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Vibrio tasmaniensis V. splendidus and V. neptunius species were worldwide distributed and associated with aquaculture and been reported as the cause of diseases in aquatic organisms. Polyphasic analyses for bacterial identification are not feasible for routine diagnostic because of the time involved. The aim of this study is to design three PCR primer sets that can assist with a fast detection of these species. They were designed from the 16S ribosomal RNA gene, and PCR conditions were found. Each PCR test successfully identified all the tested strains of each target species. The combined specificity of V. tasmaniensis and V. splendidus primer sets offered the best coverage (86%) in terms of separating target organisms from other related species. The primer set of V. tasmaniensis showed a lower sensitivity limit (500 fg of DNA) than the V. splendidus set (1pg) and both sets gave positive amplification using homogenized tissues from inoculated clams, with 10 2 and 10 4 cfu/g of clam, respectively. The primer set of V. neptunius was highly specific, showing only cross-reaction with V. parahaemolyticus species from 44 tested species. Its sensitivity limit was 100 pg of DNA. A small number of biochemical tests were proposed concurrently with the PCR to differentiate the cross-reacting bacteria. The time of detection of the three tested species was reduced and the further affected animals can be diagnosed in a rapid fraction of time. The detection of virulent strains of V. tasmaniensis pointed to the risk of mollusc culture outbreaks.

A c c e p t e d M a n u s c r i p t Introduction V. tasmaniensis, V. splendidus and V. neptunius were the predominant species found by us associated with the culture of oysters and clams [START_REF] Guisande | Genotypic diversity of culturable Vibrio species associated with the culture of oysters and clams in Galicia and screening of their pathogenic potential[END_REF]. These species have been distributed worldwide and were associated with diseases in aquatic organisms in different countries. So, over the last few years, V. splendidus has been mainly associated with disease in fish (both larvae and juvenile specimens) (Angulo et al., 1994 a, b;[START_REF] Santos | PCR detection of Vibrio penaeicida, the putative etiological agent of Syndrome 93 in New Caledonia[END_REF][START_REF] Gatesoupe | Pathogenicity of Vibrio splendidus strains associated with turbot larvae, Scophthalmus maximus[END_REF][START_REF] Thomson | Vibrio splendidus biotype 1 as a cause of mortalities in hatchery-reared larval turbot, Scophthalmus maximus (L.)[END_REF][START_REF] Sitjà-Bobadilla | Bacteria associated with winter mortalities in laboratory-reared common dentex (Dentex dentex L.)[END_REF][START_REF] Reid | Analysis of bacterial populations in the gut of developing cod larvae and identification of Vibrio logei, Vibrio anguillarum and Vibrio splendidus as pathogens of cod larvae[END_REF], molluscs [START_REF] Sugumar | Vibrio splendidus biovar II as the causative agent of bacillary necrosis of Japanese oyster Crassostrea gigas larvae[END_REF][START_REF] Le Roux | Comparative analysis of Vibrio splendidus-related strains isolated during Crassostrea gigas mortality events[END_REF][START_REF] Le Roux | Phylogenetic study and identification of Vibrio splendidus-related strains based on gyrB gene sequences[END_REF][START_REF] Gómez-León | Isolation of Vibrio alginolyticus and Vibrio splendidus from aquacultured carpet shell clam (Ruditapes decussates) larvae associated with mass mortalities[END_REF][START_REF] Garnier | Evidence for the involvement of pathogenic bacteria in summer mortalities of the pacific oyster Crassostrea gigas[END_REF][START_REF] Guisande | Genotypic diversity of culturable Vibrio species associated with the culture of oysters and clams in Galicia and screening of their pathogenic potential[END_REF] and gorgonians [START_REF] Hall-Spencer | Diseases affect cold-water corals too: Eunicella verrucosa (Cnidaria: Gorgonacea) necrosis in SW England[END_REF]. V. neptunius and V. tasmaniensis, that were species commonly considered to be nonpathogenic (Thompson et al., 2003a(Thompson et al., , 2003b) ) have been associated with disease in fish and molluscs and sea cucumbers and gorgonian, respectively [START_REF] Austin | Pathogenicity of vibrios to rainbow trout (Oncorhynchus mykiss, Walbaum) and Artemia nauplii[END_REF][START_REF] Prado | Pathogenic bacteria isolated from disease outbreaks in shellfish hatcheries. First description of Vibrio neptunius as an oyster pathogen[END_REF][START_REF] Hall-Spencer | Diseases affect cold-water corals too: Eunicella verrucosa (Cnidaria: Gorgonacea) necrosis in SW England[END_REF][START_REF] Guisande | Genotypic diversity of culturable Vibrio species associated with the culture of oysters and clams in Galicia and screening of their pathogenic potential[END_REF][START_REF] Deng | Isolation and pathogenicity of pathogens from skin ulceration disease and viscera ejection syndrome of the sea cucumber Apostichopus japonicus[END_REF]. The main reason for increasing these infections lies in intensive cultures, since it contributes to concentrating the pathogenic and opportunistic species.

