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Abstract

This study was performed for molecular identification and
characterization of bacteria including Vibrio sp. isolated from 780
flounders being raised in 4 aquaculture farms in Jeju from June 2001
through May 2002, as well as for investigating occurrence frequency
of streptococcosis, edwardsiellosis, and vibriosis which are known as
fish diseases.

Physical analyses for inflowing water into 4 aquaculture farms
revealed that average temperature ranged from 15.1°C to 20.5°C for
groundwater, and 13.8°C to 27.1°C for seawater. Salinity test
demonstrated lower concentration in groundwater than in seawater
except for 1 aquaculture farm.

Tests for the number of bacteria and- Vibrio sp. in groundwater
showed that a total number of bacteria and Vibrio sp. were 2,580
CFU/100mL and 295 CFU/100mL, respectively. While in the test for
seawater, a total number of bacteria and Vibrio sp. were 24,950
CFU/100mL and 5,093 CFU/100mL, respectively.

Examination for bacterial diseases occurred in flounder being
raised in aquaculture farms in Jeju demonstrated that the ratio of
disease occurrence was highest in July, while lowest in May. The
ratio of bacterial isolation for the number of sampling fish was 98.1%
in October which was highest while 52.5% in June.

Bacteria such as Vibrio sp., Edwardsiella sp., Streptococcus sp.
were detected in 579 ones of 780 fish samples tested. Particularly in
180 ones (23% of total samples) only Vibrio sp. was found. The fish
samples that only FEdwardsiella sp. was isolated from was 152

(19.5%), and the ones that only Streptococcus sp. was found in 148.



In 51 samples mixed bacteria consisting of Vibrio sp. and
Edwardsiella sp. were isolated, the number of samples in which both
Edwardsiella sp. and Streptococcus sp. were found was 20 (2.5%).
Only in two fish samples, three kinds of bacterial genera were
detected.

Vibriosis was mainly found in fingerling during the period,
October through next March when fish hatcheries was transferred to
aquaculture farms, edwardsiellosis in young fish next June and July
most of which were in middle growth phase, and streptococcosis in
next September and October.

Fish length-based analysis of the isolated bacteria showed that
approx 85% vibriosis was found below 20cm, edwardsiellosis was
dominant symptom in fish between 20 ~ 30 cm in size, and in adult
fish above 30cm in size the most dominant disease was
streptococcosis. These findings suggested that major disease occurred
in fingerling was vibriosis, and disease patterns might be affected
and different according to growth phases of fish and seasonal
change.

Antibiotic test using 15 antibiotic agents for bacteria including 196
strains of Streptococcus sp., 225 strains of Edwardsiella sp., and 261
strains of Vibrio sp. revealed that approx 80% of Streptococcus sp.
were sensitive to antibiotics, ampicillin, amoxicillin, chloramphenicol,
and penicillin while the number of strains of Streptococcus sp. having
susceptibility to nalidixic acid, oxolinic acid, and streptomycin was a
very few. For Edwardsielln sp. approx 80% were sensitive to
antibiotics, ampicillin, amoxicillin, chloramphenicol, ciprofloxacin, and
norfloxacin, approx 2% showed susceptibility to Kkanamycin,
nobobiocin, penicillin, and streptomycin. Approx 70% of Vibrio sp.

were susceptible to chloramphenicol, ciprofloxacin, gentamycin,



nalidixic acid, oxolinic acid, a few strains of Vibrio sp. was relatively
susceptible to ampicillin, penicillin, and streptomycin.

Total genomic DNA was purified from two hundred and sixty one
bacterial strains that were assumed Vibrio spp. by physiological
characterization. Sequence analysis for 16S rRNA clones constructed
through PCR and cloning process revealed 225 strains of 261 clones
examined were placed into twelve species of Vibrio such as V.
trachuri (V. carchiariae, 85 strains), V. scophthalmi (69 strains), V.
parahaemolyticus (23 strains), V. pomeroyi (15 strains), V. campbellii
(16 strains), V. fischeri (3 strains), V. lentus (3 strains), V. furnissii
(3 strains), V. corallilyticus (3 strains), V. fortis (2strains), V.
probioticus (2 strains), and V. tubiashii (1 strain) with over 95%
sequence similarity. Other bacteria identified were Photobacterium
damselae sub. damselae, Listonella anguillarum (the former Vibrio
anguillarum), Photobacterium damselae sub. pscicida etc. The
dominant species were V. trachuri (32%), V. scophthalmi (26%), and
V. parahaemolyticus (8%). It is noticeable that Vibrio trachuri was
evenly found both in young and adult flounders diseased while other
species of Vibrio were mainly in young fishes, suggesting it might be
a potential putative pathogenic bacterium causing vibriosis in

flounder.

Key words : Aquaculture, Edwardsiella sp., Edwardsiellosis, Fish
diseases, Flounder, Streptococcus sp., Streptococcosis,

Vibrio sp., Vibriosis.



ADSEIACE  ++eeerersssssesesesesesetetstetsist sttt bbbttt H
BLZF oo e v
LISt Of TaBlEs  reseeereseseeersmsmsmsmsssistsisiststssesesesesete et vii
LiSt OF FAGUI@S wrrvsresrreserssesssessssssieisssiss it ix
OF O] vrrmeeeiti et <i
1. A B s 1
1o1. QTR T e 1
1.2, G FEEA] e 5
2. AFE YA 881220] AFTA EA e, 6
2.1. A & - flon RIS S S T AL 6
2.9. zﬂi g_g H‘;I-H‘g .......................................................................................... 8
2.2.1. A/BAZ]  covererrrrermreremm 8
2.2.2. A FEHA EAEA s 8
2.3, I W TLF e, 10
2.3.1. G 222 W} s 10
2.3.2. G QEIET O] BIF} e 12
2.3.3. ZA T2 D Vibrio & A F230] LM} o, 12
DA, © OF cooiiie s 19
3. AT FAFALEE A FHARA T T2 D FH o 21
B0, Al B e 21
3.2. zﬂi g_g H‘;I-H‘g ..................................................................................... 29

_iv_



3.2.1. ABAPZ] e 29
3.2.2. A9 &7, T4 2D AFA AW Fh e 29
3.2.3. EFA T FAA A A F o 27
3.3. AT} B ST s 28
3.3.1. AlFA Aol ThE W FFEA I} e 28
3.3.2. € O Ao wE A FAAY HEAYAZF o 31
3.3.3. AEAFHR G AYEFEAZESE o 33
3.3.4. B3] FFo] g FPARER ADAF s 36
Bl Q OF s 40
AFR FAYAZRE BAHE Vibrio & Ao AFEFEA
QI - ceeeree e 49
4.1, A & el T A0 £ @ mtm s 49
4.2. AF L HFH 45
A4.2.1. AP T e 45
4.2.2. Ba) F20] WA EA EA s 45
4.2.3. Ba] F29] B ETA ZA s 45
4.2.4. —‘?—E] FFO] FAA ZFEA A F e, 48
A.3. AIF B SLF s 49
4.3.1. Ba)FZ=0] P3EA EAEA s 49
4.3.2. ¥8F Vibrio & #F¢ EAAMETAH FAH o 50
4.3.3. 2 AR Vibrio & @52 ASETH FA o 56
4.3.4. Qx] AARAZNE  Vibrio & o5 E A3} 57
4.3.5. A Qe B2 Vibrio & FF] B AZF e 57
4.3.6. AEH AT BAPESHH BA A ML o 61



4.4. 8 1<) PPt 67
5 %z“i}- 37_7‘:21- ..................................................................................................... 69
Appendices ...................................................................................................... 75

Appendix | T PP 76
Appendix I coovevvremeeereeeeesnenn ettt e e ettt e e e e e e 77
Appendix 1| T N 87
;‘g— _‘J—y_.{,‘}%‘]_ ............................................................................................................ 94
yal < PPt 109

_vi_



List of Tables

Table 2-1.

Table 2-2.

Table 3-1.

Table 3-2.

Table 3-3.

Table 3-4.

Table 4-1.

Table 4-2.

Table 4-3.

The number of bacteria of groundwater supplied to aquaculture

farrns for flounder raising in Jeju. ............................................ 15

The number of bacteria of seawater supplied to aquaculture

faI'InS for ﬂounder I‘aiSing in Jeju. ........................................... 16

Individual number of flounders showing external disease

Sympt()m monthly based on bOdy length. ................................ 24

Number of flounders collected from each sampling site - 25

The occurrence frequency of a single or mixed bacteria
from flounders showing external disease symptom in Jeju from

June 2001 through May 2002. ....................................................... 29

The occurrence frequency of bacterial fish diseases found in
flounders based on disease symptoms and sampling sites from

June 2001 through May 2002 ........................................................ 35

PCR primers used for 16S rRNA amplification in this

Classification of bacteria isolated from the flounders by 16S

rRN A Sequence_based identification ............................................ 52

Classification of Vibrio sp. and phylogenetically closely

related bacteria isolated from the flounders based on fish

= vii -



Table 4-4. Comparison of bacterial identification resulted from Biolog

test and 165 rRNA sequence analysis ........................................ 62

Table 4-5. Antibiotic susceptibility of the bacteria isolated from flounders

ShOWil’lg eXtemal djsease Symptom ............................................. 66

= viii -



List of Figures

Fig. 2-1. The site map for collecting water sample of aquaculture farm in

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

2-2.

2-3.

3-1.

3-2.

3-3.

3-4.

3-5.

Jeju’ Korea. ................................................................................................. 9

Monthly variation of water temperature of aquaculture farms in

Jeju, | L) & = TR LR T P P P PP PP PP PP PT PP P PRI P PP 11

Monthly variation of water salinity of aquaculture farm in

Jeju, Korea. ............................................................................................. 13

The representative pictures for flounders showing external

di sease SymptomS. ................................................................................. 23

The map of sampling area and number of farms sample were

C OlleCted. ................................................................................................... 26

Monthly occurrence frequency of bacterial diseases found in

flounders of aquaculture farms from June 2001 through May

Occurrence frequency of bacterial diseases found in flounders

based on fish SizeS(bOdy length). ...................................................... 34

Antibiotics susceptibility of strains of Streptococcous sp.,

Edwardsiella sp. and Vibrio sp. isolated from diseased

f lounder. .................................................................................................... 37

_ix_



Fig. 4-1. Reactions of haemolysis of Vibrio sp. isolated from diseased

ﬂ()urlders on blOOd AT, wroreerrserr et 51

Fig. 4-2. Dendrogram showing the phylogenetic relationship among
trains of Vibrio sp. and closely related bacteria isolated

from diseased flounders of aquaculture farms. «-eooeeeeeeeees 53

Fig. 4-3. Number of Vibrio sp. and phylogenetically related bacteria from
djfferent Sampling Sites. ...................................................................... 59



BHIA
BHIB
CFru

DNA
ELBAMAP

EtBr
IPTG
Kbp
LB
MCS
NCBI
NCCLS
PCR
rpm
rRNA

X-gal

o o

brain heart infusion agar
brain heart infusion broth
colony forming unit

deoxyribonucleic acid

clamped homogeneous electric field
gel eletrophoresis

ethidium bromide

isopropylthio-f-D-galactoside

kilo base pair

Luria-Bertani

marine cation solution

national center for biotechnology information
national committee for clinical laboratory standards
polymerase chain reaction

revolution per minute

ribosomal ribonucleic acid

5-bromo-4-chloro—-3-indolyl—-fi-galactoside

_xi_
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1.1. 7w A

1980 e FwukRE AR AFz e PaFA 2002d A 247709
A el Aol 88 ha® I AArFe] 11,983 23n, W 4ol
o 11,2009 222 AFES] 13 AHF T HEE AL ddHAFE,
2003).

o]FA FAHIL = HXE HEFT oFE 5
A2 743 Aol A HAAAL AAE F2 =, FAolFel w3t
= A" F HUA A A7 Iz 3 g dA k", 1988).
TR AR FE TS AT ZWE streptococcosis,
edwardsiellosis, vibriosiss°] B3 gt 5, 1992; o] 5, 1991;
o] ¢ 3}, 1991; 3 &, 2001).

o] 72 streptococcosis, edwardsiellosis 18] 3 vibriosis®l] ©3 4+
% WA streptococcosisel  WHEF  AFEE LEAA  FANE]
(Oncorhynchus mykiss)® QA FH#A AP Fd Y3 HIE A=
(Hoshina et al. 1958), Robinson ¥ Meyer(1966)= golden

=
N

shiner(Notemigonus crysoleucas)®l Streptococcus sp.8] 79 R
t}.

I 9 X Streptococcus®) 23+ ¥ro](Seriola quinqueradiata)®] 7+ R
A (Kusda et al., 1976-a; Kitao, 1982), 29](Plecoglossus altivelis)%}
amago(Oncorhynchus rhodurus)® €9 B-£38A Streptococcus 3
(Ohnishi, et al., 1981), "W #ol(Anguilla japonica)®] Streptococcus sp.
AR Fo] dh(Kusda et al., 1978).

=2y 19903 o]Ad = o] FEHEEY EEHE Streptococcusv QAR
FE Addstie WFEY FF7F AFFE FAol olFoAA &Id=d,
Kusuda et al.(1992)& wWojeA 2§ A& Enterococcus seriolocida

2 EA3lg e, Zlotkin et al.(1998)& Hlo]e] streptococcosis LU dE

1
-
1



PCR71¥ e 98l Lactococcus garvieaedt3l FA3t932, Doménech et
al.(1996) HFHAANA F=2 SAH= Y E(Scophthalmus maximus)e]
streptococcosis®] Qe #& Streptococcus parauberis® EA 3} ).

T3t Nakatsugawa(1983-a)v ¥ &2 F2dx] streptococcosis®] U<l
TLR  Streptococcus iniaes W] FAINNLH, FuUe A= L.
garvieae 2 Streptococcus sp.s°] YXZHE EEFHol(e] &, 2001; °]
¢} 3, 1991; 3 5, 2001), 9]¢ streptococcosis®] YUIFL o 2-3FY

o2 FAHIL g

o] 79 edwarsiellosis®] U< WHAFL Fdwardsiella ictaluri %
Edwardsiella tarda® R.I1¥ 3 Q+=d, I3 7] (Uctalus punctatus) A+
E. ictaluri ¢ E. tarda 2%°] B35 9 2n(Meyer and Bullock, 1973),
brown bullhead(ctalurus punctatus), danio(Danio devario), walking
catfish(Clarias batrachus), white catfishUctalurus catus)®]
edwarsiellosis 9 dE E. ictaluri® 234 9¢)H(Kasornchandra et al.,
1987; Plumb and Sanchez, 1983; Waltman et al., 1985).

v dl QX (Paralichthys olivaceus)E ¥3+3+ chinook salmon(Oncorhynchus
tshawytscha), common carp(Cyprinus carpio), crimson seabream(Evynnis
japonicus), WAl (Anguilla japonica), largemouth bass(Micropterus
salmonides), mullet(Mugil cephalus), red seabream(Chrysophrys
major), striped bass(Morone saxatilis), B2}3] oK Tilapia nilotica), *}e]
(Seriola quinqueradiata)®] edwardsiellosis I ¥ E. tarda® R31E 3
JthH(Amandi et al., 1982; Egusa, 1976; Herman and Bullock, 1986;
Kusuda et al., 1976-b; Kusuda et al., 1977; Miyashito, 1984;
Nakatsugawa, 1983-b; Sae-Oui et al., 1984; White et al., 1973;
Yasunaga et al., 1982)

SR kA R19] edwarsiellosis AT W §(1992)9] Rire] o4
E. tarda® %¥A gt}

4 o] §F vibriosist® @< F7F VibrioE Ao 74l
Hols tFg ol el TS, 53
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= 240 =2 A5 I 2ANES & AR AU, TAFHE
U A A 2E2Ut RS deE & We TAe] oy ¢
221 gl tH(Noga 1996).

