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Introduction

The first markers used for genetic analysis were morphological traits transmitted by mendelian inheritance. More simply, any character genetically determined is considered as a genetic marker.

Molecular genetic markers (MGMs) directly reflect the variation at the level of DNA.

Rapid technical as well as theoretical advances greatly modified the range of tools available for the study of biodiversity [START_REF] Waser | Genetic signatures of interpopulation dispersal[END_REF][START_REF] Luikart | Statistical analysis of microsatellite DNA data[END_REF][START_REF] Sunnucks | Efficient genetic markers for population biology[END_REF] and, despite the amount of literature available [START_REF] Avise | Molecular markers, Natural history and Evolution[END_REF][START_REF] Dowling | Nucleic Acids III:Analysis of fragments and restriction sites[END_REF][START_REF] Carvalho | Molecular Ecology: Origins and Approach[END_REF][START_REF] Fe´ral | How useful are genetic markers in attempts to understand and manage marine biodiversity?[END_REF][START_REF] Zhang | Nuclear DNA analyses in genetic studies of populations:practice, problems and prospects[END_REF], it may be difficult for those not familiar with molecular tools, population genetics or phylogenetic concepts to choose the right one. Methods detailed in this paper are those which allow one to reveal hitherto unknown variants, and are potentially applicable to any taxon (i.e., for which DNA sequences are not available), excluding therefore all diagnostic approaches sensu lato (e.g., fluorescence in situ hybridization, FISH; or single nucleotide polymorphisms, SNPs; [START_REF] Amann | Phylogenetic identification and in situ detection of individual microbial cells without cultivation[END_REF][START_REF] Kwok | Detection of Single Nucleotide Polymorphism[END_REF])).

To be properly made, the design of a MGM (or a set of MGMs) must follow three successive steps which correspond to the frame of the paper (Figure 1): (1) choice of the level of variability and of the criteria of the nature of information, (2) choice of the DNA region and (3) choice of the technique. The first step consists in determining the criteria to be fulfilled by the MGM in order to answer the biological question asked. These criteria can be separated in two categories, first, the level of variability, second, all criteria concerning the nature of the information (e.g., dominance/ codominance, recombination, ...). Then, appropriate MGMs should be designed according to these criteria. Often, MGMs are confused either with a technique (e.g., single strand conformation polymorphism, SSCP), or with a DNA region (e.g. mt-DNA), but considering the DNA region and the technique as independent and complementary components of MGM definition is necessary to properly organize the information for guiding the choice of appropriate MGMs. In effect, the choice of the DNA region, which is the second step of MGM design, is the main determinant of the level of variability and also determines some key features of the nature of the information (ploidy, inheritance, availability of a database), whereas the choice of the technique, the third step, determines the other features of the nature of the information (codominance, possibility of assessing evolutionary relationships among alleles). I emphasize, and this will be demonstrated in the paragraph about the nature of the information, that using a combination of different types of MGMs is synergistic. Though this paper is not aimed at providing protocols, some ''bench'' details, which are not available in general reviews and appeared decisive in the building of the MGM, are given.

The criteria (first step)

Population genetics theory allows deducing biological parameters from genetic marker data. Table 1 gives an overview of the most common questions addressed using MGMs. Historically, the mathematical relationships, which were first used, were derived under the equilibrium assumption (i.e., the parameter value at generation Comparison among independent loci distinguishes patterns due to migration, which similarly affect all loci from those due to selection.

2 One dominant marker yielding a high number of polymorphic fragments (each corresponding to a dominant locus) may provide finer resolution (exclusion probabilities) than few codominant loci [START_REF] Gerber | Comparison of microsatellites and amplified fragment length polymorphism markers for parentage analysis[END_REF] when one parent is known.

