 2010; Wang et al, 2018), “2]

2
™
2,
=

T2 HYAY = 4T HYS IS T Uve 28I FHow
&# 4 tH(Farzanfar, 2006). Peterson and Round (2014)= <3k
MAAES] A, B3dd B Ao Z fFag nAdEY SV A=

el A Fol ofF v wARe BiFES dysbiosiszh A o)sa
=

X0,
£ 2
=l
ol
ol
2
£
-
o~
@
a
N
@
=
[\ @]
=
S
&
w2
S,
)
w2
2.
rlr
o
ale
ko
[40
=
lo
ol
(i3
o
e
2 4

o
o
o

nE 4 lom Ao wmEl dysbiosisE Yo 4 9lom,

e
B 7} (superinfection) ¥ ZS  oEx  $e ARES 2y Fx

ol

) TH(Carlson et al., 2017; Walker and Lawely, 2013).

H 187 A Q1 FAbS A 4] 9 F oA o] F-7F = W A
ZEdlo] Qg Aol ARgo] Frhetal 1 FyE FHEWAL QlTH(Balcazar et

al.,  2006;  Kesarcodi-Watson,  2008). <l 2 = 7] +(FAO) <}

M A XA 7] FH(WHO)O A = probioticsE “A A3t ¢Fo] Fojd o =Fof A
A7 o] Fi Aolde mAE R AHolstal JTHFAO/WHO, 2001).
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AF7A Be Fo] ZEuloloErw AFHJOoW 53| HAkF(lactic
acid bacteria; LAB)°] dg] A& 9tk o] T1go] &3 we A
(3]
-

kg g 9 A8 AALsle] Bl ire] ZAS

2
Ol
ol
rlr
olr
L)
)
0,
P
>
[7)]
Q2
Q
=
>
D
—+

al, 2011; Stoffels et al, 1992). S22 AE EZZulo]QE A=
T Eel AW AR, A% HH, A 9, AR ol&E, 2EHX
T2 MAFEATE o8 Bart dtieg., Gatesoupe, 2010; Llewellyn et al.,
2014; Nguyen et al., 2017; Nguyen et al., 2018; Partridge, 2016; Tellez et al.,
2006; Zhou et al, 2010). T3t Zf P AES WE 499 4F4s Fi,

45 GFas FEE WA WAAE A 5 AR Aol

i

o3 9geS vz th(Nayak, 2010).

Microbiomes &783t7] 9%k 7]& B A|H A4 Hol A wf$-
HE &Aool Ex3ly ZAS o= st Ay d7|A4 A2 wjdol
a2z FF Al HAE LHY dEN ASHe BEgAE 23s
29T 4 AUtKKim et al, 2007; Nayak, 2010).
sequencing (NGS) 7|&o] waste] mel AMEZo EAlsts B2 49

W4E DNAS A94 8 # glo] 2w uAgRs 74 4390

Lol mAE ERwe tig on = EA4E SE

a3at7] witol 16S A AlEA EAE o83t
A= ATk FAA AFEH 22 FAPFY #APS o 7o AGS AAA
Wk ootyel FAA WS F7HAA EAZE Hal ltk(Cabello, 2006;
Faruk et al, 2008). W3 <2 Jolr ofFo] A A5 ok A

nMAEe ®WItle AA4E AR 24 2 ZHE opld & Utk



H Aol w=w ool FAAl FoAl dysbiosis7t doldE F Udrka
SR tH(Jin et al, 2018; Zhou et al., 2018). & wA=2 A4 IS
897 Wyon Zzvlelegse Alge] X3 & 9OuhGao, X.
W. et al., 2010; Kale Pradhan, P. B. et al, 2010; Shi Y. et al., 2018)

FANA Z2upole gyt A wAdzEel mAE FFES A
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dgdel AR i Ad g9

rob

FAGAA ARl A R
FAA M =Fel gle HA(15£2em, 40£10g)E T3k 71 gl
AT FAUSA kst Ao 15 ton TR 473 AT

0 EdA Z4ztel] domtEy &3 ¥ AP

:‘,:
AT T A 71 il 23-24°Ce® A H AT

3 AA AdExp. D ol AUl FAAS BrFAAstd vAe 4d=
dotr iz P on dge] A FAA = ATl Avisti =
TS obEAIA-(HA oFFolEA 200h) S 40mgkgbwel FEE AR

AbgE ZEulole g Aae= g3t HFE Lactococcus  lactis  lactis
WFLUI2(Nguyen et al, 2017; Nguyen et al., 2018)2 10°CFUg'¢] =

pzol HolA AHEEAT s A APTlAE oFEA A
thsk WA ol A= Edwardsiella piscicida EET52E 10'CFU.fish' 2 zondeZ
o] &3t atFol WA o] E3F ol A FAAT F I TedHH AR
wolg A&ttt YAt A5 A A40.85% NaChE  Abs
ol FFetAth. EE ALEE autofeederE o] 8§38Fe] A oAF 2%z

L AFTIbERE oS o7 B FE A THFig. 6).
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CON | Fed with normal feed (2% body weight per day)

AMX | Fed with feed supplementedwith amoxicillin (40mgrkg)

0 21 Days
ax [
il E. piscicida | AMX (40mg/kg) Normal feed
(107CFUffish)
AMX | E. piscicida Probiotics
AMX (40mg/k

PRO (30mgkg) (L lactis at 10¢ CFU/g)

E?) -1 0 14 21 Days

Fig. 6. Schematic plan for oral administration. For Exp. 1, olive flounder were
fed with feed supplemented with amoxicillin or sterile saline for 3 weeks. For
Exp. 2, olive flounder were orally challenged with E. piscicida before they
were orally treated with amoxicillin for 2 weeks. Then, fish in AMX-CON
and AMX-PRO group were fed with normal feed and feed supplemented with

probitoics, respectively, for 7 days.

