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High polymorphism in big defensin gene expression reveals presence-absence gene variability (PAV) in the oyster Crassostrea gigas
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We report here the first evidence in an invertebrate, the oyster Crassostrea gigas, of a phenomenon of Presence-Absence Variation (PAV) affecting immune-related genes. We previously evidenced an extraordinary interindividual variability in the basal mRNA abundances of oyster immune genes including those coding for a family of antimicrobial peptides, the big defensins (Cg-BigDef). Cg-BigDef is a diverse family composed of three members: Cg-BigDef1 to -3. Here, we show that besides a high polymorphism in Cg-BigDef mRNA expression, not all individual oysters express simultaneously the three Cg-BigDefs. Moreover, in numerous individuals, no expression of Cg-BigDefs could be detected. Further investigation at the genomic level revealed that in individuals in which the transcription of one or all Cg-BigDefs was absent the corresponding Cg-bigdef gene was missing. In our experiments, no correlation was found between Cg-bigdef PAV and oyster capacity to survive Vibrio infections. The discovery of P-A immune genes in oysters leads to reconsider the role that plays the immune system in the individual adaptation to survive environmental, biotic and abiotic stresses.

Highlights

► Cg-BigDefs display a high interindividual polymorphism in basal mRNA expression. ► All three Cg-BigDefs are not simultaneously expressed in a single oyster. ► Lack of Cg-BigDef mRNA expression is likely due to the absence of the corresponding gene. ► First report in an invertebrate of Presence-Absence Variation affecting immune genes.

Introduction

Understanding the mechanisms of resistance or susceptibility to infections in the oyster

Crassostrea gigas should contribute to identify the causes of mass mortalities that affect this marine mollusk species worldwide. In this context of multifactorial disease, significant progresses were made in characterizing the oyster immune system and responses to biotic and abiotic environment factors. Particular attention has been paid to the mechanisms involved in the capability of the oyster to overcome infections [START_REF] De Lorgeril | Whole transcriptome profiling of successful immune response to Vibrio infections in the oyster Crassostrea gigas by digital gene expression analysis[END_REF][START_REF] Schmitt | The antimicrobial defense of the Pacific oyster, Crassostrea gigas. How diversity may compensate for scarcity in the regulation of resident/pathogenic microflora[END_REF] but also to the genetic bases that govern oyster survival [START_REF] Rosa | A hemocyte gene expression signature correlated with predictive capacity of oysters to survive Vibrio infections[END_REF].

High-throughput transcriptomic studies have revealed in C. gigas great individual polymorphism in the expression of many immune-related genes [START_REF] Rosa | A hemocyte gene expression signature correlated with predictive capacity of oysters to survive Vibrio infections[END_REF]. This supported previous evidence that C. gigas is a highly polymorphic and intron-rich species in terms of number of SNPs and repetitive DNA sequences [START_REF] Kim | Development of type I genetic markers from expressed sequence tags in highly polymorphic species[END_REF][START_REF] Saavedra | Bivalve genomics[END_REF][START_REF] Sauvage | Single Nucleotide polymorphisms and their relationship to codon usage bias in the Pacific oyster Crassostrea gigas[END_REF]. Thus, besides sequence polymorphism, the oyster displays great polymorphism of expression that can be related to gene Copy Number Variation (CNV) in genome contents between different individuals [START_REF] Rosa | A hemocyte gene expression signature correlated with predictive capacity of oysters to survive Vibrio infections[END_REF][START_REF] Schmitt | Sequence polymorphism and expression variability of Crassostrea gigas immune related genes discriminate two oyster lines contrasted in term of resistance to summer mortalities[END_REF]. CNV are known to be of fundamental importance for genetic variation in populations, evolution of genome complexity and evolution of genes with novel functions.

