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Characteristics of Vibrio anguillarum Isolated from Seawater Cultured
Rainbow Trout Oncorhynchus mykiss in Korea
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Pathology Division, National Institute of Fisheries Science, Busan 40683, Korea
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From 2014 to 2017, mortalities of seawater-cultured rainbow trout Oncorhynchus mykiss, were observed in the
Goheung and Jeju areas of Korea, with Vibrio anguillarum (seven strains: RT1, 2, 3, 4, 5, 6, and 7) identified as the
etiological agent. The phenotypic (based on API 20NE, API ZYM, and E-test kits), serotypic (slide agglutination tests
with O1, 02, O3, O4, and O7 antisera), and genotypic (16S rRNA and ompU sequencing) characteristics of the seven
RT strains were analyzed and compared to those of seven additional V. anguillarum stains (SF, isolated from sweet
fish; FM, isolated from flathead mullet; ATCC43305; ATCC43311; ATCC43307; ATCC43308; and KCTC2711). The
phenotypes of the RT strains showed variance, while the slide agglutination tests of the RT1-7, SF, and FM strains
all showed positive reactions with serotype O1 antiserum. The 16S rRNA and ompU sequences of the RT1-7, SF,
and FM strains were affiliated with V. anguillarum ATCC43305 (Serotype O1), but the ompU sequence of the SF
strain differed from those of the RT1-7, FM, and ATCC43311 strains, including one amino acid substitution. We thus
confirmed that serotype O1 V. anguillarum, with multiple phenotypes, continues to infect seawater-cultured rainbow
trout in Korea.
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A 7)4o(Oncorhynchus mykissy= ¢1015(Salmoniformes)
A ol3K Salmonidae)©l| &5l= YA 01F 02 Fulo] WA
ERo|AHE dFAL Do 0|2 T G At 7t
7HEE Lo A L Al 2oto]] o] 2= AEfE Gk Ajto] 8

A7)0 c(Behnke, 1992). T2 7401 the B117]0] v
BlAj2lo] 1 AAo] Met 20 oFAlolEo FA Al d
2] fA QI -2yt ekAlo|u A oA A AsEaL Sl
FRNE = S ol AAste S8F oA, 3&
A 01502 sl chat el 4 4522 7H T glof 247
2 S AL AR o] = AFS 4= 9leK(Land-
less, 1976; Gall and Crandell, 1992). 2017 AHE7| 7] & U=

Ao F7kel= 42q¢do], ol Toll gt AR AAY S g1
a17] el FA N F01 9] A2 eko 2 M| SfjElo] Z A
o2 4% HLee, 2013; Kang et al., 2014)

Z U Aol FA A Y FARS sl dsty] flste], §
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g7ol wh=al, S8 o] psto] 7R 7 T S 9
FANE] A A o2 AF 0] 17-18T = AT A5
U e Ao A s FANE 19 vitktAls 517
o 217 o], 2008\ Mepe = LFoll A 2= Fafet sl
7 A A olF s FANEAE AlE FARE o] % 2012
o= Al S, A5, YA A4 o=2 skt gty
(Lee, 2013). U] oA T2 7HE0] Abs: Al, 53] 2]
710 A9A £&87] 2| AF=(infectious hematopoietic necrosis
virus; IHNV)2Z} A4 HA 3 A5(infectious pancreatic ne-
crosis virus; IPNV)ol) 74517 €]l & AAHE-S Leh)
Hoh(Park et al., 1993, Kim et al., 2015). 12 F-A]7fE0]=
4ol 2] B AR ol| A Lepeophtheirus salmonis 7+
%, viral hemorrhagic septicaemia (VHS), pancreas disease ‘5
of eogt 2ol ol HAtsH 202 el 9L0m (Nolan
et al., 2000; Taksdal et al., 2007; Dale et al., 2009) = o] A=
A7 E0 =22 ol A Vibrio anguillarum 78 5-2] Ay o]
23150} QIthKim et al., 2014). TH20] A ARSaHE =2 74
£ ol A AR A 710l E W il A s
Anjo] W uhE 4= 9l 91840 Qck(Kim etal, 2015).
V. anguillarume 0.5-0.7 X 1-2 um 3.7]9] 23342 54
714 Ald2. 2 (Colomi et al., 1981) T2 7} 40} & v| 23} t}
et o] 9 sfjikelof Qlof vl H 2] o ¥ (vibriosis)S 75}

A 7= A 8 9 HY 54 S UEhH, AT A
& UL 07 e HAE G| E Tk e oy
2 FHol A= red pest B2 red disease 2 LA Qo Ha

Rl oo} elofat of 5.8 nlEsle] o), B 5

=2
X
>~

Table 1. Bacterial strains used in this study

ajatolol de] WAygteh. V. anguillarume 5 2374 o)/42] &
ol ZARTH L A glem, =2 01,02 F 7HA] @33
o] olfpofl AWE ket AR U glou, Htoll=
03 &= HUdT o] Qlrkar Barxlo] Qlrk(Stelnum
etal., 2016).