41



23. 4% &3 4 DNA F&
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25 94X & W e T3

Z

1 LIS }\‘]

f
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N,
h=)
v
:
i)

H colonyE MAH| Ao 4] 28°C 24-72h v]%} & DNA F+&
2 AIEAS AYSATE Al genomic DNAE Genomic DNA Extraction
Kit (Bioneer)E AR&sto] A x2He] A Alel wet Eefstaith. Leja zF &
2] 9] 16S rRNA genes 27F(5-AGA GTT TGA TCM TGG CTC AG
-3")2} 1492R(5’- GGT TAC CTT GTT ACG ACT T -3°) AEZ A}-&3}9]
<23}tk Premix kit(Bioneer-10 mM Tris-HCl, pH 9.0, 40 mM KCI, 1.5
mM MgCI2, 250 uM dNTPs mix, 1 U Taq polymerase)E PCR < %ol A}-&
S Th 7 primer 2ul ¢} template DNA 1 uLE premix vials®ll ¥ 3 5§/
17 uLE #H7tste] HF H35 20 pL2 "HEQITH PCREZ S 94°Col A 5
w7t pre-denaturation A2 ¥, 94°C 30%<%} denaturation, 55°C 30%3F
annealing, 72°C 13& 30%Z%} extension®] E71 S 2 30 cycleS F3d3tar v~
Qo2 72°C 7++%t final extensions RS TE o]F FEE DNAT
-20°Ceo| X #3sFSTh. Dyne staining star(DYNE BIO, Korea)”} >34¥ 1%
Agarose geldll A7|9E= F3 A= gt 12lal PCR BA %
AlEd #A12 Han et al. (2011)9] WHol weh HaPstct. 37 5 @t
Folo AgEd + gl AEs AAZ F, Ribosomal Data Project (RDP)
SegMatch(http://rdp.cme.msu.edu/seqmatch/seqmatch_intro.jsp)& ©| &3] &4

st et
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2.6. 16S rRNA amplicon library 4] % sequencing

16S rDNA V3-V4 7P 498 target® 2 3} PCR primer 341F/805R S} 2x
KAPA HiFi HotStart Ready Mix(KAPA Biosystems, Wilmington, MA, USA)<}
Agencourt AMPure XP system (Beckman Coulter Genomics, Brea, CA,
USA)E Al&3le] tg3 2 2Hdo2 PCRS 333t 95°Co) A
3%k, 30cycleo| A 95°C 30%, 55°C °C 30%, 72°C 30x “1¥]al 72°C ol A
553 Fdetth. 27] PCR<S Illumina index % sequencing adapters
(forward primer:
5'-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGC
AG-3'; reverse primer :

5'-GTCTCGTGGGCTCGGAGATGTTTTAGAGACAGGACTACHVGGGT

ATCTAATCC-3")¢} 534S Zte 999 5ol Zgtolw & AlE-3to]
20ng?] 3 DNAZ 338}t PCR AH= 2] magnetic bead -basesd “g A
<, AlgtE cycles 2zt Nextera XT Index Kit (Illumina)e] EZglo]™E

of = WA PCRE 3383t o]olA, FAE PCR &S 2
5

S A3kl 7hA EkekaL, Qubit 3.0 3 A 7] Aol A Qubit

2
N
of

dsDNA HS A4 7]E (Thermo Scientific)® A #3}3tAvt. =89 A=
Al dA F- F4S 93] Agilent 2100 bioanalyzer (Agilent)ol A]
Ayt gholBe )= CFX96 H A1 A2~ (Biorad)& Ab-8-8te]
qPCROl &8l A=Fst=Avt. FFst 5, FHlE ghelB e o] AEAd2 300
bp % T IES z2h= Miseq system (Illumina)oll Al 4= & AT}
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2.7. Metagenomics

zb A F A AR AHElEl BE3kS AFESEe] Operational taxonomic unit
(OTU) (a similarity threshold of 97%)¢] <& A4ttt OTUS F&
QIME AFZESJo] (v.1.8.0)5 AH&sto] ARl o 2z mo] s A
A2l readsoll A B E 08¢ AFE UAFS AESto] RDP Classifier
vl.IZ taxonomic abundanceE AAHSFATE VA E A EA  taxonomic
abundance= 7t AME oig AAY @A FE Ui #E AFESEHY
%313l RY R #7142 Phyloseq v1.8.2% Hhe|gjole] RF3H7
= ol AFEE AT

-
o
Lo
o
4
ot
filo
>
o
o
ol

2.8. 54 £4

zZb AEY g3 tgdds 54357l 98l OTU=  Shannon  indaex
(alpha-diversity) & AF&sto] A=A HE A SAHSH] 9@
Bray-Curtis distance®l] Wz} 714 2449 zol& FAHsla B/ o
Atele] AlE AA3t7] 938 principal component analysis (PCA) biplotS

T3P 3} A T Beta-diversity ¥ rarefaction curvet™ RS ©] §3}o] 45 AT}
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3. 23

3. §X Z# U B E + A

Zb kel |A e Al W AE = MACA 28°Ce] 24-72A17F mgE &
ZA3k9lth. CONY AMX 1§59l A log CFUg'el Az 747 Hit 7.16 2

