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New microsatellite DNA markers to resolve population structure of the convict surgeonfish, Acanthurus triostegus, and cross-species amplifications on thirteen other Acanthuridae

Introduction

Acanthuridae (surgeonfishes, tangs and unicornfishes) are dominant fish taxa in most coral reefs, with an ecological key role in preventing shifts from coral-to algal-dominance following disturbance [START_REF] Marshell | The role of surgeonfish (Acanthuridae) in maintaining algal turf biomass on coral reefs[END_REF].

Yet, Acanthuridae are under increasing pressure: they are heavily targeted by artisanal fishing (several unicornfish are highly prized in tropical Indo-Pacific fisheries) and/or as ornamental species, being in the top 10 of the most-frequently exported aquarium fish in trade [START_REF] Wabnitz | From ocean to aquarium: the global trade in marine ornamental species[END_REF][START_REF] Rhyne | Revealing the appetite of the marine aquarium fish trade: the volume and biodiversity of fish imported into the United States[END_REF][START_REF] Biondo | Quantifying the trade in marine ornamental fishes into Switzerland and an estimation of imports from the European Union[END_REF]. Despite its importance above, and although it is one of the most widespread coral reef fish family in coral reefs, it is one of the least studied in terms of population genetic structure. Only a few studies have investigated phylogeographical patterns and/or population genetic connectivity in these fishes, and for the majority, the genetic variation was inferred using mitochondrial DNA (mtDNA) markers [START_REF] Rocha | Adult habitat preferences, larval dispersal, and the comparative phylogeography of three Atlantic surgeonfishes (Teleostei: Acanthuridae)[END_REF][START_REF] Lessios | Crossing the impassable: genetic connections in 20 reef fishes across the eastern Pacific barrier[END_REF][START_REF] Horne | High population connectivity across the Indo-Pacific: Congruent lack of phylogeographic structure in three reef fish congeners[END_REF][START_REF] Eble | Endemism and dispersal: comparative phylogeography of three surgeonfishes across the Hawaiian Archipelago[END_REF][START_REF] Dibattista | Phylogeography of the Pacific blueline surgeonfish, Acanthurus nigroris, reveals high genetic connectivity and a cryptic endemic species in the Hawaiian archipelago[END_REF][START_REF] Dibattista | After continents divide: comparative phylogeography of reef fishes from the Red Sea and Indian Ocean[END_REF][START_REF] Selkoe | Emergent patterns of population genetic structure for a coral reef community[END_REF][START_REF] Liggins | Seascape features, rather than dispersal traits, predict spatial genetic patterns in co-distributed reef fishes[END_REF][START_REF] Otwoma | Genetic population structure of the convict surgeonfish Acanthurus triostegus: a phylogeographic reassessment across its range[END_REF]. Only a limited number of studies used nuclear microsatellite markers, despite their high resolving power for detecting divergence [START_REF] Selkoe | Microsatellites for ecologists: a practical guide to using and evaluating microsatellite markers[END_REF][START_REF] Ryman | Power for detecting genetic divergence: differences between statistical methods and marker loci[END_REF].