3 Methods using Multilocus genotypes are still less employed than monolocus ones though they are powerful for studying population admixture, migrant numbers, and demographic variations [START_REF] Waser | Genetic signatures of interpopulation dispersal[END_REF][START_REF] Davies | Determining the source of individuals:multilocus genotyping in nonequilibrium population genetics[END_REF][START_REF] Vitalis | Estimation of effective population size and migration rate from one-and two-locus identity measures[END_REF]). 4 LSU: Large sub-unit. SSU: small sub-unit. Estimates are taken from references of last column. For micro-and minisatellites, mutation rates (l) are given in the number of mutation per generation (g) and per locus (l). In other cases, nucleotidic substitution rates (K) are given (for coding DNA, synonymous (K s ) or non-synonymous (K a )), in % substitution per million year. When no group is specified, estimates are from mammals, or Drosophila.
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The symbol ''-'' refers to nearly empty databases which may grow, ''No'' means that no database grouping homologous data from a variety of divergent taxa is possible. Only protostome and deuterostome phyla represented by several genera are listed but other phyla (e.g. sponges, cnidarians) form mitochondrial databases.

3 Enzymatic electrophoresis only reveals about 1/3 of the differences existing in protein sequences.

4

Lower (respectively higher) value is the average of 45 genes in mammals (resp. 32 in drosophila). [START_REF] Templeton | Nested clade analyses of phylogeographic data:testing hypotheses about gene flow and population history[END_REF][START_REF] Davies | Determining the source of individuals:multilocus genotyping in nonequilibrium population genetics[END_REF]. All MGMs are not equally suitable to make different types of biological inferences. Two classes of criteria must be considered, the variability, and the nature of the information given.

Variability: origin and quantification at the DNA level

According to the level of biodiversity under study, a given level of variability of the marker is required. High to very high levels of variability are required for intra-population purposes (e.g., parentage analyses, reproductive systems, demographic history). Medium to high variability is adequate when distinct populations are compared (e.g., phylogeography, definition of evolutionary significant units). Phylogenetic studies require moderate to very low variability (ca. 1% per million year (%/ my) for close species, ca. 0.1%/my when distinct genera/families are compared and ca. 0.01%/my for inferring relationships between different classes or phyla; inferred from Table 2). Excessive variability may lead to homoplasy (i.e., coexistence of identical variants of independent evolutionary origins).

Understanding how evolutionary forces (mutation, selection, drift and migration) create and remove variability at the DNA level (Box 1) helps us to choose the right molecular marker. Data of primary (nucleotide sequence) and secondary (folding of single strand DNA) structures of DNA sequences may give information on their variability. For instance, repetitive sequences are more mutable and therefore provide more variable markers. Moreover, if the sequence is apparently incompatible with protein coding frames (e.g., presence of long dinucleotide repeats, stop codons), there is an increased probability that selective constraints are weak, so that less mutations are eliminated by selection and more mutations contribute to polymorphism.

There are two fundamental classes of variability measures from MGM data, polymorphism (e.g. expected heterozygosity H e , or its equivalent for haploid data, ''haplotypic diversity'') (which estimation only requires to know the frequency of all variants), and substitution rates K (which estimation requires sequence data) (Box 1). Nucleotide diversity (Pi) combines these two types of measures, using both sequence data and allele frequency data. Theory tells us that in the absence of selection (neutrality) these values only depend on the mutation rate of the DNA region characterized by the genetic marker and eventually (for polymorphism and diversity) on the effective size (Box 1). Mutation rates are generally unknown, but estimates can be inferred from neutral markers (Box 1). Two studies on fish provide a nice illustration of the double influence of the effective size of the population and the mutation rate of the DNA region on the level of polymorphism. Expected heterozygosity, H e , is significantly smaller in freshwater than anadromous, and anadromous than marine fish populations, either with allozymic markers [START_REF] Ward | A comparison of genetic diversity levels in marine, freshwater, and anadromous fihes[END_REF] (H e are respectively 0.046, 0.052 and 0.059) or with microsatellite loci (DeWoody and [START_REF] Dewoody | Microsatellite variation in marine, freshwater and anadromous fishes compared with other animals[END_REF] (respective H e : 0.54, 0.68 and 0.77); and H e from allozymes were significantly smaller than from microsatellites. In practice, these measures of variability are simply deduced from the data given by the MGM (Box 1).