7}
3.012 yebdth Alit Al Ay CONo wisl] ol EAAUS Az2d AMX
awolMd fFeHoer AL ARyt UEuth(Fig. 7). AMX-CON#
AMX-PRO 1&F9lA log CFUg'e] Az 7tz it 062 2 35602
velgth A Ag 23 AMX-CON 5o Hls] Z=Znfo]ogxs
2] 3 AMX-PRO ZLEoIA folaow ge Aurl Leytth(Fig 8).
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Fig. 7. The number of bacterial counts from the gut mucus of 10 olive

flounder in CON and AMX groups.
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Fig. 8. The number of bacterial counts from the gut mucus of 10 olive

flounder in AMX-CON and AMX-PRO.
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32. X ZFH AN Ed WABEY FF
ol AFelA  Exp. I(CON % AMX)Z} Exp. 2(AMX-CON H
AMX-PRO)°l A g A7 MA®]  HlYAIZl ¥ A} bacterias
FUO0=E colony A4S &2 F FEE HAEMD=16)d 3] 16S rRNA
sequences F 33T RDP SEQMATCH Z=213o] uwet 7Hg 7H7k%

o #FE AAS] Table 12-130] VFEFY AT
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Table 12. Identification of gut bacteria isolated from fish in CON and AMX groups

Group Phylum Bacteria strain

identity (%)

CON Proteobacteria Photobacterium damselae
Catenococcus thiocycli
Palleronia abyssalis
Vibrio alfacsensis
Vibrio owensii

AMX Proteobacteria Vibrio natriegens
Vibrio owensii
Vibrio alfacsensis
Catenococcus thiocycli
Vibrio natriegens

Firmicutes Bacillus safensis

99.89
96.35
98.71
99.87
99.15
99.16
99.15
99.88
98.69
98.92
100

Table 13. Identification of gut bacteria isolated from fish in AMX-CON and AMX-PRO groups

Group Phylum Bacteria strain identity (%)

AMX-CON Firmicutes Staphylococcus caprae 100

AMX-PRO Proteobacteria Vibrio scophthalmi 98.89
Firmicutes Lactococcus lactis 99.88
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33. W & £4

33.1. 9 F# Ul 16S A richness and diversity

ol AFeA  HWEAE EAS 93l CON®=3), AMX(n=3),
AMX-CON(n=3)7} AMX-PRO(n=3)¢] A & u FHAS ALt
% 881,478719] quality-filtered sequence readsS A1 2™ Exp.1o]4] CON-2
281,43471, AMX+E 183,14770°]™  Exp.2°ol A= AMX-CONS 1557247,
AMX-PROE 261,1737H2 YERsttE QIIMES AFg&3te] 97% o]ite] Hd

A S 7IEo 2 ZF O AMEY OTUE AU tH(Table 14-15).

F Oggl W@ FAAS ZEeolegre 9Fe B 99

QIIMES Al&38te] dutet wlEl ggAd S ALESEA T rarefaction curveo}

%2  alpha-diversity A2 Aol AEF AL F OFHREAES
z2&Z3s7)e | SRS A AFEE | HAASE P 2 wWHe=

.

¥ tH(Ghanbari et al, 2015). Rarefaction curvet= U}t #F3H%4
ToAA AL depthd] FFEA FT ITHEE AMAI= AAAHA

o2 AR ATHFig. 9). H ol - F Y-S QUMES A FdEH

Zhol = B 4 e, Exp. 29] AMX-CON3} AMX-PRO° A 1F 3F
oAl Aol g0 = fIATE Exp.1¥ Exp.29] beta-diversity 2 ¥}
T8t A vAE LY AR w4 agdE SREE A
gkelst 4 9lom, Exp. 19 F FAHLAT varation®]  92.2%(first
component, 67.3%; two component, 24.9%)°]™ Exp. 29 F FA8AE
variation®]  98.4%(first component, 86.5%; two component, 11.9%)%=

UEbsohFig. 10-11). Exp. 104 AMX9 A% @dAAe ooz
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Table 14. Summary of OTU counts and richness estimate for bacteria in
samples of gut mucus from olive flounder in CON and AMX groups.

Alpha diversity

Sample ID No. of Reads  OTUs (Shannon index)
CONI1 81,204 3,105 1.442
CON2 96,147 4,612 1.396
CONS3 104,083 6,182 1.526
AMX1 66,930 2,601 1.739
AMX2 77,802 3,232 2.963
AMX3 38,415 1,986 3.830

Table 15. Summary of OTU counts and richness estimate for bacteria in
samples of gut mucus from olive flounder in AMX-CON and AMX-PRO

groups.

Sample ID No. of Reads  OTUs glgfgng:lv?;s(ig)
AMX-CONI1 41,081 1,757 2.582
AMX-CON2 63,704 2,803 3%%7
AMX-CON3 50,939 1,868 3.1
AMX-PRO1 66,512 2,615 3.242
AMX-PRO2 84,974 3,131 2.397
AMX-PRO3 109,687 4,195 4.302
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Fig. 9. Genus-level rarefaction curves of gut microbiota. Gut microbiota from
each of the groups were sampled according to their 16S rRNA gene

sequences.
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Fig. 10. CON(C1-C3, black dashed circles) and AMX(A1-A3, red dashed
circles) comparisions were made the difference in organism composition was
measured according to bray-curtis distance and principal component analysis

(PCA) was performed using the beta diversities.

55



-20 -10 0 10 20
L | !

