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Identification of Genus Vibrio bacteria isolated
from geoduck clam (Panopea japonica)

Hyun-Joon Seo', U-Hwa Nam’ and Jeong-Ho Kim'?*'

'The East Coast Research Institute of Life Science, Gangneung-Wonju
National University, Gangneung 25457, Korea
’Department of Marine Bioscience, Gangneung-Wonju National University, Gangneung 25457, Korea

We attempted to isolate and identify potentially pathogenic bacteria from geoduck clam (Panopea
Japonica) larvae, juvenile and adult, focusing on Vibrios. The isolates were identified by molecular
approach and biochemical characterization. In particular, we applied MLSA (multilocus sequence anal-
ysis) to the isolated Vibrios for clear identification and phylogenetic relationships, by combining 16s
rDNA and several houskeeping genes (pyrH, recA, rpoA). We obtained 141 isolates; 10 from healthy
adults, 52 from moribund adults with blisters and 79 from larvae. 46 from the moribund adults and
39 from the larvae were identified as Vibrio species, while the rest of these samples and all the
isolates from healthy adult were identified as marine general bacteria. Among Vibrio species, Vibrio
splendidus was the most frequently identified from the moribund adults and clustered with the known
V. splendidus in GenBank by MLSA. However, it was still unclear that V. splendidus was the cause
of blisters because the artificial infection experiment was not conducted and V. splendidus was isolated
also from the larvae. Further studies are necessary to clarify the etiological agent of the blisters found
in geoduck clam in this study.

Key words: Panopea japonica, geoduck clam, Vibrio splendidus, Multilocus sequence analysis.
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- AEY EFIAES AAHATT (Lee et al,
1998; Nam et al., 2014). 1980t LUEA77} A
= JA57] oS o] &3t MR o] FE A &HH
o2 AFHF ] 1996 176E & 71 ol of
e AA T o] & FEEF G o7 Qe FU
7 ez o g o] FASA At 2
= Aol AL gle AAolm vid 49 5H 7€
7HA AR ES] FH 0T Z o] FAHO Ytk
(Nam et al., 2015).

7Y E2NE BAL A7) 9 7HA R ] s
IHPE W AL TEX T} Fol A i FoE
A3t} (You et al. 1993). =5-2] ol A= Pacific geo-
duck (Panopea generosa)©] V=, FlYtholl Al A4
Ao 2 FAlEly 9o (Beattie and Blake, 1999),
New zealand geoguck (Panopea zelandica)2- 3@
To A F2lo] Al=E 1 Tt (Gribben and Heas-
man, 2015). Sl A= 27| 8] Z7N(P. japonica)S)
FA7IEol EE ot A = AL
& oA 72 AR A &UTH (Nam et al., 2014,
2015).
ojuj 3 7] ANHQ tHFAYAL HAF o oA
g A A 2 Ao AFHA AkE
Asfsl= 7 583 Q4 0|H, E3] Vibrio & Al
& oluj sl Fo] Aol A Aufol o] 27]74A] A
Gate] A Al A A& FFE & F e F
23k YA elth (Dubert at al., 2017). ©] ujj 3] F 2]
Aol XM= Vibrio alginolyticus, V. neptunius, V.

=

splendidus, V. tubiashii, V. pectenicida 5°|, FE
2 Ao A= V. aestuarianus, V. chagasii, V. splen-
didus, V. tapetis (Beaz-Hidalgo et al., 2010) 5©°] Z+
7 ol HALe] €kle] | & e Aow wHA

[e]]

olujul Fi o3} 44 L ShER Tk AFE
3 FABD Qo Al Aol o Wgo] WS
Ae w Uelo] H AT FHSH=T ozl gol

AT (Yoon et al., 2017). 53] o]uj 3l F2] tfEZ
A BLAA MR Vibrio & A2 Photobacterium
<, Aliivibrio < ‘& Th2 Vibrio ¥} (Family Vibriona-
ceae) A= FAF I xHFo| wl-¢ FASHA

