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Abstract

French mollusc production is based mainly on thefRacupped oysterCrassostrea gigasSince 1991, annual mass
mortality of juveniles has been reported during sw@nmonths. These recurring episodes concern iofeds who fear
that like Portugese oyste@. angulata C. gigascould in turn disappear following one of these eptes. Previously,
bacteriological analysis of moribund oyster juvesilyielded an isolate of ¥ibrio splendidusbiovar Il strain, named
TNEMF6. This isolate was demonstrated to be pathioge Crassostrea gigaspat by experimental challenge. To study the
association between summer oyster mortality andemee of TNEMF6 cluster strains, Vibrionaceae fawege isolated
from infected spat along the French Atlantic cdastween 1997-1998. Strains related\to splendidusbiovar 1l were
selected. Comparison with TNEMF6 was performed tassital biochemical tests and polymerase chaintioeae-
restriction fragment length polymorphism (PCR-RFLP)S&U rDNA, rpoD, andgyrB genes. Genomic similarities were
confirmed by DNA/DNA hybridization. Only one straiout of 14, TNNIII7, was found to be closely rekhtéo the
pathogenic bacteria. Neither the phenotypic nogireotypic markers used in this study were abligtnguish pathogenic
from non-pathogenic strains of the widespréadsplendidus However, future genetic comparisons of TNEMF6 and
TNNIII7 is likely to reveal genes involved in patiEnicity.

Résumé

Comparaison de souches apparentées Mibrio splendidus biovar 1l isolées lors d'épisodes de mortalité
d’huitres creusesCrassostrea gigas. La production francaise de mollusques est prineipaht basée sur la culture d’huitres
creusesCrassostrea gigasDepuis 1991, en période estivale, de forts taenmbrtalité de naissain d’huitres creuses sont
observés régulierement en milieu naturel et ensécies. Ces épisodes récurrents inquiétent lesgsiofenels qui craignent
gu'a l'instar de I'huitre portugaise;. angulata C. gigaspuisse disparaitre a son tour, suite a une épeobifférentes
souches bactériennes appartenant au gébre ont été associées a des mortalités de mollusquesniRéent, nous avons
isolé une souch¥ibrio splendidusbiovar 1l, TNEMF6, pathogéne de naissain d’huitreuse. Dans ce travail, nous avons
recherché la présence de cette souche dans d'&pisexles de mortalité estivale. La flore vibricgad’animaux sains et
moribonds a été isolée et les souches apparentéibsia splendidusiovar Il ont été sélectionnées. Une comparaisan de
souches a été effectuée par phénotypage (39 testsrhiques) et génotypage (PCR-RFLP SSU rDN#D et gyrB). Les
homologies génomiques ont été confirmées par hgtioid ADN/ADN. Seule, une souche sur 14, apparaithe de ce
vibrio pathogéne. Cependant, les techniques phéigoigp et génotypiques utilisées dans ce travaparenettent pas de
distinguer les isolats pathogénes et non pathog&@esendant, les deux souches TNEMF6 et TNNIII7 \&re utilisées
dans une approche de génomique comparative poudédles supports moléculaires de la virulence.

Keywords:Oyster mortality; PCR-RFLP; Epidemiology; Virulensébrio splendidus;
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1. Introduction

Currently, French shellfish production is basedmyaon the Pacific cupped oysteCrassostrea gigas
(130 000 t.y1). The spat used in oyster farms are traditionedlifected from natural sites ; however hatchery
production contributes approximately 10 to 15%haf total spat production. Since 1991, and printipdliring
summer as the water temperature increases, ret@ragigasspat mortality (60 to 100%) has occurred in the
field and in hatcheries. Summer mortality is a majoncern for the world’s oyster industry. Studiedicate a
complex etiology including several factors: envirmmtal conditions, infectious agent, physiology gedetic
of the hos{Goulletquer et al., 1998)