B oo A 2014404 2017E7HA] Hepde 15, A5
O] sl A ARSRAL QI FAI7HEolol A V. anguillarum®)]
Aol gRlEo] ARMAIE Eel-57dst3lon, virkgofoA
w23k V. anguillarum®] AY31et4, G45H4, §44 EAS

B Lol A= 2014-201797HA] b= 18 9 A5
ol A Absshe 2| 7S ol A 23t V. anguillarum T+t
T 9 A2t TS Aol ARSI o] S Table 19
LFER Atk Allef o] v 2 1% NaCl2- 3471k tryptic soy agar
(TSA, Becton Dickinson, USA) H+= brain heart infusion agar
(BHIA, Becton Dickinson, USA)sfZ]of] =23t & 25T of| A
2417k WjoFalo] o] S BRlalT o2 Afuesto] of
0] 4150l AT
MatsiE £ B4

e EAS B8] Y8l V. anguillarum 75 1%
NaClo] 27}l TSAHIR|o|A] 257, 24417k wljoFat 3 API
20NE kit (BIOMERIEUX, France)2} API ZYM (for semi-

Strain Isolated Year Host/Source Geographical location
RT1 2014.03 Rainbow trout Oncorhynchus mykiss Jeju, South Korea

RT2 2014.03 Rainbow trout Oncorhynchus mykiss Jeju, South Korea

RT3 2015.06 Rainbow trout Oncorhynchus mykiss Goheung, South Korea
RT4 2015.04 Rainbow trout Oncorhynchus mykiss Goheung, South Korea
RT5 2015.05 Rainbow trout Oncorhynchus mykiss Goheung, South Korea
RT6 2017.08 Rainbow trout Oncorhynchus mykiss Jeju, South Korea

RT7 2017.08 Rainbow trout Oncorhynchus mykiss Jeju, South Korea

SF 2004.04 Sweet fish Plecoglossus altivelis South Korea

FM 2015.04 Flathead mullet Mugil cephalus Hadong, South Korea
ATCC43305 1986 Rainbow trout Oncorhynchus mykiss Denmark

ATCC43311 1986 European eel Anguilla anguilla Denmark

ATCC43307 1986 Rainbow trout Oncorhynchus mykiss Denmark

ATCC43308 1986 Cod Gadus macrocephalus Denmark

KCTC2711 1986 Cod Gadus macrocephalus Norway

RT1-7, isolated from rainbow trout; SF, isolated from sweet fish; FM, isolated from flathead mullet; ATCC, American type culture collec-

tion; KCTC, Korean collection for type cultures.
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quantitation of enzymatic activities) kit (BIOMERIEUX,
France)E A8-51%1.9 1, oxidase testE A AISFGITH A F
o S 7 W Az el et 2] A
41, 250014 24412 B2k WRE ¥ AskE WA
et o Aol A= GFe Lotir] fistod, &
Z(RT1, RT3) @ &2 7F(ATCC43305)E A4} & NaCl
FH2(0.5-7%) A713t tryptic soy broth (TSB, Becton
Dickinson, USA)H} ] o]] 24-72A| 7} v &F5}o] o] A&

Ml o2 o

o

87112] &Y A|(gentamicin, tetracycline, doxycycline, amoxicil-
lin, erythromycin, ciprofloxacin, chloramphenicol 2 clindamy-
cin)®]| ofgt 2|4 A I (minimum inhibitory concentration;
MIC):= E-test (AB Biodisk) disk diffusion ®'H 0 2 =435}
t}. 21 A7}= Clinical and Laboratory Standards Institute (CLSI
2005, 2011)2] Vibrio spp.2] 7150l wlebx] H71st3ct