Z 7R 540l EA &Y (Dorsch et al., 1992).
Vibrio 3} Ald& SFE7HA &7, 48] #s)
A1 16S tDNA gene®] F714ERHE Hlu, 48t
e A7
(e.g., gapA gene, gyrB gene, rpoA gene, recA gene,
pyrH gene)®] F7IAEE gjojiio] v, EAst=
o] de] ARE-E 3 Ut} (Thompson et al., 2005).
£-3], MLSA (Multilocus Sequence Analysis)< 16
rDNA gene} rpoA, recA, gyrB genes & E}%‘—«]
housekeeping genes 23l 79 ATHEE
A8t WHO R Vibrio? A& S s=T
L351A AFEE AL 1Y) (Sawabe et al., 2007; Thomp-
son et al., 2009; Nam et al., 2019). MLSA+ 16S
tDNA gene RFC. 2+ A7} = Vibrio <5 Al+9]
TATIE FARAE BEsHA B F o,
7]%"“ ZIA =R Fo AEF H AFY 7]A
= 834 29 4 o (Urbanczyk et al., 2007).
2 AFNAE Z7 gz FAHA el lolA
AE G Ao Y-S vH ThsAel e HAA
, 58S Nt 53] Vibrio &
4O = MLSA (Multilocus Sequence
Analysis) WHES 483l #7858 T FE7MA B
gatAl sA4sta, siddTEe] A3y, A st

4 548 zAs9A

o, theFst housekeeping gene

A= M=
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Aol &A18 Z5dFoen gy =ATAE
A AR FQ 2 ERAE YR due As-
273k AL} R xS HHE Ko
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Ay
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I
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Ho

T FARAYRE A F8 GAEE F
MEY S AASATH (Fig. 1, Table 1). 271
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Table 1. Sampling of geoduck clam, Panopea japonica
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Date Stage Number of individuals Note
18. 09. 14. Adult 2 Healthy
18. 09. 28. Adult 5 Moribund
18. 10. 02. Adult 2 Moribund
18. 11. 03. Adult 4 Moribund
18. 11. 12. Adult 1 Moribund
18. 11. 22. Adult 1 Moribund
18. 11. 27. Larva 1,000 D-shaped larva
18. 12. 04. Adult 3 Moribund
19. 05. 02. Larva 10,000 Blastula larva
19. 05. 29. Larva 1,000 Post larva
19. 06. 19. Larva 1,000 D-shaped larva
19. 08. 08. Larva 30 Young spat
20. 04. 29. Egg 10,000 Egg
20. 04. 30. Larva 10,000 Blastula larva
20. 05. 21. Larva 1,000 D-shaped larva
20. 05. 29. Larva 1,000 Moribund D-shaped larva
20. 05. 29. Adult 3 Moribund
20. 08. 24. Larva 50 Young spat

Fig. 1. Geoduck clam (Panopea japonica) with blisters.
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homogenizerg A-83l] #&&g & HHH PBS
£ AHgske] 10818 A R B4 stth A=
Ad sjFE AHst ol Ed-e AAR F 3zt
o4& AN 5 BE4E WFol2 F4d (midgut
gland) WH-E + 3] SAAT. L7 A3 Alg=
T F FEH o ¥l A FAVE
ARg3te] o] A NS A H st Al EE ol
AHESEATH BE AEL Sl A9l MA (Marine
agar 2216, Difco, USA)RI | &} Vibrio < A2 A
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H A= St g At S = 7
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Table 2. Oligonucleotide primers used for PCR identification of isolated bacteria.