Edwardsiell&

£
§ 't AMX-CON
{7 AMX-PRO

Citrobacter
T

-05 0.0 0.5

PC1(86.5%)
Fig. 11. AMX-CON(ACI1-AC3, green dashed circles) and AMX-PRO(AP1-AP3,
blue dashed circles) comparisions were made the difference in organism
composition was measured according to bray-curtis distance and principal

component analysis (PCA) was performed using the beta diversities.
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33.2. 9% AU nAEe 23 A

H AFo = 5229 OTUZ} Proteobacteria, Firmicutes, Bacteroidetes 2
Actinobacteria®| &3k Aol FAHAT. ofF Al mAAEd dig
gAY e AFs7I9IE AaAE Exp. 1olA= CONZFol H &)
AMX 1 Foll A A4Sl abundance”’t & s YERAT. EF CON

IFA Proteobacteria’} uj] - THIFoY FAAE =] 2] gt

o

AMX 1wl A= Proteobacteria®l WB]&©°] Fol5il Y& phyla(Fimicutes,

Bacteroidetes®} Actinobacteria)®] W& o] S7Fsle= 74 &S H S th(Fig. 12).

2ol ¥ At offF AU WAES EFFEE ANAAZA F AeA
dolr 7] el W3E Exp. 2014E AMX-CON L& H]3] AMX-PRO
g AAHSZ abundance”} =2 FHS YERAJATE EI AMX-CON
53 vwEte] T Enfo] Q8 AE F o]k AMX-PROLENA Firmicutes <t

Bacteroidetes®] H]-&°] S7tsl= A S YEM A ThH(Fig. 13).

Z+7yo]l  phylum-levelol A 2 107] I} (family)o] ™)$+ abundance
Batgks WeEtd Ao A ol HA yErd W Sk=  Proteobacteria®l Al
e T CONOlA = Proteobacteria?t ~ ¢F 97.5%= T2  I(family)

Hafniaceae, Enterobacteriaceae, Vibrionaceae, Moraxellaceae

=)

Pseudomonadaceae’} 87, 4.2, 3.2, 12 % 0.7%= JFA Y= uh
AMX 5ol A<= Proteobacteria’7t °F 67.1%= ZA3F il F=  H(family)
Enterobacteriaceae, Hafniaceae, Alcaligenaceae, Rhodobacteraceae, Vibrionaceae
2 Comamonadaceae™ /3% o Z+zy 29 259, 24, 1.6, 1.2 Z 1.1%=
Uetstth d8AE AYetds W tiAAS=E - (phyla) Fimicutes,
Bacteroidetes®t  Actinobacteria?t F7 b= S HIAR T Hole

skelsk 4= $lSIth(Fig. 14).
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AMX-CONZZ579| A=  Proteobacteria’t ¥ 77.4%=  Hafniaceae 2}
Enterobacteriaceae=  ZFZF  30.5, 34%°]®  AMX-PRO IFoA+=
ProteobacteriaZt  °F  68.7%= 7 377, 202%= tizTol  HlE)
Enterobacteriaceae?t St-2 Y| &S YUENNI T Firmicutes~ T2 Y (family)
Ruminococcaceae, Lachnospiraceae, Peptostreptococcaceae, Streptococcaceae,
Oscillospiraceae, Eubacteriaceae, Enterococcaceae, Veillonellaceae,
Clostridiaceae 2 Staphylococcaceae - % T4 = o™ AMX-CONL&F2 <F
10.1%, AMX-PROZFONAME oF 157%= Z2ulo|eE~g R FAS
W AAA S ® %2 abundanceE YWEFWTE. Bacteroidetes T = P}(family)
Bacteroidaceae, Porphyromonadaceae, Prevotellaceae, Rikenellaceae,
Flavobacteriaceae, Odoribacteraceae 2 Saprospiraceae= 773 ¥ o3l o™
AMX-CONLH<  °F = 82%, AMX-PROZFIAE F  11.2%=
ZZulolegA2E  AHElgk AMX-PROZLFONA  Bacteroidaceae?7} 6.4%=
N Z=7(3.4%)°l Bvl&l =& abundanceE YEFWRATL. Actinobacteria?t T =
7} (family) Propionibacteraceae, Mircrococcaceae, Corynebacteraceae,
Bifidobacteriaceae, Coriobacteriaceae, Nocardiaceae 2 Dietziaceae =
Tl e AMX-CONZ5mel A ¢ 3.62%, AMX-PROZLFolIA = oF
33%°|H, o] & AU FHSF Propionibacteraceae| Xl Z+Zt 2.1, 12%=

Y EFSECH(Fig. 15).
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Fig. 12. Bacterial abundance at the phylum level retrieved from the mucus of

fish in CON and AMX groups.
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Fig. 13. Bacterial abundance at the phylum level retrieved from the mucus of

fish in AMX-PRO and AMX-CON groups.
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Fig. 14. Taxonomic compositions of bacterial communities. Relative abundance of up to 10 top most family-level of each phyla in

the CON and AMX groups was plotted.
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Fig. 15. Taxonomic compositions of bacterial communities. Relative abundance of up to 10 top most family-level of each phyla in

the AMX-CON and AMX-PRO groups was plotted.
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o] Aol EHL2 gAAe] Folz Qg ofF A vAE L3 WHIE
olgfjstal ZZulo] o g o] Fol7t FAYAl o] dojdt mHAE 9
Hsle] oW JIgFS oI =XE  FASIE AU Edwardsiella