EZ zeje] et Aolie I J3jrt & A= ¢AH I, 1 F Ut
A FEH 4 vibriosis®] YA HE Vibrio anguillarumS-2 R315 o] 9=
(Hjeltnes and Roberts, 1993), ¢] < MacDonnell and Colwell(1985)¢]
olsl MEE %9 Listonellad)l XA Z Ho] Atxle] A Listonella
anguillarum2-3 =3 9},

A 427] vibriosis 9 HLE &2 A 9= Vibrio salmonicida®) 735+
i3 Avkel, v F SAAA A F dojell A& LeFowH AT I
37} LA t= B3rt 9} (Hjeltnes and Robert, 1993; O'Hallorn et
al., 1992).

Q&I v Fo A= Vibrio ordalli7} o152 AFA E9A ANIFLAH
© 3 KHIE9YI(Schiew et al, 1981), Vibrio damsela =38 blacksmith
damselfish, %o}, €&, gilthead seabream, brown sharks %< F79
o] FoA FHRAGFSEE dogE= ALeRE BHEHY =Y (Fouz et al., 1992),
o]F2& 3dA PhotobacteriumeZ <9 o] uvl¥ ¢gth(Austin and Austin,
1993).

Vibrio carcharieav “3°ldl AAAZE doy|= ZA2E HiFglen,
o] AT AFALF L A3 Ho dFS d2Ahe R1E 9H(Colwell
and Grimes, 1984).

2 9 dEF FHCA @A AdA ¥ F YJAF2E Vibrio
vulnificus’} B35 ¢ L(Austin and Austin, 1993), L&A Lo]9]
vibriosis®] "W HFL=ZE Vibrio cholerae non 0128 %3 (Muroga et al.,
1979), ¥ &) Vibrio fischeri 79 (Lamas et al., 1990), 1] = Florida®l 4]
common snook®] Vibrio harveyi %4 (Kraxberger-Beatty et al., 1990),
Atlantic salmon, ¥l%, European sea bass®| Vibrio splendidus 7}
(Austin and Austin, 1993)% ©] ¢ vibriosist® 1 U947 F ¢ #HEAF
o] wj-% chFaA ¢HA Sl



o

ot

% oF3 Vibrio & AdL B2 FAoFel s d2A FAF
q 5 Aoz B3 o] 9th(Austin and Austin, 1993; Hjeltnes
and Robert, 1993).

WA*19] vibriosisell ¥ AF2A o] F(1991) = FaltelA ALFF
WD BaZ FAIXNZRE Vibrio tubiashii, V. damsela, V. anguillarum,
Vibrio campbelliis 9% 206735 T AR, 1564455 A &
F5 HI39 3, Ishimaru et al.(1996)2 Jx]xlole] WLAAZA Vibrio
ichthyoenteris 3 RIsgde=d, o2 Fuyddgez oF2ygxe

vibriosis 9 FHel W AFE= vu|gk AAo|r},
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1.2. 4+53

Fuelx FAolFe AFA Aol dF AFE A 5(1988)9]
NFoz o FolAy] AFagdl, oFel AFA AWLA W
e Ay 2y AFEA 2 AT T FAF $A4FH 2o @
& A9y AL Sol Westin 2 & gon, FAolFe A5BAe
@27} 4 e s

al
B Qe AFE F2 FHelFA 92 P £ A A

2 )
+

f
PO e

=

2
o

2~
T
o, oA gx]e] FRAAA AWezd L Y& streptoccosis,
g 53 99 AAFA 2
TFE A IAA #ZA5eA

) 2
Ad 5 shebale] FAPA] AGBAA A N2ARE ATHTA 3

g 7HE BANE AlEA AW dF2E ¢=A Vibriod &2 SW
1D ZdFo] EA (Holt et al., 1994; Thompson et al., 2002) <}
A&AY  AFe) By Fo=2 s (Ben-Haim et al, 2003;
Cerda-Cuéllar et al., 1997; Gomez-Gill et al., 2003; Macian et al.,
2001-a, b; Thompson et al., 2003-a, b, c) Al oz Fo] B Ao
t}.
detd B A7t Adel 798 Ao BRFE AFE FAA
ANz 23E 25 I Vibriod A S 16S rRNA FA A
A& o] &35l FATER FAYPR Y vibriosis VAF A HF 7]

z72t8 5 AT3HLA 39



2. AFE WA FAZ f5e A 54

Qg oz Falole] Aol PEHA 24, 44 29, #4729,
Fspel 24 $& F 5 gdEd, T F ARG 2alo] bg grhw

F 9en YEFH 89 FAAE A AdFE E3Hee v ERLA
}

l..

@ olRel AWe FAFES 2 BE A = A9AGA

e, §E4L T 3 315 7hH 2H, o 7o A
AdES &, FHolAE, #5334 224Y Fddd ¢8A 3L (Ringo,
1999), Vibrio% A9 Zg-el= slgol BE 3t AF22A4 &5 R 3
FEEo AFTHANA F23 x5 AL 2 (Ortigosa, 1994), L
ZF dB:= A AYYPaddFer #8317 =3} (Colwell, 1984; Hond,

1991).

Vibrio % A A5 ol fel AME 13 R 2418 Ay dJAdo2
283 Pub ol AAHA nAE Fo] §F BFE E= 0 (Austin and
Austin, 1993), £3, AF370] A43tg< w oAl st FA oY
S AN A AYE oy ¢A 9 H(Hjeltnes and Robert, 1993).

AF27 AFAAE AFERE WAA Vibrio & HEWEo] wohy
g A 9ol A (Shin et al., 1976) FA A AHFFUe] AF & L Vibrio
Ale] X FHFA o7 AdAd 2EEYAE AR =& A B
g}

3 (200002 T4 W] s s il
A By FF9 3K.7%E 7 $AHIGI B
vibriosis®t FAF Fo| 38 #F7} &

TFol A Vibrio spp.7} A
3, I F s <FAelg
AlFE3E7F o 79

X
2
2L
0%
a
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A 2y FPALAS Husg e, & 519962 FH ALAF=2H

B33k

B k3t Vibriod AT 23 .
of @ FFFEe] MY FEATFIA

&
=3 Al I AH(1996)2 et 2
Vibrio & Ald2 7% Vibrio alginolyticus®} Vibrio parahaemolyticus7}
2 I 2(1982)= AFIF Vibrio

A =P Or BRasiga
parahaemolyticus X5 ZAstR =, 5 59 Vibrio X & T3 A
} pez

o

AFEES shetahi

A7 o,
debd £ AP AFEN $4 AR F954 AT F ATFF 2
=

Vibrio % A|#e] €4 W3} oA



2.2. A5 9 4y

2.2.1. A5ANH

FAA AKFe A#SH FAEAHENE $8 20019 695E 20024
59742 AF FHEAY 20 &(FA, et ARG 27 ( Y, F2)9
4 |z %“472}% HAeR ASFEE Y= A5 2 A5 e
4 1314 A =S AF 3 H(Fig. 2-1.).

T A5y AHD ANEe YZZHYE AFAR kst {459 £

AF% @ Vibrio % #5% S4330

2.2.2. AF¥H 4 £4

Z Ad$ 2 Vibrio & Ad59 A+ Jannasch and Jones(1959)
°] membrane filterd S $&3ld AFFE FAFIL. F 2FE pore
size 0.45 m membrane filter(GN-6 Metrice ® Grid 47mm, Pall
Corporation, USA)E o] &3l ZHgZEke] AEE o343 ¥ membrain
filterS Marine agar 2216(Difco, USA) ¥ TCBS agar(Difco, USA) %
ol P2 F 30£1CANA W F3sict.

Marine agar 2216 3 Skl x| o] A 4812417t wjeF F JAFH A= F A
T2 5A39 32, TCBS agar F3u x| ol 4] 242X 7F v F JAH 3
A 9 =8 AGE Vibrios 22 st AT, d5E A AF

Astel FFo2 At

T
Ao £ ¢ gEL salinometer(YSI 30, USA)E °| &3t FA3Y
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Fig. 2-1. The site map for collecting water sample of aquaculture farm

in Jeju, Korea.
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Fig. 2-2. Monthly variation of water temperature of aquaculture
farms in Jeju, Korea. Symbols; Groundwater(@) and seawater(O) of
Farm A, Groundwater(ll) and seawater([]) of Farm B, Groundwater

(A) and seawater(2) of Farm C, Groundwater(®) and seawater(<)
of farm D.
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B ¥R 2549 A$e 9d dEFE #H3l Fo

x
A g 2 A2 AL, Fig 2-20 vhehdl SR 2 A4

%

5 st Fo] o AR A v E AeR FAFY =, o]+ B
FA A 2o FAe] HAHA e Ao V|l AR AsHH £
AT ZAEHA GgAw & 27 A AEEY ¥€4d HIEE &
Ao Fdc)

C AL =ANE FAA F AT @8 v571 713 3L HALes
ga=get 4 ¥ W3l T2 I 4 Bew Faw ol 59 A
A EFHA o]§ & w & FYALANA E4HYL Aoz Ardd.

Wi dutres F4A ofFor A o AFFY d¥ssE ¥t
o] Wl ZalA HFSEIAE S ACT AR AHSSe e IAAWMIE o
g JHEE o] {9 12 HA 2EH 2855 F§F 7}%*3,0] ek

It A, B, C, D A3l 747+ 30.5%0(8€)~33.2%
5%0(62), 29.9%(8¥€)~33.1%:(9€), 30.1%,(8¥)~33
T A Ao] F2o] s =9d 8L s F2

32.
00(9'é)i 7"\]‘39} o, &
W F W3t L2 3z 4L ZeE ddEg.

dEFES By

2.3.3. A Z4F 2 Vibrio § AT59 €dd s
ZA A A A Ayl gt F AFS 2 Vibrio F AASF FA
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Fig. 2-3. Monthly variation of water salinity of aquaculture farm
in Jeju, Korea. Symbols; Groundwater(@®) and seawater(O) of Farm
A, Groundwater(ll) and seawater([ ]) of Farm B, Groundwater(A) and
seawater(2) of Farm C, Groundwater(®) and seawater({>) of farm

D.
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A& Table 2-1°] Yer i},

€8 235 F Mg dFd 54 A= A AR A $ 87~603
CFU/100 mLe]Q 3, B ¥A4L 2,233~10,033 CFU/100mLe] H 2 =
A9l 3, C ¢ D AL 47 1,700~8,667 CFU/100mL ¢} 220~1,310
CFU/mL¢% t}.

218429l Vibrio 4 AdFE A, B, C, D ¥A A4 47 3~40, 290~
3,900, 13~157, 2~44 CFU/100mL¢] #H$1E eyl

ZAd A A s FAIESE W 2AEG AFAFTLS 129
713 L AESFE Jehden, B AL 19, C ¢ D 44L& 599
7}’4 EL AIESFE vehle A2E 2AFHg e, 7ME AL AEFE B9

< A, B, C, D %2Ae] zkzk 29 34, 124, 1€°I3ick

zh opAge] AlESel] W d B WwE B B o] P L 5345
CFU/100mL3le™, 7134 AL Ad54E H FL A FAFes 321
CFU/mLe] 9 t}.

2 8t59 Vibrios AMdF Wk ZAdA4E= A, B, C, D 2344 z
zZt 19, 74, 148, 599 71 =& AFFE B9y, 713 HL Vibriok
TFE BAES A A AL 295 39, B A2 349, C A2 74,
D ¥ AL 11€°)% ).

Table 2-2¢] Yeld sjFo g AdF 54 AFdA F AAFE A,
B, C, D ¥4# &4 77 10,367~61,400, 5,467~52,370 9,167~
76,470, 9,300~40,000 CFU/100mLe] %l c}.

ZA A kAR Gl WF Vibrio & ATFe SRAAFNAE A ¢
Al AL 1,447~14,630 CFU/100mL, BAAe] A$E=  1,133~7,967
CFU/100mLe] ¢ 3, C ¢ D A A Zzt 3,233~7,933 CFU/100mL $}
2,000~12,050 CFU/100mLZ 345 ¢}

e F AESF SAHANA A FAANA = 8€el, B, C, D %A Al A

94, 8¢, 6€° 77 71} 2 AFFE delle ALex zAHY e,
Mg e AEFE B 92 A FAALS 1290 vz 37 FA AN A
£ 3€ol9t}.
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el dg €98 Vibrio & Ad4 ZACAE A, B, C, D F2 3¢ A
7z 84, 949, 10¥, 9€° 71} =& FJe® A=Y, 149, 114, 24, 3
Lol z+zt 71 Fe AFFE Jel gl

A I A(1996) ¥ oJFgre] wAIFFIE o F-e 1.0x10°~
3.0x10"/mLE R3sgdoen, $FFNe A$E 0.4x10~2.0x10°/mLE B
aste] qdgkellA HolAFE AFFvl FixIr Busgdy, 3 I3 L
(1999)9] AFA G FIX T AFSF ZAdAE 0.9x10°~135.33x10°/mL
2 Hysgen F2 - ¥4 Yehdd sgld.

B dfoa A"AL AF BxgFAe A 3 2(199%6) L B F &
(1999)¢] Az} wl&stgd ot £E TS ZAAAE £ AFeA A
A A AR AT Ay 2 e F AAFY BT 1,342~3,997
CFU/100mL $} 9,941~56,417 CFU/100mLE & 3 A1(1996) 2 7 3 &
(1999)9] =2} B} @A Yepdd, o)l A Fd57t AF dF 2 A
34429l A 7]AstE AR e},

=3k, Shin et al.(1976)L 4Ar49 V. parahaemolyticus®l| o3+ Al A=

< =A% 27 JFA-dE 10 ~10° CFU/100mL 742 FAE= Ytz
o, AgHeE HEHA ol AAR LT Z Ao]E HUY 8133,
2.(1982)= AF3el W3 V. parahaemolyticus EEZ A4 8,99
X5 B s ed, & ZANAME 59 Ao F2 8,9
F&2d Vibrio & @57t £ AESHd A Jdevde JAes: 24
H 53 A2 Asdd.
Croci et al.(2001)2 2 HE 3 AlF2] 46.9%7}F Vibrio
% Aatded & AT AsGF ASE F ALEF A
Vibrio 4 Ad%7F A8t vl &L o 11% AEE Jelgdy, 49 3¢
t 237 ¥ 20% AEE 2AF AsFRde A5 A7 F ALES
W& Vibrio & A5 vEe] A vepyd.

w3, st A5 AFSF BES vus BY F AFF A o
9.5W, Vibrio & Al#F< ¢ 17 A E7} A5y B siFedA =4 A
£ 4t

e o oY o (B
£r° _a*f“*“

13
=

=
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2 479 ZHE. AFa °'=*‘%:.‘7‘<l?nl"%51 ol YA A £ % T
ol ej3hd 793 84 5 F2 AFH AFA A F JlE AW LA
¥ AeE Yehtx alttﬂ(Table 3-3), AR 7 e F Ads B

Vibrio % M@ 94 s&o] ¥& 84 3 9ol EA AL glo] AF
A AFY ARBACl S5 D AFFUe AT LESE ARA)
e ez guwn

e Asdde] A$E ¥ F SR} 24 g Aoz 2A4HYT,
A5 FEANAE ARA FRAo] 27 ke Ao Bsw, T AFE
57k ddel Wl 2o Aew Aol Asre AU BEL o §H
ee) 2 A A9 B2 AQeIA WS F& T Aoz Anhg
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Aol W AN 2ARE AFHTA
2 AEFE A5 2 Ass
A48 SFe A PEel WA

4

<=

294 #7489 £&3 q¥SE

Lo
g

A dEN BE FAAANA 880l 73 =
A0 W0 SedAE A5 AL AR 10049 42 4
Qe Bgow, Ade ASE O LINASCAEE ZAslol Asheo
A4 ARA FeuFel 27 g

QEEFES] A4S AFE AN AdEoh A5 wa FRFEA 2
A zAsgen, dsnds AR5t 42 Wik 2 Aoz vehgom,

#5e] A s F2 8€e] ohE 2o vlg ¥ qEFES EAh

% AlEF 2 Vibrio § ATl A ZACA 2559 €97 F A
FFE 1,342(3€)~ 3,997(8€) CFU/100mL, ¥ AF F AFFE 2,580
CFU/100mLel g}, =3 z|8t4¢ € A Vibrio & AdF<=
990(7€) CFU/100mLelglew, 1 Hd Vibrio & ATdFE 295
CFU/100mLe] Q ¢}

dge] € AT AFFel A ZANAE F AEFE 9,941(3€)~
56,417(8€) CFU/100mL, Vibrio % Ad#F+ 2,353(2€)~10,493(8€)
CFU/100mLE  ZAHYY, HAF AFFE F AFF7F 24,950
CFU/100mL, Vibrio % X747} 5,093 CFU/100mL& v}ebyte}.