Target Primer Sequences (5'-3") Condition References
16S 1DNA fd2 AGAGTTTGATCATGGCTCAG 95C(30s)-51°C(60s)  Weisburg
pl GGTTACCTTGTTACGACTT  -72°C(120s), 35cycle et al., 1991
uridylate kinase pyrH-04-F GTRAABGCNGMYARRTCCA 95C(30s)-51C(60s)
(pyrH) pyrH-02-R GTRAABGCNGMYARRTCCA  -72°C(120s), 30cycle
recombinase A recA-01-F TGARAARCARTTYGGTAAAGG Thompson
(recA) recA-02-R TCRCCNTTRTAGCTRTACC 95°C(305)-50°C(60s) et al., 2005
RNA polymerase rpoA-03-F ATGCAGGGTTCTGTDACAG -72°C(60s), 30cycle
alpha subunit (rpoA)  rpoA-03-R GHGGCCARTTTTCHARRCGC

3k primer setse] AKX = Table 20| YEMY AT

AEY 2 2XAIE 24

529 PCR 4HE2 1.5% Agarose geloll A Z17]
H% 3 F UV transilluminatorS AF&-3}4] target
MEs glsidith. AAE e ddste] Accu-
prep® Gel Purification kit (Bioneer, Korea)E Al-&
st FEH AHES B A, 331 Solgent (Dae-
jeon, Korea)®ll sequencinge 9| &3sle] g7 Lg-E
AAs At 2AH " 971422 GenBankoll 5%
Hol e Fa #7529 A E e} A MEGA
6 Program (Tamura et al., 2013)2] Kimura two-pa-
rameter model (Kimura, 1980)& AM&3l AS+E
Azt 55 3t F71MD FsAH 2ARE
MEGA 6 Program®] Distance estimationS AH2-3}53 T}

Multilocus Sequence Analysis (MLSA)

B E Vibrio & AlTte] B3 AHS 918l
16S tDNA gene= HIE3} Vibrio & Al+2] hou-
sekeeping gene &= &3]
9] 91 ES =St MLSA (Multilocus se-
quence analysis)E X 3FATE. Vibrio <50l &3h=
o dFE9 A2 f42 9714492 Thomp-
son et al. (2005), Dieguez et al. (2011), Balboa and
Romalde (2013), Gabriel et al. (2014), Pérez-Cataluna
et al. (2016)°] AF&-3F Vibrio < A2 GenBank
Accession numberE #1313} T (Table 3). MLSA
YA B st= A7 BTEY gapolvt FEHE A
dEe ZF AASAY. Neighbor joining tree
(Saitou and Nei, 1987)x~ MEGA 6 Program (Tamura

pyrH, recA, rpoA gene

et al., 2013)2] Kimura two-parameter model (Kimura,
1980)& AH&-3le] A4kl 2™, Bootstrap values
£ 1,0004< 7|20 7 34tk #FE te 97
Mg 4544 ZA= MEGA 6 Program®] Distance
estimation= AF-&-3} %3 T}

ystets, Malats S5 ZA}

AN ESH o RE FA3 T (This study
1,2,5 6 NE oz 28d=4 e 40l
AFE-E = API 20E test (BioMeriux, France)2} Oxi-
dase test (Becton Dickinson and company, USA)Z
AAJsto] Asteha E4S <18kt TCBS agar
iAo Fg® HeE MB iAol At ul st
15Col| 4] 24~284]1ZF vl %F $ API 20E kit®] w7+ ¢
of whet JPstATh EJF o] F FFE WL E
2=, 4208 e Jdskth TCBS
agar Wi Aol BlgHE #+FF 1.5% NaClo] H71&
TSB (Trypticase soybean broth, Difco, USA)H] =] o]
Al el Fshe] 18~24413F vl F3E 5 TSB Hi A] ol
100 ul 2 HF3tod HlFLE 4, 15, 25, 30, 40C <]
57VA) 270 A] ZFZF 24484 7F | kst 2 HF
o 4gelnE BANT. £ GEEUL TSB
Hj Aol NaCl& F7Fete] dis 05 3,5,8,10%
°] TSB HiAIE A2t & 2+ 100 nl & HFske] 15C
ol A 24~48 A3t wl FStd Zt 9] ”%“ﬁ—r
wZs AT

T 0x
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Table 3. GenBank accession numbers of bacterial strains used in this study