Information on evolutionary rates is useful for choosing an MGM because the relative evolutionary rates of different molecules are usually conserved across lineages. For example, small subunit rDNA of nuclear genomes always evolves about two orders of magnitude more slowly than 16 S mt-DNA, its mitochondrial counterpart 
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Often both homoduplexes of a heterozygote comigrate even in a denaturing gel, heteroduplexes are more easily detected (mismatched dsDNA migration is slow)

3

In general RFLP from genomic DNA were used as dominant data but some minisatellites provide codominant markers. Use of this technique has decreased since microsatellites were developed.

(Table 2) for a given species. Whenever possible, validation of evolutionary rates must be performed using independent (palaeontological, geological or biogeographical) information since these rates vary among lineages. Variation also occurs among sites for a given molecule (e.g., 18 S rDNA; [START_REF] Hillis | Ribosomal DNA:molecular evolution and phylogenetic inference[END_REF], some sites may be ''saturated'' (causing homoplasy) for a given species set even though a high proportion of sites are invariant and distances between sequences seem moderate when calculated globally [START_REF] Tourasse | Evolutionary distances between nucleotide sequences based on the distribution of substitution rates among sites as estimated by parsimony[END_REF].

The nature of the information

The nature of the information provided by different MGMs is very variable, and the features of the nature of the information which are most desirable vary according to the biological question asked. Six features must be considered. First, ploidy of the marker, which depends on its genomic localization, is crucial. (i) The effective number of copies is inversely related to the strength of genetic drift; haploid mitochondrial or chloroplastic DNA is more sensitive to genetic drift than diploid nuclear DNA (Box 1), hence it can reveal isolation between populations which occurred four times more recently than a nuclear DNA marker with the same mutation rate [START_REF] Palumbi | Predicting nuclear gene coalescence from mitochondrial data:the three-times rule[END_REF]. (ii) Unambiguous sequence data are much simpler to obtain for haploid markers: for nuclear DNA regions, obtaining the nucleotide sequence of both alleles of a heterozygote individual requires cloning and multiple sequencing which forbids analysis of large samples, or the combined use of DNA conformation techniques which may not reveal all variants (see below). (iii) Diploid loci are the only ones able to provide the so-called codominant information (see next criterion).

Second, MGM provide either a molecular phenotype, that is, an array of presence /absence data of given fragments (dominant markers) or a genotype, that is, both alleles of diploid individuals are characterized (codominant markers), which is a more precise information. Diploid genotypic data (or codominant data) are necessary to estimate heterozygote deficiency, hence consanguinity.

Table 3. (continued)

5 Assuming models of mutation, one may compute relationships between alleles according to their sizes, but homoplasy is greater than for allele relationships deduced from nonrepetitious sequence data.
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In microsatellites, risks of null alleles are greater than other markers for which primers are systematically designed in coding regions, and polymerase stuttering produces ''phantom bands''.
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There are risks of small allele dominance if allele sizes vary greatly. This affects reliability rather than reproducibility.

8

Codominant markers can be obtained from fragments after isolation and sequencing, more easily with DALP and AFLP than RAPD since cloning is required when fragments are generated from a single primer. 9

Distances between individuals or variants can be calculated from the number of shared bands but it is impossible to reconstruct evolutionary relationships between alleles, a necessary step for coalescence approaches.

Third, inheritance may be biparental (autosomes, X or Z chromosomes, chloroplast DNA in some species, mt-DNA in mussels), paternal (Y chromosome, chloroplast DNA in some plants), or maternal (W chromosome, mt-DNA in animals and many plants, chloroplasts in some plants) (Table 2). Combination in the same study of markers of different inheritance allows, for instance, the comparison of male and female migration (Prugnolle and De Meeuˆs, 2002) or male and female success in reproduction [START_REF] Poteaux | Microsatellite polymorphism and genetic impact of restocking in Mediterranean brown trout (Salmo trutta L.)[END_REF].