o = =
SHISRRE

X,
2~
Am

A EAE ffstel 7 22 EFE 1% NaClo] 3
SBR[ o] A 24417t wljFRE 5 13,000 rpmofl A 221t

T A
Asel, 4%

|
HE A Aste] Al pellet Al2Fsteich. At
pellet2 promega genomic DNA purification kit (Promega,
USA)E AHE3ste] DNAE FE3kqlth 2ed 2e o4
L 16S rRNA (27F, AGAGTTTGATCMTGGCTCAG; 1,492R,
TACGGYTACCTTGTTACGAC) (Kim et al, 2005), ompU
gene (encoding outer membrane protein, ompU-F, ATGAA-
CAAAACTCTGATTGCTT; ompU-R, TAGAAGTCGTAAC-
GTAGACC) £4& $I3}+%] polymerase chain reaction (PCR)
2 AASIY} 16S rRNAE 95C oAl pre-denaturation 5
957 (30%)-55T (303)-72C (302)2] 2702 30cycles
S HHg3k F| 72°Co| A 583F post-extensions A A| 8} CE
ompU gene-2 95°C ol A pre-denaturation= 5457k, 95C (30
%)-50C (30%)-72C (60%)¢] 27 & 25cycless WHE3)
5 72T A 587F post-extensione A A|5ke] S G-AHAE
ZFEZ319t) $Z5% PCR AHE-2 EtBro] Z3Hs 1.5% agarose
gel (Bioneer, Korea)S AME-3F0] 27|95 gt & UV transil-
luminator (Alpha Innotech, USA)o|-8-3] bandE 134
T, G719 BASIE G304 €714 DA MEGAG
program} GENETYX Ver. 8.0 (SDC Software Develop-
ment, Japan)Z AF&5F o, AAE 7+ 974 9-S national
center for biotechnology institute (NCBI)o| 4] A|-5-5]+= basic
local alignment search tool (BLAST)S- o|-8-5}o] 7|&o] Rl
H V anguillarum®] A A2} v 1 241 5}$I T}, Blast search ]
%7149 HHE vl 2 bioedit Ver.7.2.15 AHE-51o] mul-
tiple alignmentsE- A A]8} 132, MEGA6 program(http://www.
megasoftware.net; Tamura et al., 2013)2 A3t ZHAGE

A
- 2H g - A -

Loty

(o

Az}

4] (NJ, neighbor-joining analysis; 1,000 rounds of boostrap)
& Esjo] 7t 47] 47k §44 7 2|9k AEE (phylogenetic
tree)E 24455 ct.

B3 24

Seto|= SANGO R UYHS BASHOm, HRDH(V.
anguillarum ATCC43305, serotype O1; KCTC2711, serotype
02; ATCC43309, serotype O3; ATCC43308, serotype O4 2
ATCC43311, serotype O7)°]l tet E7|eFd A& A|2ste] £
Aof| ARg-sSIt. SetolE=gekiel V. anguillarume] ThEt 5
70 7] §EHS 247 70 pLy Hojmel a1 Aol A
A FAAG], o] & ol §ef V. anguillarum 9 75
(RT1-7, SF, FM)E McFarland no. 6 standard © = g+t A 2] 4]
Qmoll FEFT AL 2} 10 uL Wol =] 2 4]0] 302 o] ufo]
8 WA 452 BASAT. S o) e Wl Sefo]
=2 S A BEelg o, f2Pe 3 dekohd e o
I RS AR,

Kim et al. (2014)2 vlrollA] FAsH FA2| 76017} V. an-
guillarum®]] 7+ =1 55 A 38 o] A=, sisf 2
v |, 7h e 9 ol S8 59 Sl e EraL B
13tk 2 Ao A V, anguillarum 7+ 0] Q1 F2| 74