Several bacterial strains, mainWibrio sp., have been recognized as pathogenic for bivehezies
including the Pacific oystdiElston and Leibovitz, 1980; Brown, 1981; Jeffri#882; Hada et al., 1984; Elston
et al., 1987; Dungan et al., 1989; Sugumar et18198; Lacoste et al., 20Q1%ince 1995, we have studied
bacterial strains associated with oyster mortakitystrain isolated from wild spat sampled duringnartality
outbreak, TNEMF6, was demonstrated to be pathogbgiexperimental exposure of spat to a bacterial
suspension. This strain was identified by phenatgmid genotypic characteristics\ébrio splendidusiovar I
(Waechter et al., 2002)

In the present work, we studied the associatiowéen mortality outbreaks and presence of TNEMF6.
Strains of the genu¥ibrio were isolated during oyster mortality outbreaksundng along the French coast.
Vibrio splendidusbiovar Il strains were selected on the basis af ghieenotype. Comparison between selected
Vibrio and TNEMF6 was performed by biochemical testing geotyping. In the modern taxonomy of bacteria,
the phylogenetic analysis of SSU rRNA gene sequensea standard method to investigate phylogenetic
relationships among organisms. However, the clumjeof strains based on SSU rDNA sequences are not
always correlated with the degree of DNA homologyedmined by DNA/DNA hybridization which has been
used as the benchmark criterion for the definibbbacterial specie§-ox et al., 1992; Stackebrandt and Goebel,
1994) To resolve the phylogenetic relationships of elpselated organisms, sequences of another ganetlie
SSU rRNA gene must be chosen to have a higherutémel Phylogenetic analysis using the gegeB and
rpoD sequences was shown to provide higher resolutiam tie one using the SSU rDNA sequef\t@mamoto
and Harayama, 1998)Here we performed polymerase chain reaction agstriction fragment length
polymorphism (PCR-RFLP) on SSU rDN#&oD andgyrB to genotype th&ibrio splendidusiovar Il related
strains. Results were confirmed by DNA/DNA hybratibn. Selected strains were then tested for their
pathogenic abilities after injection to oyste@s gigag and clamsRuditapes philippinarum)

2. Material and methods
2.1. Reference strains

Vibrio splendidusbiovar 1l strain TNEMF6, was deposited in the “@alion Nationale de Cultures de
Microorganismes” (CNCM) of the Pasteur Institute amsession number [-2385 the 24 February 2000. Two
reference strains are included in this stidysplendidudbiovar Il (Laboratory of Microbiology, Gent, Belgiu
LMG 10952) andV. anguillarum(Collection of Pasteur Institute Paris, France: €836). The strains were
confirmed to possess the key characteristics ofatk@n(Alsina and Blanch, 1994)

2.2. Vibrio isolation from spat groups sufferingifemer mortality”

In 1997 and 1998 moribund spat in groups suffefsugnmer mortality” syndrome were collected from
the field and hatcheried é&ble 1. Bacterial strains were obtained from flesh gibum sterile sea water and
spread out over TCBS agar (thiosulfate citrate bilerose; Diagnostic Pasteur, Marne la Coquettende)
specific for the Vibrionaceae flora. Plates wereuipated 24 h at 20 °C. Pure cultures were obtdigextreaking
and re-streaking on fresh media.

2.3. Vibrio splendidus biovar Il selection

Vibrio splendidushiovar Il strains were selected after the compietid a set of phenotypic tests: Gram
staining reaction (Gram Kit; BioMérieux, Marcy ld@te, France); oxidase (Bactident oxidase; Merck,
Darmstadt, Germany); respiratory activity (meaetimedium; Diagnostic Pasteur); and API 20E (Bioikiér)
according to the manufacturer’'s instructions witle tmodifications suggested BacDonnell et al. (1982),
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namely 2% NaCl was added to the bacterial suspensiccording toAlsina and Blanch (1994)/. splendidus
biovar Il strains should be Gram negative, oxidassitive, facultative anaerobes; These strains \aegaine

dihydrolase, lysine decarboxylase and ornithinead®axylase negative; and either (1) indole positjetatinase
positive, no growth at 35 °C and D-glucosamine tiggaor (2) indole negative, NO2 production postiL

arabinose negative, sucrose acidification negative.