Fourth, recombination may exist (autosomes in most diploid eukaryotes, mt-DNA in plants), or not (species without crossing-over, mt-DNA of animals, part of the X, and Y chromosomes, chloroplastic DNA) in the DNA region characterized (Table 2). In the latter case, theoretical Table 4. Approximate cost in euros (for a small european laboratory in 2005) for all steps of most used techniques for 100 individuals. Prices depend upon the size of the laboratory, and the relative prices among techniques evolve rapidly. Facultative steps, proteinase K (alternative to grinding) and post-staining by other products than ethidium bromide (cost of ethidium bromide is negligible) are in italics. I consider that yellow tips are purchased in racks, not bulk, and that molecular weight markers giving regularly spaced fragments every 100 bp are used, eventually in addition to 20 bp spaced fragments, in two or three lanes per gel. Abbreviations ''H'' and ''V'' refer to ''horizontal'' and ''vertical'' gels. Three methods are compared for DNA extraction: chelex, classical phenol chloroform method and commercial kits (the Nucleon kit (APB biotech)). Yellow tips are included in cost estimation, as well as plastic PCR plates and plastic vials, except for electrophoresis loading where tips are not counted for 100 individuals since they may eventually be re-used after rinsing in the electrophoretic buffer. Using automatic sequencers, fragment size determination may be performed accurately for an approximate cost of 300 e per hundred samples including internal size standards, by private companies. PCR are in a volume of 20 ll Technical task (for 100 samples)

Cost (e) 

DNA

Selection

Most mutations are either neutral (the majority) or deleterious (these ones are rapidly eliminated from the population and do not contribute to polymorphism), rare mutations are favorable (these ones will spread and reach a frequency of 1). Polymorphism is thus created mostly by neutral mutations, but also, in rare cases, by heterosis (the heterozygote genotype is fitter than the homozygotes) or balancing selection (the selective value varies because of a changing environment). Some DNA regions are not subjected to selection (neutral), while others evolve under selective constraints. A posteriori evidence is provided by comparisons of substitution rates (see below), but it is very problematical to identify constrained and neutral sequences a priori (ORF-looking sequences may be recent pseudogenes and non-protein coding sequences may be functional e ). Pseudogenes on average evolve even more quickly than introns f

. Constrained DNA sequences generally evolve more slowly than unconstrained ones for a given mutation rate. However, some particular genes such as those involved in biotic interactions (immunity, incompatibility,...) display higher substitution rates, with newly arisen variants being positively selected duet o their low frequency (advantage of being rare). Confusion is often made between the role of selection and mutation at the DNA level, since direct assessment of mutation rate is very rare, and ''more mutation'' or ''less purifying selection'' have the same effect: increased polymorphism''. Polymorphism is not produced by mutation alone, but from the joint action of mutation, drift, selection and migration.

One common mistake among biologists ignoring the neutralist theory of evolution consists of the assumption that in DNA regions which have a known function all variants represent particular adaptations, even though the major part of the observed variation at the DNA level is neutral g (Box 2).

Migration MGM from different genomic localizations are not equally sensitive to male and female migration (e.g. if males but not females disperse in an animal species where males are the heterogametic sex, gene frequencies from Y chromosome markers may be identical in all populations, but mt-DNA markers may reveal differentiation). However, one must note that other factors do differ among genomic compartments, and molecular evolution predictions are not straightforward (e.g. the mutation rate may be higher in the male germ line h

).

Theory: Variability (He, K or Pi) expressed as a function of evolutionary forces

A substitution occurs when a mutation becomes fixed in a lineage -The substitution rate, K, is a function of the distribution of the selective values of mutations s, their rate l, and the effective size of the population or species, N e .

-Mutations which are deleterious enough relative to genetic drift (N e s >1) are eliminated quickly and never reach fixation. Otherwise, some slightly deleterious mutations may eventually become fixed by random genetic drift.

-I f l is the rate of neutral mutations, K = l.

For some non coding regions, all mutations may be neutral, allowing to estimate the mutation rate by the observation of divergence rates.