= AR A, e &8 9 E9, v £8 59 S0
gl on, o] 3k 542 Kim et al. (2014)°] HI131H Hf
chof| A A8 2| 7]E-01 9] V. angillarumtE 5332 YA
sttt V. anguillarum 7652 A 2] 2 Fo|ut | &40l
QAo Ao At o] FANEO 2= T E AletSat 5|
Lol At 2k el 7] fisiA Aol B, A,
b Ee A viR] o] FF, Aluk-S Eelsto] A3kt 44t
ol 71 z38}o] w2 5 5k= Alo] B R 38ltHGrisez et al., 1991).
201420174 HE A jolol A HelEl Al#E 1% NaCl
o] 71l TSAufA|o A Frggt LA 9] colonyE B4+
o, 2 Ao A A|FEH V. anguillarum 147) 522 AJ2}et
2 E4-2 Table 20| e QI APL ZYM kit A3} HE w5
+ akline phosphatase, leucine arylamidase 2] 23-=-0f| A X5
QA o]%la, lipase (C14), valine arylamidase, crystine arylami-
dase, trypsin, o.-chymotrypsin, o-galactosidase, -galactosidase,
B-glucuronidase, a-glucosidase, B-glucosidase, c-mannosidase
9 o-fucosidase =5+ 2AJo|9ith APl 20NE kit 23} indole
A A5, urease, capric acid, adipic acid 2 phenylacetic acid
B2 24019 vuA] FRol A Axr} ksl et
t}. Vibriod Mld2 15 /3 M2 = glucose 0852 2+
a1, TCBS HjA]of| A A2, oxidase?} catalaseof FAJHHS-
S el EA o] Qltk(Pazos et al., 1993). V. anguillarum
9] 742 oxidase?} catalase®] A2 LFEFY ¥ indoleS- AY
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Table 2. Phenotypic characteristics of 7 Vibrio anguillarum strains isolated from rainbow trout Oncorhynchus mykiss in this study
Strains
Test ATCC ATCC ATCC ATCC KCTC
RT1 RT2 RT3 RT4 RT5 RT6 RT7 SF FM 43305 43311 43307 43308 2711
Serotype o1 01 01 01 01 O1 O1 O1 O1 01 o7 03 04 02
Esterase(C4) + + - + + + + - + + + + + +
Esterase
Llpase(C8) + + - + + + + - + + - + + +
Valine ‘ i ) i . i . i i i ) i ) )
arylamidase
AP Aﬁid hat o .- oo - - - - -
ZYM phosphatase
Naphthol-AS-BI-
phosphohydro- + + + + + + + + + + - + - -
lase
B-galactosidase - - - - - + + - - - - - - -
N-acetyl-ﬁ- . + + + + + + + + + + + + -
glucosaminidase
Nitrate reduction - - + + + + + - + - + + + _
Glucose + + } + + " + . . - - + - -
fermentation
Arginine
dihydrolase . ) ) * * * + ) - - - - - -
Esculin hydro- + + } . + " + B - + - - - -
lysis
Gelatinase - - + + + + + - + - - - - +
B-galactosidase - - + + + + + + + + + + + R
Assimilation of :
API Glucose + + - + + + + - + - + - + +
20NE
Arabinose - - - - + - - - - - + _ + _
Mannose + + - + + + + - + - + + + +
Mannitol + + + + + + + - + + + + + +
N-Acetyl-. + i ) + ) . i i i i ) ) ) )
glucosamine
Maltose + + + + + + + - + + + + + +
Potassium - - + + + + + - + + + + + +
gluconate
Malate - - + + + + + - + + + + + -
Trisodium citrate - - - + + + + - + - - - - -

RT1-7, isolated from rainbow trout; SF, isolated from sweet fish; FM, isolated from flathead mullet; ATCC, American Type Culture Collec-

tion; KCTC, Korean Collection for Type Cultures.

AFsH= S-20] §1a1, arabinoseE Ha5to] ALS Aket= 5
o] 9= Ao o] ¢lrk(Buller, 2004; Jee et al., 2011).

Santos et al. (19962 V. anguillarum 5% o A= 28 F o]
ChFR Aoz Bustglon, 53] AR RE A5 (m45)=
nitrate -5, glucose ©]-8-5ollA FAd-& el Qlrta Bl
ShlTh ZLeuy, 2 Ao BRI Fofol A et 5 Fell

+ nitrate 253} glucose ©]-8-50] 2449 FF(E)E &
QIEYIT}. URHHOZ Vibrio 4 Al L et At
2, Aslela o] 22 F Qo A= thst A o= deA
QIth(Pazos et al., 1993). G5 V. anguillarum RT1, RT3
2 2 T(ATCCA3305) 9] 4742 AR A}, Al e
FHE 0.5-5% NaCl S04 244171 o} 5 ] o] 3



258 L R ERNES

golom, 7247k sieFatd 0.5-7%71A] BE Aol 4
E= Zl& 2elskith(data not shown). 12 Lt & Aol A
= FolA AR EE FATNSo oA EelE o, et
(ATCC43305)2t 2= -2 V. anguillarum #52] G550
A o] g0 Aol S 4= YLtk V. anguillarumi= T+
22 3| Vibrio < Alat} mRE7EA 2 NaClo| §l= A ol 4]
ARA] QFAL, 0.5-7%2] Hats ol A AED 4= Qlokar dref A
Qlti(Mehrnaz and Davar, 2010). %4 9] HJE-5E+= 1.0-3.0%
o] (Eguchi et al., 2000), | &-2= H$}+= 15-25T, pH+= 5-9
oAl & Apeb= Ao & el 9lof(Larsen, 1984), 2|2 2] &
EEEe A Ao dAshe Ao = UEyith