V. tasmaniensis and V. splendidus are two closely related species included in the V. splendidus-related group. This group shares a high level of homogeneity (Macián et al., 2001;[START_REF] Montes | Characterization of Vibrio strains isolated from turbot (Scophthalmus maximus) culture by phenotypic analysis, ribotyping and 16S rRNA gene sequence comparison[END_REF][START_REF] Montes | Genotypic diversity of Vibrio isolates associated with turbot (Scophthalmus maximus) culture[END_REF][START_REF] Le Roux | Phylogenetic study and identification of Vibrio splendidus-related strains based on gyrB gene sequences[END_REF][START_REF] Austin | Pathogenicity of vibrios to rainbow trout (Oncorhynchus mykiss, Walbaum) and Artemia nauplii[END_REF] and several molecular methods have been previously proposed to differentiate between them. [START_REF] Guisande | Genotypic diversity of culturable Vibrio species associated with the culture of oysters and clams in Galicia and screening of their pathogenic potential[END_REF] used a combination of ribotyping and sequencing of 16S rRNA gene, while [START_REF] Austin | Pathogenicity of vibrios to rainbow trout (Oncorhynchus mykiss, Walbaum) and Artemia nauplii[END_REF] suggested the analysis of the three loci recA, rpoA, pyrH and Le [START_REF] Le Roux | Phylogenetic study and identification of Vibrio splendidus-related strains based on gyrB gene sequences[END_REF] the gyrB gene. The combination of genotypic and phenotypic analyses was also previously reported for the identification of the V. neptunius species (Thompson et al., 2003a;[START_REF] Guisande | Genotypic diversity of culturable Vibrio species associated with the culture of oysters and clams in Galicia and screening of their pathogenic potential[END_REF]. Neither of these techniques is feasible for routine diagnostic laboratories.

The design of molecular methods for fast detection of pathogenic Vibrio species would be essential for improving industrial culture production. Specific PCR primers that amplify gene coding for bacterial 16S rRNA have been widely used as a target showing useful results (Saulnier et al., 2000;[START_REF] Oakey | The use of PCR to aid in the rapid identification of Vibrio harveyi isolates[END_REF][START_REF] Avendaño-Herrera | Species-specific polymerase chain reaction primer set for the diagnosis of Tenacibaculum maritimum infection[END_REF].

The aim of this study is to evaluate the specificity and sensitivity of three PCR primer sets designed from the 16S rDNA sequence to assist with a fast detection of V. tasmaniensis, V. splendidus and V. neptunius 

Material and Methods

Bacterial strains

The Vibrio strains used in this study are shown in Table 2. Several strains were previously associated with Galician aquaculture, were isolated from mollusc and turbot and were identified by phenotypic ribotyping and 16S rRNA sequence analysis [START_REF] Farto | Vibrio lentus associated with diseased wild octopus (Octopus vulgaris)[END_REF][START_REF] Farto | Presence of a letal protease in the extracellular products of Vibrio splendidus-V.lentus related extrains[END_REF][START_REF] Montes | Genotypic diversity of Vibrio isolates associated with turbot (Scophthalmus maximus) culture[END_REF][START_REF] Guisande | Genotypic diversity of culturable Vibrio species associated with the culture of oysters and clams in Galicia and screening of their pathogenic potential[END_REF]. Other type and reference strains were obtained from various culture collections and maintained in the laboratory.