ﬂl

piscicida= A% E. tarda (Abayneh et al, 2013)& ©]F<2 T8 A4
A og Sk 5%, Ax=gu g 9% HY FF Fol yeuy AA

24 22 A4 A des fste Aem 4o dthPark et al,

_|_4

e

2012; Beck et al., 2016). E. piscicida= Z23t3o] Azt A%
fral e (Beck et al, 2016), o] o] WA Q1 (portal of entry) &
Shubel7] WEol APEAIA AW WAE Tdd dFE F 5 gov]

dysbiosis T3k dozd 4 vkl dAdsto] £ Aol AR EH AT

S ga grdt Age mat By 20dE FAA R
ZRubol 0 E g mel PRkl A gyl mAEe] o} gETol s W
guEt A%e uedth oe® Ad: Zzuleledgazt g
WA #8747 TAd Hrh we du@e ded 4 gk AL
A gk dwHom  ofe gwel  $HA  wame

Proteobacteria, Fimicutes, Bacteroidetes X  Actinobacteria -(phylum)©]|

&3t Aoz dHA Jrh(Sullam et al, 2012; Volkoff and Butt, 2019).
Proteobacteriar= RE.% 3% o] Fol EAgth A oFe] Al A=
TR %44 olFe P WAE £ B ASTYRHOT F O

3 & S TH(Ghanbari et al, 2015). ©]H A+ (Desai et al.,
0120 S oFe Fo wuI TEAN olEE TANEold
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A Ayl AAFAUTE Sugita et al.(2002)E= DR Gz Fuol A
Acinetobacter, Aeromonas, Bacillus, coryneforms, Enterobacteriaceae,
Flavobacterium,  Micrococcus,  Moraxella,  Pseudomonas,  Staphylococcus,
Vibrio-swarmer 2 Vibrio-othersE X 3I%F 12 &9 family 135 ©°] YESTIAL

nastgon oldd ARt X AT Avs} fAsHAC,

dtxiow FAAE HHAT 7Y AW HA=TY TS 5A
Alxt 159 71 e A S oa WSl yeidoa deA Atk
o E £9°1, pacu (Piaractus mesopotamicus)®l florfenicol= 2|3} uj
Klebsiella, Plseiomonas 2 Citrobacter®t 7+  Enterobacteriaceae’} A
S7tst A th(Saenz et al, 2019). ol¥l  AFedAE  FAAA  FoF
z2ulologags AHeEgk FoA = dlxol| Y3 Enterobacteriaceae”t
Have Ads BATHFig 15). 1 9ol ofEAldYS Fod itelA
Proteobacteria < (phylum)®] Hafniaceae ¥} (family)®] Edwardsiella <7(genus)
At 7k A FFASE WY Enterobacteriaceae®]  Citrobacter <5 ©)
Aletel  AA Frlete AYFES EAY. AREAH O = Citrobacter
He-geA et "HEZDAEH AD FAA ds Wde It
B 315t (Nawaz et al., 2008; Poirel et al., 2011). ©] Z(genus)ol &3t
dH F 53] FA 7o) (Duman et al, 2017)9} Garra rufa obtuse(Baeck et
al, 2009)0] AHS doxivtm BWuy vk vk 3 o] Z(genus)ol &3
C. gillenii¥} Citrobacter sp.i= amphenicols 7AEd % HEZALo]ZH 9
A S TFF GFe oAl Aol kil ¥ iE A= H|(Askarian et
al, 2006), °ol&= ol AdFol AY= efflux pumpet sull, tetA 2 terB

SOl o Aoz & AtH(Duman et al., 2017).

Firmicutes 9l &3t A 1&9°] 9x AU "AE + F AA=
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Bol st o A ALE & ZRuo] e EAE Fodle W HS
s A%e B Zzvelegs Fod dFdA Fa
I(family)Q!  Ruminococcaceae®| ~1  Faecalibacterium< 3+ Oscillibacter<s ©]

T2 S(genus)o 2 YEFYTL Bacteroidetesi= ©FEA A H S A2 sE S o
I} (family) Flavobacteriaceae, Bacteroidaceae, Sphingobacteriaceae,
Porphyromonadaceae, Prevotellaceae 2 Rikenellaceae7t 7}t om 1
FA M Flavobacteriaceae?t AY & HloS AAsteE (family)=
UElwt o™ 1 % Flavobacterium sp., Flavobacterium  psychrophilum©)
S7Vele= AEES XY, Flavobacteriums 1S o R TS
SN FHHY 53] WgHol stHAS W 7]E Y WAz AEd
=]

T Jvta R a ¥ th(Bernardet et al, 1996). KUM, Cavit, et al. (2008)°l

=

o5t FA|EFANA  LEl%E  Flavobacterium  psychrophilum©j] Tl 3}
amoxicillin - clavulanic  acid®] resistanti= 90%= wl§ =2 AIAHS
UEF AT Ngo et al. (2018)2] A+l A= Flavobacterium psychrophilum©l
)3k amoxicillin®] non-wild type H&(%)< 32%= YEF O FX] 7| $0f
A8ARE AR Al BH7E mE|Eitkal Bk doh ol gk AAEE W Fo
E o 2 AYolA olFAAdAS TS W /Y FH WelA
olEAl Aol st WAS 717 Flavobacterium <5 (genus) A2l -2 v gk