As4e Ao Ads X5 s B F AE5e] A4S o 9.5u,
Vibrio & Ad4+< oF 17 WA X7} A3t4 Bt dfiFeA =4 AEHILS
o, =% F AldF 9 Vibrio & Ald5e €E "2t AsE B s $
A=A vepygel.
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=3t F AldFel U3 Vibrio & AdFe EINEL ¢ 4 20%,
Azt o 11% AER ZAEC g7t A8ty Bk Vibrio & Ald
o] X}x]st= HlEo] EA vrepytet

2 dFlA A3stgel vlE BAdAH o 35 %Eﬂﬁ-ﬂﬂ¢ﬂ'%ﬂ
ZAE QYT AFSFe] ARA Axrl & AR JElgon,

Vibrio & AdFoA BF 0] 2 AFHd Ad57t lr'fﬂ] A==

v_l'—
tAe 8 AT 2T THT o F A ALl =L AFHE o

#4o] ¥ A2 AuHd.
detd 2R Ag5e] 9A4BYS FAelFel AW FAste] FoB

8902 ggd Bul opz}, £ 2 F£Fo AFEETE I & 9 23}
o] AR &8 1527 FAojo AAAL e Wl FAHZQ FHoR
259},
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3. AFA FAGAZREH o 7HUA AT £ # 79

3.1. A

o] 79 AW Foll= AFA A”o] JF 2L Flow AdHA glen, Iy
FAx)e] AdA AW 3 dFE= W $(1992)9) Edwardsiella tarda®l

o
g A7, 3 5200009 FAIAZHEE FF E-8§¥ A Streptococcus
sp.ol W3 A7} o] F(1991)2] Vibrio sp.ol W3 A Fo] RIHT g
t}.

FZo= 2HAAAZ] F F7 ol FAELE YA A= 2
T A S Al olEge] B2 "'7%‘°l“4. olg 3 o] F A A o
g I 5 &35 e 2 297 FELEFS st ol o
g ARy 2 AAF X 5RH S AT o] oy 3 5 9.

A7 o] 7o AFAAA W A5 sty &L =,
dE] A e AFY F2 oFAPA A AT FANAALS et
of of uIEARR FE3H3 JoH(Kim and Akoi, 1993; Kusda et
al., 1990), <ANAFEFE 2d S22 1 87 ©5 o AAolt
(Kusda et al., 1990).

FAel e Ao dF A £HINT] A= A 13] "’6““"3
Fojel, UAF B4, FRBAIR, AWAET o}
23T T § ow, WAFY RAAFEARGE YLEA 2D Aol
golo] o|27)7ka] AAWA WE AWEF 5 PUAT TS} oI FolA
of & Zlo® gctdc].

2 ATE AFE FAGAG da FAoFe F2 AFH AW u
3%+ vibriosis, edwardsiellosis, streptococcosis®l] ©j3 WA A3}S F A}
o] € ALY LAY vE T BATIL A FEANERRNEH EE
= Al A FAA ZAFA ADE AA s AFE AR AlFA
Ay Q3 FHol JE=ARE AFsLa o).

r

rulo

o[n
l-E
oo
i)



3.2. A5 ¢ 9y

3.2.1. A =AH

A=2AHAE 20019 6€3E 20029 5€712 AFEW Qa2 A4 FA R
FollA Awto] Ragl FAAe] dx| kel oo zﬂ*—ﬂ—f%xi}, =) 329 %,
Ax=u] 8, FEEF E Y, 7Y, AEAT IF A 4 AW
A3 ez FASE AFE FANE FE3A AITEYE ARE AL
Z2AEL Fig. 3-19 Jehigdcl.

A5 A3 3L Table 3-13 3-2¢] el =, AAH 2= 7803] o)
A% ANE5E AFFPed, 4d2 & 790 132 AEE 7PF Boken 540
7HE @& 34 A E7F Al o] &5

Hxle] AAGAE 24 £ & oA 2V AFAFL 20cm °] 39
z]0)7} 286 JMAIGLn, TR Ad & F 9+ 20~30cm Z7] AEE
228 MA, A2 AE = 30cm ©] 2 =7 266 AMA7F A = ).

AR = T AGe] 780 FARANA 502 A w, A4 RG] 207 <%
Al A 108 A&E, F9 A go] 14 /| FA A4 96 A2 AA ] 90.5%
Qq 706 AE7E EA, AL, GG Aoz RY A=A (Fig.
3-2).

3.2.2. A9 £, ¥4 2 AIA A A

Ao £ E f& AR oFE FEH2E dEstq AF == 719
z3A A 1.5% NaCle] #H7tgl BHIA(Difco, USA), 1.5% NaCl-TCBS
agar(Difco, USA) 283 1.5% NaCl-SS agar(Difco, USA)d] =% 3}
30+1°C, 16-24X17F wj &3} ch.

W kgl AFL & FFd A Streptococcus sp., Edwardsiella sp., L8] 3L
Vibrio sp.® Zto] FA 3 F(Thoesen, 1994), Z}7Z} streptococcosis,

edwardsiellosis, vibriosis® %l g+3}4]c}.
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Table 3-1. Individual number of flounders showing external disease

symptom monthly based on body length

Body length of flounder(cm) Total
Month
<10 10<-<20 20<-<30 30<-<40 40<-<50 No.
01. 6 16 24 39 14 4 97
7 11 18 64 32 7 132
8 2 26 28 23 10 89
9 3 7 19 19 1 49
10 2 17 10 22 1 5/
11 7 19 7 14 4 51
12 7 26 6 24 9 72
02. 1 5 31 11 13 ) 65
2 2 20 9 7 4 42
3 4 17 6 10 12 49
4 3 11 16 7 11 48
5 6 2 13 4 9 34
Total No. 68 218 228 189 77 780
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Table 3-2. Number of flounders collected from each sampling site

Sampling site

Month Total
Namwon Pyoseon Seongsan Gujwa Jocheon Hallim Daejeong Seogwipo No.
‘01. 06 23 54 16 0 0 0 0 4 97
07 17 92 10 0 1 6 0 6 132
08 19 57 9 0 0 1 0 3 89
09 3 32 8 0 0 0 4 2 49
10 6 Al 4 1 0 0 1 3 52
11 1 30 14 4 0 0 0 2 5]
12 8 45 9 1 0 0 0 9 72
‘02. 01 3 43 9 8 0 0 2 0 65
02 0 33 5 3 0 0 1 0 42
03 4 34 6 0 0 0 2 3 49
04 6 28 9 2 0 0 0 3 48
05 6 17 9 0 0 0 0 2 34
Total
No. 502 108 19 1 7 10 37 780

_25_



ocheon( | )

Ciujwa
()

Seongsan
(210)

Hallimi (1}

Dagjeong (1)

c, s

1 T 10km

Fig. 3-2. The map of sampling area and number of farms sample were

collected.
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3.2.3. YA FAA #FFA A¥

Zr7re] A RE2HE EEF Alfded dg FABA AFAAAEL Baucer et
al.(1966)9] disc A< ©]-&3ted NCCLS| 7| & wsic}.

WA BHIA Adux]e] A colonys 0.85% " A2 dyo 3435}
o] McFarland NO. 0.57} §%% &5& %439 1.5% NaCle] #7715
Muller Hinton Agar(Difco,USA)el E=% 3 ¥ BBLAHUSA)® AA
disc 155 @o] 30£1TNA 242X 7k Wl 3 F JAFE SA ).
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2R ATE
}& Table 3-3° vepdiglcl.
Ayzle] AW BASFS FAHH B
W 2271 F ALl s B 22 TE€E uEhgow, Aol
Al 52 Y¥¥] Streptococcus sp. Edwardsiella sp. Vibrio sp.e<
He 235 vlego g Ad4A Ay A ASy 2@y g
92 A gAFF7E g3 7€3 8Yelglon, 2~5¢8 = AWo] AT
o2 3AE 9 A%e FE Aow, AFAEARE Fo] Adge
E 2o ATA AWAo] =& Ao PoyEy, =3 10L~124d 5
AR ez ¥ AFYAYBEL Bt

Wt e AFA 5 A A T &L 109°] 98.1%E 7HE =& v&
Bo] o i AlFAZAYA A7 vt £5 JA2E FdHA, 6

oo

f

doll= A2AF7E 9771 Aol o]FoA 7€ v AWDAe] F2
Aoz Adsgoy AH ANE T AF LUEL 52.5%FE EAFH ofF
o] AW AFZFHA 2 et vEe] Eddel o3t AWTAE 2

i

o2 Asdd.

6E7E 89 Aol AFA A

2-2904 & § Rl £ 2

= AR AEHH, £2

FalA ATl 2 2AE AL AFEY P%% “"z}ﬂw F2 109%

B z]ejgiAo] o] FolA 27| A k!

< HEE Ve 3R Ee] Al 71 A
=ANE Adel i LY = ELA AFE Bd AT HEE

579 A= Fol| A4 480 AEelA = vibriosis, edwardsiellosis, streptococcosis 5-°]
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Tale 3-3. The occurrence frequency of a single or mixed bacteria
from flounders showing external disease symptom in Jeju from June 2001

through May 2002

Month Occurrence of bacterial diseases Total
V! Ed  St' V+Ed V+St EdsSt ViEdSt  Total ND'  NO
‘01. 6 12 27 6 3 3 0 0 51(52.6) 46 97
7 28 41 19 9 1 1 0 99(75) 33 132
8 10 17 18 9 4 6 2 66(74.2) 23 89
9 7 9 21 4 2 3 0 46(93.9) 3 49
10 17 8 19 2 2 3 0 51(98.1) 1 52
11 19 11 8 3 5 2 0 48(94.1) 3 51
12 18 10 9 8 4 2 0 51(70.8) 21 72
02. 1 28 9 8 7 0 1 0 53(81.5) 12 65
2 16 4 5 4 0 0 0 29(69) 13 42
3 13 6 12 2 2 0 0 35(71.4) 14 49
4 7 6 13 0 3 0 0 29(60.4) 19 48
5 5 4 10 0 0 2 0 21(61.8) 13 34
Total
No. 180 152 148 51 26 20 2 579(74.2) 201 780

( ); percent of bacterial isolation.

! Vibriosis, z Edwardsiellosis, 3 Streptococcosis, 4 Not detected.
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502 WS Zle s AT, vz 99 ARAAE 2% AE, =€ 3
3o Aldeol EF HEE Aex: dvEyd. 45 AWEAY ASs
vibriosis7} 7H4 @<L 180 XAEE AA A= 23%°19%, &
edwardsiellosis 152 A %(19.5%), streptococcosis”?} 148 A 5(19%)<% c}.

3 AFA AW AL vibriosis 9 edwardsiellosis €A 7A-$7)

51 A1 ®(6.5%), vibriosis ¢} streptococcosis?’} &3z A3 77} 26
X 2(3.3%), edardsiellosis & streptococcosis &3 204 5(2.5%)%
o, 2 AR 359 Aol EFo= A

GEA Y EPRAS EET 4 AW AAFHQ] TALFS vz &
B vibriosist 180 A &elA = @522 Awe] wAsg L, 51 ARAA
+ edwardsiellosis®} 3L FAS B on, streptococcosis®t 3
A A= 26AEE ZAEE 5 F 259 A 87 vibriosis® ZrolZl gt F
Ak WFEe e @5 A Eo] A ZAEG LY 8€e ASd
vibriosis2 #<E = 25 AE F 157tE]le] A&7} edwadsiellosis %=
streptococcosis®} SFLA g Ho 2 eyl

Edwardsiellosist= 5% 3 E£3 dA48S X3 F 225 Al5d4 £
Weow Zholxlgk =gl 499 AFHE 6 ARE 7‘1]945}-1—‘1: BEE 2
gt o] Z A E] 9l = vibriosis?he] &3 A & o] streptococcosis}e]
3 2AE B of 20 o]} ¥ 51 ARgon 8€¥ 1248 77 &F
B & S5 DA Eo] A Ve

Streptococcosist &% 2 EFAAS 3§l 196 A 57 F s g =l
8€o] 7g =& AL Hols ALl®E eyt AV} Fe AAAH LR
= vibriosis®} EFLAI A7l 26 A F, edwardsiellosis®} S A sH
A$7F 20 A5} 8¢, 9€, 10¥€ 9= edwardsiellosis®}e] &334 &9]
vibriosis®}e] LA & Ho EA Yy

&A}tﬂ/‘]— Z]l%g] X~];‘(ﬂ H‘-}\g}]}‘oﬂ r,]]?‘s‘]- 1:]—5 7(1]:16] I:ﬂ-ly]:]] %—9— _’l;l__lﬂ
streptococcosis?} A A streptococcosis B A& 196 A5 F 75%<2 148
Agz o2 A us] G5 EAu|Ee] EA Jehygen], vibriosis ¢
edwardsiellosis®] =52 H &2 247} 692(180/259) ¢+ 67%(152/225)=

e e

Clob X

(ot
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el = gl

3.3.2. €8 9 AR & ATFAAY TSI

Ztzke] A REHY Hed 953 2 EHES =
g Zrolzdd AFAE AR F AFA FAPR S Ld AFA AW
#<& Fig. 3-3¢ Jehl sl

AldA Aol €¥ AR Hu 6~8¥dc oS A wHl
edwardsiellosis7} =& AN &S B9 o, 993 10€, 28l 493 5€4)
+ streptococcosis, 11~3¥ A}o] o= vibriosis7} o} AWK}l =2 v &
= gl

6~8€ Alolel o2 AlHFA AW wlsl =A ZAE edwardsiellosis?)
A= BAo] 1R EA A" TE€E VA2 E 1097 REFAE Kol
th7t 2 o] FHE 129714 HA] 7t FUbs= A S Bl 2t o)
5 5€7A] ASs FLEFAE ZAEG LY, 6¥8FH F43 FUtste A
F< detlisic.

QY vibriosis?] WAL 99 & J|HO R Zy}slr] A Fste] 2¥9 71X
ASH] F7F FAE Holort 58RI = ALss AdeE ZAEH =
1A =L S Bl 28 7|9t}

Streptococcosis®] ¥+ 8¥€eo] 7E =& TS Hgon, 99 o]F
29 7A] Al&ste] A& }% 334 Ho|rs} 3€¢ FUhsled 6€74A1 & Ml &
g AAAFE Bgon 7€ olF FUtske A= eyl

ZA77} Fot ATA AYDAPFFL A xo YAy 2 AR
AAE AFs] dRAgo] & AR I

%, Table 3-12] AQ Lo Ry o] AP Age] a7|d FE& Y
4935 9972 & F2 20~30cm=Z7) 2] A 87} & v EE AFHg o,
1029 A5+ 30~40cm 2719 A w7} 713 Beol ARHALH, 1144
B o5l 3¥€71XE 20cm °]3te] o] FAog AEJt ARHYE, o
e AHEARY 9 AsAFH = REe AN 10~12€7 ] xS
42 F o 1de] FAAAS AxE dHY AAAE Fo] J& R
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Fig. 3-3. Monthly occurrence frequency of bacterial diseases found

in flounders of aquaculture farms from June 2001 through May

2002. Symbols: @, vibriosis; H, edwardsiellosis; O, streptococcosis.
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Atgsw olg 3 FHAo] AdA AW LAFIAE AFo] AL Aer AR
A}

ojg} HH3q Ar=E AHEA o7 IVE AFEHIFE Fig. 3-4°l
vebd sl

Ao 88 of{FE dALE B W 20cmelde] =71¢] oA
vibriosis7} 7}4 %& ¢ 85%E AAIF v, 20~30cm 27| A FA =
edwardsiellosis7} ¢F 52%% 7F34 %2 v &E 2= 30cme] e A
o] o] 4] & streptococcosis7} 713 =& H| &2 A9} Fig. 3-4°4
] vibriosise FE 2]¢]7]4 20cm 7] FE LA s}l HAF FAE=
S B9l edwardsiellosis®] ZA-$= 2]o]7] W] Br}l= 20cme]de] A=
A R 2 WHERE ZAFHYdeY FUARIARZ E F de 20~
30cm Z7)NA 71 =& vl &2 A . Streptococcosis= 20cm A
= o 5e 2yu| o] Frter] A Fsg o 40cm °]3e A ReA = A
A AWl ok 70%3 =5 =5t

AR e oA ZV|E AR g AA7HE AN &
o] A& FFE AEAFIZFEA 2 AAVE o7 AUALE F £ F9

F 0 FAHL A7 FAHH R o] FolHel A AT ARdd.

oY, iz

3.3.3. ARAAAN G w& AP LAFIF

A5 298 AT FFS Table 3-4°] Yeldigdcl. F2 A 5H 3
7t o] ol P4, A, AAA G A g dF AAE AF=E £ W, F9A
o] NFdAE dF2= AWo] WAI 7 F+ streptococcosis?t 22 A &
2 7 =4 JEyed, 4544 92 E3PAAE ZFFT A Sd=
vibriosis7} AA ¢ 34.3%< 33 A =59t}

ANg57t 7hg 29 ARG A RA = 502 A& F vibriosis® 7}
oAy A7t 5T 123 A®, EILA 42 A EE HAAY 33%E 1}
Elyoen, o2 2+ edwardsiellosis?} 29.7%, vibriosis7} 22.3% % c}.