The original Vibrio strains were grown in tryptic soy broth (Cultimed, Barcelona, Spain) supplemented with 2% (w/v) NaCl (Panreac) (TSB-2) and 15% (v/v) of glycerol (Panreac, Madrid, Spain) at 22 ºC for 48 h and stored at -80 ºC. Freeze-dried pure cultures of Vibrio strains (Table 2) were routinely cultivated on tryptic soy agar (Cultimed) supplemented with 2% (w/v) NaCl (Panreac, Barcelona, Spain) (TSA-2) at 22 ºC for 48 h. Aeromonas, Pseudomonas and Tenacibaculum strains were cultivated and conserved as was reported for the Spanish collection of type culture (CECT).

Selection of target priming sequences

A pair of oligonucleotide probes for each species, V. tasmaniensis (VTS and VT), V. splendidus (VTS and VS) and V. neptunius (VN1 and VN2) were selected by us and synthesized by Invitrogen (UK).

The sequence, position and size are shown in Table 1.

The sequences of variable regions of the 16S rRNA genes of Vibrio strains in this study were determined, aligned and compared with all available bacterial 16S rRNA sequences in order to search for specific target sites. Previously reported 16S sequences from V. tasmaniensis, V. splendidus, V. neptunius and other Vibrionaceae species were extracted from GenBank.

PCR optimization and primers specificity

The DNA was amplified from colonies of each strain with the pair of primers of each species: VTS/VT; VTS/VS; VN1/VN2, firstly using 30 cycles and an annealing temperature of 55 ºC. The 100 µL PCR-A c c e p t e d M a n u s c r i p t 5 reaction mixture contained sterile distilled water, dNTP mix (25 mM each; Invitrogen), 200 ng of each primer set (Invitrogen) and 5 u/µL of Taq DNA polymerase (Bioline, UK). Amplification was performed in a Techgene Thermal cycle (Techne, UK). The protocol was 94 ºC for 4 min, followed by 30 cycles of 94ºC for 30 sec, 55 ºC for 1 min, 72 ºC for 2 min, with a final extension of 72 ºC for 7 min. PCR amplified fragments were purified on Microspin columns (Amersham Pharmacia Biotech, UK) and visualized in 1% agarose gel and staining with ethidium bromide; a molecular mass marker (digoxigeninlabelled λ phage digested with HindIII; Invitrogen) was also added.

A temperature gradient assay (Eppendorf mastercycler gradient) was conducted for optimization and specificity, for each primer set. The annealing temperature interval assayed for V. tasmaniensis and V. splendidus was 65-75 ºC, and 48-62 ºC for V. neptunius. Amplification was conducted by using the standard conditions described above, except that 40 cycles for V. neptunius were used.

The most favoured conditions and the maximum specific temperature were considered to be those which, in combination, showed high reproducibility over a number of replicate tests and showed an amplified product from each species tested and as few (if any) of the other species tested. These PCR assays were repeated three times with several strains to ensure reproducibility.

The specificity of these probes was evaluated by using 12, 8 and 7 strains of V. tasmaniensis, V. splendidus and V. neptunius respectively and between 56 to 85 strains belonging to 42 other species (Table 2). In addition, colonies re-isolated from inoculated clams (Ven. rhomboides) for strains of V. tasmanienisis (see experimental infections section) were tested for specificity. The re-isolated colonies from clams of V. splendidus and V. neptunius species were obtained by us in a previous work [START_REF] Guisande | Genotypic diversity of culturable Vibrio species associated with the culture of oysters and clams in Galicia and screening of their pathogenic potential[END_REF].

Sensitivity assays

The sensitivity of primers VTS/VT (V. tasmaniensis), VTS/VS (V. splendidus) and VN1 and VN2 (V.

neptunius) was determined with DNA from different strains (Tables 3,4). The genomic DNA was firstly amplified from colonies with the eubacterial universal primers to 16S rRNA gene (9-25 forward and 1493-1513 reverse), reported by [START_REF] Paster | Phylogeny of Campylobacter, Wolinellas, Bacteroides gracilis, and Bacteroides ureolyticus by 16S ribosomal ribonucleic acid sequencing[END_REF], by using the conditions described in the previous section. The purified PCR products (0.75 µL) were used as a template in amplification with each tested A c c e p t e d M a n u s c r i p t 6 primer set and the conditions were the most specific for each one (see results). The purified PCR amplified fragments were adjusted to 1 nanogram and the DNA was serially diluted in 10mM Tris-1Mm EDTA buffer (TE) buffer up to 1 femtogram. Each dilution was tested for the PCR amplification and the lowest amount of DNA with a positive amplification in most tested strains for each species was chosen as the sensitivity limit.