Z7bel ol8) g 1F ol ulFo] Fobd Rom AZHET

2 A EZ2ulo]legAE  Fo3  IFoA Bacteroidetes
I (phyla)oll &3t At Fol A F7tete 43de dHeddd. 579,
Porphyromonadaceae, ~ Prevotellaceae % Rikenellaceae 52  (family)®l

ol Aol F7 e Bacteroidetes=  s=ol B WA=l A

wAse FARoR thurRe wwdd Fus g BPd f7184L
Basts o UL st Jow LeA UtkChurch, 2008). )
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8= Bacteroidetes= LHFPAH oz FgujAEAde] EAo] e A=

AAAE buyrated YA o= APF FL FASE U £ 9FL

T Aoz 4EA dtH(Thomas et al, 2011). °o]Fol Ui butyrate©]
Gl wE A= vHety JAo A AAAE SAA) dFe & T
e Aoz Hth

CON 179 Hls] AMX I3l X  Actinobacteria®l <3l (family)
Micrococcaceae, Propionibacteriaceae, Microbacteriaceae, Corynebacteriaceae,
Beutenbergiaceae, Dermabacteraceae,  Dermatophilaceae,  Brevibacteriaceae,
Dietziaceae 2 Bifidobacteriaceae TH(family)oll &3t Mxto] F7lsl= A &S
UEFHIYE.  AMX-CON 2§33  Hladte]  AMX-PRO Lol A
Actinobacteria® 43t F(family) Mircrococcaceae,  Corynebacteraceae,
Bifidobacteriaceae 2 Coriobacteriaceae’t Al S7FstA T o= A
Fol & zzuloleHgAZS FHIlsdes W AW vAdEe FHE OH
tggdol dizgel Hel H el S7tskith. AMX-PRO ZEolA F&
%1 Hafniaceae?} T}~ 5 7}8Fal Enterobacteriaceae?t A3l 22
bol 2.8 9]

2T} A THOTHCE BAHE APYS Rl

o

=
zzol WAREAR fAR THowA Tw

Xy
2
~

rr

Hnoe=z

Az 2ey ofrjel W@ wrh W@ud F7b A7k dawojer
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Table S1. Streptoccocus parauberis strains used in this study.

Isolate code Isolation source Isolation location Isolation year
KSP44(J14) olive flounder Jejudo 1999
KSP45 olive flounder Jejudo 1999
KSP46 olive flounder Jejudo 1999
KSP47 olive flounder Gyeongsangbukdo 1999
KSP1 olive flounder Jejudo 2003
KSP2 olive flounder Jejudo 2003
KSP3 olive flounder Jejudo 2003
KSP4 olive flounder Jejudo 2003
KSP5 olive flounder Jejudo 2004
KSP6 olive flounder Jejudo 2004
KSP7 olive flounder Jejudo 2004
KSP8 olive flounder Jejudo 2004
KSP9 olive flounder Jejudo 2004
KSP10 olive flounder Jejudo 2004
KSP11 olive flounder Jejudo 2005
KSP12 olive flounder Jejudo 2005
KSP13 olive flounder Jejudo 2005
KSP14 olive flounder Jejudo 2005
KSP15 olive flounder Jejudo 2005
KSP16(12046) olive flounder Jejudo 2005
KSP17 olive flounder Jejudo 2005
KSP18(12049) olive flounder Jejudo 2005
KSP19 olive flounder Jejudo 2005
KSP20(12051) olive flounder Jejudo 2005
KSP21 olive flounder Jejudo 2005
KSP22 olive flounder Haenam 2005
KSP23 olive flounder Haenam 2005
KSP24 olive flounder Wando 2005
KSP25 olive flounder Wando 2005
KSP26 olive flounder Wando 2005
KSP27 olive flounder Wando 2005
KSP28 olive flounder Wando 2005
KSP29 olive flounder Wando 2005
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KSP30
KSP31
KSP32
KSP33
KSP34
KSP35
KSP36
KSP37
KSP38
KSP39
KSP40
KSP41
KSP42
KSP43
PHO710
PHO711
SPOF 3k
04151K
04162K
HFTC0023
HFTC0059
HFTC0060
HFTC0063
HFTC0064
HFTC0076
HFTC0083
HFTC0086
HFTC0091
HFTC0157
HFTC0237
SPOF18J1
SPOF18J2
SPOF18J3
SPOF18J4
SPOF18J5
SPOF18J6
SPOF18J7

olive
olive
olive
olive
olive
olive
olive
olive
olive
olive
olive
olive
olive
olive

flounder
flounder
flounder
flounder
flounder
flounder
flounder
flounder
flounder
flounder
flounder
flounder
flounder
flounder

Starry flounder
Starry flounder

olive
Olive
Olive
Olive
Olive
Olive
Olive
Olive

flounder
flounder
flounder
flounder
flounder
flounder
flounder
flounder

Starry flounder
Starry flounder
Starry flounder
Starry flounder
Starry flounder
Starry flounder

Olive
Olive
Olive
Olive
Olive
Olive
Olive

flounder
flounder
flounder
flounder
flounder
flounder
flounder

Wando
Wando
Wando
Wando
Wando
Wando
Wando
Wando
Wando
Wando
Wando
Wando
Wando
Wando
Pohang
Pohang
Geojedo
Geojedo
Geojedo
Pohang
Pohang
Pohang
Pohang
Pohang
yeongdeok
Yeongdeok
uljin
uljin
Pohang
yeongdeok
Jejudo
Jejudo
Jejudo
Jejudo
Jejudo
Jejudo
Jejudo
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2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2007
2007
2013
2013
2013
2014
2014
2014
2014
2014
2014
2015
2015
2015
2015
2015
2018
2018
2018
2018
2018
2018
2018



SPOF18J8
SPOF18J9
SPOF18J10
SPOF18J11
SPOF18G1

Olive flounder
Olive flounder
Olive flounder
Olive flounder
Starry flounder

Jejudo
Jejudo
Jejudo
Jejudo
uljin

2018
2018
2018
2018
2018
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Table S2. Edwardsiella piscicida strains used in this study.