Many studies have looked for associations between the copy number of genes and disease susceptibility (reviewed in [START_REF] Cantsilieris | Correlating multiallelic copy number polymorphisms with disease susceptibility[END_REF]. For instance, in human, whereas extensive copy number of β-defensin antimicrobial peptide has been associated to the risk of psoriasis [START_REF] Hollox | Psoriasis is associated with increased beta-defensin genomic copy number[END_REF], low copy number of β-defensin has been reported to predispose to Crohn disease [START_REF] Fellermann | A chromosome 8 gene-cluster polymorphism with low human beta-defensin 2 gene copy number predisposes to Crohn disease of the colon[END_REF]. Surprisingly, our high-throughput transcriptomic studies have also revealed numerous genes whose basal levels of expression could not be detected in some individuals [START_REF] Rosa | A hemocyte gene expression signature correlated with predictive capacity of oysters to survive Vibrio infections[END_REF]. Those genes were shown to be involved in immune responses such as genes encoding members of the big defensin antimicrobial peptide family, Cg-BigDef [START_REF] Rosa | Big defensins, a diverse family of antimicrobial peptides that follows different patterns of expression in hemocytes of the oyster Crassostrea gigas[END_REF].

Oyster big defensins (Cg-BigDef) have been shown to be a diverse antimicrobial peptide family composed of three members (Cg-BigDef1, Cg-BigDef2 and Cg-BigDef3) that are encoded by distinct genomic sequences [START_REF] Rosa | Big defensins, a diverse family of antimicrobial peptides that follows different patterns of expression in hemocytes of the oyster Crassostrea gigas[END_REF]. An interesting particularity of the oyster Cg-BigDef family is that their members follow different patterns of gene regulation upon microbial challenge. Indeed, whereas Cg-BigDef1 and Cg-BigDef2 are up-regulated in circulating hemocytes in response to pathogenic Vibrio infection, Cg-BigDef3 is constitutively expressed and non-regulated [START_REF] Rosa | Big defensins, a diverse family of antimicrobial peptides that follows different patterns of expression in hemocytes of the oyster Crassostrea gigas[END_REF]. In this study, an unusual variability in mRNA expression was evidenced in oyster sampling for all Cg-BigDefs. As Cg-BigDef1 and -2 transcriptions are highly induced by microbial molecular patterns [START_REF] Rosa | Big defensins, a diverse family of antimicrobial peptides that follows different patterns of expression in hemocytes of the oyster Crassostrea gigas[END_REF], it was reasonable to expect that these molecules could be implicated in preventing from development infectious processes. This prompted us to further analyze such polymorphism of expression in C. gigas.

Here, a detailed analysis of Cg-BigDef mRNA expression at individual level confirmed firstly a high interindividual variability in basal gene expression for the three Cg-BigDef forms. In addition, we found that the three Cg-BigDefs are not simultaneously transcribed in a single oyster. More surprisingly, in some individual oysters, basal mRNA levels were not detected for any Cg-BigDefs. Besides, we evidenced that the absence of Cg-BigDef transcription is likely associated to the lack of Cg-bigdef genes, revealing the extreme form of CNV named Presence-Absence Variation (PAV). Finally, the Presence-Absence Variation of Cg-bigdefs in the oyster genome was shown to be not related to a better capacity of the oysters to survive experimental Vibrio infections.

Materials and Methods

Oysters and experimental Vibrio infections

Adult two-year old Crassostrea gigas oysters were purchased from a local oyster farm in Mèze (Gulf of Lion, France) and kept in aquaria containing filtered seawater at 15°C at the Aquaculture Experimental Platform of Ifremer, Palavas-Les-Flots. During two weeks, animals were fed twice with a mixture of live microalgae (Nannochloropsis oculata: 2.5×10 5 cells/ml; Tetraselmis suecica: 2.5×10 2 cells/ml). Following the acclimatation period, 90 oysters were individually tagged and hemolymph (~500 µl per animal) was withdrawn from the adductor muscle without causing the death of the animals. Hemocyte samples were individually collected by centrifugation (1,500 ×g, 15 min, 4°C), homogenized in 1 ml of TRIzol ® reagent (Invitrogen) and frozen at -20°C until RNA extraction. After hemolymph collection, animals were placed in glass tanks (20 animals per tank) and allowed to recover for 8 days prior to experimental infections. Then, animals were intramuscularly injected with 5×10 8 CFU/animal of the virulent V. tasmaniensis LGP32 (=V. splendidus LGP32). Mortalities were monitored daily and individually tagged animals that did not survive were noted and discarded. After the end of acute mortalities (96 h post-infection), stored hemolymph samples were categorized according to oyster survival (surviving versus non-surviving). The standardization of the experimental infections and the preparation of the bacterial inoculum were performed as previously described [START_REF] Duperthuy | The major outer membrane protein OmpU of Vibrio splendidus contributes to host antimicrobial peptide resistance and is required for virulence in the oyster Crassostrea gigas[END_REF]. All experimentations were performed according to the Ifremer animal care guideline and policy.