Species Strain pyrH recA rpoA
V. alginolyticus CECT 5217 FM202578 AJ842373 AJ842558
V. anguillarum LMG 44377 Taxvibrio* AJ842375 AJ842561
V. atlanticus CECT 72237 FN582266 EU541589 EU541569
C 147 FN582268 FN582254 FN582259
Cmj 13.4 FN582270 FN582256 FN582257
C 24 FN582267 FN582253 FN582260
V. campbellii LMG 11216" EF596641 AJ842377 AJ842564
V. celticus CECT 7224" FN582244 EU541590 EU541570
V. cholerae CECT 5147 FM202582 AM942078 AM942078
V. crassostreae LMG 222407 EU871948 EU541594 EU541574
V. gigantis LMG 227417 EU871951 EU541593 EU541573
V. harveyi LMG 4044" FM202541 DQ648369 AJB42627
V. lentus CECT 5110" EU871959 AJ842452 AJ842639
V. mediterranei LMG 11258" GU266288 AJB42459 AJ842644
V. orientalis LMG 7897" EU118243 EU130528 AJB42672
V. parahaemolyticus LMG 2850" EU118240 AJ842490 AJ842677
V. splendidus LMG 190317 EU118241 EU130529 AJB42725
R-14789 Taxvibrio* AJB42512 AJ842726
V. tapetis CECT 4600" HE795189 HE795219 HE795340
HH6087" HE795208 HE795238 HE795358
a200 HE795214 HE795244 HE795364
LP2 HE795218 HE795248 HE795368
B8.3 HE795200 HE795230 HE795351
GR0202RD HE795206 HE795236 HE795357
C0620701H HE795212 HE795242 HE795362
V. tasmaniensis LMG 20012" EU871961 AJB42515 AJB42731

*Taxvibrio from online electronic taxonomic scheme vibrios (http://www.taxvibrio.lncc.br)

7Yzl et FHCERE AdEYE
3 Ax AAAAAAANA 1070, RARA N A 527,
AN 7970, & 141789 #F7F EEH A, ©]
E2 OS2 16s tDNA sequencing A A 3F A
I BEMAANA EEE T+ Glaciecola sp.
(20%, 2/10), Kordia sp. (20%, 2/10) 5 =5 <}
FAToz sAHHALH WANAANA 2=
o3 5 67N Photobacterium sp. (50%, 3/6),
Pseudoalteromonas sp. (50%, 3/6)]1 Y RH3) A
O Z 4670 Vibrio & AT E FAHEHAT 74
ol A= 40708l FF7} Pseudoalteromonas sp. (22.5
%, 9/40), Uncultured bacterium (17.5%, 7/40) & ¥
Hhal FAll 0. =2, 3970 &) FFTY Vibrio & At L
2 FAE AT (Table 4). RIANA L} FAY ol A &

& Vibrio & TFE /42 = housekeeping gene
S A83te] PCR ¥ sequencingS A A8 A3} 1l
ANA N A BElE 46709 Vibrio & ML V.
splendidus (56.5%, 26/46), V. atlanticus (10.8%,
5/46), V. tapetis (8.7% 4/46) 522 FTAEAL,
Aol A B2 39709 Vibrio & Md-& V. splen-
didus (20.5%, 8/39), V. atlanticus (10.2%, 4/39), V.
chagasii (1.7%, 3/39) 522 FAHE AT (Table
5A). MIAAN A 19 QAN V. splendidus7y 7V
WA Bl H 0 om (73.7%, 14/19), V. atlanti-
cus (21.1%, 4/19), V. tapetis (15.8%, 3/19), Vibrio
sp. (15.8%, 3/19) 52 =M= E2|= AT} (Table
5B). =3, 19 /A F 7 A A E 2F o))
Vibrio%s Aldto] 2] 5 e, o]5 7 /NANA &
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Table 4. Number of bacterial isolates in this study

Healthy adult Moribund adult Healthy larva Total

Marine general bacteria 10 6 40 56
Vibrio spp. - 46 39 56

10 52 79 141

T V. splendidus7t #2815 Tk (data not shown).