The usefulness of the PCR tests was also assayed using homogenized tissue from experimentally inoculated clams with the type strains of V. tasmaniensis (LMG 20012) or V. splendidus (ATCC 33125).

The experiment was performed with healthy clams of Ven. rhomboides. Before starting the experiment, the clams were kept as described below (experimental infections). Cells from each strain were inoculated into 15 mL of TSB-2 for 24h at 22 ºC, with shaking at 100 rpm. The growth was adjusted by absorbance determination at 590 nm and the number of cells was estimated by plating each dilution onto TSA-2 and counting the colony forming units (cfu). The concentration was serially diluted in sterilized seawater and bacteria at levels ranging from 10 8 to 10 1 cfu/mL were inoculated in clams. Ten mL of each bacterial dilution was added to each tank containing 100 mL (final volume) of sterile sea water and 5 clams, and was kept 1 h at 18 ºC, with shaking at 100 rpm. Clams were subsequently weighed and homogenized in 10 mL of sterile sea water with a stomacher (Laboratory blender stomacher 80, Seward). The genomic DNA was extracted from 1.5 mL of homogenized clams by using TRIzol Reagent protocol (Invitrogen) and 0.75 µL was used as a template for PCR reaction, using the primers of V. tasmaniensis (VTS/VT) and V. splendidus (VTS/VS). Conditions for PCR amplification were the most specific for each primer set (see results).

The lowest number of cells inoculated that gave a positive amplification using DNA of homogenized tissues was chosen as the level of detection in vivo, which was expressed as number of cfu/g of clams.

The colonies re-isolated from homogenized tissues of inoculated clams were used as positive control and their identification was carried out by PCR (using directly the primer sets VTS/VT, VTS/VS) and biochemical tests [START_REF] Guisande | Genotypic diversity of culturable Vibrio species associated with the culture of oysters and clams in Galicia and screening of their pathogenic potential[END_REF]. Bath challenged clams with 100 mL of sterile seawater were processed as above, and were used as a negative control.

A c c e p t e d M a n u s c r i p t

Experimental infections

Bacterial cultures from 5 sequenced strains of V. tasmaniensis associated with the mollusc culture were selected from our previous work [START_REF] Guisande | Genotypic diversity of culturable Vibrio species associated with the culture of oysters and clams in Galicia and screening of their pathogenic potential[END_REF] for experimental infections in healthy clams (Ven. rhomboides). The clams were kept for 5 days in tanks, with aerated filtered (0.2 m) seawater at 18 ºC, and a salinity level of 33‰ before experiments were completed. The infections were performed as described previously [START_REF] Guisande | Genotypic diversity of culturable Vibrio species associated with the culture of oysters and clams in Galicia and screening of their pathogenic potential[END_REF]. Briefly, a group of 20 clams per assay was used for each strain and control and kept in different tanks. The cfu of each bacterial suspension (incubated for 24 h at 22 ºC on TSB-2) were estimated by plating onto TSA-2 and were added to each tank (containing 540 mL of sterile sea water) the final dose used being between 10 6 -10 7 cfu/mL per bath. Each group of 20 clams was bath challenged for 3 h in non-circulating seawater conditions, transferred to empty tanks for 1 h and, finally, to the tanks containing aerated filtered seawater at 18 ºC. All the clams were monitored for mortality over a 14 day period. Bath challenged clams with 600 mL of sterile seawater were used as a negative control. Samples from clam tissues were taken from all dead clams and, after the 14-day period, from all live clams and spread on TSA-2 (at 22 ºC for 48 h). Identification of suspicious re-isolated colonies was carried out by PCR using directly the primer set VTS/VT, and biochemical tests [START_REF] Guisande | Genotypic diversity of culturable Vibrio species associated with the culture of oysters and clams in Galicia and screening of their pathogenic potential[END_REF]. The re-isolation rate was expressed as percentage of dead clams from which the major type of colony re-isolated from tissues was the inoculated strain.