Hemocyte samples from 73 additional oysters (naive animals) were obtained as described above, homogenized in 1 ml of TRIzol ® reagent (Invitrogen) and frozen at -20°C until RNA extraction. From those, 23 oysters were randomly chosen, removed from their shells and immediately frozen in liquid nitrogen. Frozen whole-body oysters were individually ground to fine powder for further extractions of total RNA and genomic DNA in same individuals.

Genomic DNA isolation

Genomic DNA (gDNA) was isolated individually as previously described [START_REF] Schmitt | Molecular diversity of antimicrobial effectors in the oyster Crassostrea gigas[END_REF]. Briefly, 50-100 mg of oyster powder were incubated overnight at 55°C in 500 µl of DNA extraction buffer (100 mM NaCl, 10 mM Tris-HCl pH 8, 25 mM EDTA pH 8, 0.5% SDS, 0.1 mg/ml protease K). Following a step of phenol/chloroform extraction, gDNA samples were precipitated by addition of cold ethanol and treated with 50 µg/ml RNase A (Invitrogen) for 30 min at 37°C to eliminate contaminating RNA. Quantification and quality of gDNA samples were assessed by spectrophotometry (NanoDrop ND-1000 Thermo Scientific) and 0.8% agarose gel electrophoresis, respectively.

Total RNA extraction and cDNA synthesis

Total RNA was extracted individually by using TRIzol ® reagent (Invitrogen) according to the manufacturer's instructions. RNA samples were then treated with DNase I (Invitrogen) for 15 min at room temperature to eliminate contaminating genomic DNA. After DNase I inactivation (10 min at 65°C), samples were precipitated with 0.3 M sodium acetate. RNA amount and quality were assessed by spectrophotometric analysis and the integrity of total RNA was analyzed by 0.8% agarose gel electrophoresis.

Following heat denaturation (70°C for 5 min), reverse transcription was performed using 250 ng of purified total RNA with 50 ng/µl oligo(dT) 12-18 in a 20-µl reaction volume containing 1 mM dNTPs, 1 unit of RNaseOUT Ribonuclease and 200 units M-MLV reverse transcriptase in reverse transcriptase buffer according to the manufacturer's instructions (Invitrogen). Attempting to increase the number of cDNA templates, a supplementary step of preamplification was performed using 1.25 μl of cDNA, 1.25 μl of a mixture of forward and reverse primers (200 nM each) and 2.5 μl of 2× TaqMan ® PreAmpMaster Mix (Applied Biosystems). The specific primer pairs for each Cg-BigDef form are listed in Table 1. PCR cycling conditions were as follows: polymerase activation at 95°C for 10 min, followed by 14 cycles of 95°C for 15 s and 60°C for 4 min. Preamplification products were diluted to 1:5 in TE buffer (10 mM Tris, 1 mM EDTA, pH 7.5) and stored at -20°C.

High-throughput RT-qPCR using 96.96 microfluidic dynamic arrays

The relative gene expression was measured by using the high-throughput microfluidic RT-qPCR platform BioMark TM (Fluidigm) [START_REF] Jang | Quantitative miRNA expression analysis using fluidigm microfluidics dynamic arrays[END_REF] The cycling program used consisted of 10 min at 95°C followed by 40 cycles of 95°C for 15 s and 1 min at 60°C. Melting curves analysis was performed after completed RT-qPCR collecting fluorescence between 60-95°C at 0.5°C increments. Data were analyzed using the BioMark TM Real-time PCR analysis software to obtain Cq values. Results are presented as changes in relative expression normalized with the Cq geometric mean value of the eukaryotic translation elongation factor 1-alpha (Cg-ef1α: AB122066), the ribosomal protein L40 (Cg-rpl40: FP004478) and the 40S ribosomal protein S6 (Cg-rps6: CU686508) as endogenous reference genes [START_REF] Livak | Analysis of relative gene expression data using real-time quantitative PCR and the 2(-Delta Delta C(T)) Method[END_REF]. Statistical significance between expression detection of Cg-BigDefs and oyster capacity to survive V. tasmaniensis LGP32 infections was determined by ANOVA test at p<0.05.