Isolate code Isolation source Isolation location Isolation year
KE2 olive flounder Pohang 1999
KE5 olive flounder Geojedo 1999
KE6 olive flounder Pohang 1999
KE1 olive flounder Pohang 2000
KE4 olive flounder Jejudo 2000
KE3 turbot Pohang 2002
ET1FL olive flounder Busan 2002
ET2FL olive flounder Unknown 2003
ET3FL olive flounder Unknown 2003
ETAFL olive flounder Unknown 2003
ET5FL olive flounder Jejudo 2003
ET6FL olive flounder Jejudo 2003
ET7FL olive flounder Unknown 2003
ETOFL olive flounder Unknown 2003
ET11FL olive flounder Unknown 2003
ET12FL olive flounder Wando 2003
ET18FL olive flounder Unknown 2003
ET19FL olive flounder Unknown 2003
ET20FL olive flounder Unknown 2003
ET10FL olive flounder Unknown 2004
ET13FL olive flounder Wando 2004
ET15FL olive flounder Haenam 2004
ET16FL olive flounder Unknown 2004
ET17FL olive flounder Unknown 2004
ETW11 Eel pond water Wando 2011
EET31 Japanese eel Haman 2011
EET32 Japanese eel Haman 2011
EET33 Japanese eel Haman 2011
EET34 Japanese eel Haman 2011
EET35 Japanese eel Haman 2011
ETW41 Eel pond water  Naju 2011
ETW43 Eel pond water = Wando 2011
ETW46 Eel pond water = Wando 2011
EET51 Japanese eel Haman 2011
EET52 Japanese eel Haman 2011
EET53 Japanese eel Haman 2011
EET54 Japanese eel Haman 2011
EET63 Japanese eel Wando 2011
EET64 Japanese eel Choongju 2011
Y-catfish K catfish Unknown 2012
KEPF olive flounder Jejudo 2017
KEPH olive flounder Jejudo 2017
KEPHH olive flounder Jejudo 2017
KEPSet olive flounder Jejudo 2017
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KEPHet olive flounder Jejudo 2017
KEPD olive flounder Jejudo 2017
KEPep olive flounder Jejudo 2018
KEPICet olive flounder Jejudo 2018
KEPSD olive flounder Jejudo 2018
KEPHM olive flounder Jejudo 2018
KEPA olive flounder Jejudo 2018
KEPHL olive flounder Jejudo 2018
KEP)J olive flounder Jejudo 2018
KEPW olive flounder Jejudo 2018
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Table S3. Aeromonas salmonicida strains used in this study.

Isolate code Isolation source Isolation location Isolation year
RFAS1 Black rockfish Geomundo 2008
RFAS2 Black rockfish Geomundo 2009
RFJv 1S Black rockfish southern sea 2010
RFJv 3K Black rockfish southern sea 2010
AsRF-Nam1 Black rockfish southern sea 2010
AsRF-Nam?2 Black rockfish southern sea 2010
AsRF-MP1 Black rockfish Mokpo 2010
AsRF-MP2 Black rockfish Mokpo 2010
AsRF K u Black rockfish Unknown 2010
AsRF S u Black rockfish Unknown 2010
AsRF-Nam3 Black rockfish southern sea 2010
AsRF-Nam4 Black rockfish southern sea 2010
AsRF-MP3 Black rockfish Mokpo 2010
ASRF-MP4 Black rockfish Mokpo 2010
AsRF-HS1 Black rockfish Heuksando 2011
AsSB-HS Sea bass Heuksando 2011
AsRF-HS2 Black rockfish Heuksando 2011
AsRF-HS3 Black rockfish Heuksando 2011
AsRF-GM1 Black rockfish Geomundo 2012
AsRF-GM2 Black rockfish Geomundo 2012
AsLF 1 gizzard shad Unknown 2012
AsLF 2 small yellow Unknown 2012
croaker
AsLF 3 small yellow Unknown 2012
croaker
AsRF-Nam5 Black rockfish southern sea 2012
AsRF-Namé6 Black rockfish southern sea 2012
AsLF 4 anchovy Unknown 2012
AsLF 5 small yellow Unknown 2012
croaker
AsRF-GM3 Black rockfish Geomundo 2012
AsRF-GM4 Black rockfish Geomundo 2012
AsRF-GM5 Black rockfish Geomundo 2012
AsRF-GM6 Black rockfish Geomundo 2012
AsLF 6 unknown Unknown 2012
AsLF 7 unknown Unknown 2012
AsLF 8 unknown Unknown 2012
AsRF-Nam7 Black rockfish southern sea 2012
AsRF-Nam8 Black rockfish southern sea 2012
AsRF-GM7 Black rockfish Geomundo 2012
AsRF-GM8 Black rockfish Geomundo 2012
AsRF-Nam9 Black rockfish southern sea 2012
AsRF-Nam10 Black rockfish southern sea 2013
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18RTO1 Rainbow trout Gangwondo 2018
18RT02 Rainbow trout Gangwondo 2018
18RTO3 Rainbow trout Gangwondo 2018
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Table S4. Vibrio harveyi strains used in this study.