2.4. Phenotypic comparison

The phenotypes of selected strains were compaiied tige following biochemical tes{®/aury, 1987)
gelatinase; urease;:galactosidase; utilization of citrate; acetoindqurction (Voges-Proskauer reaction) ; nitrate
reduction; HS production and acidification of lactose, glucoambinose, mannitol, and sucrose (APl 20E,
bioMérieux); glucose metabolism (MEVAG, DiagnosBasteur); respiratory metabolism (Meat liver medium
Diagnostic Pasteur); motility; NaCl requirement dabtrance (0, 6, 8, 10% w/v); temperature toleeafdt; 20,

35 and 40 °C) in 1.5% (w/v) peptone broth (DiagimoBiasteur); presence of flagellae detected actgrdi the
method described bWayfield and Inniss (1977)Juminescence detected on marine agar (DiagnossteRig
supplemented with 10% (v/v) glycerol.

Table 1
Iibrio splendidus biovar II related strains 1solated from morbond spat suffering of « summer mortality » syndrome and collected from field or hatcheries at
the indicated peniod.

Date Ornigin Site of sampling Mortality (*a) F splendidus detected
1 July 1997 Wild Open sea (Charente) 10 TNEMC3 TNEMCS
16 July 1997 Wild Open sea (Charente) 30 TNEMD3
TNEMDY
16 September 1997 Wild Open sea (Charente) a0 TNEMF&
TNEMFS
19 June 1998 Hatchery Open sea (Charente) 0 TNEMIII3
(strong smell) TNEMITT4
TNEMIIIS
11 July 1998 Hatchery Nursery 10 TINNIITV
23 July 1998 Hatchery Nursery 10 TNNIVO
22 September 1908 Wild Open sea (Bretagne) 50 TNMB4
TNMB3
TNMB6
TNMB7
2.5. PCR-RFLP

Bacterial strains were cultured in brain heart med{Diagnostic Pasteur) for 8 h at 20°C and palléte
centrifigution for 15 min at 5 000 rpm. Lysis waarfermed overnight at 50 °C in NaCl 100 mM, EDTA M
pH 8, SDS 0.5% and proteinase K J@®mlki(1 ml of lysis buffer/18bacteria). Nucleic acids were extracted
using a standard phenol/chloroform protocol andipi@ated with ethanglSambrook et al., 1989Nucleic acids
were dissolved in TE buffer and incubated with RHA400ug.mk1) at 37 °C for 15 min. DNA was again
organic extracted, precipitated, and dissolved exxribed above. PCR amplification of SSU rRNyB and
rpoD was done following the methods described previo@¥lymamoto et Harayama, 1998 ambert et al.,
1998) Universal primers details are givenTiable 2 PCR reactions were carried out in jf0according to the
standard conditions for Silver-sting DNA polymerase (Eurogentec, Seraing, Belgium). Aftenaturation of
DNA at 94 °C for 5 min, 30 cycles were run with ldd-Research thermocycler (Polylabo, Strasbourgaden
as follows: denaturation at 94 °C for 1 min, animgpht 50 °C (SSU rRNA) or 58 °@yrB andrpoD) for 1 min,
and elongation at 72 °C for 1 min per kbp. A fieldngation step of 10 min at 72 °C was performeaphfied
products were analyzed electrophoretically on 1#r@ge gels. Polymorphisms among the PCR produats we
identified by cleavage witiMbol or Hhal (Promega). The resulting restriction fragments waralyzed
electrophoretically on 2% agarose gels.
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2.6. DNA/DNA hybridization

Quantitative DNA/DNA hybridization was performed bBynon-radioactive dot-blot meth¢@ardinali et
al., 2000 ; Macian et al.,, 2001 DNAwas extracted as described above with an @ddit step of
ultracentrifugation through a cesium chloride geadli(Sambrook et al., 1989)Probe preparation DNA
solutions were photo-labelled using the kit ECL RBB40 according to the manufacturer’'s instructions
(Amersham)Target preparationDNAs were denatured in NaOH 1N for 5 min at 4 A€utralised in NaHPOs
1IN, and deposited on a Hybond N membrane (Amerstia)replicates (300 ng DNAs each) with a dot blot
system (SRC 96 D Minifold I, Schleider & Schull)NBs were then fixed to the membrane by UV crossfigk

Table 2

Polymerase cham reaction, primers used in this study. bp : lengh in base pair; T: hybridization temperature given in “C.