2 Aol A= 8572 Aol Tt 14709] V. anguillarum
#+5 MICE SA4s1%om, 71 23S Table 30 YERAS
t}. CLSI®] Vibrio spp.oll th3t 7] &2 2 #hehslH, gentamicin,
tetracycline, doxycycline, chloramphenicol™ ciprofloxacin®]|
il A= AR Hm w7 F /g o] $lglem, clindamycin,
amoxicillino] thafj A= Al 2= 571 AHdS UEh
olrh. 2ojol|A] EalEl FF(SF)2F 2T (ATCCA3305)=
erythromycin#| /g5 UEhf Lo, 71 &f W& 5 eryth-
romycinof| thske] F7H S UERTh B 7] 9] FA]7lEol of
A Ba)gl 12709] Vibrio anguillarum T3] th3t A4
A A8 A1} cloxacillin, ampicillin, sulfamethoxazol-thrime-
thoprime ¥ erythromycin®|| t3}o] 100% WA 714 &= AL
2 YERgth(Parin et al., 2017). o]2{3k A5+ A= s=ofl A
AR B2 AE019] V. anguillarum ZFEZ2] A2 935t
7 2A1RE g7k T Aolth

FANEAANA 2R T 2] #F(RT1-7)9] €A F=
o] Qs A&t 5ERO B FEHLRE Sl
Rk AAIRE A3 77 5 25 Ol type FEA T} 33
Hhg-o] dofitar, 71 &f b= SNRS-o] PofubA] kgt
CH(Table 2). Serensen (1986)1} Larsen (1986)2 585712] V.
anguillarum £2] #55 AHEstY] OF Y-S Aoz 4
e A, oAl FAlShE FAINE A e o F
T1%7F O183 7ol &3taL, vt 52 AFAE of oAl 22
3t 5 78%7F 0283 ol £rirhar Harstgitk. TS of
ol S FUshs 8 dA4F2 013 022.2,01 4%
7} dolzK Salmonidae) o1 7ol A AW Y o7)=THF
© 2 & A Qlck(Tranzo and Barja, 1990; Larsen et al., 1994).
Lee et al. (1988)& S-2jufeol 4] of2lsl ajatol5el Hhol,
e A EEo A B2l 267 V. anguillarumyt5-2] @S
A% A3} B serotype CE B 1392, serotype C=
Serensen¥} Larsen (1986)0] X113} serotype O13} 535t &
3olch. 2 ATOIAE o] slAlS FR7dolol A &
2|=)= V, anguillarum (RT1-7)2] @23 o] serotype O10]m,
©.0] W Fojo| A a5l V anguillarum T-7(SF, FM)e] &
A Ol type 21 SIS,

IroX o

o

R3
>3
>8
>4
>4

Breakpoint
(Hg/mL)*
|2
16
2

<8

<1

st
<0.5 1-2

<0.5 1-4

<6

<0.008 <0.012 <0.016 <0.016 <0.016 <0.012 <0.016 <0.016 <0.023 <0.016 <0.047 <0.004 <0.003 <0.008

<0.50

<0.38
<0.38

>256 >256

<0.25
<0.25

<0.25

<0.25
<48
<1.0

<0.75

<4

ATCC ATCC ATCC ATCC KCTC

43305 43311 43307 43308 2711

<0.38 =0.125 <0.25

FM
<0.75

SF
>256 >256 >256 >256
<2

MIC
<0.19

RT7
<0.38 <0.125 <0.50 <0.125 <0.25
<32
<1.0

<0.25

RT6
<0.25
<0.38

<32
<0.75

RT5
<0.38
<32
<0.75

<0.19

RT4
<0.25
<0.38

<24
<0.50

RT3
<0.38
<0.25

<24
<0.50

RT2
<0.38
<0.50

<24
<0.75

RT1
<15
<24

<0.38
<0.38

Chloramphenicol

ANTIBIOTICS Clindamycin
'Susceptible. “Intermediate. *Resistant. “Breakpoints recommended by the clinical laboratory standards institute in M45-A(2011), M45-P(2005).RT1-7, isolated from rainbow trout;

SF, isolated from sweet fish; FM, isolated from flathead mullet; ATCC, American Type Culture Collection; KCTC, Korean Collection for Type Cultures.