-Synonymous nucleotide mutations are those that do not change the encoded amino-acid and therefore should often be neutral. For many different genes, synonymous substitution rates (Ks) are very similar (10 -9

/site/year) whereas non synonymous substitution rates vary widely, suggesting that Ks is actually the mutation rate i l and that favorable mutations are negligible (see below).

-Favourable mutations become fixed at the rate: K = 4N e sl (if l represents their rate). This formula is not very useful since observable data do not permit inference of the distribution of selective values among mutations.

-The expected polymorphism for a neutral marker also is a simple function of l and N e , which may be expressed by H e , the proportion of heterozygotes expected in an isolated population at Hardy-Weinberg equilibrium: H e =4 N e l/(1+4N e l).

-The nucleotide diversity for a neutral marker is Pi = 4N e l.

Practice: Variability as a function of observed data from MGM

Simple formulae allow to estimate K, He and Pi: -To estimate K from the data, one may divide the evolutionary distance (D) between two sequences by their divergence time (T): K = D/2T. To calculate an evolutionary distance, from the observed proportions of differences between two sequences (distinct categories of differences are considered for some models) different models of mutation may be assumed, some of which attempt to correct for saturation, rate variation ...(chapter 5 in Page and Holmes, 1998 j

).

-Estimating H e from genetic marker data is straightforward (H e is the proportion of heterozygotes expected in a population at the Hardy-Weinberg equilibrium displaying the observed allele frequencies):

H e =1-S p i 2
.( p i being the frequency of the i th allele).

-Pi is the mean number of nucleotide differences per site between individuals of the sample. Pi =(S x

ii .)/ n c (x ii being number of differences per site between i and j, n c the number of comparisons).

deductions are simplified because there are less unknown parameters.

Fifth, there may be a universal database for an MGM (e.g. sequences of the small subunit ribosomal RNA is known from species of nearly all phyla). In such a case, information is homologous thus comparable to data obtained by the same marker in other taxa, variation of evolutionary rates can be tested and divergence times may eventually be estimated.

Sixth, and very important, evolutionary relationships between variants may be reconstructed (e.g., from sequence data, or, less reliably, from repeat numbers) provided an evolutionary model, depending on DNA region, is assumed. In such cases, data analyses are potentially much more powerful [START_REF] Templeton | Nested clade analyses of phylogeographic data:testing hypotheses about gene flow and population history[END_REF]. Furthermore, selective effects can be detected from the analysis of DNA sequences [START_REF] Yang | Statistical methods for detecting molecular adaptation[END_REF][START_REF] Nielsen | Statistical tests of selective neutrality in the age of genomics[END_REF].

It is therefore clear that no ideal MGM exists, because these ''ideal'' properties are often mutually exclusive. For example, diploid codominant markers are necessary to assess consanguinity, but haploid markers are the best ones to infer evolutionary relationships among variants (since it requires unambiguous sequence information). Choosing a set of MGMs displaying complementary properties relative to the nature of the information [START_REF] Buonaccorsi | Reconciling patterns of inter-ocean molecular variance from four classes of molecular markers in blue-marlin (Makaira nigricans)[END_REF]) is therefore synergistic. Though for a given type of marker, it is highly recommended to use several physically independent loci (e.g., various microsatellites or random amplified polymorphic DNA (RAPD) fragments), this condition obviously cannot be fulfilled for mt-DNA markers. In many cases, the use of well known mitochondrial regions (for animals) or chloroplastic regions for plants, combined with diploid codominant markers appears as a good solution. Presently, identification of polymorphic codominant markers for new taxa still requires preliminary research but with the growing number of sequenced genomes, more EPIC loci (Exon Primed Intron Crossing), working across high taxonomic levels should become available by identification of conserved intron positions and design of degenerate primers in the flanking exons. When the problem of '' heterozygote sequencing'' will be resolved (i.e., when the sequence of the two alleles of the same locus mixed as a result of polymerizing chain reaction (PCR) from an 

Selected versus neutral markers: a misleading distinction

Markers from coding and non-coding DNA regions (e.g. allozymes and microsatellites) are often considered as ''selected'' and ''neutral'' markers respectively. This may be misleading because: i) microsatellites (or other non protein coding DNAs) may be physically linked to selected loci and in linkage disequilibrium with them, therefore microsatellites may reflect the evolution of a selected region and ii)

different enzymatic alleles (allozymes) are in general selectively equivalent (cases of balanced polymorphism, where different alleles are favoured in different environments, are rare).