All the animal experiments were performed according to the law approved by the Spanish Ethical Committee (Royal Decree 1201/2005, 10th October, on the protection of animals for experimentation and other scientific purposes; Boletín Oficial del Estado (Official State Gazette of Spain), BOE 21 October 2005;pp. 34.367-34.391).

Results

Selection of target priming sequences

The variable regions of 16S sequences were selected for primer design comparing all the sequences 16S from several strains of V. tasmaniensis, V. splendidus, V. neptunius and the other Vibrionaceae species, tested in this study, from the GenBank. Two variable regions were observed at regions corresponding to the Escherichia coli 16S sequence bases 99-113 and 443-460 for V. neptunius. A unique variable region A c c e p t e d M a n u s c r i p t 8 with identity in 9 bases for V. tasmaniensis (position 475-496) and V. splendidus (position 482-503) was found (Table 1). A common region for V. tasmaniensis and V. splendidus in positions 76-95 was also selected since it was the most specific for these species and also the region that most differs from other Vibrio species. Amplification of colonies with the primers of V. tasmaniensis (VTS/VT), V. splendidus (VTS/VS) and V. neptunius (VN1/VN2), produced amplicons of 420 bp, 427 bp and 361 bp, respectively (Fig. 1).

PCR optimization and primer specificity

An annealing temperature of 55 ºC was firstly selected by using the nearest-neighbour model [START_REF] Tinoco | Estimation of secondary structure in ribonucleic acids[END_REF] for the three primer sets tested. Under these conditions, positive amplicons from several tested species with the pair of primers of primers VTS/VT (52 positive strains from 62 strains) and VTS/VS (48 positive strains from 62 strains) were obtained. The primers of V. neptunius were also non-specific since a positive amplification was found with 32 strains from 114 tested strains.

The temperature gradient assay showed that 72 ºC was the annealing temperature necessary to obtain the maximum specificity with the pair of primers VTS/VT of V. tasmaniensis and the pair of primers VTS/VS of V. splendidus. This temperature also gave high reproducible results for V. tasmaniensis (reproducibility rate 93%; the repeated results were obtained in 15 strains form 16 tested strains) and V. splendidus primers (100%; 16/16 tested strains). The pair of primers VTS/VT of V. tasmaniensis gave a positive result with all the tested strains (12) of V. tasmaniensis and also with several (14) strains of the V. splendidus-related species (V. cyclitrophicus, V. kanaloae, V. lentus, V. pomeroyi and V. splendidus) and also with V. aestuarianus species. Amplification products were not obtained from the other 54 strains, most of which are included in other species (Table 2). The pair of primers VTS/VS showed a positive amplification with all tested strains (8) of V. splendidus, and also with several (11) strains of the V. splendidus-related species (V. crassostreae, V. kanaloae, V. lentus, V. pomeroyi and V.tasmaniensis). Amplification products were not obtained from the other 61 strains, most of which are included in other species (Table 2).

An annealing temperature of 60 ºC and 40 cycles were necessary to obtain the maximum specificity with the pair of primers VN1/VN2 of V. neptunius. A reproducibility rate of 100 % (15/15) was obtained. The parahaemolyticus strains (5) was found. The other strains (100) included in different species showed a negative amplification (Table 2).

Each pair of primers gave a positive amplification with strains of V. tasmaniensis, V. splendidus and V. neptunius species re-isolated from inoculated clams, used for specificity assays, respectively.

All PCRs carried out have shown definitive positive or negative results with all tested species (45) of this study. A high number of strains from different origins were analyzed showing a high reproducibility.

Identical results of amplification were shown with the three pairs of primers when the two different thermal cycles were used (Eppendorf mastercycler gradient and Techgene Thermal cycle) using the same Taq polymerase and reactives. Thus a reproducible PCR was confirmed.

Sensitivity assays

The sensitivity of three primer sets is shown in Tables 3 and4. These results indicated that the sensitivity limit of the pair VTS/VT was 500 fg of DNA for V. tasmaniensis strains and 1pg for V. splendidus. An identical level of sensitivity as V. tasmaniensis was shown by the tested strains of V. lentus, V. pomeroyi and V. kanaloae.