ARG AgoAE 5 Aydrge]l AL = streptococcosis?t 29
Al &, vibriosis7} 19 Al &, edwardsiellosis7} 17 A 23 ZAE g on, &3
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Fig. 3-4. Occurrence frequency of bacterial diseases found in
flounders based on fish sizes(body length). Symbols: @, vibriosis; H,

edwardsiellosis; O, streptococcosis.
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Table 3-4. The occurrence frequency of bacterial fish diseases found in
flounders based on disease symptoms and sampling sites from June 2001
through May 2002

Sampling site

Bacterial Total
diseases Namwon Pyoseon Seongsan Gujwa Jocheon Hallim Daejeong Seogwipo

V! 14 123 19 12 1 1 6 4 180
Ed’® 17 105 17 1 0 4 0 8 152
St’ 22 34 29 0 0 2 0 11 148
V+Ed 13 29 6 2 0 0 0 1 ol
V+St 6 13 6 0 0 0 0 1 26
Ed+St 2 14 1 0 0 0 0 3 20
V+Ed+St 0 1 1 0 0 0 0 0 2

ND* 22 133 29 4 0 0 4 9 201
Total 96 502 108 19 1 7 10 37 780

! Vibriosis, 2 Edwardsiellosis, 3 Streptococcosis, * Not detected.
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P

S x3sE AAAHA AFA AYLASE streptococcosis, vibriosis,

|
edwardsiellosis?} Z+ZF 34%, 29.6%, 23.1% <23 vtelytc}.

3.3.4. £ FF A FAA}SAY NREH
AHH AR F vibriosis® 7ol A 259 A mlA 261FF9 Vibrio
sp.7b  EEH9en, edwardsiellosis® ZFo]ZdE 225X 5 2 AE
Edwardsiella sp. 22533, streptococcosis A& A &4 Streptococcus
sp. 1967 F7F EE ==, FedFE dB2E 1559 AAA A
A AEAHAE Fig. 3-59 vehd gl

Ampicilline]l g 33AA #ZS5A A DA =  Streptococcus sp.9)
84.2%, Edwardsiella sp.2] 85.8%7} 44 & Yeldd ey Vibrio sp.=
Al dF2o] 17.6%%o] A4S YeEl g, Amoxicillin Streptococcus
sp. & Edwardsiella sp.°l WalA = 42 92.3%< 90.2%°] =& #AFLAAS
Beow, Vibrio sp.2l ZA$elE 34.9%%to] FAFAS vehiglon,
Chloramphenicol®] A S+ 70%°]3e #F7} 2584 S By},

Ciprofloxacine= Streptococcus sp.2] 37.2%7} ZRFAE Rgon,
Edwardsiella sp. ¢ Vibrio sp. &5+ 27} 83.1%%} 71.6%7} A B
At

Doxycyclin®] 9§ ZFAA A= Streptococcus sp., Edwardsiella
sp., Vibrio sp. &5 Ztzte] WslA 57.6%, 56%, 46.7%°] #5+AE verd
9gen, gentamycine Streptococcus sp., Edwardsiella sp.°ol ©HaA+=
14.7%% 26.2%°] @2 5L Yebd oy Vibrio sp.old# A= 75%2]
AFAE B

Kanamycin< Streptococcus sp., Edwardsiella sp., Vibrio sp. I
Zell Aa A 3%, 2.2%, 31.4% ¢ AFAE deldo] AAH o= ¢
A4S Heen, Nalidixic acid® neomycing  Vibrio sp.ol ©3l
77y 72%% 62%2] ZAFAE dehld ey o2 FFd daAs 2
29 AeAs B

Norfloxacine ZAFAA &5 AA|e A 50%°]32e] ZFAAS B

N

R N
lo fr o ¥

419

on
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Fig. 3-5. Antibiotics susceptibility of strains of Streptococcous sp.,
Edwardsiella sp. and Vibrio sp. isolated from diseased flounder.
AM, ampicillin; AC, amoxiillin; CP, chloramphenicol; CF, ciprofloxacin;

DC, doxycycline; GM, gentamicin; KM, kanamycin; NA, nalidixic acid;

NM, neomycin

PC, Penicillin;

AM AC CP CF DC GM KM NA NM NF NB OA PC SM TE

Antibiotics

; NF, norfloxacin; NB, novobiocin; OA, oxolinic acid;

SM, streptomycin; TC, tetracyclin.
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53] Edwardsiella sp.®l WA 92.4%9 #F7} 44 E& Bl
el skt

Novobiocing Streptococcus sp., Edwardsiella sp., Vibrio sp.°l 3|
Z7t 3.1%, 2.2%, 27.6%°] FFweo] A Uehl gl 2n, oxolinic acid
£ 10.2%, 49.8%, 74.3%9 #AFAE Bt

Penicilling Streptococcus sp.°l W3] A+= 81.6%2] #Fol A #$
S RP e, Edwardsiella sp. 2 Vibrio sp.ol dallA+ 2.2%< 14.9%
e A4S v

Streptomycine AA] AJAZ FFo| dalA 10%n0]qte] #F71 #5A
= B9 156F9 zAE A F 7HE 2 2SS el

FAAA BAHeT ALHE Aerwr  d¥A  tetracyclin
Streptococcus sp., Edwardsiella sp., Vibrio sp. @3 ZtZtel|l ol 32.1%,
52%, 42.1%°] 354+ et gl

TFH 2= Streptococcus sp.”F ampicillin, amoxicillin, chrorampenicol,
penicillin®l dWaj4= 80%°] el FF7F #AFAS Yel@l e, nalidixic
acid, oxolinic acid, streptomycin®] WA= W $ I FFAEL Hol:
Aoz YehrsEd, 3 5(2001)2 200099 EHH JIXH@ Streptococcus

sp.9l WH3] ampicillin, ciprofloxacin, doxycycline, gentamycin, tetracyclin,

AR

r

v

erythromycin, streptomycin, oxytetracyclins el ©hg 3A8A 75 =4}
o4 A3} ampicillin, ciprofloxacin, doxycycline, gentamycin®] ©j3al]A]+
25EAAE Jeldd 93, tetracyclin, erythromycin, sreptomycin,
oxytetracyclin®l] Wl WAS R 319t}

Edwardsiella sp.~ ampicillin, amoxacillin, chlorampenicol, ciprofloxacxin,
norfloploxacxin, o Wa|4 < 80%°]e] FFeA #FHFAE Hehlhg o,
kanamycin, nobobiocin, penicillin, streptomycins$] dAA ] o)A =
o 2%A LS FFWY ZAFAS Jdehi Ao 7 (1999)2 Fujak P €A
+38¥ Edwardsiella tarda ° g FANA ADAFNA ciprofloxacin,
florfenicol, gentamicin, nifurstylenic acid, norfloxacin®] 7%= 2%

kA ZA ] =yl JdAFAYGE g2y, sulfonamide, erythromycin,
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novobicin®] RS- A EEFH7} P& AR dESsd e, £ dFdAE
ciprofloxacxin, norfloploxacxin, novobicin®] W3 A|@ A= FA18 2
Y gentamicin®] A -$ole= £ dAFoA= FEFFY o 26.2%° FF71 #
FAE vedlo] dold A3E R4l

Vibrio sp.= chloramphenicol, ciprofloxacin, gentamycin, nalidixic
acid, oxolinic acids 5%¢ FAA -l sl 70%°]1%e #F7t RAFAE
B e, ampicillin, penicillin, streptomycins°l WA= AdHez &
< ZAFAS B o] 5(1991)8 HidA = = Fsliet Y 2RE &
g8 Vibrio Fol W3 A ZFAAFZF cephalothin, chloramphenicol,
colistin, tetracyclines? 33AA dafix= AT ZFFAELE HIgor,
carbenicillin, kanamycin, penicillin, streptomycins? A+ WA S
et = A22 B3,  dFAH4E o] 5(1991)¢] HiLex e F
QA3 A

!
dalAes #2F% 23S Bidoed & dFdAE tetracyclin®] A-Sol=
42%9] Vibrio ¥uto] 5L delllE AR ZAHo Zo|q AHE X
et

AFHAAN Aol A AHF WATIE AA B AR ATEA
Age EFHo2 gy s FAIRFANAN FAE FAd A A
AR A 3 AT FA9 AARH o RUHIAS T F
A WAFFE st 5o AdF7}) AZHOR o|Fojxo} A Aoz ArH}.

chlorampenicol, penicillin, streptomycin, kanamycin$-°ll
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3.4. 8 ¢

A FAPR A AWLAFF ZAS 98 20018 6€H¥
2002 5€712 AWl 2 AR FASE P SAA AR 780 A
29 d)s] streptococcosis, edwardsiellosis, vibriosis5¢ AldA AH
A 24 2 A RERE EEE AT W A A5 AEE A
A 3t e},

Ao 2 Aoz FAHE AR AFHIFS A= ¢ ALYz A
A 7€ AW LA Eo] JHF L R gdddEy, Aol s
AL 22 5903t

o] AHA R A AlFE £2E2 10€0] 98.1%= 7HE =2 vE
= o o ARG AFAA T Fert =5 LR AdHY, 6
Lel= AHAD 97 AR F 525%9 F2 AF EHES vedlo] AlFAAA
el 213 Faj7l Al ¥ Aew gddd

ZANE AdA AW A7 SERYE T SR AE A 2
FE B Aldo]l FE® 579 ARl ¥ AFHE A 480 A BANA=

=)

o]
ZA A A8 F vibriosis 5T R 710]{‘%}
A AA X729 23%°])% 3L, edwardsiellosis @5 WA
streptococcosis 5L L& 148 A1 5(19%)=2 elydtl.

ZAA AldA Ao EA -2 vibriosis® edwardsiellosis®] &%
o g ey A7 514 5(6.5%), vibriosis® streptococcosis &3
A 26X %(3.3%), edwardsiellosis®} streptococcosis <=FHA 204 =
(2.5%), 2123 35 Ao &= AT A5t 2 ARl A.

AFA A g sl e guio] okAl"oa] x|o]]Ale] o] o]z 10¢
He o] 58 29 9 3€7x = WYFo| kg el vibriosis7t FE LA
sk, FAADAR 6, 727 E edwardsiellosis7}, 997 1092 Aol
gtulz] @A oA = FE streptococcosis®] THH] o] = eyt
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oA = AR AWLAPIE AT AFdA = 20cme] 5t =27]9
x| o] ol Al = vibriosis7} ¢F 85% = 71 o] YElden, 20~30cm =7]9]
A &A= edwardsiellosis7t ¢ 52%2 714 e HER Z=AEHAX
30cmeo] A9 A o] 4 = streptococcosis7t 7HE =& v &2 A5}

o] oA B of XA AAA AW F M @& AW L vibriosis®
goEn, AdAd ALY FFS ol 7o AADA H A wAE uf§
< 4% e Jex Audd.

AFAAY ) A3 Zleg AdE]= Yz AZ2RY H23 Streptococcus
sp. 19675, Edwardsiella sp. 22533, Vibrio sp. 261&F& WA=
1559 FAAd o RAFAANES 3 AFH}  Streptococcus sp.=

ampicillin, amoxicillin, chrorampenicol, penicillin®] 34+ 80%¢°] 2]

Hir

FF7F #FA S Jed 20, nalidixic acid, oxolinic acid, streptomycin®ll
dalAs g 32 FFAE Heles ZA2E2 Yelyow, Edwardsiella sp.
+ ampicillin, amoxacillin, chlorampenicol, ciprofloxacxin, norfloploxacxin
o dallA] ok 80%e)de] dF7F ZeAdS vehllgl 2w, kanamycin, nobobiocin,
penicillin, streptomycins®] FAA o dsiA= & 2%HEL] FFuto] 3
54¢ vhehyglch

Vibrio sp.< chloramphenicol, ciprofloxacin, gentamycin, nalidixic
acid, oxolinic acids 5%¢ A daA 70%°]3e] 5771 ZFAAE
B2, ampicillin, penicillin, streptomycinge°l WA= AR o2 @
< #AFAE o

2 AT 23 AT AW I3 2AERA o= VBT Ay ¢
Z1eb 2¥ EA gl asle] 3R] diF AL ey A=Y, o
=0 AT AWl ds a3- A E 7] A= /A WA FF
o] W3t FAstet & T T Ho AUHelZ FYL AUt ol FolAok
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4. AFA FAQYA=ZEYH S <= Vibrio S A9
AsETHE 47

4.1. A &

Vibriox 13+ 79 FH9HNTLE 2FE AT o
oxidase positive, catalase positive #22 A A9 sodium ions
sle TRAATFLE AFEAS IdsE AAHLA, odF 2 FER
238 F, 4 2 7R Ry HEYE 19 e Bergey's manualel 205
o] W% ojg)en(Baumann et al., 1984), Holt et al.(1994)°] 23] 37F
o] Ri=gict.

2o FAFe ddFolA brown ring disease®] W@AFQ Vibrio
tapetis sp. nov. ¥ ¢ (Borrego et al., 1996) Jx|Ate]e] AW Pl
Vibrio ichthyoenteri sp. nov.2] ¥ X i(Ishimaru et al., 1996)5 ¥] %
A M P NFFEZHRE Vibrio scophthalmi(Cerda-Cuéllar et al.,

1997), Vibrio rotiferianus(Gomez-Gill et al., 2003), Vibrio

i o
& b e
b o

I

coralliilyticus(Ben-Haim et al., 2003), Vibrio kanaloae, Vibrio
pomeroyi, Vibrio chagasii(Thompson et al., 2003-a), Vibrio fortis
Vibrio hepatarius(Thompson et al., 2003-b), Vibrio neptunius, Vibrio
brasiliensis, 1¥3 Vibrio xuii(Thompson et al., 2003-c), Vibrio
agarivorans(Macian et al., 2001-a), Vibrio lentus(Macian et al.,
2001-b)s AIEAA AFHILE A= o 455 °]do] €8x 9}

Vibrio anguillarum3 Vibrio pelagiuss 2% MacDonell 3}
Colwell(1985)5° 93l Listonella %°] A=A A Listonella® 22 ¥}
9w, Vibrio carchariae= DNA hybridization®| &3] Vibrio harveyi®
junior synonym<2® R.IEeoj9len(Holt et al., 1994), Thompson et
al.(2002)& Vibrio trachuri =%+ V. harveyi®] junior synonym22 Rl
3t VibriogZtell 29F° A dFS°] RiEgd.
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E3Z Vibrio & AT ddAel A d7E AFERIY Hy g, V.
anguillarum® ©}+%¥3 seroytpeol] Wg A7 (Skov Segrensen and Larsen,
1986)¢} ELBAMAPEA 9] 2§ Vibrio vulnificus #F7+e] oA B
(Pedersen et al., 1999) @ <Az A 2Ry BIHE Vibriod TF59
phenotye?] t}%A H i (Vandenberghe et al., 2003)E H] F3 16S rRNA
sequence w2 2|38 Vibrionaceae® #Al&#*A AT (Kita-Tsukmoto et
al., 1993)5°] 912, Montes et al.(2003)& phenotype 2 ribotyping=}
16S rRNA gene ¥4& &% Vibrio 49 t¥A A% Vibrionaceae
ol chFgt FxAe] EAFe] Hisofglr).

g Vibrio £ TACd= FAACdE A3EA EAEETE &334
2, Vibrio SWel FohFA wlEd o el Bk ¢A U g2
2HE F2sH = VibrioF SR+ &3t A $AY 2 kivh A%
Hi gov 34 R AFeES Vet ARERY LeH= Vibrio 1 7
Sl AstetA EA9 dgAdes s Aty FAHAE gl g2
Al A o]t} (Alsina and Blanch, 1994).

g Zol= AstA TAY oS SHsAL, AST A4S 93 PCR
7158 EAESH EHE o4 Vibrio & T HE7IWSY 4771
o] Fo]x 3 gt} (Harris et al., 1996; Hiney and Smith, 1998; Kim and
Jeong, 2001; Nealson et al., 1993; Valle et al., 2002; Wang et al.,
2000; Yii et al., 1997).