Primer Target Sequence (5°-37) bp T (*C) Position in E. coli
AS dir 165 AGACTTTGATCATGECTCAGA 21 50 828

817 rev 165 GTTACCTTETTACGACTT 18 50 1493-1509
UP-1E B CRGGARACAGCTATEACCAYESNGENGENARRTTYRA 37 58 335-353

APIU B TETAAAACGACEECCAGTECNEERTCYTTYTCYTGRCA 3z 58 1482-1502

TOF rpoD ACGACTEACCCGETACGCATETAYATEMGNGARATGEGNACNGET 44 58 300-324

TOR rpoD ATAGARATAACCAGACETRAGTTNGCYTCNACCATYTCYTTYTT 44 58 1128-1149

Hybridization: Membranes were placed in hybridization bottles wath ml of hybridization buffer
(supplied by Amersham, ECL kit) and 50 of denatured labelled probe were added. Hybridimawas
performed at 60 °C for 20 h. The membranes werédadswice (15 min at 60 °C) in SSC 1X/SDS 0.1% aéd
min in SSC 0.5 X/SDS 0.1%. Membranes were thenkigldqliquid block supplied in the kit ECL RPN3040)
and incubated with anti-fluorescein- HRP conjuggienersham). Finally detection of bound peroxidasesw
made using the ECL detection reagents (Amershaomsé&juently, due to luminol oxidation, light wasitteal
in proportion to hybridization. Chemiluminescencaswdetected and quantified using a FLUOR-Blultil-
imager BIO-RAD equipped with a Nikon 50 mm lenssBés were treated by the Multi-analyst softwarédB
RAD). Mean of chemiluminescence level (cpm.zyrmeached by the 3 replicates of homologous DNAs wa
considered as 100% re-association rate, and leaehed by herring sperm DNA as 0%. The membranes we
first hybridized with the labelled TNEMF6 probe.téf reading the chemiluminescence, they were sdgpne
rinse in SSC 5X and 2 h wash in SDS 0.1% soluti@vipusly heated to 100 °C) and subsequently retiized
using the labelled LMG 10952 probe.

Table 3
Phenotypic charactenistics of Fibrie splendidus biovar II strains. Only the
discriminant tests are mentioned. m grey TINEMEG similar phenotype.

Strains Indole Citrate ONPG 4°C  Lactose Manmitol

TNEMCS +
TNEMCE +
TNEMD3 +
TNEMD3" +
TNEMFG +
TNEMFS +
TNEMIII3 + + + -
TINEMIIT4 +
TNEMIIT +
TINNIIIT +
TNNIVE +
TNMB4 +
TNMBS 1
TNMBG +
TNMBT +
LMG 10952 -

I T S S S SR R SR S SR SRS
| L T |
= ' '

+

|
+g +l -+
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2.7. Experimental challenge

Bacteria were grown at 20 °C for 24 h in marinetibr(Diagnostic Pasteur). Bacterial cultures were
centrifuged 15 min at 5 000 rpm and harvested émilet seawater at a concentration of 1-2 C6U.mh
achieved by means of a spectrophotometer. The fct®ncentration was confirmed by enumeration on
marine agar plates. Adult clant3, phillippinarum originated from the SatMar nursery (St Just LuFaance)
and measured between 3-5 cm. A volume of i06f bacterial suspension (i.e. Z10FU) was inoculated by
injection into the adductor muscle. For each sfrairgroup of 50 animals was injected. A negativatrd
consisted of a group of 50 clams injected withikteseawater. The clams were held out of water rigét at
18 °C and were then kept for one week in aeratadaster (50 clams in 2.5 |) at 18 °C. Mortality wasorded
twice a day. Water change and feeding with phytogtan Chaetoceros calcitrapsoccurred every other day.
Oyster’s spatC. gigas,originated from the IFREMER nursery (La TremblaBiegnce) and measured 4-6 cm. To
anaesthetize and open valves, the spat were &t for 2 h in seawater supplemented with Mgtla final
concentration of 50 gid A volume of 50ul of the bacterial suspension (i.e.7XDFU) was inoculated by
injection into the adductor muscle. For each straigroup of 36 animals was injected. Negative roisit
consisted of a group of 36 oysters injected wittrilst seawater. Immediately after injection, oystarere
transferred to aerated aquaria with seawater (36wg/in 2.5 I) at 20 °C. Mortality was recordedyddeeding
with phytoplankton Chaetoceros calcitranoccurred daily for one week.