The level of sensitivity showed by the pair of primers VTS/VS was 1 pg of DNA for V. splendidus and 10 pg for V. tasmaniensis. Other tested strains of those species and Vibrio splendidus-related species were unable to be separated at 500 fg of DNA.

Positive reactions with the pair of primers VN1/VN2 were found at 1 pg, 10 pg and 100 pg of DNA with both V. neptunius and V. parahaemolyticus species.

DNA from inoculated strains LMG 20012 and ATCC 33125 were detected by PCR with both primer sets (V. tasmaniensis and V. splendidus) applied on homogenized clam tissues. A different detection capacity was found. The lowest number of cells inoculated necessary for detection of LMG 20012 DNA using V. tasmaniensis primers, was 2.4x10 2 (cfu/g of clam). A higher dose was necessary for detection of this DNA with the primers of V. splendidus (2.1x10 3 cfu/g of clam). The DNA from strain of V. splendidus (ATCC 33125) was detected with a similar number of cells with both pair of primers (3.4x10 4 cfu/g of clam and 2.8x10 4 cfu/g of clam for VTS/VT and VTS/VS primers, respectively). 

Experimental infections

The inoculated strains caused mortalities between 20 and 95% in clams and their re-isolation from dead clams as a pure component was between 13 and 72%. In the rest of the dead clams, the inoculated strains were re-isolated as mixed cultures. The highest mortality (90%) and re-isolation rate (72%) was shown by 1, from 5 strains tested of V. tasmaniensis that was inoculated with 1.6 x 10 7 cfu/mL. A clear association between the mortality and the re-isolation rate was not found in the others. A low or absent re-isolation of inoculated strains was obtained from the survivor clams. Clinical signs were not recorded. Neither mortality nor re-isolation from clam tissues was recorded in the negative control group. All the inoculated strains were successfully amplified by using the primer set VTS/VT.

Discussion

V. tasmaniensis was related to disease in cold-water coral and sea cucumbers [START_REF] Hall-Spencer | Diseases affect cold-water corals too: Eunicella verrucosa (Cnidaria: Gorgonacea) necrosis in SW England[END_REF][START_REF] Deng | Isolation and pathogenicity of pathogens from skin ulceration disease and viscera ejection syndrome of the sea cucumber Apostichopus japonicus[END_REF] but not associated with mollusc culture. The five experimentally inoculated strains of V. tasmaniensis assayed in this study caused mortality and were able to colonize the tissues of Ven. rhomboides, their pathogenic potential being confirmed. Since our strains were isolated from healthy reproductive oysters, this is the first report associating this species with induced disease in clams. These results point to the risk of mollusc culture outbreaks in this species, as was previously reported for V. splendidus and V. neptunius species as detailed in the Introduction. These species were also frequently associated with diseases in other aquatic organisms in different countries and were the predominant species found by us associated with the mollusc culture (see introduction). A rapid diagnostic for a prophylactic approach is particularly important since aquaculture is highly vulnerable to the impact of infectious diseases. The development of genomic methods appeared to be an important alternative for a rapid detection of bacteria because of the time involved by using a polyphasic analysis when the isolates are closely related taxonomically [START_REF] Le Roux | Phylogenetic study and identification of Vibrio splendidus-related strains based on gyrB gene sequences[END_REF][START_REF] Austin | Pathogenicity of vibrios to rainbow trout (Oncorhynchus mykiss, Walbaum) and Artemia nauplii[END_REF][START_REF] Guisande | Genotypic diversity of culturable Vibrio species associated with the culture of oysters and clams in Galicia and screening of their pathogenic potential[END_REF]. In our study, three PCR primer sets and the PCR optimization assays were designed in order to assist with a We found that the VTS/VT and VTS/VS primers detected V. tasmaniensis and V. splendidus strains on tissues from experimentally inoculated clams. The usefulness of the technique was shown with the sensitivity limit, using DNA, necessary to obtain positive results for each species (500 fg to 1 pg). This low amount of DNA is found in natural tissues corresponding, at least, with 2.4x10 2 and 2.8x10 4 (cfu/g of clam) of V. tasmaniensis and V. splendidus, respectively, since they were the number of inoculated cells required to be detected in vivo.