Genotyping of Cg-bigdefs

PCR amplifications for Cg-bigdef genotyping were conducted in a 25-µl reaction volume using 1 µl of synthesized cDNA or 30 ng of purified gDNA as template. Primer sequences are listed in Table 1. PCR conditions were as follows: 10 min at 94°C, then 30 cycles at 94°C for 1 min, 56°C for 1 min, 72°C for 3 min and a final elongation step of 72°C for 10 min. PCR products were analyzed by electrophoresis on 1.5% agarose gel stained with ethidium bromide. The amplification products were cloned into a pCR ® -Blunt II-TOPO ® cloning vector using a Zero Blunt ® TOPO ® PCR cloning kit (Invitrogen). The positive recombinant clones were identified by colony PCR and were sequenced in both directions.

Sequence data analysis

Obtained sequences were analyzed for similarities using BLASTX at the National Center for Biotechnology Information (NCBI; http://www.ncbi.nlm.nih.gov). The multiple alignments were generated by using the ClustalW2 Multiple Alignment Program (ClustalW2; http://www.ebi.ac.uk/Tools/msa/clustalw2/). The phylogenetic analyses based on the fulllength cDNA and genomic sequences of C. gigas big defensins were performed using the Neighbour-Joining method with the software MEGA version 4 [START_REF] Tamura | MEGA4: Molecular Evolutionary Genetics Analysis (MEGA) software version 4.0[END_REF].

Bootstrap sampling was reiterated 1,000 times.

Results

Oyster big defensins display a high interindividual polymorphism in basal gene expression

The basal expression levels of the three big defensins were first analyzed by a highthroughput RT-qPCR device in 163 individual oysters (Fig. 1 2A). Besides, the three Cg-BigDef forms were never found to be simultaneously expressed among the 163 oysters analyzed (Table 2). Interestingly, only one or two forms of Cg-BigDefs were shown to be expressed in a same individual. Cg-BigDef1 and Cg-BigDef2 were seen in 81 and 47 individuals, respectively, while Cg-BigDef3 was expressed in 21 oysters only. Similar results were obtained when using different specific primer pairs for each Cg-BigDef form (Table 1).

More surprisingly, among the 163 oysters, 39 did not express any Cg-BigDefs (Table 2). This lack of expression was further confirmed by RT-qPCR analyses using two universal primer pairs common to all Cg-BigDef sequences. As a control to these RT-qPCR analyses, the expression of three reference genes (Cg-rpl40, Cg-ef1α and Cg-rps6) was found to be uniform across all tested individuals (Appendix A). These results evidenced a high interindividual variability in gene expression of C. gigas big defensins, including cases where their basal expression is fully absent in some individuals.

Lack of Cg-BigDef expression is likely associated to the absence of encoding genes in the oyster genome

In light of the degree of polymorphism in gene expression observed for Cg-BigDefs, we further investigated the relationships between the expression and presence of the three Cgbigdef genes in 23 individuals from which we have extracted both mRNA and gDNA.

Detection of transcripts was performed by RT-qPCR and detection of corresponding genes by conventional PCR with specific primer pairs for each form (Table 1). The expression profiles obtained for these 23 individuals confirmed the high variability in basal expression levels observed above by high-throughput RT-qPCR analyses (Fig. 2A; Appendix A). Figure 2B shows the amplification of Cg-bigdef genes in ten individual oysters which are representatives of the 23 oysters analyzed. Interestingly, genes encoding a given Cg-BigDef were only amplified in individuals expressing the corresponding form at basal levels (Fig. 2B). The accuracy of these results was further confirmed by using an additional primer pair specific for the different Cg-bigdefs and two universal primer pairs (common to all forms). Besides, as a control of the integrity of extracted gDNA samples, Cg-ef1α gene was successfully amplified in all oysters analyzed (Fig. 2B). Indeed, whereas Cg-bigdef1 and Cg-bigdef2 genes included two exons interrupted by a single intron, an additional intron and exon were observed in Cg-bigdef3 upstream the first exon common to the other Cg-bigdef genes (Fig. 3). Interestingly, in one individual in which both Cg-BigDef1 and -2 were expressed, two different Cg-bigdef1 sequences were identified in addition to the Cg-bigdef2 gene (Fig. 4). In this oyster, the Cg-bigdef1 genes differed in the length of the intron sequence and by the presence of two nucleotide substitutions (Fig. 4).