3. Results
3.1. Phenotyping

Fourteen strains isolated from moribund oystersewselected and compared phenotypically to the
pathogenic TNEMF6 strainTéble 1and 3). Among 39 phenotypic tests used to compare thiates, only 6
discriminated the selected strains: indole andatgtiproductionp-galactosidase production, growth at 4 °C,
lactose and mannitol acidification. Two strains ouL.4, TNNIII7 and TNMB5, exhibited 100% similayitvith
TNEMF6 and were discriminated from LMG 10952 (ffie splendidusbiovar Il type culture) by indole and
citrate production.

3.2. PCR-RFLP

Genotyping was carried out by PCR amplificationSSU rRNA, rpoD, andgyrB genes followed by
digestion withMbol or Hhal. A schematic representation of fragment pattelrtained from each amplification
and digestion is shown irig. 1and results are summarizedTiable 4 The number of patterns obtained was as
follows : SSU rDNAVIbol (2 patterns), SSU rDNAdhal (3 patterns)rpoDMbol (4 patterns)ypoD-Hhal (5
patterns) gyrB-Mbol (6 patterns)gyrB-Hhal (10 patterns). Thus, an increased discriminatidmvéen strains
was obtained by using respectively SSU rDNApeD - gyrB and Mbol-Hhal in PCR RFLP analysis. The
pathogenic strain, TNEMF6, has a distinct genot{ABBBE). Only TNNIII7 shared four patterns with
TNEMF6 (SSU rDNAMbol, Hhal, rpoDMbol andgyrB- Hhal).
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Fiz. 1. Restnction fragment patterns of SSU rRNA. rpoD) and gyrB genes digested by Mbol and Hhal. Restniction fragments shorter than 100 base pairs were
not used for analysis. Clustermg per PCE-EFLP and strain are presented in Table 4.

3.3. DNA/DNA hybridization

Five strains (TNEMF6, TNNIII7, TNMB5, LMG 10952, B16336) were submitted to DNA/DNA
hybridization Table 5. When using TNEMF6 DNA as a probe, TNNIII7 sha@15% homology and LMG
10952 80.4%. The use of LMG 10952 DNA as a prolreooborated these results: TNNIII7 shared 84.4% and
TNEMF6 72.7%. On the opposite, TNMB5 showed only342 homology with TNEMF6 probe and 46.3% with
LMG 10952 probe. The DNA/DNA hybridization studiesiggested close relationship among 3 strains,
TNEMF6, TNNIII7 and LMG 10952. The outgroup repnetsal byV. anguillarum(CIP 6336) exhibited 27.7%
homology with TNEMF6 and 30.3% homology with LMG9B2.
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Table 4

Summary of resmiction fragment patterns of SSU mbosomal sub umit
rENA . rpoD). and gyrE amplicons digested by Mbol and Hhal. * strains not
discriminated by this battery of tests; n grey TMNERMFES similar patterns.

Strains 165 165 RpoDD  RpeD GyrB GyrB
Mbol  Hhal Mbol  Hhal Mbol  Hhal

TNEMCS
TWEMCE
TNEMD3
TNEMD3"
TNEMFEG
TNEMFE
TWEMII3
TWEMIIT4
TNEMIITS
TNNII?
THNIVS
TWMB4
THNMB3
TNMBE
TNMB7

Bl

B e e e i bO e e 0O O e

FERE - B - - - T - . - - R R
S B = - - B - - - M - = B
e o B e O C Sl Sl e I - - B o B - B
e e P e e P e Sy e B e e e e
He g amgmaEg o

3.4. Experimental challenge

Virulence of TNEMF6 and TNNIII7 was compared follmg injection into C. gigasspat andR.
philippinarum Two series of experiments were conducted. Clagr®wnore sensitive to injection of sterile sea
water andVibrio than oysters. InC. gigas TNEMF6 induced mortality (25%) after 4 days inlyomne
experiment. In clams, TNEMF6 induced a higher cdteumulative mortality in both experiment (81 5@Pso).
TNNIII7 appeared to be an avirulent strain in btists Fig. 2).