Multilocus Sequence Analysis (MLSA)
FAE Vibrio & NTE FoA FHFF=0
HAAdo] = AR dHAX V. atlanticus (This

Table 5A. Species and Number of Vibrios Isolated in
this study

Moribund  Healthy
Total
adult larva
Vibrio spp. 6 14 20
V. alginolyticus 1 1 2
V. atlanticus 5 4 9
V. chagasii 3 3
V. cortegadensis 2 - 2
V. crassostreae 1 - 1
V. cyclitrophicus - 2 2
V. lentus 1 1 2
V. mediterranei - 3 3
V. pelagius - 1 1
V. splendidus 26 8 34
V. tapetis 4 - 4
V. tasmaniensis - 1 1
V. toranzoniae - 1 1
46 39 85

Table 5B. Percentage occurrence of each Vibrio species
isolates from moribund geoduck clam individuals in this
study

% occurrence in moribund

Species name geoduck clam individuals (n=19)

V. alginolyticus 5.3%(1/19)
V. atlanticus 21.1%(4/19)
V. cortegadensis 10.5%(2/19)
V. crassostreae 5.3%(1/19)
V. lentus 5.3%(1/19)
V. splendidus 73.7%(14/19)
V. tapetis 15.8%(3/19)
Vibrio spp. 15.8%(3/19)

1~4), V. tapetis (This study 5), V. splendidus (This
6~14)5 A&t MLSAS 2 A1$ A3} This study
13} 32 V. atlanticus C 14.7, This study 29} 4=
V. atlanticus C 2.4} 5L clusters P43+ L
W, This study 55 V. tapetis a200, This study 6~14%
V. splendidus LMG 190317¢} 53} clusterS 34
AT (Fig. 2).

A7 LD AEA A= This study 13 38 7.
atlanticus C 14.7, This study 29} 4= V. atlanticus
C 249 FEA el 42 99.30%, 99.57%C1 21,
This study 5 V. tapetis 2003} 74543 ©] 99.79%,
This study 6~14= V. splendidus LMG 1903172} 2+
B3 0] 99.57~99.95%°] AT} (Table 6).

SPPNEILTES

A=A Yo s sAdE 10719 25 F
Oﬂj“] FE5H AFE A3 5/ &5 V. atlanticus
(This study 1~2), V. splendidus (This study 6~7), V.
tapetis (This study 5)& API 20E kit (BioMeriux,
France) 2} Oxidase test (Becton Dickinson and com-
pany, USA)E &3l A5e3 54E& 2ASHATH
1 A}, Oxidase testol] A+= & Ao ALEH 5
S BT Vibrio & M LI A S UE
WA API 20E testoll A= & Aol AHE o5
EF ONPG (B-galractosidase) test, LDC (Lysine
Decarboxylase) test, VP (Voges Proskauer) test, GLU
(Glucose) test 5©] 71&S] A7 Ao} FASHA
t}. 23U, GEL (Gelatinase) test®t AMY (Amygda-
lin) test= 7|2 A Haol g24 4 W3]
YEFST (Borrego et al., 1996; Buller, 2004; Dieguez
et al.,, 2011; Lee et al., 2018) (Table 7).

25 27 i Ao B Aol A&
570 T 4ToAA 25C7HA 25 A8t o
™ V. tapetis (This study 5)& A &g+ YA 47119

FE 30CoAAE AAstant. i =08 v ek

(03
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77~ This study 1 i
# |* This study 3
o7 V. atlanticus C 14.7
r V. atlanticus CECT 72237 T gilEaiiai
This study 2
wo | ¥ : ]
This study 4
I V. atlanticus Cmj 13.4
V. atlanticus C 2.4 —
— V. tasmaniensis LMG 200127
[Thls study 9
V. splendidus R-14789
{Thls study 10
V. splendidus LMG 190317
This study 11
LThis study 6
00 | This study 14
100 — This study 12
This study 13
o] EThis study 7
¥ ' This study 8 ]
V. lentus CECT 51107