Arguing that these two kinds of markers will reflect different evolutionary processes, i.e.

neutral processes reflecting mutation, drift and migration, or selected processes reflecting adaptation is fallacious. The predictable difference is that in constrained DNA many mutations are eliminated by selection whereas in non constrained DNA all mutations contribute to polymorphism (but a microsatellite locus physically close to a constrained locus will display low polymorphism). For a given mutation rate, polymorphism may thus be higher in non constrained DNA regions (Box 1). Studies suggesting selection in allozymes and not in microsatellites for given species are rare ab . Automatic sequencers provide by far the highest throughput of all widespread electrophoresis and detection systems.

Fluorescence scanning associated with wide electrophoresis plates also allows great time savings.

Some electrophoretic conditions

require much longer migrations than others: SSCP must run at very low power (unlike denaturing gels) and therefore may be about five times slower than separation by length (e.g. 10 hours instead of 2 hours). Smaller plates allow more rapid electrophoresis (less resistance, simpler cooling systems) but do not separate variants as well.

Fragment size. Smaller fragments allow shorter migration time, and easier detection of small absolute size differences. Therefore, it is recommended to choose primers close enough to variable sites (for length or conformation variant separation).

Number of loci per lane.

Multiplexing can consist of mixing several primer pairs in a PCR (which requires careful optimization a

) or migrating amplicons from several loci in the same lane. Fluorescence technology (scanner or automated sequencer) may allow the use of different fluorophores, allowing loci with overlapping allele sizes to be mixed. Random PCR techniques give multilocus phenotypes: the gain in information quantity may be balanced by time wasted in uneasy reading and interpreting those types of data (mutliple fragments of different intensity).

heterozygote can be determined simultaneously), the use of such powerful markers will spread rapidly.

Practical criteria

The practical criteria are not directly related to the biological questions and can be considered at the end of the process of designing MGMs. Eight practical criteria are important (Figure 1, Tables 3 and4, Box 2): (1) ease of field sampling, (2) repeatability of technique, (3) readability of the data (difficulty arise when the distinct DNA fragments of interest display intensity variation), (4) preliminary set-up, before routine conditions are established (requires variable amounts of time and money), ( 5) manipulation of hazardous products such as radioisotopes and mutagens (generally depends on the detection method), (6) technical complexity of routine typing, once primary set-up has been performed, ( 7) throughput (the number of samples which can be processed per day per person, once preliminary set-up has been completed) depends on the equipment of the laboratory) and ( 8) cost. The second part of the paper gives information to allow one to estimate these practical criteria, except for technical complexity, which strongly depends on laboratory equipment and personal preferences.

DNA regions and Techniques available to build your own MGMs

Choice of the DNA regions (second step)