U] A% {dx19 vibriosis®] 94U FFH FA T AT EE ©] 5(1991)0]
279 ety FAFANZEE S Vibrio 9 el dslRx g vl <)
th. ol Aststy el o F FAo] olFeojzew, I F B #F7}
nEd dFE BAEgow gz Ao 237 o]Feoji dFE ARH
< bt 2 A EARETH VY T olddd AFA AW F gL
H|F & 2R 8t vibriosis®] 97 FA8S 9% A7 &3 94+
t}.

uts 2 A7 FARRAZEE EYE < oS Vibrionaceae®l TF

E +

£ 16S rRNA #A7 £4& §3l T $AS AAF2=2H dA=25H



E = Vibrio 2 #Fd AFE oA =4 2 ASIdH SAS 9

o}zl A ]9 vibriosis®)
34t

AAZF djotol A 7= A8E AT
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4.2. A5 ¢ 9y

4.2.1. AQH+F

20019 6€%¥ 200249 59712 AFEU @z §3 A AeA Ay
Aol Hid AR WX e A AdA AW LA FIFEAA
Vibrio 4 #2% 7to] AR 261FFE WA2Z AP S AA A

4.2.2. E2 A5 A3 54 £4

e EFe AEEH 54 4L BiologA(Biolog Inc., USA)®] GN2
PlateE ©]-§3}] Appendix [l vebd 9571z]¢] 7] Ao]§ Kol & Ad
Fgen 2XHL MicroLog " system(Release 4.0) program¥ ©]£3}9t}.

&5 43" FFE BUGM(@Biolog Inc., USA) Apdujz]o] HE3}
30+1CelA 16-24X17F ok & F g3t g XA (Biolog 21907., USA)
o] £3lo] 52-59%7} HEF ZAHI F GN2 PlateS’J Z} wellell 150uL

A ZF L 30£1CAA 24472 g F F HEes DNEHE wells
FARo2 HAs ).

ojw] Feehe& NaCl 150g, MgCly-6H.0 51g, KCI 3.7¢& FF
912mLe] 39 MCS stock solution(Noble and Gow, 1998)< 10#] 3]
¥ F wEse] Agsisioh

= 89 26175 F FEAYE AYE 12745 da FJRAAAES A
Akt

L)

4.2.3. £ #F9 EAAETH FTA

DNA &£3g

&4 23 #FE 1.5% NaCle] #7159 BHIB(Difco, USA)e| HEF
F 30x1TCelA 16~24X7F wjXA N F 47T, 10,000xg= 10&7+ ﬂ*d—:iril
3l #AE £33 F DNeasy tissue Kkit(QIAGEN, Germany)E o]
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of A)Z3]Ae] W wgl genomic DNAE £33 ¥ F3 58] (Azso/Asso)
7} 1.8°]1% =HA 39}

PCR 43

8 FF9 16S rRNA #F3A AHE FIZ37] 918l Tag DNA
polymerase(TaKaRa, Japan)S A}-&3}9 3, Table 4-19] Jeld 27f
1522r primersE o] &3] 95TA 587 WA F 95T 1%, 55C 1%, 72
T 189 F7I12 333 ubEs 3 HF 72CoA4 1087 49} 1%
agarose geldlA A7|d5S AAst] oF 1.5 Kbp 59 DNA FZEAES
8alslal 16S rRNA FA# ZHE] clonings A A 84t}

Cloning¥ sequencing
16S rRNA fAA AR+ AZE§Fs7] 918 3= PCR 4E< TOPO
TA Cloning kit(Invitrogen, USA)E o] $3le] A3 A}e] Wi wa} &
235 AAFg
PFAAZZL TOPIOF' E. coliE competent cellZ 3s}o] FAAZIE A
g o} 40 ug/mLe X-gal® IPTG ¥ 50 pg/mLe] amplcllh < I3
A LBMAE o] &3l 37CelA 18 A s v + 34 &

FAASE PAFL ampicillin®] #7+E LB broth(Difco, USA)e BFE
ste] 37T, 220 rpmelA] 18417t wl ¥t ¥, Wizard SV Mini-Prep DNA
Purification System(Promega, USA)E o] £3}lo] #|Z3]A2] wt¥o] ulz}
plasmid& &3] 3%t}

FAAZHE FA3}7] 98l
o] 37CelA 47k w-gA 7
3 oARE s

71D EA L ABI 3700 automatic sequencer(ABI, USA)E 18319
=4, Cyb2 A% inner primer%] M13-40 primer$} MI13 reverce

2]l ¥ plasmidell A3 &2 EcoR1 S A3}
1.2% agarose geldol4 A7|Qd 53l E2

*
<
T

primers ¥3%31319)+= Cy5-AutoCyle Sequencing kit(Pharmacia, USA)&
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Table 4-1. PCR primers used for 16S rRNA amplification in this
study

Primer name Sequence

27t 5'-AGAGTTTGATCCTGGCTCA-3'

1522r 5'-AAGGAGGTGATCCARCCGCA-3’
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o] g3te] A=A wiydel wet ssid. & A7l AE3 PCR A4F
2 ¢ 1.5 KbpEA AEY ZF7A4dd d3 IV DEAL  inner

primer(5’'~-GCTAACTCCGTGCCAGCAGC-3')E tjA}3lsle] HA 6 o] 351t}

T a5 EAFAYEH T4

16S rRNA FAAREA S &8 RdF AL B3z driALs
NCBI(National Center for Biotechnology Information)®] Blast Search
2 DNA Star programe ©°]$stgch. 979 A& #AE d9s]7] 935}
o] Lasergen®] Megalign program= °¢|£3}% 21 o] w Clustal method
o o3 433t

4.2.4. 9 &3¢9 344 @544 A ¥
254" 459 IA8A ZFAAE2 Baucer et al.(1966)9] disc
A& o] 839 NCCLS(National Committee for Clinical Laboratory
Standards)®] 7] Eel w3k,
WA BHIA AtHuiz]o] A2 colonyE 0.85%A A QS 34351y
McFarland NO. 0.57} HEZF g%& zAEsle] 1.5% NaCle] 7%
Muller Hinton Agarel] =23 ¥ BBLAY] 3AA disc 165 S ¥o] 30+1

g
CTol A 24+2A7F ull ek 3 T A3 el ot

rulo
Jl}l-
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4.3. 23 9 1%

4.3.1. £FF9 A3 S EH

GN2 Plate o]43 Assd EAH zA2FE  MicroLog™
system(Release 4.0) program< ©]-&3le] A3lst FAS AAsAC). D
Z2 WL similarity Zte] 0.50] A A& FAo| o]Fox= Zo=R
AARH FL Jdoy & ZACAE AAETFE o=

_t_.

A 3134 grouping

< 317] 918l similarityztel Z3gle] L gre] 0.50]871 HejgE 1 F 7}
2 ¥ similarityztel A3 #F2 A3 groupings AAsHg o,

I Az F 2809 33 group2E Yo B b (Appendix 1).

1 % V. carchariae group®] 51¥#F% 714 93, S22 = V.
harveyi group®| 374 F, Aeromonas sorbia DNA group7® grouping¥
= 57} 30#FF, V. splendidus group®]l 2235, Vibrio aestuarinus
group®] 167, Vibrio furnissii®} Vibrio alginolyticus group 144,
Photobacterium logei group®| 134@3F, Vibrio proteolyticus group 114
%, Photobacterium angustum group 1043, Aeromonas veronii/sorbia
DNA group8E grouping ¥+ TF7} 6FF, Aeromonas hydrophila
DNA group 12 grouping ¥ 57} 53FF, Vibrio fluvialis group,
Photobacterium damselae group, Vibrio campbellii group®] Z+ 44,
Aeromonas tructi DNA group 1322 grouping ¥+ #F¢ Aeromonas
enteropelogenes group®| Z+ 3dF, Aeromonas eucrenophila DNA
group62.2 FAHA groupd®}, Psedomonas creosotensis, V. anguillarum
groupe 74 2@dFFewn, 29  Aeromonas allosaccharophilla,
Photobacterium fisheri, Achromobacter cholinophagum, Ilodobacter
fluviatilis, Pasteurelln canis stomatis, Aeromonas natriegens,
Aeromonas mediterranei, Bukholderia cocovenenans?} Z+ 1d 5% t}.

GN2 Plate @ MicroLog™ system(Release 4.0) program< ©]$3}¢]
TFE23 A3 groupF FL& grouplE IAIEHE V. carchiariae, V.
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harveyi, A. sorbia DNA group7?, V. splendidus, V. aestuarinus group
o] 714 ol &AM & KW V. carchiariae group< 7S+ AA 95702 714
AN 36%F9 71 A A 2 ?'_1"-7:594 90%°] %] positive HH-5& H$
o, V. harveyi group®l E= = dF5L 8F9 7|&d dsiA 90%e°]
Ao] positive ¥H&S X3, A. sorbia DNA group7°] E3EH+= dF5L
402 71- ) Al A positive BH&S B o} & group®] FFE HlsE 7]

o] Aol & AL® ety

V. splendidus group®l E3EHE= FFEL 15F9 71&¢ A=
positive B8-S R I, V. aestuarinus groupd TFEL 1159 7|29
3l A= positive ¥H5-S e S} (Appendix 1I).

T3 YT YA oAFE A T 5 de §I4 IS AN
fed. 22€ 2617FF T A9 FE22 12859 SINANEEFAE TFig
4-1° vebh et

12¢F % 3 FFc &85 Jebl oy, Unx] 9 FFE HEEAS
Hol& Aeox dF

l‘l

4.3.2. 83 Vibrio & 59 EAAET3 FA

249 261759 DNAE AE&3te 16S rRNA fAzte] 93 947142
A3 Vibriok 12%, Photobacterium <% 2%, Listonella & 1%,
Aeromonass 1%, Acinetobacter & 2%, Citrobactersd 153 v| X o
71 8% ¥ 21¥ 22 $A =S H(Table 4-2, Fig. 4-2.).

12%9] Vibrio%el< V. trachuri7} 853 F & 7}¢ B F&E£& Ax %
o, Lo2E V. scophthalmi 69¢FE FARAHIL,
parahaemolyticus 233, o2+ V. campbellii7t 164, V.

=

pomeroyi 7}V 15dF V. fischeri € V. lentus, V. corallilyticus, V.
furnissii,7} Z+ 3@, V. fortis, Vibrio probioticus?7} Zt 24 F2 A F
o, Vibrio tubiashii 1757} 45 9}

Photobacterium%2] 3%+ P. damselae subsp. damselae 1145, P

damselae subsp. piscicida 6737} 2] A=A, Listonellas #+F=

_50_



o

©

O

g
Eg,
[ )
®

[ )

Fig. 4-1. Reactions of haemolysis of Fibrefe sp solnted from diseased

Meswrmalers om Bl g,

A-C, d-haemalysis;  D-L, [-hacmolysis,



ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

]

I

il

i 1% Fi, FEL ET: T E1'IR T1 7D OT "I & 70 B BT W "0
AL g

i ST 9

VIR U] PR -k WARH S A RERULO Rp WA ] SR o ey g J9e)

_52_



V. tubiashi (1 strain)
E V. corallilyticus (3strains)
V. probioticus (2 strains)
V. furnissii (3 strains) )
[ Vibrio sp. group | (2 strains)
"~ Vibrio sp. group VI(1 strain)
Vibrio sp. group |l (2strains)
V. campbelli (16 strains)
V. trachuri (V. carchiariae 85 strains)
Vibrio parahaemolyticus (23 strains)
V. fortis (2 strains)
— V. penaeicida (ND)
V. pomeroyi (15 strains)
V. lentus (3 strains)
L. anguillarum (1 strain)
V. scophthalmi ( 69 strains)
V. agarivorans (ND)
Vibrio sp. grouplll (1 strain)
V. fisheri (3strains)
Vibrio sp. group IV (1 strain)
Vibrio sp. group V (2 strains)
P. damselae subsp. damselae (11 strains)
P. damselae subsp. piscicida (6 strains)
Photobacterium sp. group | (3 strains)
Citrobacter freundii (2strains)
Photobacterium sp. group |l (1 strain)
A. hydrophila (1 strain)
Marinomonas protea (1 strain)

Acinetobacter johnsonii (1 strain)
T T T T T T 1

140 12 10 8 6 4 2 0

Fig. 4-2. Dendrogram showing the phylogenetic relationship among

trains of Vibrio sp. and closely related bacteria isolated from diseased
flounders of aquaculture farms. The length of each pair of branches
represents the distance between sequence pairs, while the units at the

bottom of the tree indicate the number of substitution events.
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Listonella anguillarum 1337} 4= 2d, 1 96 A. hydrophilla 1
¥, Acinetobacter johnsonii 135, Citrobacter freundii 24532 S3= <Y
3, 19 vFA FF7F 8 groupel 9.

T A5 o] $(1991)2 Astsry FAM o3 ¥FF FAI|A &
A) "Si]i—.—lﬂ V. tubiashii, V. damsela, V. anguillarum, V. compbellii,
V. fluvialis, Vibrio costicola, Vibrio alginolyticus, Vibrio gazogenes,
Vibrio marinus & 9% VibrioZ ¥¥ $A3}33L, 3 group? vEA
groups RIAFE =Y, B dAFdA = V. fluvialis, V. costicola, V.
alginolyticus, V. gazogenes, V. marinust w2 = #] ¢k},

e Aot AAA F EE] Aol & £ out o F(1991)¢]
Bzt §27190 & AR %33 ZA= A3 £ 477 16S rRNA
AR 246 9% FHolge A% A2 AF Vibriod) B 3 V.
lentus(Macian et al., 2001-b), V. scophthalmi(Cerda-Cuéllar et al.,
1997), V. pomeroyi(Thompson et al., 2003-a), V.
corallilyticus(Ben-Haim = et ' al., 2003), V. fortis $
probioticus(Thompson et al., 2003-b)7} MEFA RE Fo] g+ A}
AAAo] =& AL A,

Alcaide(2003)= Aol (Seliola dumerili)®} A5525E 1HF$A F5
WG SAIVNA AlE 148FFE Esie FdEH, AsiEH SAXNHS

%3 P. damselae subsp. damselae, Vibrio orientalis, V. fischeri, V.