Currently available Acanthuridae microsatellite makers were designed from only 3 out of the 84 species of Acanthuridae: one tang, one unicornfish and one surgeonfish. The genetic structure of the yellow tang Zebrasoma flavescens was investigated throughout its Pacific distribution range using 23 specific microsatellites loci [START_REF] Christie | Isolation and characterization of 23 microsatellite loci in the yellow tang, Zebrasoma flavescens (Pisces: Acanthuridae)[END_REF]. Compared to previously used mtDNA markers, microsatellite markers provided finer estimates of the spatial subdivision of the Hawaiian population [START_REF] Eble | Escaping paradise: larval export from Hawaii in an Indo-Pacific reef fish, the yellow tang Zebrasoma flavescens[END_REF] and allowed to infer small scale larval dispersal through genetic parentage analyses in yellow tang off the Island of Hawai'i [START_REF] Christie | Larval connectivity in an effective network of marine protected areas[END_REF]. In the unicornfish Naso unicornis, the genetic relatedness among recruits was inferred using 15 specially developed microsatellites loci [START_REF] Horne | Isolation of 15 new polymorphic microsatellite markers from the blue-spine unicornfish Naso unicornis[END_REF], revealing a broad-scale genetic connectivity across the southern Marianas Islands [START_REF] Horne | Observations of migrant exchange and mixing in a coral reef fish metapopulation link scales of marine population connectivity[END_REF]. Lastly, ten microsatellite markers developed from hybrids of Acanthurus nigricans x A. leucosternon [START_REF] Dibattista | Microsatellite DNA markers to resolve population structure and hybridization of two closely related surgeonfish species, Acanthurus nigricans and Acanthurus leucosternon[END_REF] were specifically used to study introgression patterns among four species of Acanthurids and investigate evolutionary processes leading to hybridization among closely related species [START_REF] Dibattista | Surgeons and suture zones: Hybridization among four surgeonfish species in the Indo-Pacific with variable evolutionary outcomes[END_REF]. These microsatellites were latter used in two related studies exploring the genetic structure and connectivity of two species of Acanthurids at the Eastern African region scale, A. leucosternon and A. triostegus, revealing homogeneous panmictic populations at this spatial scale for the two species [START_REF] Otwoma | Do differences in mating behaviour lead to differences in connectivity patterns of reef fishes? Insights from two sympatric surgeonfish species in the Indian Ocean[END_REF][START_REF] Otwoma | Genetic connectivity in a herbivorous coral reef fish (Acanthurus leucosternon Bennet, 1833) in the Eastern African region[END_REF].

The convict surgeonfish A. triostegus is found throughout the tropical Indo-Pacific, from South African to Baja Californian reefs. The genetic population structure of A. triostegus across its entire range, using either allozymes or mtDNA sequences [START_REF] Otwoma | Genetic population structure of the convict surgeonfish Acanthurus triostegus: a phylogeographic reassessment across its range[END_REF][START_REF] Planes | Isolation by distance and vicariance drive genetic structure of a coral reef fish in the Pacific Ocean[END_REF] revealed globally congruent results: 1) a marked genetic differentiation of populations from the Hawaiian archipelago, suggesting biogeographic vicariance as an evolutionary process leading to the differentiation of the A. triostegus populations in this archipelago; and 2) a significant correlation between genetic differentiation and geographic distance among the remaining populations, indicative of an isolation by distance.

Significant genetic differentiation between the Indian and Pacific Ocean populations was found, though only 8.3% of all pairwise comparisons were significant [START_REF] Otwoma | Genetic population structure of the convict surgeonfish Acanthurus triostegus: a phylogeographic reassessment across its range[END_REF]. In addition, no significant differentiation was found across the East Pacific Barrier [START_REF] Lessios | Crossing the impassable: genetic connections in 20 reef fishes across the eastern Pacific barrier[END_REF], suggesting a great dispersal potential of this species. Nevertheless, one discrepancy among nuclear and mitochondrial markers remains with the Marquesas population being as much differentiated than the Hawaiian archipelago from the rest of the Pacific populations based on allozymes [START_REF] Planes | Isolation by distance and vicariance drive genetic structure of a coral reef fish in the Pacific Ocean[END_REF] but not based on mtDNA sequences [START_REF] Lessios | Crossing the impassable: genetic connections in 20 reef fishes across the eastern Pacific barrier[END_REF][START_REF] Liggins | Seascape features, rather than dispersal traits, predict spatial genetic patterns in co-distributed reef fishes[END_REF][START_REF] Otwoma | Genetic population structure of the convict surgeonfish Acanthurus triostegus: a phylogeographic reassessment across its range[END_REF]. This incongruity calls for additional type of markers to be used.

Here we report the development of fourteen microsatellite markers whose power to detect genetic subdivision are tested across four populations sampled across the distribution range of the species. In addition we tested cross-amplification on thirteen congeners to investigate their potential to be used more widely within the Acanthuridae family.