These results showed also the usefulness of applying the primers directly to the total DNA extracted from the homogenized tissues from natural populations. Similar values were previously reported for other bacteria [START_REF] González | Development of a PCR-based meted for the detection of Listonella anguillarum in fish tissues and blood samples[END_REF] and the sensitivity limit achieved is sufficient to detect these two species, on natural mixed populations, in cultured clams. This means that the detection of these bacteria can be made in a short fraction of time and without the requirement of a previous culture. Although the sensitivity limit of VTS/VT primers was higher than that of VTS/VS primers if the cfu/g of clam achieved is 10 4 , the isolation of the bacteria is needed for a closer identification of species.

A positive cross-reactivity between several strains of V. tasmaniensis and V. splendidus and others such as V. splendidus-related or V. aestuarianus species was also found using the VTS/VT and the VTS/VS primers in the specificity experiments. So, these PCR primer sets were partially specific for the tested species, as could be expected when analysing the designed primers. Comparing all the sequences 16S extracted from the GenBank, a high similarity around positions previously reported as useful to design priming sites for diagnostic PCRs for bacteria [START_REF] Dorsch | Towards a phylogeny of the genus Vibrio based on 16S rRNA sequences[END_REF][START_REF] Kita-Tsukamoto | Phylogenetic relationships of marine bacteria, mainly members of the family Vibrionaceae, determined on the basis of 16S rRNA sequences[END_REF] was found. Even then, they were the more acceptable regions for selecting the forward (VTS) and reverse primers (VT, VS). These results confirmed the high level of homogeneity among these species.

In this study, combining the results of both pair of primers V. tasmaniensis (VTS/VT) and V. splendidus (VTS/VS) by using an annealing temperature of 72 ºC, it was possible to discriminate several V. splendidus-related species as V. crassostreae and V. cyclitrophicus and also other species such as V. aestuarianus. It was also possible to distinguish 4 strains of 5 tested from V. lentus, 6 of 7 tested from V.

A c c e p t e d M a n u s c r i p t tasmaniensis. The V. splendidus-related species were previously grouped in an identical cluster with at least 90% DNA-DNA hybridization, recA, rpoA, pyrH and gyrB genes sequence similarity (Macián et al., 2001;[START_REF] Le Roux | Phylogenetic study and identification of Vibrio splendidus-related strains based on gyrB gene sequences[END_REF][START_REF] Austin | Pathogenicity of vibrios to rainbow trout (Oncorhynchus mykiss, Walbaum) and Artemia nauplii[END_REF]. Although V. splendidus-related species have also shown little variation in 16S rRNA sequences [START_REF] Le Roux | Comparative analysis of Vibrio splendidus-related strains isolated during Crassostrea gigas mortality events[END_REF]Thompson et al., 2003c;Montes et al., 2003Montes et al., , 2006)), combining the results of both pairs of primers, the separation of all tested strains was 86%, a higher percentage than those achieved by using each pair of primers by separated (VTS/VT: 68%; VTS/VS: 77%). These results show the usefulness of this criterion for detecting these highly related species.