=

o 4

harveyi(Vibrio carchariae), Vibrio mediterranei, Vibrio alginolyticus, V.
parahaemolyticus, V. furissii, V. splendidus® §A393, v sAH dF%
16 257 2= gEd, WEd #5ol oo EAMTHAA o) Ba
93 sk

V. trachurie ¥ A7NA 712 @ol £27} ol Foizled 5€3 124
Aolo] F=2 EI=T. V. trachuri= 16S rDNA gen H| XA V.
harveyigt °F 98.8%¢ AsAS JUehll= A2 B 3Eg 20 (Thompson
et al., 2002), Alsina®} Blanch(1994)= V. harveyi # V. carchariaced *3
3lstz] EAo AT FAHANA F OFo] L cluster2 HIIHI,
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Perdersen et al.(1998)% AHAd FFL=2 IAdsie, & AT V.
trachuri, V. carchariae®} V. harveyis %522 7}F319t}.

V. carchariae= sandbar shark ¢ lemon sharks “4o]e] 3 H-A Y¢S5
9 ZFW(Sciaenops ocellatus)®] ZFRFL YJAFLE BHIFHI g =d
(Colwell and Grimes, 1984; Liu et al., 2003), 295 o] F+= 33} A}
A cysts: FAEL AE F Hd @F5S TG B3I HGrimes
et al, 1985).

F WAz wo] BIH V. scophthalmi= ¥ A4 11€3 59 A}o]
o 2 ®Y=%=d  Cerda-Cuéllar et al.(1997)0] tlEelx =& ¥ 3
of AFer Husgon & d7dA o 26%9 Ed&< vebl o

V. parahaemolyticust 2923 42% A9 vjdvic EIsgen,
T S A Uk A4 A REYY & 49 Eevl 213 97 do
(& 2 g}, 1992).

V. pomeroyi= Thompson et al.(2003-a)°l] 2J3] 2 o] A ZF Vibrio
2R3 For & AdFdAE 11958 5€ Aol 157F7 £t

3 &F7F B2 V. fischeriv &3 AA HE AE 553 B F
FE FAs= IR HuFe] 9ek(Lamas et al, 1990).

P. damselae subsp. damselae= ©°|A°+= V. damselaZ ™= o]
Vibrio% 2.2 ZFE 7t 252 Photobacterium %9l EZAINL dE F
© % (Austin and Austin, 1993), blacksmith damselfish, ¥o], €&, &%,
Aol s BT oF IFRARAUGTE 27+ FUF2E €A I
(Fouz et al., 1992).

P. damselae subsp. piscida~ * 9| Pasteurella piscicida® 3
t}7} rRNA 997184 ¥ DNA-DNA hybridization®} A 3}s= EA L
2 £3l9d P. damselae subsp. piscicida® A FA =9 =4 (Gauthier et
al., 1995), striped bass(Morone saxatilis)®+ white perch(Morone
americanus)d A & #2592 (Snieszko et al., 1964), Osorio et
al.(1999) nested PCR WHel] 93 A& S Bstg ).

Vibrio lentus Macian et al.(2001-b)ell &3] 2| F3e] FelA A& ¥

2

=
[

X of
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g =92, Montes et al.(2003)2 EFoA £ Fo] & sy o,
Farto et al.(2003)2 #°]9 AW ATz H3g ).

V. campbellit 1657} E= e o] §(1991)9 EIAAE 4t
%A JR2HY & Fo S By

L. anguillarn& 7}3 ¥&4 ofF HLAAE <A dv #FEH
19853 olA7A = V. anguillarn22 FA % t}7} ribosomal RNAEA S
E3d MEE genus? Listonella 22 EIEES Agsd dF24
(MacDonnell et al., 1985) ¥ AT = 589 1#F7) = ).

2 dFNA EsFo] EAAELA Wl o3 Vibrio ¥ 334 Ad2
2 3AE 26175 ¥ Fxd3-E 6€(20strains - 6 species), 7¥€(38
strains—6species), 8% (25strains—5species), 99¥€(13strains—5species), 104
(21strains—5species), 11€(27strains-9species), 129 (28strains—11species),
1€ (37strains— 12species), 2€(20strains-5species), 3 (17strains-6species), 4
9 (10strains-4species), 5¥(5strains-5species)e] Ha]5 o] 1€o] 1A F
ekl X 3= A2 E eyt

4.3.3. 9 -ZA" Vibrio & FF° A5z BN
Fig 4-2¢] Jebd B3 2617350 W AEsA ZaA7dq4E V.
o

A
tubiashi, V. corallilyticus, V. probioticus= 233 fd3A7 2

= A
= A=Y, V. campbellii, V. trachuri, V. parahaemolyticusx 4%
3 fABAV Re Ao Jeded. £ 2L FudA dFoz 7RI

Photobacterium %2 P. damselae subsp. damselae®} P. damselae
subsp. piscida A 233 2L FAIA7 d= ALE FH=H

16S rRNA A7 £4< &3 $4% 29% T F= @°] £€9 V.
trachuri, V. scophthalmi, V. parahaemolyticus, V. campbelli, V.
pomeroyi, P. damselae subsp. damselae, P. damselae subsp. piscidaZ}t
o] AR ESA ASHAE 4355 cH(Appendix 10).

V. campbelliiZ $3R 16FFE 2A 819 growp EF59%, /M3
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wo] ®H V. trachuri® ZA$NE =ZA 89 groupeE FA=H9 o,
AA 23FF7F 23 V. parahaemolyticus® 7359+ 5712 group, 157
F71 249 V. pomeroyit 809 FHL grouplE FEIE F 9ggen, F
HA 2 wo] EEH V. scophthalmi®l 7359+ 12719 groupoz T+
T Jd A

Photobacterium %¢ P. damselae subsp. damselae®} P. damselae
subsp. piscida+v 27t 7012 L group# 2719 FHL grouplE YFolF
t}.

4.3.4. 9% ARZ7NE Vibrio & TF9 £33

Jx1e] AAGAIet 2e FAD Vibrio & FF9e] dFAS  Table
4-3°] }erH Slel.

#5771 2R AR v FESE & 9 10~20cme] A BAAH 73
we 1297 F7F EeEEHgd e, S 2E 10cm °l8te A gAA 557FF7}
ﬂ—ElEM 20cme]3te] A ReA FE FYHIEE ¢ & ddrh

% V. scophthalmi7} ¥38 A E= F 697 A5d=d, 1 F 649
A127F 20cm °]stE el # F-& diREo] oA &t o] FoF &
F 4 9t

V. trachuric 85dF % 357 F7F 20cm °]3}e] Al RdA EE =9,

Un 2] 5075 20cm °] ] 7|9 A ReA EE7} o] FojFt).

4.3.5. A Yl & Vibrio & ¥F9 i3

2 A 27F9 #F FA F= 83 V. trachuri, V. scophthalmi,
V. parahaemolyticus, V. campbellii, V. pomeroyi, P. damselae subsp.
damselae] W3 A 9H @S Fig 4-3¢ dehsicl.

ANmAH7E F2 o]FolA A, A, FUAY Az=iy EYd &F
o] ¥3S B FA YA M 2 1667 F7F P =d, 1 F 58
57}V V. trachuri® L, FRA9e] ZASlE AdF F 16357} V. trachuri=
TASEI L, A4 219 AR = 238 V. scophthalmi?} V. trachuri
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Table 4-3. Classification of Vibrio sp. and phylogenetically closely

related bacteria isolated from the flounders based on fish sizes

Length of flounder(cm)

Species
0~< 10 10<~ <20 20<~< 30 30<~=<40 40<~=< 50

Vibrio campbellii(16) 1 9 2 3 1
Vibrio corallilyticus(3) 1 2
Vibrio fisheri(3) 2 1
Vibrio fortis(2) 2
Vibrio furnissii(3) 3
Vibrio lentus(3) 1 2
Vibrio parahaemolyticus(23) 11 10 2
Vibrio pomeroyi(15) 4 4 5) 1 1
Vibrio probioticus(2) 2
Vibrio scophthalmi(69) 13 51 3 1
Vibrio trachuri(V. carchiariae, 85) 7 28 28 18 4

Vibrio tubiashii(1)

Bwtobacterium damselae subsp. damselae(11) 3 1 1
Photobacterium damselae subsp. piscicida(6) 4 2
Listonella anguillarum(1) 1
Vibrio sp. group 1(2) 2
Vibrio sp. group 11 (2) 2
Vibrio sp. group (1) 1
Vibrio sp. group V(1) 1
Vibrio sp. group V(2) 1 1
Vibrio sp. group VI(1) 1
Photobacterium sp. group I (3) 1 2
Photobacterium sp. group 1 (1) 1
Aeromonas hydrophila(1) 1
Acinetobacter johnsonii(1) 1
Citrobacter freundii(2) 2
Marinomonas protea(1) 1
Total No. 55 129 45 23 9

_58_



P. damselae subsp. damselae (11)

5
i 3
i 2
i 1
|0 0 0

Namwon Pyoseon Seongsan Gujwa Jocheon Hallim Daejeong Seogwipo
(34) (166) (32) (15) (€] (€] (6) (6)

Number of strain
S = N W A L O

Sampling site

V. campbellii (16)

Number of strain

0 0 0 0 0

Namwon Pyoseon Seongsan Gujwa Jocheon Hallim  Daejeong Seogwipo

(34) (166) (32) (15) (1) ) (6) (6)

Sampling site

V. parahaemolyticus (23)

=1

E

2]

[

=]

B

o

El

z 1
0 0 0 0

L | L
Namwon Pyoseon Seongsan Gujwa Jocheon Hallim  Daejeong Seogwipo
(34) (166) (32) (15) Q)] (1) (6) (6)

Sampling site

Fig. 4-3. Number of Vibrio sp. and phylogenetically related bacteria

from different sampling sites.
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Fig. 4-3. continued

V. trachuri(V. carchiariae) (85)
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Namwon Pyoseon Seongsan Gujwa Jocheon Hallim Daejeong Seogwipo
(34) (166) (32) (15) (1) (1) (6) (6)
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V. pomeroyi (15)
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=1 I
-g 10
5 o
= 6
2 3
4 L
E I 2
2 0 0 0 0
0 . . .
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V. scophthalmi (69)
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Hep 26 o] 3 @A £

4.3.6. A3 eH FAFA EAPETSH TALY v=

283" 261FF] W8] MicroLog™ system(Release 4.0)& ©]£3t4
Aststx A4S AEE Z2AE vl s 7¥3 BioLog groupd 16S
rRNA 32 £4& 58 4579 $HZ 3 vl mstg i (Table 4-4).

Aslars EARAM 93 BioLog groupZ 7 B RES 3|3t
V. carchariae group® 517 F¢ P. damselae group® 4d7F2 7S+
16S rRNA FAA X 93t FAHAA 274 V. trachuri(Vibrio
carchariae) 3475} P. damselae 3¥¢F% FARF o 5A4Ho] 4xst= A$
E 9ddey, Aeromonas sorbia DNA group7d &3l= 30dF Fo+=
16S rRNA A3 ZAF 26457t V. trachuri(Vibrio carchariae)= 3= <
5 4utdg oz A3}EA groupd 16S rRNA FAz EA o) 23 FA 714

o] & AFE MicroLog'" system(Release 4.0)e] 2J& EAeo] &3
A A= similarity Bt S E 7 =2 similarity $3]
£ 71E2R 39 oFeoiFde AH, dF YUt €4 X8I} old oF{EHR
e Ee] A3 Aol 5o ) AP TP e FF
gt database®] ¥ZF, 2|3 16S rRNA A A 4] o3 FANA 3
<o AFe2 H3E Vibriovh B2 ¥lF< AAT HE 7ds= A=
Atz g}
o€ % AstetA EAAEA 93 FAAIN P EAAETH FAZAI
A A5 Eo17] AAAc FAARENH EYde Aty AERE
Vibrio §°| W% database R o} Asidhyg 2 EAAETH 54 £44
g 2dF A5 5 o Ao & Zer AxFd.

4.3.7. 28 FF¥E FAA AFA AEE2H
16S TRNA F-A=} B4 ols] A 2617 gt A 335A A2
A F=2 $AA 4= V. cpbellii (16 strains), V. pardhaenvlyticus (23 strains),
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Table 4-4. Comparison of bacterial identification resulted from Biolog

test and 16S rRNA sequence analysis

Biolog group 16S rRNA identification result

Photobacterium damselae (4) Photobacterum damselae subsp. damselae (2)
Photobacterum damselae subsp. piscicidae (1)
Vibrio scophtalmi (1)

Aeromonas allosaccorophila (1) Vibrio parahaemolyticus (1)

Photobacterium fisheri (1) Vibrio scophtalmi (1)

Aeromonas eucrenophila DNA group 6 (2) Vibrio parahaemolyticus (2)

Aeromonas sobria DNA group 7 (30) Vibrio parahaemolyticus (4)
Virio trachuri (26)

Vibrio harveyi (37) Virio trachuri (1)

Vibrio furnissii (2)

Vibrio scophtalmi (24)

Vibrio pomeyori (3)

Vibrio fisheri (2)

Vibrio probioticus (1)

Virio corallilyticus (1)

Vibrio campbelli (1)

Photobacterum damselae subsp. piscicida (1)

Vibrio sp. 1 (1)
Psedomonas creosotensis (2) Vibrio parahaemolyticus (2)
Vibrio furnissii (14) Vibrio fortis (1)

Vibrio scophtalmi (8)

Vibrio sp. V (1)

Vibrio sp. VI (1)

Vibrio pomeroyi (1)

Acinetobacter johnsonii (1)

Citrobacter freundii (1)
Vibrio carchariae (51) Vibrio campbelli (9)

Vibrio parahaemolyticus (5)

Virio trachuri(V. carchariae, 34)

Vibrio scophtalmi (1)

Vibrio lentus (1)

Vibrio pomeroyi (1)
Aeromonas veronii/sobria DNA group 8 (6) Virio trachuri (4)

Virio corallilyticus (2)
Vibrio proteolyticus (11) Vibrio parahaemolyticus (2)

Vibrio campbelli (5)

Vibrio sp. 1 (1)

Vibrio scophtalmi (1)

Virio trachuri (1)

Listonella anguillarum(1)
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Table 4-4. continued

Vibrio alginolyticus (14)

Aeromonas tructi DNA group 13(3)

Photobacterium angustum (10)

Vibrio aesturrius (16)

Vibrio splendidus (22)

Photobacterium logei (13)

Achromobacter chlinophogum (1)
Vibrio anguillarum (2)
Todobacter fluviatilis (1)

Vibrio campbelli (4)

Pasteurella canis stomatis (1)
Vibrio natriegens (1)

Vibrio mediterranei (1)
Bukholderium coccovenenans (1)
Vibrio fluvialis (4)

Aeromonas enteropelogens (3)

Aeromonas hydrophila DNA group 1 (5)

Vibrio pomeroyi (5)

Vibrio parahaemolyticus (2)

Vibrio fortis (1)

Vibrio scophtalmi (2)

Virio trachuri (4)

Photobacterium sp. 1 (1)

Vibrio pomeroyi (1)

Vibrio trachuri(1)

Photobacterum damselae subsp. damselae (2)
Vibrio scophtalmi (5)

Photobacterum damselae subsp. piscicida (2)
Photobacterium sp. 1 (1)

Photobacterium damselae subsp. damselae (5)
Photobacterium sp. 1 (2)

Virio trachuri (2)

Vibrio scophtalmi (5)

Vibrio campbelli (1)

Vibrio parahaemolyticus (1)

Vibrio scophtalmi (12)

Vibrio lentus (2)

Vibrio pomeroyi (4)

Vibrio tubiashi (1)

Vibrio sp. 11 (1)

Vibrio sp. M (1)

Vibrio furnissii (1)

Virio trachuri (10)

Vibrio parahaemolyticus (2)

Citrobacter freundii (1)

Marinomonas protea (1)

Vibrio scophtalmi (2)

Photobacterium damselae subsp. damselae (1)
Vibrio scophtalmi (3)

Vibrio sp. 1 (1)

Vibrio fisheri (1)

Vibrio probioticus (1)

Vibrio sp. V (1)

Vibrio sp.IV (1)

Vibrio trachuri (2)

Vibrio parahaemolyticus (2)

Photobacterium damselae subsp. damselae (1)
Photobacterum damselae subsp. piscicida (2)
Vibrio scophtalmi (4)

Aeromonas hydrophila (1)

(

); Number of strain
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V. pomeroyi (15 strains), V. scophthalmi (69 strains), V. trachuri(Vibrio
carchiariae, 85 strains), P. damselae subsp. damselae (11 strains), P.
damselae subsp. piscicida (6 strains)el] W3 Z#=S B9 V. campbellii
+ ampicillin, kanamycin, penicillin, streptomycins-8 & #]e] ds)A =
2eAAE Jehgx] ¢k ey}, amoxicillin, chloramphenicol, doxycyclin,
gentamycin, nalidixic acid, norfloxacin, oxolinic acid, tetracyclin®] ©i
A= AALEF7 A4S el A

V. parahaemolyticus(23 strains)+= nalidixic acid, oxolinic acid®l &

% 80%c°ldel FF7t AFAE EHY2u,  ampicillin,  kanamycin,
novobiocin, penicillin, streptomycin®] WA= ZFAAE7 3A el
.