Material and Methods

Microsatellite library development and primer selection

Approximately 20 ng of genomic DNA was isolated from muscle tissue of one A. triostegus sampled in Moorea, French Polynesia and preserved in 80% EtOH. Size-selected fragments from genomic DNA were enriched for SSR content by using magnetic streptavidin beads and biotin-labeled CT and GT repeat oligonucleotides. The SSR-enriched library was analyzed on a Roche 454 platform using the GS FLX Titanium reagents. A total of 21'986 reads had an average length of 128 base pairs. Of these, 3'482 contained a microsatellite insert with a tetra-or a trinucleotide of at least 6 repeat units or a dinucleotide of at least 10 repeat units. Suitable primer design was possible in 1'042 reads and 32 loci were tested for PCR amplification and polymorphism on 8 individuals sampled in Moorea using the method fully detailed in Schuelke [START_REF] Schuelke | An economic method for the fluorescent labeling of PCR fragments[END_REF]. Genomic DNA was isolated from fin clips using Gentra Puregene Tissue Kit (Qiagen). Forward primers were labelled with a fluorochrome (6-FAM) by adding a universal 18-bp M13 tail at their 5′-end (5'-TGTAAAACGACGGCCAGT-3′). PCRs were performed in a total volume of 10 μL with 1X Qiagen buffer stock, 0.04 μM of forward primer tagged with the M13 tail, 0.16 μM of reverse primer, 0.16 μM of fluorescent dyed M13 primer, 0.5 U of Hotstar Taq and 10 ng of genomic DNA. The following thermocycling program was used: 95°C for 15 min + 30 × (95°C for 30 s, 56°C for 45 s, 72°C for 45 s) + 8 × (95°C for 30 s, 53°C for 45 s, 72°C for 45 s) + 72°C for 30 min. PCR products were genotyped using an ABI3730 sequencer (Applied Biosystems) with the GS-LIZ-500 Size Standard (Applied Biosystems). Microsatellite peaks in the electropherograms were examined and the most promising 14 microsatellite loci were selected for further genotyping and analysis based on the fact that (1) primer pairs amplified fragments in all eight individuals, (2) the number of different alleles was higher than 25% (i.e. at least 4 out of the 16 possible amplified alleles), and (3) they did not amplify multiple fragments (Table 1).

Polymorphism and cross-amplification testing

The final set of 14 microsatellite loci selected were further characterized by genotyping individuals sampled in four locations: three islands of the Pacific Ocean-Moorea in French Polynesia, Grande Terre in New Caledonia, and Loloata Island in Papua New Guinea and one island in the Western Indian Ocean, Mayotte (Table 1). Genomic DNA was isolated from fin clips using Gentra Puregene Tissue Kit (Qiagen). PCR reactions were performed using Type-It Microsatellite (Qiagen) in two distinct multiplexes of 5 μl final volume containing 1X Master Mix, 0.5X of Q-solution, 0.1 μM of each primer (fluorescent-labeled forward primer 6-FAM, PET, NED or VIC) and 50 to 150 ng of DNA template (Table 1). All PCRs were conducted in GeneAMP PCR System 9700 (Applied Biosystems) and a unique program was used to amplify the two multiplexes, consisting of 5 min at 94°C, 28 cycles at 95°C for 30 s, 58°C for 90 s and 72°C for 30 s, and a final step at 60°C for 30 min.

Fluorescent PCR fragments were visualized on an ABI 3130XL Genetic Analyser (Applied Biosystems) with GS-500-LIZ (Applied Biosystems). Alleles were sized using GeneMapper® (Applied Biosystems).

Cross-species amplification was tested on 13 species of 3 genus of Acanthuridae sampled in New Caledonia (A. albipectoralis, A. blochii, A. dussmieri, A. nigricauda, A. nigrofuscus, A. olivaceus) and in Moorea (A. nigricans, A. pyroferus, A. xanteptorus, Ctenochaetus birotatus, C. flavicauda, C. striatus and Naso lituratus). PCR were conducted in the exact same conditions as described above. We will then only report the number of loci that amplified, the number of alleles observed for each loci and the size range of the alleles.

Data analysis for Acanthurus triostegus

Genetic diversity within samples was estimated at the fourteen loci from the observed (H O ) and expected (H E ) heterozygosities in GENETIX 4.05 [START_REF] Belkhir | GENETIX 4.05, logiciel sous Windows TM pour la génétique des populations[END_REF]. Deviations from Hardy-Weinberg (HW) equilibrium were estimated for each loci using Weir & Cockerham's [START_REF] Weir | Estimating F-Statistics for the analysis of population structure[END_REF] estimator of the F IS inbreeding coefficient, and departures from HW expectations were tested using the probability test in GENEPOP v 4.7.5 on the web [START_REF] Raymond | GENEPOP (Version 1.2): Population genetics software for exact tests and ecumenicism[END_REF][START_REF] Rousset | genepop'007: a complete re-implementation of the genepop software for Windows and Linux[END_REF] with default Markov chain parameters and applying a standard Bonferroni correction [START_REF] Rice | Analyzing Tables of Statistical Tests[END_REF]. Genotypic linkage disequilibrium among loci was tested using GENEPOP for each sample. MICRO-CHECKER 2.2.3 [START_REF] Oosterhout | micro-checker: software for identifying and correcting genotyping errors in microsatellite data[END_REF] was used to screen for the presence of null alleles, scoring error due to stuttering and large allele dropout.