V. celticus CECT 72247
4|_T:V crassosireae LMG 222407
X V. gigantis MG 112587

V. mediterraneiLMG 112587
V. orientalis TMG 78977
V. parahaemolyticus LTMG 28507
m V. alginolyticus CECT 5217
7% 3 c’ampbeﬂn LMG 112167
] » V. harvevi CECT 5257
V. tapetis LP2 —
This study 5
V. tapetis a200
V. tapetis CECT 46007
V. tapetis B8.3
V. taperis GR0202RD
V. tapetis C0620701H
V. tapetis subsp. britanmicus HH60877 —
V. anguillarum LMG 44377
V. cholerae CECT 5147

]

V. splendidus

@

V. tapetis

—
0.020

Fig. 2. Phylogenetic reconstructions based on 3 concatenated genes (pyrH, recA and rpoA). Alignment was conducted
with all 3 genes. Gaps and missing parts in the sequence were eliminated to make 1,878 bp in total. The number
after bacterial scientific name means strain number registered in the NCBI. The tree was constructed by neighbor-join-
ing method. Numbers at nodes denote the level of bootstrap based on 1,000 replicates.

A= 570 #F EF NaClo] 1.5%0l141 5%7k o &
A A7rE 27 A AASAT. o)t A=
Buller (2004), Dieguez et al. (2011)8} AL}tk s2718] 27l (Japanese geoduck)> F-2luv2t &3l

(Table 7). ok, YB, FI BR ko] Bxaln] 4E71A7}
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Table 6. Estimation of homology among Genus Vibrio species, based on the MLSA of 3 concatenated genetic sequences

(pyrH, recA and rpoA genes)

A 1 2 3 4 5 6 7 8

1 This study 1 -

2 This study 2 98.55% -

3 This study 3 99.73% 98.82% -

4 This study 4 98.55% 100.00% 98.82% -

5 V. atlanticus CECT 72237 98.65% 99.68% 98.93% 99.68% -

6 V. atlanticus Cmj 13.4 98.49% 99.84% 98.76% 99.84% 99.73% -

7 V. atlanticus C 2.4 98.60% 99.95% 98.87% 99.95% 99.73% 99.89% -

8 V. atlanticus C 14.7 99.30% 98.76% 99.57% 98.76% 98.87% 98.71% 98.82% -

B 1 2 3 4 5 6 7 8

1 This study § -

2 V. tapetis CECT 4600" 99.73% -

3 V. tapetis LP2 99.63% 99.79% -

4 V. tapetis a200 99.79% 99.73% 99.63% -

5 V. tapetis B8.3 99.73% 100.00% 99.79% 99.73% -

6 V. tapetis GR0202RD 99.73% 99.79% 99.57% 99.52% 99.79% -

7 V. tapetis C0620701H 99.73% 99.89% 99.68% 99.63% 99.89% 99.79% -

8 V. tapetis subsp. 94.91% 94.91% 94.97% 94.91% 94.91% 94.68% 94.80% -
britannicus HH6087"

C 1 2 3 4 5 6 7 8 9 10 11

1 This study 6 -

2 This study 7 99.68% -

3 This study 8 99.73% 99.95% -

4 This study 9 99.79% 99.57% 99.63% -

5 This study 10 99.79% 99.57% 99.63% 99.79% -

6 This study 11 99.95% 99.73% 99.79% 99.84% 99.84% -

7 This study 12 99.63% 99.52% 99.47% 99.52% 99.52% 99.68% -

8 This study 13 99.68% 99.68% 99.73% 99.68% 99.57% 99.73% 99.41% -

9 This study 14 99.73% 99.41% 99.47% 99.52% 99.52% 99.68% 99.36% 99.41% -

10 V. splendidus LMG 190317 99.84% 99.63% 99.68% 99.73% 99.95% 99.89% 99.57% 99.63% 99.57% -

11 V. splendidus R-14789 99.73% 99.63% 99.68% 99.73% 99.73% 99.79% 99.52% 99.52% 99.47% 99.68% -

A: V. atlanticus strains, B: V. tapetis strains, C: V. splendidus strains. All positions containing gaps and missing data were eliminated.
There were a total of 1,878 base pairs in the final dataset. Values means similarity of nucleotide sequences.