V. pomeroyi (15 strains)+ gentamycin®l+ ¥ o#F

23
4z
A
o
+
oX,

< KX, norfloxacin, oxolinic acidid% 7g Z5A

[o
=z
38
|o
=

oX
A o
bt
N
=
48
o,

kanamycin, neomycin, penicillin, streptomycin®l< %4
A vepyic.

AA 26174F F F WHAE S$HSA = V. scophthalmi (69
strains)+= gentamycin®} norfloxacin®l WsiA Zz+ A3 FF9 79.7%
2} 69.6%7F R+AAE R ey, kanamycin, novobiocin, streptomycin,
tetracycling 9 A& ZFA AE7}F v AR Eepyd

V. trachuri(Vibrio carchiariae, 85 strains)+~ ampicillin®} streptomycin
o dsixs 28 45 AAZE ZF5AAS Heolx] ¢9ker, amoxicillin, norfloxacin,
penicillin®] WA= F2 744 S B9 3, chloramphenicol, ciprofloxacin,
nalidixic acid, oxolinic acids9 A ¢ HAA= =2 ZFA S Ve
At

P. damselae subsp. damselae (11 strains)®] 739+ chloramphenicol,
doxycyclin, tetracyclin®] WA= +& AFASE HY2r, gentamycin,
neomycin, penicillin®] WA+ =2 #5AS Jehd gl

P. damselae subsp. piscicida (6 strains)+= ampicillin, amoxicillin,

chloramphenicol, doxycyclin, novobiocin, penicillin, tetracyclin®] ©sjA]+=
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BAEAE RHolx ¢9°n neomycin, norfloxacin, oxolinic acid®] ©sjA]+=

66.7%°] #FF7}F FFAAE Hol= R eyt (Table 4-5).
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PRRER] SURNE 0 TaqUme] i
- - - A T (AR Ly
e ¢ 3 8 4 ¥ o 3 4 @ M & &l e @ L
o W a <] oL a1 L k] ik i 1 i i ik O R e L
o L 2 @ aQ =1 L J a0 ol 2 Lra ot L = ITIREyREt IR
T - - - Y N B O - S R L
LE & EEE BT @0 M1 oM MM M dE 3 B @1 e & ] ] ARET L e S R
O XM M W XM e XM ¢ @ N 0E @ M W (T ook @ g
o L o el ol 1 L fr B w2l =21 o @ s o N A A O asdig
o Lid]d or o a m LLe or faa] ) 3 L el ik O 1T1A ool s aug
€ & 3 oM 0 W X NI 40 N W 0E & M O it ]
G ® X oM & W W R W W WM @ w9 17 [ ook O augy
¢ X o0 @0 W oW N oM @l X% R @l e o 1] ok O kg
oOR O a o oL am LLE T L as] | an oo T L 4] (THSUSIART  RMALTT
o FEE 3 Lr'# 4 e L T Lar W 3 g [ ik O SRR L MEUAD S T
6 F@ 16 K FEZ ¥R &1 FIE KRE 1 I80 5K TH FW KR AR D AT U A
L L < a Q E o L S 0] = LrA =1 L o TTIEY T Al
WEL O £l Fis LK ¥a ®IL  FER WL O UHE BT W O OPWE YE O R R TR R A
LTr &7 FOE EW SH Y TW B LIE L& SH TEE TH FIE EE ISANGIPREY 001 i
o OF X o W W KW X 8 F WX & MW (EIanTaLg aLIqi
L% ® X EE LW EE 0 EEL EEL Ol 4% L 8@ LW LW SRR i
T O L i EF Ee U IR El e ERL ES T T LF rdn i bR U e SRR
L= i EEE '@ Lo LWe EEE LV & L' EEE FiIE\, FE LW '@ T SEPLE alklsy
o L =] o EFEE 2% X ELE B e | EE O ot L o [ iaerapeer AL
6 & X oM & ¥ oX W 4 M 3 8 & o o A AL
EEE © = gl LS a1 L a1 L il EBE O L 9l EEE TR B
B OFE O OETE O 9 2 ¢ Wl ¢ @ FW N @ P IR VR 0 0L
e S El aa B 21 Tl X1 @ ol 01 TE @O 0oL o | ST RSP AL
wdd 3 odd YO L EH LdN NN YHOWH D DD D dD OV NV

[ eioens MOME § @l RS

WANAR D IR MUGR REMOY) WaT) PRgRos] B 7 o Arpdosns Jpermoy C-F 2R,
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4.4, 89

GN2 PlateE o] &3 3138 A AS MicroLog™ system(Release 4.0)
o oJs) TR} A3 V. carchariae group 5175, V. harveyi group®] 37
&+, A. sorbia DNA group7® grouping¥+~ dF7} 3045, V.
splendidus group®| 2233, V. aestuarinus group®| 1633, V. furnissii
#} V. alginolyticus group 14dF, P. logei group®] 133, V.
proteolyticus group 113¥F, P. angustum group 1043, A.
veronii/sorbia DNA group8® grouping ¥+ oF 6dF5 X3slo F
28702 A 3s group2® ol R

9 261759 16S rRNA FA A o @714 49 A0 #E F 5
AAFNA = Vibriok 12%, Photobacterium % 2%, Listonella & 1%,
Aeromonass 1%, Acinetobacter & 2%, Citrobacters 153 v|EXR o
F7t 8% & ¥ 27%2E TA=HA L

12%9] Vibrio%e = V. trachuri7t 853 F & 744 B H&& X34
ov, YgLE2E V. scophthalmi 69FFE FTAHEHNLH, V.
parahaemolyticus 2345, V. campbellii7} 163, V. pomeroyi 7} 151
F V. fischeri ¢} V. lentus, V. corallilyticus, V. furnissii,7} 2+ 33,
V. fortis, V. probioticus?} Z} 235, V. tubiashii’} 132 A=},

Photobacterium32] 73 %+ P. damselae subsp. damselae 1145, P.
damselae subsp. piscida 6757} FAE e 173452 P. damselae?} &3
5 et

Listonella%2) L. anguillarume]l 1#F7} SARAE Y 2w, Aeromonas
hydrophilla 135, Acinetobacter johnsonii 143, Citrobacter freundii 2
T2 TARAEYL, 2 99 v]FA FF7} 8 group(13 strains)©] g c}.

Wx1e] AAGAIY He] A" Vibrio § #5799 dIAS AgrRd
10~20cm?e] A &4 129FF7} £ 73 @2 FF7F =92,

F22E 10cm °]3te] Al gellA 55FF 7 £ E o] 20cme]ste] A el A
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I Y7t FE o] FoH ).

1 % V. scophthalmi7} 3% A5 F 69 A59+=d, 1 F 64 /~]
§_7} 20cm °]3t2 YEh & F2 diFEol 7]°1°ﬂ"1 27} o] FolF &

I At

V. trachurie 857F % 35@F7} 20cm ©]3te] A RojA ¥ =glon,
U 2] 507 F = 20cm ©]/3e] =719 X g4 EE7} o] FolF).

2 A7 Z€ 26175 dHsll GN2 Plateg: °]-&% Astshd T4
239t 16S rRNA w32 24 3 423 nlad A zel7t I+ 7
° 2 JehgE), o83 A= MicroLog™ system(Release 4.0)e] <]3k
Aol A Z2IAJPCAH FASIE similarity ot dHgdsE PR 2
similarity 2% 7| €22 3sto] o|FojRct= A, FF &7} 42 A&7}
ofd o] =¥ EeEe] AsEA ddAe] ¥FoE Jd HF ==Y
Well FFel W3 database® #3%, ¥ 16S rRNA Az 4o 23
TAANA F 2o AFLE BIF Vibrio7h & v FS A7 A5 7|4

Je Aoz Az
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5. ¢ F

AFES S4%AP-L 198030 FuHHe dxFA FE Ay A
A A AFE 13 Aol 238 S x5z ). oy
x| kAol glojA AW e AT FAE 98 FArRdg T3 FA
g & 4 9t

ojg 3 Ay A AL FAAELY Ayl ES AR e o] F
AR 747t B7] WEe AR FdFe AAFA Bt EFHeR 2
g3l Hgc).

a2 Jxe e wE € Ay za 9@ APAAAEe] g
AT 59 71ZzAR FA o] sty AA A

£ AFdAE AFE FAE Al
2 20019 6€3E 20029 5¥712] AFEW 476 %A

T2 ol&Hx dF R AsFd W At F4
Htgo]l Ryg AFEYW FARAE dAAZ kAy
%z AdzRe
vibriosiss (% &, 1992; °] 5, 19915 °] ¢ 3}, 1991)9] AlFA AY LA F
gzt AR FAYXZRY EH=EHE dFE T Vibrio & T F
J& 53l FAdx19 vibriosis®] AAF FAH NI V| ZARE AT

(<4

fd
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A z2AEded, siFRads As57 97 Axpp S 2 yeygen,
Ao At F2 8€e] ohE 2o vlg ¥ EFES EAh

3 AlEF 9 Vibrio & AldFel A zACdA st ASe F A
59 € FFE 1,342~3,997 CFU/100mLE 9 HF 2,580 CFU/100mL
o F AFFE Jergid.

28l Wg 9 B Vibrio & AFFE 84~990 CFU/100mLE ZA}
Hgon, @ HAF 295 CFU/100mLe] Vibrio & A#4+E Rt}

el € Fd AFFd W 2ANAE F AIFFE 9,941~56,417
CFU/100mL, Vibrio % ATFE 2,353~10,493 CFU/100mLE Jelyte
o, dige] d A AdFFE F AlEF7E 24,950 CFU/100mL, Vibrio %
A&7t 5,093 CFU/100mLo) ¢ c}.

2858t A5 AFS BXE vms 2E F AdF5e A o 9.54,
Vibrio % Ad4= < 17 WA E7} A stgel] vl s 5ol A %—';—711 A& 4
ot =8 F AlFEFel W Vibrio & Ad5e 2xn &S BY dee &
20%, AstFodA s % 11% AER ZAE ] |57} A st5dl vl&] vl =
L Vibrio & A9 EFu &L Jehy g

¥ AFANA A7 dligel s Vibrio & 45 EEsI AldFvt &
A AZE=HIh= A d 2 < 4T o]ste] & HAAE Holy 17C AFY
F& FXE yehile AL A55Y &35 AEo] dFAHY F24%5
9 ¥

ek ohlet AR FUAA 38

L
|o

kr

9JtH(Alcaide, 2003; Croci et al., 2001;

O'neill et al., 1992; Ringo and Birkbeck, 1999; Shin et al., 1976).
wetx zseet e A € AEs SAEAE F2 E W A

o #Fgo] WHo] ¥ Hoj7] We] AFS T FHLEZRH AFHY
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5 o 2 Ig2re AdA AHYA S AFAXlE ojgd &

32
Ao
K

(<4

i,

H AR FY A A Ay 2 e Ad
L N9 AFJIFE ZAZ 3 AP zAdAE 794 AW Bg§
M =& AR AdEn, Ayde] b3 AL 22 5490]9t).
Aol AHA R A M &L 10¥€0] 98.1%= 7}4} xe

S B e AUEY AFAAGA 7 Hart ¥ Ao fdE,
A Z2AFH7E 97 AdeA] o]FolAH TE thFe® %%%A&ol LS
Badsg o AF AR F AT EES 525%F ZAH ofF
AR 23 gset tEo] Ao g I E =& HA2E A

o

=
o Mo 2

T A T
rﬂébé
Léwnr

B 89 Aolel AFH AW TFT AW Fo] B AL 5
4% Tl A% 2 W AT FAE Be] Y Ao AuFd,

€ 10438 14 4ol AZHYRE TRAA AIEAe) 2
& AFEY Be °“‘X‘°ﬂ/ﬂ = 10%TF4 20 94

@p}
m-\o
-|u:

1t}
=
2

o] g 7|t Aer FHHA,

ZANEZ A9 9 LAFI L dF-E FAANA ReJgAe] o] F
x| & 102 5E o]Fs 29 2 3¥7x]&= HHo] %43 x]o]9) vibriosis
7t FE A, FUARZIA 697 7979 edwardsiellosis7t, 99
I 10922 F EsA7= F2 streptococcosis7} LA stE= AR gk
At

=3 AFALD A5 =2V 4 ARE 2 FF9 o]l FAH e g7 A
A Ayl AAAAE BH 20cmeolste] =7 e] x] o] A= vibriosis7} 7}
4 #e % 8%E AXFen, 20~30cm 279 A RANAE
edwardsiellosis7} ¢F 52%% 714 22 v &2 ZAEHY 3, 30cmeol el A
o] ol X & streptococcosis7t 7Hg =2 v &E EA 59 ).

ZA A A A9 F g 22 AW vibriosis® ZAME gl o], Al
A A A o7 ARGA Z AA wgAE AFE e A

_71_



o2 Asdd.

ATdAdAge 9" Zex: AdEH= P9x AREYEH  Ed
Streptococcus sp. 196375, Edwardsiella sp. 22535, Vibrio sp. 261%
FE U= 15F9 dAAC " AFLAAEE 3 B3I Streptococcus
sp.~ ampicillin, amoxicillin, chrorampenicol, penicillin®] a4+ 80%
ol el FF7} ZAFAHE Yel¥ e, nalidixic acid, oxolinic acid,
streptomycin®l] WA= ¢ F2 FFAE Hole A= yetyd.

Edwardsiella sp.<= ampicillin, amoxacillin, chlorampenicol, ciprofloxacxin,
norfloploxacxinell w314 °F 80%°]&e] FFeA ZHFAS vellislen,
kanamycin, nobobiocin, penicillin, streptomycins2] FAA| ¢ dl &A=
o 2%A X9 FF o AFAS verl .

Vibrio sp. chloramphenicol, ciprofloxacin, gentamycin, nalidixic
acid, oxolinic acids 5% A wsiA 70%°| 4] F#F7 RAFAE
B2, ampicillin, penicillin, streptomycinge°l WA= AR o2 @
< AFAE B ed, £ dFe 93 A A5 AL HA 2
Fie A7IAA A7F &3l A WA 579 g ¢ I dHsdd S
A stE Aol AdA AW ds] EdHes dAH F F = WY 43
ole A=Ht.

Vibrio% < V. tapetis, V. ichthyoenteri, V. scophthalmi, V.
rotiferianus, V. coralliilyticus, V. kanaloae, V. pomeroyi, V. chagasii,
V. fortis, V. hepatarius, V. neptunius, V. brasiliensis, V. xuii, V.
agarivoranss9 A%A 9 AF R 31 (Ben-Haim et al., 2003; Borrego et
al., 1996; Cerda-Cuéllar et al., 1997; Gomez-Gill et al., 2003; Ishimaru
et al., 1996; Macian et al., 2001-a, b; Thompson et al., 2003-a, b, c)
o F tFA Tl o8 AstH FA o Lol B ZoFE LA gle
o, 53] 2R Y= Vibrios ¥ A$o<= o5 1893 &9
# 9 +4dl(Alsina and Blanch., 1994), ¥ A4+ 16S rRNA A=A &
e o& AYAd FAPR FE 12F9 Vibrio%, 2% Photobacterium,
1£9 Listonella% 3 v %A groupsx 33l Vibrionaceae 2 1 34
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i

Fo 2 FhdE= 27%(261 strains)e] Al#FS ¥ A9

1 F V. trachurizt 85¢FE 71% B2 F&£& ALY, dgos
= V. scophthalmi 6937 F2 $A=< 2w, V. parahaemolyticus 2335,
V. campbellii7} 1635, V. pomeroyi 7} 15@F V. fischeri € V.
lentus, V. corallilyticus, V. furnissii,7} 2zt 33, V. fortis, V.
probioticus7} Zt 29 F2 FAE YL, V. tubiashii 1+F=2 A= Y}.