Table 3

Percentage of DNA/DNA hybridization with DINA of TNEMFS and LMG
10932 as probes for IThric splendidus strains that exhibit strong homology
to the pathogenic strain.

Probe
Target TNEMFS IMG 10852
(%) {%a)
THNEMF6 100 727
LMG 10852 804 100
THNMNIIT 815 844
THMB3S 473 463
CIP 6336 o.§ k) N3
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4. Discussion

We compared strains isolated during mortality esetst TNEMF6 biochemically and genomically.
Although 14 strains were biochemically identifieshabrio splendidusiovar II, only one, TNNIII7, was similar
to TNEMF6. DNA/DNA hybridization confirmed that the two strains belong to the same species; however,
TNNIII7 did not appear to be virulent. Although,etirNMB5 strain was 100% similar phenotypically to
TNEMF®6, it did not belong to the same species atingrto DNA/DNA hybridization. Therefore, phenotypi
is not sufficient to identifyibrio splendidusiovar II. A clarification ofVibrio splendidugsaxonomy, based on a
polyphasic approach, appears to be neceg¥daechter et al., 2002Here we have shown that PCR-RFLP,
based on the amplification of different genes oflpbenetic interest and cleavage with various i&gin
enzymes may be a useful tool in investigatifigrio splendidusiovar Il biodiversity and can be used to study
distribution of these strains in environment.

The strain TNEMF6 was isolated from spat group$esunig a high rate of mortality. We do not yet know
if the vibriosis observed in September 1997 (d&t€ENEMF6 isolation) was an epiphenomenon or if ¢r@in
is a causative factor in other mortality events las gone undetected due to the sampling methardaally,
due to the size of the animals, only the spat fleabk ground. The pathogenic strain can be maskedhio
harboured in the digestive tract, where they canstithe majority of bacteri@Prieur, 1982) Furthermore our
sampling excluded bacteria attached to the shefaca although different authors have demonstrabed
localisation of pathogeni¢ibrio in compartments outside the soft tiss(elston and Leibovitz, 1980; Elston et
al., 1982; Paillard and Maes, 199@yrB PCR/RFLP pattern of TNEMF6 strain is unique amotigested
strains.GyrB gene sequencing and alignment afilario collection are in progress in order to develop roolier
tools to diagnose TNEMF6. Therefore, substancialandes can be made on genetic turf in detecting the
TNEMFG6 strain in order to associate or not thiaistwith oysters summer mortality.

However, our studies of such genes did not leatheoidentification of pathogenicity. Here, TNEMF6
and TNNIII7 were phenotypically and genotypicallgry similar, whereas their virulence was markedly
different. Therefore, we do not yet have any phgniot or genotypic feature to distinguish pathoge¥ic
splendidusstrains from nonpathogenic onééibrio splendidusis widely distributed in marine ecosystems
(Nealson et al., 1993; Farto et al., 1999; Maciarale 2000) Different strains have been associated with
mortalities ofC. gigaslarvae(Sugumar et al., 19983callops larva®ecten maximu@Nicolas et al., 1996)and
fish larvae(Gatesoupe et al., 1999 wide range of virulence among strains from #lagne species has been
observed by experimental exposure on different ahimodels. Until now, the virulence of a strain leen
assessed by experimental challenge, but this appriegime consuming and results may vary from iiaé to
another. Further development of this work shouldude the search for diagnostic tools specific iofilence
factors. For example, the virulent TNEMF6 and aeini TNNIII7 strains belonging to the same speciesld
be compared in vitro to characterise virulence raaims. Genes involved could be screened by using
degenerated oligonucleotides or genomic substractio

Other field studies indicated a complex etiologysafnmer mortalities with several factors implicated

(Goul letquer et al., 1998)Therefore, it can be assumed that the backgraanel of mortality due to
environmental conditions, physiology and genetiesy be moderated by an infectious agent which cplalgd a
role of opportunist rather than pathogen. Until nanly 3 infectious agents with potential pathogéwihave
been detected in oyster spat groups experiencimgn&u mortality: (1) herpes-like viruRenault et al., 1994;
1995), (2) Vibrio splendidussimilar to SCB8 straif{Lacoste et al., 2001and (3)V. splendidusbiovar I
(Waechter et al., 2002)The two strains olibrio splendidusinduced mortalities ofC. gigasspat under
conditions of experimental challenge. Thereforeereif these infectious agents can not yet be censilas
etiological agents of summer mortality, they canused in experimental challenge to study the eftdct
environmental conditions, physiology and genetatdes on bacterial virulence and host response.