Fol A2 oleF A4S BA o2 ThaFE WA
A7/ AP ok obd R thF A

& E7153 Aotk (Nam et al,, 2014, 2015; Huo
et al,, 2017). o] vl o) 2] 192 thF kel 9]
oA tiatRe HAL FF TS, £, d 5,

o, A WE 5 TIFR 87 89, 2ad H

Al ot =3k theFsk vl EE
FAEA LS THAL U= AL
T} (Thompson et al., 2004).
Céaceres-Martinez et al. (2015)3} Dorfmeier et al.
(2015)2 &} 4k Pacific geoducke] ZH ol tisl =
Ao, & Fol A AR, EAFF
2 A oLE Hadgh. SHAY oI5| o
o)) Golgwdt 2Aa A Wi PAE &
Q=] gkt a AF3HATh =718l 270 (Japanese
geoduck)®] Mol #3jA = op7FA] B np

% Al

f

ol

oo
X

]
5]
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Table 7. Differential phenotypic characteristics of Vibrio species isolated in this study and other Vibrio species

1 2 3 4 5 6 7 8 9 10
Growth at (C) 4-30  4-30 425 430 4-30 4-30 4-30 422 422 4-30
Growth in NaCl (%) 1.5-5 155 155 155 155 17 1-7 1-5 1-5 3-6
B-Galactosidase (ONPG) + - + - - + - + + +
Arginine dehydrolase (ADH) - + - - - + - - - -
Lysine decarboxylase (LDC) - - - - - - - - - -
Ornithine decarboxylase (ODC) - - - - - - - - - -
Citrate utilization (CIT) - - - - - - - - - -
H>S production (H,S) - - - + + - - - ND ND
Urease (URE) - - - - - - - - - -
Tryptophane deaminase (TDA) - - - - - - ND ND
Indole production (IND) + + - + + + + + - +
Voges Proskauer (VP) - - - - - - - - + -
Gelatinase (GEL) - - - - - + - + + +
D-Glucose (GLU) + + + + + + + + ND +
D-Mannitol (MAN) + + + + + + + - - +
Inositol (INO) - - - - - - - - - -
D-Sorbitol (SOR) - + - - - - - - - -
L-Rhamnose (RHA) - - - - - - - - ND -
D-Sucrose (SAC) - - - - - + T R . +
D-Melibiose (MEL) - - - + + - + - ND -
Amygdalin (AMY) - - - - - + + + - .
L-Arabinose (ARY) + - - - - - - - - ND
Oxdiase (OX) + + + + + + + + ND +

1: This study 1, 2: This study 2, 3: This study 5, 4: This study 6, 5: This study 7, 6: V.

splendidus ATCC 33125,

7: V. splendidus NCMB 2251, 8: V. tapetis B1090", 9: V. tapetis, 10: V. atlanticus Cmj 13.4. All the other data

of reference strains were adopted from Borrego et al. (1996), Buller (2004),

al. (2018). ND: no data, +: Positive, -: Negative.
glom, & dFolA Z7lglzNe] §4 2 AdE
Ast] AT E A= 23 F 141709 Al
o] £ =2 16S rDNA gene sequencing®l
el 5670 Alat-& dRtel AT =, 85712 A
7o HBEQ & 7o FAHEUTH (Table 4).
H B 2] 2 & A2 housekeeping genes 2! MLSA
E 53l V. splendidus, V. atlanticus, V. tapetis, V.
chagasii & ThF3F vl BBl & AlF o2 FAHE
T (Table 5A).