Cg-BigDef

Moreover, for the other individuals analyzed, single nucleotide polymorphisms (SNP) were found between transcripts and genes, which was evocative of two different alleles of a same Cg-bigdef gene. Thus, each Cg-bigdef would correspond rather to a distinct gene than to alleles from a same Cg-bigdef locus.

Sequence analysis revealed that, for each Cg-bigdef gene, the length of exons was well conserved among individuals whereas the introns lengths were variable. According to individuals, SNP were identified in both intron and exon sequences for a same Cg-bigdef gene. Additionally, introns from all Cg-bigdef genes included some microsatellite sequences (such as CTAT, CT and CA) and the canonical GT/AG splice site junctions (Fig. 3). The intron sequences of Cg-bigdef3 appeared to differ considerably in both length and nucleotide composition from those of Cg-bigdef1 and Cg-bigdef2 genes (Fig. 3).

A phylogenetic tree was built with the nucleotide sequence of six Cg-bigdef gene sequences obtained here and with Cg-bigdef gene sequences previously deposited in GenBank [START_REF] Rosa | Big defensins, a diverse family of antimicrobial peptides that follows different patterns of expression in hemocytes of the oyster Crassostrea gigas[END_REF]. In this tree, Cg-bigdef1 and Cg-bigdef2 genes clustered in a same clade distinct from the Cg-bigdef3 gene (Fig. 5). An additional phylogenetic tree constructed from cDNA sequence data confirmed that Cg-BigDef1 and Cg-BigDef2 forms are more related to each other than to Cg-BigDef3 (Fig. 5). Altogether, results from sequencing and phylogenetic analyses strongly suggest that Cg-BigDefs constitute a multigenic family of antimicrobial peptides in C. gigas oysters. 3). No significant differences were found in the detection of Cg-BigDefs according to the S and NS phenotypes, namely according to the oyster capability to survive virulent Vibrio infections (p>0.05). Additionally, no significant differences in basal gene expression levels of the three Cg-BigDefs were found between individuals from both survival capacity phenotypes.

Presence-absence variation (PAV) in

Discussion

Taking advantages of the development of high-throughput genomic technologies, we have explored the genetic determinants for Crassostrea gigas capacity to survive infections at the individual level. These analyses highlighted an extraordinary interindividual polymorphism in the basal expression of genes in this species [START_REF] Rosa | A hemocyte gene expression signature correlated with predictive capacity of oysters to survive Vibrio infections[END_REF]. Indeed, most of the transcriptome profilings are performed with oyster sample pools, which hides great information about oyster genomic diversity and complexity. Here, high-throughput RT-qPCR analyses at the individual level revealed a high variability in basal gene expression regulation of antimicrobial peptides belonging to Cg-BigDef family. Basal mRNA amounts of both the inducibly expressed Cg-BigDef1 and Cg-BigDef2 and the constitutively-expressed Cg-BigDef3 forms appeared to be highly variable among individual oysters. For instance, variations up to 30-fold were found in Cg-BigDef1 expression according to individuals. This interindividual polymorphism in Cg-BigDef transcription levels may reflect genetic structure variation in gene copy numbers (CNV) as recently reported for other oyster AMPs, Cg-Defs and Cg-Prps [START_REF] Schmitt | Sequence polymorphism and expression variability of Crassostrea gigas immune related genes discriminate two oyster lines contrasted in term of resistance to summer mortalities[END_REF].

When analyzing the heterogeneity of transcription profiles of the big defensins, we showed that no expression was detected in some oysters and that the lack of basal expression was likely associated to the absence of the corresponding encoding sequences at the genome level. Such results highlight structural variations in oyster genomes and particularly gene Presence-Absence variation (PAV), a phenomenon described as the extreme case of Copy Number Variation (CNV) in which a large DNA segment present in some individuals can be entirely missing in others. To our knowledge, this is the first evidence of PAV in oysters.