Gentamicin

Tetracycline
Doxycycline
Amoxicillin

Antimicrobial Agent

MACROLIDES Erythromycin
QUINOLONESC Ciprofloxacin

AMINOGLY
COSIDES
TETRACY-
CLINES
BETA-
LACTAMS:
PENICILLINS
OTHER

Table 3. The MIC values for the Vibrio anguillarum strains and MIC interpretive standards (ug/mL) according to CLSI (2005, 2011)

Bacterial
Strains
Vibrio
anguilla-
rum
(n=14)
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(A) Vibrio anguillarum, ATCC19264T, [X16895.1], serotype O2, cod
Vibrio anguillarum, ATCC43313, [X7817.1], serotype 010, cod
Listonella anguillarum, ATCC43307, [FJ211065.1], serotype O3, rainbow trout
@ Listonella anguillarum, ATCC43312, [FJ211068.1], serotype 09, cod
3 Vibrio anguillarum, KCTC2711, [LC365684], serotype 02, cod
Vibrio anguillarum, ATCC43311, [LC365683], serotype O7, european eel
Vibrio anguillarum, ATCC43308, [LC365682], serotype 04, cod
Vibrio anguillarum, ATCC43307, [LC365681], serotype O3, cod
Vibrio anguillarum, ATCC43305, [LC192806], serotype O1, rainbow trout
Vibrio anguillarum, FM, [LC192806], serotype O1, flathead mullet
Vibrio anguillarum, SF, [LC192806], serotype O1, sweet fish
! Vibrio anguillarum, RT7, [LC192806], serotype O1, rainbow trout
Vibrio anguillarum, RT6, [LC192806], serotype O1, rainbow trout
Vibrio anguillarum, RT5, [LC192806], serotype O1, rainbow trout
Vibrio anguillarum, RT4, [LC192806], serotype O1, rainbow trout
Vibrio anguillarum, RT3, [LC192806], serotype O1, rainbow trout
Vibrio anguillarum, RT2, [LC192806], serotype O1, rainbow trout
Vibrio anguillarum, RT1, [LC192806], serotype O1, rainbow trout
Listonella anguillarum, ATCC43309, [FJ211066.1], serotype O5, cod
Listonella anguillarum,ATCC43314, [FJ211069.1], serotype O8, cod
4ﬁ Listonella anguillarum, ATCC 43310, [FJ211067.1], serotype O6, cod
L— Vibrio cholerae, ATCC14035, [NR115936.1]
S 16S rRNA
(B) ‘ Vibrio anguillarum, FM, [LC192808], serotype O1, flathead mullet
Vibrio anguillarum, ATCC43305, [LC192808], serotype O1, rainbow trout
Vibrio anguillarum, RT7, [LC192808], serotype O1, rainbow trout
Vibrio anguillarum, RT6, [LC192808], serotype O1, rainbow trout
5| Vibrio anguillarum, RT5, [LC192808], serotype O1, rainbow trout
Vibrio anguillarum, RT4, [LC192808], serotype O1, rainbow trout
Vibrio anguillarum, RT3, [LC192808], serotype O1, rainbow trout
Vibrio anguillarum, RT2, [LC192808], serotype O1, rainbow trout
Vibrio anguillarum, RT1, [LC192808], serotype O1, rainbow trout
2| Vibrio anguillarum, SF, [LC192807], serotype O1, sweet fish
7 Vibrio anguillarum, [ABY82796.1]
Listonella anguillarum, [EU376524.1]
Vibrio anguillarum, [CDQ49447], serotypeO1
Vibrio anguillarum, [AAN78349], serotypeO1
& % Vibrio anguillarum, [ACL97683]
‘ Listonella anguillarum, [AY157299], serotypeO1
Listonella anguillarum, [FJ573227.1], serotype O1
Listonella anguillarum, [AY605928.1]
Vibrio anguillarum, ATCC43308, [LC365686], serotype 04, cod
452'? Vibrio anguillarum, KCTC2711, [LC365688], serotype 02, cod
Listonella anguillarum, [AY605929.1]
_89|:Wbrio anguillarum, ATCC43307, [LC365685], serotype O3, cod
Vibrio anguillarum, ATCC43311, [LC365687], serotype O7, european eel
—

Fig. 1. Phylogenetic trees constructed based on the analyses of the 16S rRNA (a), ompU (b) genes using the neighbor-joining method.
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