Isolate code Isolation source Isolation location Isolation year
FR1 Black rockfish Gyeongsangdo 1999
FR2 Olive flounder Busan 1999
FT1 Turbot Gyeongsangdo 1999
FF8 Olive flounder Gyeongsangdo 1999
FF10 Olive flounder Gyeongsangdo 1999
Vh8FL Olive flounder Seocheon 2000
Vhdmu Mullet Unknown 2000
Vh 28 Unknown Unknown 2001
Vh 1 Unknown Unknown 2004
Vh 3 Mullet Unknown 2004
Vh 4 Olive flounder Jejudo 2004
Vh 8 Unknown Unknown 2004
Vh 19 Rock bream Namhae 2004
Vh 20 Black rockfish Namhae 2004
Vh 21 Mullet Namhae 2004
Vh 13 Black rockfish Unknown 2005
Vh 14 Black sea bream  Unknown 2005
Vh 16 Olive flounder Unknown 2005
Vh 18 Red seabream Unknown 2005
Vh17RB Rock bream Southern sea 2005
Vh21FL Olive flounder Pohang 2005
Vh19mu Mullet Southern sea 2005
Vh Dael-1M Olive flounder Unknown 2009
Vh21M1 Mullet Unknown 2009
SG 16-a Searobin Gurnard Yeosu 2010
Ce 15-b Conger eel Yeosu 2010
St 11-1-a-an Stripey Yeosu 2010
St 11-1-a Stripey Yeosu 2010
SW 9-2-a Saddled weever Yeosu 2010
RF 18-a black rockfish Yeosu 2010
RaB 3-1-b Multicolorfin Yeosu 2010
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Dam 2-1-a
Ts 4-2-a
N8BM-7
St K1-2S
RSB 12-4bK

Gam H1-1b K

YT J2-1bS
Cl 6-S-a
RF Q1-1K
RSB Q3-3K
RF Q2-2K
RFHW 1ka
RFHW 1kb
RFHW 2k
RFHW 3ka
RFHW 3kb

AP 1lb
AP 6L

AP 9L

VhER1
VhSR1
VhGT1
VhzSs1
CFvh1
CFVh2
CFvh3

rainbowfish
Damselfish

Thread-sail filefish
Olive flounder
Stripey

Red seabream

Greater
amberjack

Yellowtail
Clownfish
Damselfish
Red seabream
Black rockfish
Black rockfish
Black rockfish
Black rockfish
Black rockfish

Black rockfish

northern sand
lance
northern sand
lance
northern sand
lance

Eagle ray
Shark ray
Golden travelly
Zebra shark
Clownfish
Clownfish

Clownfish

Yeosu
Yeosu
Unknown
Jejudo

Jejudo
Tongyeong
Tongyeong

Unknown
Wando
Wando
Wando
Namhae
Namhae
Namhae
Namhae
Namhae

Namhae
Namhae

Namhae

Yeosu
Yeosu
Yeosu
Yeosu
Busan
Busan

Busan

2010
2010
2010
2011
2011

2011

2011
2011
2012
2012
2012
2012
2012
2012
2012
2012

2012

2012

2012

2013
2013
2013
2013
2018
2018
2018
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Table S5. Photobacterium damselae strains used in this study

Isolate code Isolation source Isolation location Isolation year
FP2235 olive flounder Pohang 2004
FP2237 olive flounder Pohang 2004
FP4137 olive flounder Jejudo 2004
FP2137 olive flounder Ulsan 2004
FP2244 olive flounder Pohang 2004
FP4101 olive flounder Jejudo 2004
FP3047 olive flounder Ulsan 2004
FP3040 olive flounder Ulsan 2004
FP2261 olive flounder Jejudo 2005
FP2260 olive flounder Jejudo 2005
FP3092 olive flounder Ulsan 2005
FP3095 olive flounder Ulsan 2005
FP3099 olive flounder Ulsan 2005
P.d4 mu gray mullet Tongyeong 2005
FP3348_1 olive flounder Pohang 2007
FP3392 olive flounder Pohang 2007
FP8044 olive flounder Jejudo 2008
FP3348 2 olive flounder Pohang 2008
FP3525 olive flounder Pohang 2008
N8ATC-1 olive flounder southern sea 2008
EP8-17 olive flounder southern sea 2008
FP3737 olive flounder Pohang 2009
FP3738 olive flounder Pohang 2009
FP3739 olive flounder Pohang 2009
FP3741 olive flounder Pohang 2009
FP3755 olive flounder Ulsan 2009
FP8482 olive flounder Wando 2010
FP8485 olive flounder Wando 2010
Dam 2-3-a damselfish Yeosu 2010
Gi 23-a gizzard fish Yeosu 2010
OF G2-1aS olive flounder Jejudo 2011
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YT 14-1aS
YT J1-3aS
PdRF-2nd
PdRF-3rd
RSB Q3-2S
RSB R1-8cS
RB R2-2K

SBe S3-3K

PdSR | b
PdER | a
PdZe sh

PdRF-02S
PdRF-04K

Yellow tail
Yellow tail
Black rockfish
Black rockfish
Red sea bream
Red sea bream

Rock bream

Spottybelly

greenling
shark ray

eagle ray
zebra shark
Black rockfish
Black rockfish

Jejudo
Tongyeong
Geomundo
Geomundo
Wando
Wando
Wando

Wando

Yeosu
Yeosu
Yeosu
open sea
open sea

2011
2011
2011
2011
2012
2012
2012

2012

2013
2013
2013
2014
2014
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