Considering that C. gigas oyster displays a high degree of DNA sequence polymorphism and heterozygosity [START_REF] Sauvage | Single Nucleotide polymorphisms and their relationship to codon usage bias in the Pacific oyster Crassostrea gigas[END_REF][START_REF] Schmitt | Molecular diversity of antimicrobial effectors in the oyster Crassostrea gigas[END_REF][START_REF] Taris | Sequence polymorphism can produce serious artefacts in real-time PCR assays: hard lessons from Pacific oysters[END_REF], a rigorous accuracy has been required in the choice of the primers used in this study.

Two primer pairs specific for each of the three Cg-BigDefs have been designed as well as two primer pairs common for all three forms. The relationship between the presence-absence (P-A) of transcripts and the presence-absence of corresponding encoding gene has been confirmed in 23 individuals by different PCR analyses using eight different primer pairs spread across the entire sequences. Besides, the correspondence between the different genes and their corresponding transcripts amplified has been assessed by nucleotide sequencing.

Thus, the non-amplification of any Cg-BigDef is likely due to the lack of genes instead of the existence of null alleles commonly reported in oysters [START_REF] Reece | Microsatellite marker development and analysis in the eastern oyster (Crassostrea virginica): confirmation of null alleles and non-Mendelian segregation ratios[END_REF].

Here, we have improved also knowledge about oyster big defensin diversity by the identification of novel variants for each Cg-BigDef form. Interestingly, in single individuals, we evidenced the presence of different variants for a same Cg-bigdef gene, suggesting the presence of different isoforms of a given Cg-BigDef in a same oyster. Likewise, the human DEF locus has been shown to be highly variable among individuals [START_REF] Taudien | Polymorphic segmental duplications at 8p23.1 challenge the determination of individual defensin gene repertoires and the assembly of a contiguous human reference sequence[END_REF].

Variations in the human DEF locus include the presence of different alleles for a same DEF gene, and both CNV and PAV phenomena.

PAV appeared to concern all Cg-bigdefs but more particularly the constitutively expressed Cg-bigdef3 gene that was recorded in less than 13% of the analyzed oyster population. Importantly, since we sampled animals from a same oyster hatchery, we cannot presume that the obtained frequency distribution of Cg-bigdef genes is representative of natural oyster populations or representative of the species. The three Cg-BigDefs were never seen simultaneously expressed in a single oyster, probably due to the relatively limited oyster sampling size. Indeed, based on the occurrence frequency of the three Cg-bigdefs in this oyster population, the probability of one individual carrying the three loci was calculated to be less than 2%. Any of the three big defensin forms were detected in 23.9% ( 39 [START_REF] Cuthbertson | Diversity of the penaeidin antimicrobial peptides in two shrimp species[END_REF][START_REF] O'leary | Genomic structure and transcriptional regulation of the penaeidin gene family from Litopenaeus vannamei[END_REF][START_REF] Rosa | Functional divergence in shrimp anti-lipopolysaccharide factors (ALFs): from recognition of cell wall components to antimicrobial activity[END_REF]. Each penaeidin member is encoded by a separated gene and the interindividual molecular diversity is mainly generated by DNA polymorphism within each PEN gene locus (O' Leary and Gross, 2006). The simultaneous expression of different members of a given antimicrobial peptide family in a single animal has been shown to improve its antimicrobial defenses [START_REF] Cuthbertson | Diversity of the penaeidin antimicrobial peptides in two shrimp species[END_REF][START_REF] Rosa | Functional divergence in shrimp anti-lipopolysaccharide factors (ALFs): from recognition of cell wall components to antimicrobial activity[END_REF]. [START_REF] Schmitt | Molecular diversity of antimicrobial effectors in the oyster Crassostrea gigas[END_REF]. Thus far, no transcription profiling of Cg-Defs and Cg-PRPs have been performed at the individual level but it can be assumed that PAV can also affect these effectors in oysters.

Analyses of the

To date, intraspecific variations in gene contents such as PAV have never been reported in oysters and any other non-model invertebrate species, probably because few genome sequences are available. Indeed, whole C. gigas genome has been recently sequenced from one individual [START_REF] Zhang | The oyster genome reveals stress adaptation and complexity of shell formation[END_REF]. It is noteworthy that we failed to evidence in the published database any full sequences of big defensin encoding genes [START_REF] Zhang | The oyster genome reveals stress adaptation and complexity of shell formation[END_REF].