Pairwise genetic divergence between samples was estimated using Weir & Cockerham's [START_REF] Belkhir | GENETIX 4.05, logiciel sous Windows TM pour la génétique des populations[END_REF] multilocus estimator of F ST (ˆθ) in GENETIX. The genic differentiation for each population pair was tested using the exact G test of GENEPOP. The sequential Bonferroni correction [START_REF] Rice | Analyzing Tables of Statistical Tests[END_REF] was applied for each test. The population structure was further examined using a Discriminant Analysis of Principal Components (DAPC) procedure described by Jombart et al. [START_REF] Jombart | Discriminant analysis of principal components: a new method for the analysis of genetically structured populations[END_REF] to identify the number of genetically distinct clusters (K) present in the dataset. We chose this method as it does not make any assumption about HWE or linkage equilibrium and transforms genotypes using PCA as a prior step to a discriminant analysis. DAPC was run using the adegenet package [START_REF] Jombart | adegenet: a R package for the multivariate analysis of genetic markers[END_REF] for R (R Development Core Team 2016). For comparison, we also performed a Bayesian analysis using STRUCTURE 2.3.4 [START_REF] Pritchard | Inference of population structure using multilocus genotype data[END_REF] to determine the most likely number of genetically distinct clusters (K) among the 156 genotyped individuals. Conditions were set to 500 000 chain length after a burn-in of 50 000, assuming admixture and using the location prior option. Percentage of membership of each individual to each cluster (K=1 to K=5) were obtained pooling the results of 10 independent runs with CLUMPP 1.1.2 [START_REF] Jakobsson | CLUMPP: a cluster matching and permutation program for dealing with label switching and multimodality in analysis of population structure[END_REF] and were graphically displayed using DISTRUCT [START_REF] Rosenberg | distruct: a program for the graphical display of population structure[END_REF].

Results and discussion

Characterization of microsatellite loci

Sequences of the 14 selected loci are available on GenBank with accession numbers from MT876122-MT876135 and primer sequences are presented in Table 1. Within the sample from Moorea (the original location of the fish used to isolate all the microsatellite loci), between 5 and 22 alleles (mean = 14.14) were observed per locus, very similar to what found in Naso unicornis [START_REF] Horne | Isolation of 15 new polymorphic microsatellite markers from the blue-spine unicornfish Naso unicornis[END_REF] and Zebrasoma flavescens [START_REF] Christie | Isolation and characterization of 23 microsatellite loci in the yellow tang, Zebrasoma flavescens (Pisces: Acanthuridae)[END_REF] microsatellite loci. Expected heterozygosity values ranged from 0.692 to 0.925 (0.840 over all loci) (Table 1). No significant genotypic linkage disequilibrium among loci was found but significant deviation from HW expectations was observed in a single locus, Acatri_13915 (F IS =0.523, P <0.0001). This excess of homozygotes was attributed to the presence of null alleles. For Acatri_09917, null alleles were also found to be present, but with no significant departure from HW expectations.

Within the three other samples (New Caledonia, Loloata Isl. and Mayotte), the genetic diversity was similar, with a number of alleles per locus between 7 and 24 and mean number of alleles ranging from 11.21 in New Caledonia to 15.07 in Mayotte (Table 1). Expected heterozygosity values ranged from 0.468 to 0.941 (with mean values over all loci ranging from 0.822 in Mayotte to 0.850 in Loloata Isl.).

Significant deviations from HW expectations were observed for Acatri_13915 (F IS =0.237, P <0.0001) in Mayotte, and for Acatri_09917 in Mayotte (F IS =0.173, P <0.0001), Loloata Isl. (F IS =0.210, P <0.0001) and New Caledonia (F IS =0.382, P <0.0001). In all these cases, the deficits of homozygotes were attributed to the occurrence of null alleles.