V. splendidusi= Z+& (Crassostrea gigas)S ™%
HAA 7= ) F A Q] Vibrio & A TOo.2 FF o]
o= EEY vEA = (Ruditapes decussatus)™ 7F
thekek ol w3 7
dozitty Bixo] At} (Lacoste
2005; Rojas et al.,

2]¥] (Patinopecten yessoensis) &
oA A

et al., 2001; Gomez-Leon et al.,

Dieguez et al. (2011) and Lee et

2015). 3¢ V. tapetis= VA 2Ho 4] Brown ring dis-
ease (BRD)Y & AAFo= 4&HA 9o
™ (Paillard et al., 1994; Allam et al., 2000), V. atlan-
ticus= V. splendidus Clade®l| &3t= FF= o|uj
I Fo] HYAHL BY 7f=Ao] Q& Aoz Azt
H™ (Dieguez et al., 2011), 51114101]/\‘]*‘\5 T2 5
Ql A8 (Takifugu rubripes)l 4| -.—E]QO-] By
H B A (Lee et al, 2018).

T3k Bower and Blackbourn (2003)3} Céceres-
Martinez et al. (2015) Pacific geoduck®] Y&
of| A —/r:“"H WS RStk o] £2F WHS
e Rom, o] Wy Axd
a4 Hg%iﬂt AR FAThaL &k £ =
Japanese geoduck® A= 43X
o] Y AAoA HZEHAT (Fig. 1). ©l

d

F

2700 = N =5
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N
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Lok
o oF

_ﬁdm,r
=



136 Al

o Hol Al £
2 Aoz Azl s WA A
& ghe AAE Agel A BelE Amstge

B Ao\ X V. splendidus7} 7} Bo) Ee] =
of I7|B|ZMNA HAR 2 Fejo] W &
do] A& AR AT F AUKATE AL o] Al
72 FANAE FEEdon, Aus gdoz

ol9)e] WeAs} UAY A=
7k 3

MLSAol ofsl Z7]e x4 28 14712
T V. atlanticus (This study 1~4), V. tapetis (This
study 5), V. spledidus (This study 6~14)2 Z+7} 54
At 16S rDNA 234+ ©Hrk-e AR8-8o] 7]
AEE B4 A5ole &89 diok+9] Vibrio
& dFES T T/ F43A ZE o Hou-
sekeeping gene (pyrH, recA, rpoA genes) 17]%9H<
Abgste] @7IMEe At R Vibrio
Ads T FF7HA 530l 7R AT &4
+ housekeeping gene®ll W&} & #F2 T4
7d%-7F AT (data not shown). WEhA] o] 21t
WA E Z0|aL Vibrio & A& HEEA 54
7] fle A= MLSA RS A8 a7t Ao
Azt

Eiob mr g ob g

o] =& 2020 | FFAT ALz =)
FAe7E0ETLe] Adg ol =Pd AT
Utk @A 271827 FAtdE s
(2018-0377)).

>

o Ok
pei =

2718z Qo Bl Ao 2R A2 ¥

p
X
o
o
=
o
oX
ol

2

[¢)

do o

==

A} (pyrH, recA, rpoA)
S AFste] BA35= MLSAS &3t &
14171] 57} BejH Ao, 1733 dajol A=
107, X% BHS Holx WAL el FujjoA
5270, Aol A 79717t 2] = ATk o] F RIAMSH)
of el Al 4670, A AN A 3970 9] FF7} Vibrio
L ATor FHHNCH, YA #FES EF
At AT 2 FAHHAT. Vibrio & AT &
A= 3 HHE Bol= AINA Vibrio splen-
didus7} 717 Zol BEEH o™ 71E9 V. splen-
didus?t A SL3 S =EHE 33 5HA

W AR ALY AASA Y AL

ANMZ V. splendidus?} £ F o] Aol A Yl
T} V. splendidus®} o] BAlE SAASHA] o,
A% F7F ATV 2o Ao=w LAY
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