The PAV phenomenon for big defensins or any other genes in C. gigas deserves to be fully characterized by genetic mapping or through population-scale genome sequencing.

PAV is essentially known in human and particularly in plants in which this genetic diversity is exploited in domestication programs. In human, PAV has been described for the DEFA3 gene encoding human neutrophil AMP HNP-3 [START_REF] Linzmeier | Human defensin gene copy number polymorphisms: comprehensive analysis of independent variation in alpha-and beta-defensin regions at 8p22-p23[END_REF].

Interestingly, the occurrence of DEFA3 gene is variable depending on the human geographical populations, and it has been suspected to be implicated with differences in infectious disease susceptibility [START_REF] Ballana | Inter-population variability of DEFA3 gene absence: correlation with haplotype structure and population variability[END_REF]. In our study, no correlation has been shown between the P-A prevalence of the big defensins and the intrinsic capacity of the oysters to survive experimental Vibrio infections. However, one can expect that P-A genes others than those genes encoding AMP could have substantial involvement on oyster fitness and health in the context of multifactorial disease that currently affects this species worldwide.

In plants, regions of the genome encompassing PAV have been shown to contain gene clusters involved in disease resistance [START_REF] Zhang | Genome-wide patterns of large-size presence/absence variants in sorghum[END_REF]. Thus, it is assumed that PAV may play important role in generating new pathogen resistances and they are now considered as polymorphic markers for genetic studies and breeding [START_REF] Wang | Exploration of presence/absence variation and corresponding polymorphic markers in soybean genome[END_REF][START_REF] Zhang | Genome-wide patterns of large-size presence/absence variants in sorghum[END_REF].

Overall, the great number of P-A genes observed in plants is recognized to play important roles in individual adaptation to external pressure and environmental stresses [START_REF] Haun | The composition and origins of genomic variation among individuals of the soybean reference cultivar Williams 82[END_REF][START_REF] Springer | Maize inbreds exhibit high levels of copy number variation (CNV) and presence/absence variation (PAV) in genome content[END_REF][START_REF] Swanson-Wagner | Pervasive gene content variation and copy number variation in maize and its undomesticated progenitor[END_REF]. Indeed, such structural variations imply that the missing genes in some individuals are not necessary for survival but rather contribute to the genome evolution and to the interplay with the environment [START_REF] Marroni | Structural variation and genome complexity: is dispensable really dispensable?[END_REF]. Undoubtedly, the first discovery of PAV that affect immune-related genes in oyster open questions about the functional consequences of such genome structural variation on the oyster immune responses but also on the individual capability to survive environmental, biotic and abiotic stresses. Tables Table 1. Nucleotide sequence of primers. 

  . The sample reaction mixtures were performed in a final volume of 5 μl containing 1.25 μl of preamplified cDNA (diluted 1:5), 2.5 μl of 2× TaqMan ® Gene Expression Master Mix (Applied Biosystems), 0.25 μl of 20× DNA Binding Dye Sample Loading Reagent (Fluidigm), 0.25 μl of 20× EvaGreen (Biotium) and 0.75 μl of TE buffer. Primer reaction mixtures were made in the same volume of 5 μl containing 2.5 μl of 2× Assay Loading Reagent (Fluidigm), 1.25 μl of 20 μM of forward and reverse primer mix and 1.25 μl of TE buffer. Both sample and primer reaction mixtures were loaded into the dynamic array chip that was subsequently placed on the NanoFlex TM 4-IFC Controller for loading and mixing. After approximately 50 min, the chip was transferred to the BioMark TM Real-Time PCR System.

  ; Appendix A). Specific primers were used for each Cg-BigDef form. The RT-qPCR analyses evidenced a high interindividual variability for the three Cg-BigDef transcripts. The Cg-bigdef1 and Cg-bigdef2 forms whose expression is inducible showed lower basal expression compared to the Cg-bigdef3 form, constitutively expressed. Figure 2A shows the relative mRNA abundance of Cg-BigDefs in ten individual oysters which are representatives of individual differences in basal gene expression of the 163 oysters analyzed in this study. Depending on individuals, differences reached up to 30, 27 and 7-fold for Cg-BigDef1, Cg-BigDef2 and Cg-BigDef3, respectively (Fig. 1; Fig.