Detection of significant genetic structure

Pairwise genetic divergence among samples were significant for all pairwise comparisons except between New Caledonia and Loloata island, the closest sampled populations. Genetic differentiation estimates ranged from 0.00097 (exact P-value=0.087) between New Caledonia and Loloata island to 0.03786 (P<10 -11 ) between Mayotte and Loloata Isl.

The strong distinctiveness of the Indian Ocean sample, Mayotte, was further confirmed by the two different clustering approaches. The STRUCTURE analysis revealed that the best partition was obtained for K=2, with all Indian Ocean individuals (i.e. Mayotte) belonging to cluster 1, and all Pacific Ocean individuals (i.e. Loloata Isl., New Caledonia and Moorea) belonging to cluster 2 (Fig. 1a). The results of DAPC (Fig. 1b andc) are largely consistent with those of the Bayesian analysis showing that all analysed individuals are separated in two distinct genetic clusters, one cluster being represented by most of the Indian Ocean individuals, and the second, by most of the Pacific Ocean individuals. The occurrence of Pacific Ocean individuals belonging to the Indian Ocean cluster (Fig. 1c) may represent directional gene flow from the Pacific Ocean to the Indian Ocean and/or homoplasy.

Cross-species amplifications

Cross-species amplification tests (Table 2) resulted in 10 loci amplifying in A. nigricans (Anig), 8 loci amplifying in A. pyroferus (Apyr), C. striatus (Cstri) and C. birotatus (Cbir), 7 loci amplifying in A. xanteptorus (Axan) and A. olivaceus (Aoli), 6 loci amplifying in A. albipectoralis (Aalb), A. nigricauda (Anic), A. nigrofuscus (Anif) and Ctenochaetus flavicauda (Cfla), 5 loci amplifying in A. dussmieri (Adus), and 4 loci amplifying in Naso lituratus (Nlit) and A. blochii (Ablo), though lower annealing temperatures may be tested to improve these successes. The rather good transferability of A. triostegus microsatellite markers towards other Acanthuridae species considered here may be attributed to the phylogenetic placement of A. triostegus branching off from the clade containing all Acanthurus + Ctenochaetus species but A. thompsoni [START_REF] Sorenson | A multi-locus timetree of surgeonfishes (Acanthuridae, Percomorpha), with revised family taxonomy[END_REF].

These markers are currently being -or will be -used to investigate historical biogeography, population connectivity at various spatial scales, larval recruitment patterns, hybridization, and speciation in reef fishes. 

Figure 1 :

 1 Figure 1: Population differentiation of A. triostegus populations based on the analysis of 14 microsatellite loci. STRUCTURE assignment plot showing individual's posterior probabilities of membership to each of the two clusters (a). DAPC scatter plots of the first discriminant function of the Principal Component Analysis (PCA) representing individual densities based on their membership to each cluster (b), or based on their population of origin (c). MAY: Mayotte, south Western Indian Ocean; LOL: Loloata Island, Papua New Guinea; NCA: New Caledonia and MOO: Moorea, French Polynesia.

Table 1 :

 1 Characteristics of 14 microsatellite loci isolated in Acanthurus triostegus. Dye = fluorescent dye used for each forward primer, Mix = multiplex in which each loci 346 was amplified. Size: observed amplified fragment size range (in bp). Genetic diversity indexes per loci and over all loci, within each sample (MOO: Moorea; NCA: New 347 Caledonia; LOL: Loloata Island; MAY: Mayotte). N= Number of analyzed individuals; Na: Number of alleles; H E : expected heterozygosity; H O : observed heterozygosity; F IS : 348 Weir & Cockerham's (1984) inbreeding coefficient. * = significant after standard Bonferroni correction. 349

	MOO (N=47)	NCA (N=24)	LOL (N=33)	MAY (N=52)

Table 2 :

 2 Cross species amplification of fourteen loci isolated in Acanthurus triostegus tested in thirteen Acanthuridae species. For each species, the total number of individual used is indicated in parenthesis (n=). Then for each locus, the first number indicates the number of amplified alleles, followed by the number of amplified individuals in parenthesis. Range: range size of the amplified fragments (in base pairs). -: no amplification.

(8) -2 (5) 5 (8) --7 (7) -3(7)

(4) -1 (6) --2 (3) -5 (6) -2(5)
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