Acknowledgements

This study was carried out with financial assiseafrom Grainocean society (contract 97/5211243) and
the Community Reference Laboratory (CRL). The argtarknowledge Jean Francois Auvray (SATMAR) for
providing clams. The authors also thank GwenaelleqDet and Raphael Brizard for their technicalstasce
and Professor Brian Austin for critically readirng tmanuscript.



Le Roux et al, 2002 (Aquat Living Resour 15, 251-258)

References

Alsina, M., Blanch, A.R., 1994. A set of keys faothemical identification of environmentslibrio species. J.
Appl. Bacteriol. 76, 79-85.

Brown, C., 1981.Astudy of two shellfish-pathoge¥ibrio strains isolated from a Long Island hatchery dugng
recent outbreak of disease. J. Shell Res. 1, 83-87.

Cardinali, G., Liti, G., Martini, A., 2000. Non-razhctive dot-blot DNA reassociation for unequivogaast
identification. Int. J. Syst. Evol. Microbiol. 5031-936.

Dungan, C.F., Elston, R.A., Schiewe, M.H., 1989idexce for colonization and destruction of hinggithents
in cultured juvenile Pacific oyster<Cfassostrea giggsby cytophaga-like bacteria. Appl. Environ.
Microbiol. 55, 1128-1135.

Elston, R.A., Leibovitz, L., 1980. Pathogenesiexerimental vibriosis in larval American oyste€sassostrea
virginica. Can. J. Fish Aquat. Sci. 37, 964-978.

Elston, R., Elliot, E.L., Colwell, R.R., 1982. Cdmalin infection and surface coatingibrio: shell fragility,
growth depression and mortality in cultured oysterd clamsCrassostrea virginicaOstrea edulisand
Mercenaria mercenarial. Fish Dis. 5, 265-284.

Elston, R.A., Beattie, J.H., Friedman, C., HedriBk, Kent, M.L., 1987 . Pathology and significarafefatal
inflamatory bacteraemia in the Pacific oysterassostrea gigashtnberg. J. Fish Dis. 10, 121-132.

Farto, R., Montes, M., Perez, M.J., Nieto, T.Prska, J.L., Pedersen, K., 1999. Characterizationurgerical
taxonomy and ribotyping o¥ibrio splendidusbiovar | andVibrio scophthalmistrains associated with
turbot cultures. J. Appl. Microbiol. 86, 796—804.

Fox, G.E., Wisotzkey, J.D., Jurtshuk, P.J., 199@wHtlose is close: 16S rRNA sequence identity matybe
sufficient to guarantee species identity. Int.yktSBacteriol. 42, 166-170.

Gatesoupe, F.J., Lambert, C., Nicolas, J.L., 1928hogenicity ofVibrio splendidusstrains associated with
turbot larvae Scophthalmus maximus. Appl. Microbiol. 87, 757-763.

Goulletquer, P., Soletchnik, P., Le Moine, O., Raie, Geairon, P., Faury, N., Taillade, S., 1988mmer
mortality of the Pacific cupped oyst€rassostrea gigam the Bay of Marennes Oléron (France). ICES
Mariculture Committee CM1998/CC. pp. 14-21.

Hada, H.S., West, P.A., Lee, J.V., Stemmler, JIw€lh R.R., 1984 .Vibrio tubiashiisp. nov., a pathogen of
bivalve mollusks. Int. J. Syst. Bacteriol. 34, 1-4.

Jeffries, V.E., 1982. Thre&ibrio strains pathogenic to larvae @frassostrea gigasand Ostrea edulis
Aquaculture 29, 201-226.

Lacoste, A., Jalabert, F., Malham, S., Cueff, Aélébart, F., Cordevant, C., Lange, M., Poulet, S2R01. A
Vibrio splendidusstrain is associated with summer mortality of julemystersCrassostrea gigam
the Bay of Morlaix (North Brittany. France. Dis. Aat. Org. 46, 139-145.