Photobacterium%2] 73 %+ P. damselae subsp. damselae 1145, P
damselae subsp. piscida 63FF7} FAR5 el 1745 P. damselae’} +3
5 st

Listonella & dF2+F L. anguillarum 1357} SR Y Lw, 1 2]
A. hydrophilla 135, Ac. johnsonii 135, C. freundii 22¢F2 $3 =4
o, n|FA #F7} 8 group(13 strains)2 2 }e}yke}.

GN2PlateS ©]43 A3}skd EA ZAAHE MicroLog™ system(Release
4.0) programe= ©°] &3] A3t FA S AANT I V. carchariae group
5133, V. harveyi group®| 3745, A. sorbia DNA group7Z grouping
¥l #F7F 30#FF, V. splendidus group®]l 224¢F, V. aestuarinus
group®] 1643, V. furnissii®} V. alginolyticus group 1445, P. logei
group®| 13¥, V. proteolyticus group 113, P. angustum group 10
o, Aeromonas veronii/sorbia DNA group8% grouping ¥+ o F 67
F 5% sl F 2879 A3 group2E UFolF =d, 16S rRNA
AE Ao o3 FAAFAS} v 3 & W FAZAI 2 ztelrt d A

Astets $AAFY} EARESH FAAAS Aol MicroLog' "
system(Release 4.0)el g Aststy FAY Age dlid =223
similarity %te] 0.50]30]x A5 FAHo] o|Fox= AR XA X
ey B dFfdies AA #F5 dA2RE 33 groupings 7] ¢
3 similarityztell Aagle]l L Fke] 0.5°1371 HegE 1 F /Mg £
similarityztdl FE = dF2 TAH S AA s Heol 7M1 & o=
CEini 3

2 9o #F &7t €4 AR7F obd o] FEHFE EeFHe] AsEA o

(X
)
Mo
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FAol 2= 3 A == Wl FFl HF databased] FF, 1
232 16S rRNA #FAA EAe 2% FANA FHIZd AFe= Hyd
Vibrio7} B2 ¥l5< 2AAF AT 7|d3= A2z Agddd.

upbx At EAAEAC o3 FAAFA P EAAEITA FAH A
HE x5 Fol7] SdAT FAANERYE REHs G AEE
Vibrio %9 dl§ database X9} TAFo W3 dF5o| o5 o 2P
olef & Ao=w 435]“1 EF EAAEEH Byl o7 ASASE Y A
stetd EAd o8 A& Vibrio & FE3}7] AT AT5E ol FA
of 2 7w #dd 1:}

=g £ dFNA vibriosis FEFLE FAHE {YAAA EYFAHH
Vibrio & % V. trachuri, V. scophthalmi, V. parahaemolyticus, V.
campbellii, V. pomeroyis $3A3sHA 28 A 2| E gz FeFF
o FYAPAA B AFR THD A=A o F o PAANT B
ol A71AQ FFe £ T2 & T3t WA vibriosise] ¥AF
gael W A7 F o o|FelAc F Aem Amdd.

o

_l
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Appendix 1

Result of biochemical test by using GNZ2Plate and MicroLogTM

system(Release 4.0) program

Aeromonas sobria DNA group 7 (30)

1 2 3 4 5 6 7 3 9 10 11 12
A - d + + + + d - - +
B - + d + d + d - + + +
c - d d - - d d + - - + d
D + d + - d - + + d - -
E - - - + - + - - - - +
F + - d d + + + + + + - +
G - + - - - + - - + + - -
H + + + + - - - - + + + +

Vibrio carchariae (51)

1 2 3 4 by nsbonaTunry&smyOuerldy 11 12
A - + + + + + d + - - - +
B - + - + d + - - + + +
c - d d - d d + - d d d
D d d d - d d + - + d d -
E - d - + - + - d - - -
F + - d d d + + + + + + d
G - - - - + - + + + - -
H d + + + - - - - + + d +

Vibrio harveyi (37)

1 2 3 4 5 6 7 3 9 10 11 12
A - - d d d d d + - - - d
B - + - d d + - - - + d +
C d d d - - - d d d - d d
D d - - - - 4 - 4 - 4 -
E - - d - - - - 4
F - d - d d d d d d
G - - - - - 4 - 4 d a - -
H - + + + - - - - d - - d
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Appendix lI. Continued

Pseudomonas creosotensis (2)

1 2 3 4 5 6 7 8

A - + + + + - +
B - + - d - + - -
C - - + - - d + +
D + + + + - - + -
E - - d + - + - +
F + d + + + +
G + d dad - + - -
H - + + + - + + -

1 2 3 4 5 6 7 3
A - + + + + + - + d
B - + - d d + - - d
C - d d - - d d + d
D + d d d - - + - -
E - - d + | ar i d +
F + - — d + + + +
G d d d d - + - d
H - + + + - d d -

Vibrio alginolyticus (14)

1 2 3 4 5 6 7 8
A - d d d d d + d
B - + - d d + - d +
C - - d - - d + d
D d - d - - + - d
E - - - d - + - d - d
F 4 - d d d + + + d d
G d d - d - d - d d
H - + + + - d - - d
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Appendix lI. Continued

Aeromonas tructi DNA group 13 (3)

1 2 3 4 5 6 7 8 9 10 11 12
A - d + d d d d + - - - d
B - + - + - + - - - + d +
c - d - - - + - d d d
D d d d - - - - + - - d d
E - - - d - + d - - - - d
F d d - d + d d d d d d
G - d - - - d - d d d - -
H d + + d - - - - d d + +

Photobacterium angustum (10)

1 2 3 4 5 6 7 8 9 10 11 12
A - - d - d d - + - - - d
B - + - d - + - - - - - +
c - - d - - - d d - - d d
D - - = - - - d - d - d -
E - . 1 i + i = - = - d
F - - - y = d d + d f + d
G - - - - - d - - d d - -
H - + + + - - - - d d d d

Vibrio aestuarinus (16)

1 2 3 4 5 6 7 8 9 10 11 12
A - d d d d d d + - - - d
B - + - d d + - - - + d +
C - - d - - - d d d - d d
D d - - - - - d d d d -
E - - - 4 - + - - - - d
F d - d - d d + d + d d
G - - - - - d - d d d - -
H - + + + - - - - d d d d
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Appendix lI. Continued

Vibrio splendidus (22)

2 3 4 5 6 7 3 9 10 11 12
A - d d d d d + - - - d
B + - d 4 + - - - + 4
C - d - - d + d d d -
D d - - -+ - d d -
E - - d - + - - - - - d
F - d - d d + + d + + d
G - - - - d4 - - d - -
H + o+ + - - - - 4 - - 4

Photobacterium logei (13)

2 3 4 5 6 7 8 9 10 11 12
A + + + + + d + - d d +
B + d + d + d d d + + +
C d d d d + + + d d + +
D d + - - - + d + d d -
E d d + g + d d - d - +
F - + + + + + + + + + +
G + d d - + - + + + - -
H + + + - - - + + + +

Vibrio furnissii (14)

2 3 4 5 6 7 9 10 11 12
A - d - d d d + - - - -
B d - d - - -+ - d
C d - - - - d d d - d d
D - - - - d d - 4 - 4 -
E - - - - + - - - - -4
F - - - d d d + d + + d
G - - - - d - d - -
H + + 4 - - - - d - -

_80_



Appendix lI. Continued

Vibrio natriegens (1)

1 2 4 5 6 7 3 9 10 11 12
A - - + + + + - + - - - +
B - + - + - + - - - + + +
C + + - + - - + + - - + +
D + - - - - - + - + - + -
E - - - - - + - + - - - +
F + - + + + + + + + + + +
G + - - + - + - - + + - -
H - + + + - + - - + + + +

Vibrio mediterranei (1)

1 2 4 6 7 3 9 10 11 12

A - - + + + + + - - - +
B - + - + - + - - - + + +
C - + - - - + + + - - - -
D - - . - + - + - - - - -
E - - - - ~ + - - = = - +
F - N r = + + B + + + -
G + - - - - - - - + + - -
H - + + + - + - - + - + +

Photobacterium leiognahi (1)

1 2 3 4 5 6 7 9 10 11 12

A - - - - - - s - - -
B - + - - - + - - - - - +
cC - - - -
D - - - - - - + - + - - -
E - - - - - + - - - - - +
F - - - - - + + - - + + -
G - _ _ _ _ _ _ _ - _ _ -
H - + + + - - - - - - - -
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Appendix . Continued
Bukholderia cocovenenans (1)

1 2 3 4 5 7 10 11 12
A - - - - + - - - +
B - + - - - - + + +
C - - - - - + - - -
D - + - - - + - - -
E - - - + - - - - +
F + - - - - + + - -
G - - - - - - - - +
H — — — — — — — — —

Vibrio fluvialis (4)

1 2 3 4 5 7 10 11 12
A - + + + + d d +
B - + - + + - + + +
C - d + - - d - + d
D + d + - - + d - -
E - - & + - e = - +
F + - d - + + + + +
G - + - - - - + - d
H - + + + - - + + +

Aeromonas enteropelogenes (3)

1 2 4 5 6 7 8 9 10 11 12
A - - - - - + + - - - d
B - + - + - + - - - + - +
c - - - - - d - + - - - -
D - - - - - - - d - -
E - - - d - + - - - - - d
F - - - d - + + d d d d -
G - - - - - d - - d - - -
H - + + d - - - - - + + +
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Appendix lI. Continued

Aeromonas hydrophila DNA group 1 (5)

1 2 3 4 5 6 7 8 9 10 11

A - - d d d d d + - a4 -
B - + - d - + - - - a4 d
cC - d d4 - - d ad - - d
D - - 4 - + - -
E - - - - - d - - - -

F - - - - - d d d d d d
G - - - - - d - d 4a - -
H - + =+ =+ - S R

Aeromonas veronii /sobria DNA group 8 (6)

1 2 3 4 5 6 7 8 9 10 11
A - d d + + + d d - - - d
B - + - d - d - -+ d o+
c - d d - - d + + - - d d
D d d d/ m mi=n ¢ 1y -
E - - SR - e WA R S s —
F + - d 4 + + + + + 4+  +
G d d - d - + - d d d -
H d + =+ + - - - d d +

1 2 3 4 5 6 7 8 9 10 11

N
B - - - - - + - - - + -
C - - - - - - + + + - -
D - - + - - - x - - - -
E - - - + - + - - - - -
F + - - - - + - + - + -
G - - - - -
H - - — _ - — - - _ - -

H+
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Appendix lI. Continued

Vibrio anguillarum (2)

ToOTHOOwWe

_ _ _ d +
- — + - -
_ _ _ + d
— _ - + -
_ _ i _ _
- - - - 4d

T OO EHO oW

- + + + +
+ - + - -
5 Ll L = 4
- - + + +
_ _ + . _

4 5 6 7 8

T O-mEHOoOw e

d - - d -
— d + — —
_ _ _ d I
— — — d —
— — d — —
- - + + +
+ — —_ _ —

o o

[oFg e

10 11
+ d
- +
+ +
10 11
+ —
+ —
+ +
N _
+ +
10 11
+ d
N _
- d
+ +
d _

_84_



Appendix

I

. Continued

Pasteurella canis

stomatis (1)

1 2 4 5 6 7 8 9 10 11 12
A - - - - - - + - - - +
B - + - + + + - - - + - +
C - + - - - - + + - - - -
D - _ _ _ - _ _ - _ _ - _
E — — — — — — — — — — — —
F - - - - - - - - £ - - -
G _ _ _ _ _ _ _ _ _ _ - _
H - + + + - - - - + - + +
Photobacteium damselae (4)
1 2 4 5 6 7 8 9 10 11 12
A - - - d d d + - - - d
B - + - d - + - - - + - +
C - - d - - - - + + d
D d - 7, i y 5 = i I. - - -
E - - ¥ d o d o i - d
F d - - - - - - d d d d d
G - - - - - 44 - - 4 d - -
H - + d d - - - - d d da =+
Aeromonas allosaccharophila (1)
1 2 3 4 5 6 7 8 9 10 11 12
A - + + + + + - + - - - +
B - + - + + + - - - + + +
C - + + - - - - + - - + +
D + - - - - - + - + + - -
E - - + + - + - + - - - +
F + - + + - + + + + - + +
G - - - - - + - + + - - -
H + + + + - - - - + + + +
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Appendix lI. Continued

Photobacterium fisheri (1)

1 2 4 5 6 7 8 9
A - - + - - - + + -
B - + - - - + - - -
C - - + - - - + + +
D - - - - - - + - +
E - - + - - + + + +
F - - — _ - - — - -
G - _ _ _ - _ _ - _
H + + + + - - - - -

Aeromonas eucrenophila DNA group 6 (2)

1 2 3 4 5 6 7 8 9
A - + + + + + - + -
B - + - + + + - - -
C - + + - - d + + -
D + - — - - - + - +
E - - - + = + = + =
F + - AL + + o1 + + B
G - + - d - - + +
H - + + + - - - - +

+; 90% Or more or the strains are positive.

-5 90% Or more or the strains are negative.

I+

; weak reaction.

d; 11-89% of the strains are positive.
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Appendix I

Dendrogram showing the divergence of Vibrio campbellii(A), Vibrio
trachuri(B), Vibrio parahaemolyticus(C), Vibrio pomeroyi(D), Vibrio
scophthalmi(E),  Photobacterium  damselae  subsp. damselae(F),
Photobacterium damselae subsp. piscida(G) isolated from cultured
flounder in Jeju. The length of each pair of branches represents the
distance between sequence pairs, while the units at the bottom of the

tree indicate the number of substitution events.

(A): Vibrio campbellii

FV53
FV11
1 FV7
FV195
FV185
—(— FV151
FV192
{ FV10
] Fv8
FV13
FV177
FV325
Vibrio campbelli (X74692)
Fv24
FV3
T Fv228
FVv52
I I 1
0.5 0.25 0
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Appendix . Continued

(B): Vibrio trachuri

FV160

L Fv60
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Appendix . Continued

(C): Vibrio parahaemolyticus

FV163
FV26
FV25
Fv21

FV92
FV340
FV276
FV31
V. parahaemolyticus (AP005083)
i FV12
— "
FV5
FV139
I 1 1
1.3 0.65 0
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Appendix . Continued
(D): Vibrio pomeroyi

FV326
FVv174
V. pomeroyi (AJ491290)
FVv328
FVv283
FV267
FV214
FV309
FV189

FV341

FV319

FVv321
FV310

FV184
FV320
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Appendix . Continued
(E): Vibrio scophthalmi

FV315
FV215
FV249
FV302
FV181
FV318

FV250

FV329

FV232

— FV226

— FV265
FV307

FV218
FV300
FV294

FV238

FV290

Fv287

ﬂ‘ — FV308
FV270

FV256

FV338

FV314
[ FV274
FVv281
I Fv227

FV204
Vibrio scophthalmi (U46579)

FV311
FV209
FV263

FV272

FV252

Fv297

FV208
FV198

FVv212
FV193

FV259

FVv244

2.0
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Appendix II. Continued

(F): Photobacterium damselae subsp. damselae

FV134
Fv2
FV131
Fv83
Fv27
FV262
FV239
P.damselae subsp. damselae(AY 147861)
FV246
FV248
7] — FV306
FV296
I T 1
0.2 0.1 0
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Appendix II. Continued
(G): Photobacterium damselae subsp. piscida

FV109
—| P. damselae subsp. piscicida (AY147859)

FV211
Fv207

FV191

n Fv237

Fv187

I T 1

0.6 0.3 0
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