Using conventional phenotypical tests obtained by us for the strains tested in this study [START_REF] Farto | Vibrio lentus associated with diseased wild octopus (Octopus vulgaris)[END_REF][START_REF] Montes | Characterization of Vibrio strains isolated from turbot (Scophthalmus maximus) culture by phenotypic analysis, ribotyping and 16S rRNA gene sequence comparison[END_REF][START_REF] Guisande | A set of tests for the phenotypic identification of culturable bacteria associated with Galician bivalve mollusc production[END_REF] V. tasmaniensis can be differentiated from V. kanaloae, V. lentus and V. splendidus, using the acetate as sole carbon source since it was positive for V. tasmaniensis and negative for the others. The production of acid from cellobiose and use as sole carbon source of tartrate and tryptophan can be used for the separation of V. kanaloae, V. lentus and V. splendidus (cellobiose negative only for V. kanaloae; tartrate positive only for V. splendidus; tryptophan positive only for V. kanaloae). However, although we can use degradation of esculin, crystal violet, use as sole carbon source of citrate and -hemolysis for separation of V. pomeroyi from all other V. kanaloae, V. lentus and V. splendidus, we can not discriminate this species from V. tasmaniensis, comparing the 92 phenotypical tests previously reported by us [START_REF] Guisande | A set of tests for the phenotypic identification of culturable bacteria associated with Galician bivalve mollusc production[END_REF]. Further studies are needed for selecting other new phenotypical tests in order to distinguish between these two species. These results also support the little variation found by using molecular analyses (Macián et al., 2001;[START_REF] Montes | Characterization of Vibrio strains isolated from turbot (Scophthalmus maximus) culture by phenotypic analysis, ribotyping and 16S rRNA gene sequence comparison[END_REF][START_REF] Montes | Genotypic diversity of Vibrio isolates associated with turbot (Scophthalmus maximus) culture[END_REF][START_REF] Le Roux | Phylogenetic study and identification of Vibrio splendidus-related strains based on gyrB gene sequences[END_REF][START_REF] Austin | Pathogenicity of vibrios to rainbow trout (Oncorhynchus mykiss, Walbaum) and Artemia nauplii[END_REF]. Therefore, the combination of PCR and biochemical tests allowed for the separation of 97% of tested V. splendidus-related strains. All these results showed that PCR assists in reducing the number of biochemical tests and time, required for separate V. splendidus-related species.

The two variable regions observed in positions 99-113 and 443-460 of sequence 16S from V. neptunius made it possible to select a pair of highly specific primers, since 95,5% of tested species was A c c e p t e d M a n u s c r i p t 13 distinguished by using an annealing temperature of 60 ºC. The only species with positive cross-reaction was V. parahaemolyticus, which is surprising since it is not phylogenetic closely related to V. neptunius [START_REF] Austin | Pathogenicity of vibrios to rainbow trout (Oncorhynchus mykiss, Walbaum) and Artemia nauplii[END_REF]. Comparisons of the region including the two priming sites of V. neptunius and V. parahaemolyticus, showed a high level of similarity between them.

Four biochemical tests can discriminate between these two species: arginine dihydrolase (ADH) and hemolysis that were positive for V. neptunius and negative for V. parahaemolyticus and ornithine decarboxylase (LDC) and production of acid from galactose that were negative por V. neptunius and positive for V. parahaemolyticus [START_REF] Montes | Numerical taxonomy of Gram negative, facultative anaerobic bacteria isolated from skin of turbot (Scophthalmus maximus) and surrounding water[END_REF][START_REF] Guisande | A set of tests for the phenotypic identification of culturable bacteria associated with Galician bivalve mollusc production[END_REF]). Although we did not identify V. parahaemolyticus associated with molluscan culture in Galicia [START_REF] Guisande | Genotypic diversity of culturable Vibrio species associated with the culture of oysters and clams in Galicia and screening of their pathogenic potential[END_REF], we previously reported their association with turbot culture [START_REF] Montes | Genotypic diversity of Vibrio isolates associated with turbot (Scophthalmus maximus) culture[END_REF]. The number of biochemical tests required to separate these two species is low and the identification time could be reduced further if suspect colonies were tested using biochemical tests concurrently with the PCR.

The primer sets and PCR assays designed improve the fast detection of V. tasmaniensis, V. splendidus and V. neptunius species. The combined sensitivity of PCR and biochemical tests offered the best coverage in terms of separating V. tasmaniensis and V. splendidus from V. splendidus-related species and V. neptunius from V. parahamolyticus. V. tasmaniensis is a potential risk of molluscan culture outbreaks and the time of detection of this species was reduced. All these results make it possible to diagnose affected animals in a short fraction of time. 

  colonies obtained from a laboratory collection. The usefulness of the PCR tests was evaluated on homogenized tissues from experimentally inoculated clams. In addition, the risk of outbreaks and virulence of V. tasmaniensis on Venerupis rhomboides was estimated.

  of V. neptunius gave a positive amplification and a cross-reacting with V.

  from colonies re-isolated from homogenized tissues of clams used as positive control was found by using the primer sets VTS/VT and VTS/VS, respectively.

  V. tasmaniensis, V. splendidus and V. neptunius species as an indication of good culture conditions.

  Fig.1 λ -the fragment sizes of the digoxigenin-labelled marker digested
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