Lambert, C., Nicolas, J.L., Cilia, V., Corre, S998B.. Vibrio pectenicidasp. nov. a pathogen of scalldpecten
maximus larvae. Int. J. Syst. Bacteriol. 48, 481-487.

MacDonnell, M.T., Singleton, F.L., Hood, M.A., 1982iluent composition for use of API 20E in chasding
marine and estuarine bacteria. Appl. Environ. Midob 44, 423-427.

Macian, M.C., Garay, E., Gonzalez-Candelas, F.alRyj M.J., Aznar, R., 2000. Ribotyping of Vibrio
populations associated with cultured oysté@st(ea edulis Syst. Appl. Microbiol. 23, 409-417.

Macian, M.C., Ludwig, W., Aznar, R., Grimont, P./Schleifer, K.H., Garay, E., Pujalte, M.J., 200/4brio
lentussp. nov., isolated from Mediterranean oysters.Jngyst. Evol. Microbiol. 51, 1449-1456.

Maury, M., 1987. Milieux et réactifs de laboratoiBagnostics Pasteur. 3rd ed. Paris, France.

Mayfield, C.I., Inniss, W.E., 1977. A rapid, simpigethod for staining bacterial flagella. Can. Jcidbiol. 23,
1311-1313.

Nealson, K.H., Wimpee, B., Wimpee, C., 1993. Idadtion of Vibrio splendidusas a member of the
planktonic luminous bacteria from Persian Gulf #&dvait region with LuxA probes. Appl. Environ.
Microbiol. 59, 2684-2689.

Nicolas, J.L., Corre, S., Gauthier, G., Robert,Asquer, D., 1996. Bacterial problems associatid scallop
Pecten maximusirval culture. Dis. Aquat. Org 27, 67-76.

Paillard, C., Maes, P., 1990. Etiologie de la maate I'anneau brun chéapes philippinarum pathogénicité
d’'un Vibrio sp. C.R. Acad. Sci. Paris 310, 15-20.



Le Roux et al, 2002 (Aquat Living Resour 15, 251-258)

Prieur, D., 1980. The microflora of the digestivact of marine bivalves: experimental study of thassel,
Mytilus edulis International Malagological Congress. Perpigriaance.

Renault, T., Cochennec, N., Le Deuff, R.M., CholBt, 1994. Herpes-like virus infecting Japanesstary
(Crassostrea giggsspat. Bull. Eur.Assoc. Fish Pathol 14, 64—65.

Renault, T., Le Deuff, R.M., Cochennec, N., Cholt Maffart, P., 1995. Herpes-like viruses asatax with
high mortality levels in larvae and spat of pacifigsters,Crassostrea-gigaa comparative-study, the
thermal effects on virus detection in hatchery-eddarvae, reproduction of the disease in axemi@&
Vet. Res. 26, 539-543.

Sambrook, J., Fritsch, E.F., Maniatis, T., 1989.lddalar cloning: a laboratory manual. 2nd ed. C8fating
Harbor, N.Y.

Stackebrandt, E., Goebel, B.M., 1994. Taxonomi@nét place for DNA-DNA reassociation and 16S rRNA
sequence analysis in the present species definitibacteriology. Int. J. Syst. Bacteriol. 44, 8889.

Sugumar, G., Nakai, T., Hirata, Y.,Matsubara, Durdya, K., 1998Vibrio splendidusiovar Il as the causative
agent of bacillary necrosis of Japanese oy@Stassostrea gigakrvae. Dis. Aquat. Org. 33, 111-118.

Waechter, M., Le Roux, F., Nicolas, J.L., Maris&al, Berthe, F., 2002. Caractérisation de bactgrlsogenes
de naissains d’huitre creu€gassostrea giga<C. R. Acad. Sci., Sér. Ill 325, 231-238.

Yamamoto, S., Harayama, S., 1998. Phylogenetitioakhips ofPseudomonas putidstrains deduced from the
nucleotide sequences @yfrB, rpoD and 16S rRNA genes. Int. J. Syst. Bacteriol. 43-819.

10