  forms are likely encoded by three distinct genes We performed an exhaustive gDNA and cDNA cloning and sequencing of the Cgbigdefs from four individuals expressing one or two forms, first to ensure the authenticity of the PCR amplifications but also to gain insights into the genomic organization of the big defensin family. We sampled one individual that transcribed simultaneously Cg-BigDef1 and -2 as well as one individual that was shown to transcribe both Cg-BigDef1 and -3. Two additional individuals expressing only Cg-BigDef2 or -3 were also sampled. Both gene and cDNA sequences were obtained from these four individuals where the Cg-BigDefs were detected at the level of transcripts and genes. The obtained sequences were deposited in GenBank under the accession numbers JN251121 to JN251132. Multiple alignments of the Cg-BigDef gDNA and cDNA sequences obtained in single individuals confirmed that each oyster big defensin form is transcribed by a separated gene.

  Cg-BigDef gene expression is not associated to oyster capacity to survive virulent Vibrio infections In order to investigate whether the presence or absence of Cg-BigDefs was associated to an inherent capacity of oysters to survive infections, we have quantified the mRNA levels of all three Cg-BigDefs (Cg-BigDef1, Cg-BigDef2 and Cg-BigDef3) in 90 individual animals before a challenge with an oyster pathogen. By using a nonlethal sampling method prior to the experimental infections (Rosa et al., 2012), we have assessed the basal transcription profile of all three Cg-BigDefs in oysters able (S) and not able (NS) to survive infections by the virulent V. tasmaniensis LGP32 (=V. splendidus LGP32). Three independent experimental infections were conducted and hemolymph samples from 45 oysters of each survival capacity phenotype were obtained. The detection of Cg-BigDef transcripts and their mRNA abundance were compared in individual oysters from both S and NS phenotypes by high-throughput microfluidic RT-qPCR analyses. Transcripts of Cg-BigDef1 were detected in 25 individuals from both S and NS phenotypes whereas transcripts of Cg-BigDef2 were detected in 10 and 12 individuals from S and NS phenotypes, respectively (Table 3). Cg-BigDef3 transcripts were detected in 4 individuals from the S phenotype and in 2 from the NS phenotype. For the S phenotype, 27 and 6 individuals expressed, respectively, only one or two Cg-BigDefs (Cg-BigDef1 and Cg-BigDef2 or Cg-BigDef1 and Cg-BigDef3) and 12 oysters did not express any Cg-BigDefs (Table 3). For the NS phenotype, 4 and 31 oysters expressed, respectively, only one or two Cg-BigDefs (Cg-BigDef1 and Cg-BigDef2 or Cg-BigDef1 and Cg-BigDef3) and 10 oysters did not express any Cg-BigDefs. No oysters expressing simultaneously Cg-BigDef2 and Cg-BigDef3 or all three Cg-BigDefs were found in both S and NS phenotypes (Table

  /163) of the individuals examined. A single oyster can express only one or up two Cg-BigDefs concomitantly. Conversely, in Litopenaeus shrimp species all three members of the penaeidin family (Litvan PEN2, Litvan PEN3 and Litvan PEN4) and all four members of the antilipopolysaccharide factor (ALF) family (Litvan ALF-A, Litvan ALF-B, Litvan ALF-C and Litvan ALF-D) are simultaneously transcribed in a single individual

  Cg-bigdef gene sequences obtained from a single individual suggest that each Cg-BigDef form is encoded by a separate gene and not by different alleles from a same Cg-bigdef locus. Interestingly, the intron sequences of Cg-bigdef3 were shown to be different from those of Cg-bigdef1 and Cg-bigdef2 genes, suggesting an ancient divergence between the constitutively and the inducibly expressed forms. Likewise to Cg-BigDefs, Cg-Defs and Cg-Prps are also multigenic families whose the different members are encoded by separate genes displaying distinct gene structures
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 2 Figure 2. The lack of detection of Cg-BigDef expression is likely due to the lack of the
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 3 Figure 3. Each Cg-BigDef form is encoded by a separated gene. (A) A not-to-scale
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 4 Figure 4. Nucleotide alignment of the first exon and intron sequences from alleles of Cg-
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 5 Figure 5. Phylogeny of the oyster big defensin family. Phylogenetic trees were constructed
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