The DNA region is the primary determinant of the variability of the MGM and determines several features of the nature of the information, which are detailed in Table 2. Estimates of variability which are theoretically independent of life history traits (s.l.) and contingent factors affecting the populations are more useful for choosing MGMs (Box 1). For this reason, neutral substitution rates or mutation rates, rather than estimates of polymorphism, are given in Table 2. The range of variation among DNA regions is much greater than among lineages. Comparative studies of evolutionary rates of various DNA regions in a given sample of taxa are still rare [START_REF] Pesole | Nucleotide substitution rate of mammalian mitochondrial genomes[END_REF][START_REF] Rokas | A maximum-likelihood analysis of eight phylogenetic markers in gallwasps (Hymenoptera:Cynipidae):implications for insect phylogenetic studies[END_REF]. DNA regions suitable for MGMs are known in any genome compartment (nuclear and cytoplasmic) and also, for few taxonomic groups, in sexual chromosomes. Small subunit rDNA was the marker of choice for phylogenetics at high taxonomic levels for a long time but several protein coding genes sequences are now available for a number of highly divergent taxa [START_REF] Roger | An evaluation of elongation factor 1 alpha as a phylogenetic marker for eukaryotes[END_REF][START_REF] Graur | Fundamentals of Molecular Evolution[END_REF][START_REF] Rokas | A maximum-likelihood analysis of eight phylogenetic markers in gallwasps (Hymenoptera:Cynipidae):implications for insect phylogenetic studies[END_REF]. Several regions of mt-DNA, with contrasting evolutionary rates, are intensively used in a diversity of animal groups (the regions forming the largest databases are reported in Table 2). Though two D-loop domains are famous for being the most rapidly evolving regions, synonymous changes or third codon positions of any mitochondrial gene display a similar variability [START_REF] Pesole | Nucleotide substitution rate of mammalian mitochondrial genomes[END_REF]) while being easier to align since insertions and deletions are very rare and are multiples of three bases in mitochondrial coding regions. The 16 S rDNA has the largest database of the low variability mitochondrial regions (i.e., tRNAs and rRNAs). Numerous studies report rate variation between lineages (see [START_REF] Caccone | Mitochondrial DNA rates and biogeography in European newts (genus Euproctus)[END_REF] for vertebrates).

Some approaches reveal polymorphism from random target PCR (RAPD, amplification fragment length polymorphism, AFLP; DALP, ISSR): small primers are used to generate a pattern of presence/absence of fragments of different size, providing dominant markers. Alternatively, the DNA region characterized is a priori defined (i.e., between a pair of PCR primers encompassing a known nucleotide sequence). Several regions, coding or not, homologous between highly diverged species, are widely used (Table 2). Introns are particularly interesting since they are probably often selectively neutral and highly polymorphic. Choosing primers in the flanking constrained exon sequences (EPIC PCR) theoretically provides polymorphic markers working in diverged species and not subjected to null alleles (often due to nonbinding of PCR primers). Introns often display insertions and deletions which facilitate their genotyping (size variation) and may be highly variable [START_REF] Ohresser | Intron-length polymorphism at the actin locus Mac-1:a genetic marker for population studies in the marine mussels Mytilus galloprovincialis Lmk. and M. edulis L[END_REF][START_REF] Bierne | Screening for intron-length polymorphisms in penaeid shrimps using exon-primed intron-crossing (EPIC)-PCR[END_REF]. Some intron positions appear conserved across phylogenetically distant organisms or even among phyla [START_REF] Palumbi | Nucleic Acids II:The polymerase chain reaction[END_REF][START_REF] Jarman | Oligonucleotide primers for PCR amplification of coelomate introns[END_REF][START_REF] Atarhouch | Primers for EPIC amplification of intron sequences for fish and other vertebrate population genetic studies[END_REF] but these are likely to be under some sort of selective constraint and their polymorphism may be reduced, or they belong to multigenic families, impeeding genotype inference.

By contrast microsatellite loci are generally not conserved between diverging species. They are defined by their composition of tandem repeats of short motifs (one to four bases), and are famous for their high polymorphism.

Choice of the Techniques (third step)

The technique used to detect variation of the chosen DNA region determines two crucial elements of the nature of the information, codominance and the possibility of inferring evolutionary relationships among variants, and the practical criteria (Table 3). Four main phases are usually necessary to obtain the data: preliminary work to define the DNA region(s) to chose (see below), template production (extraction of DNA or allozymes and enzymatic reactions), electrophoresis, and detection. The phases of ''template production'' and ''electrophoresis'' influence the nature of information produced and two practical aspects: repeatability and preliminary set-up (Table 3). Detection methods determine hazards, and influence technical complexity, throughput (Box 3) and cost (Table 4). Main techniques available for MGMs are described by their technical pathway in Table 3. All technical phases are surveyed below, highlighting those which may present particular difficulties, or for which alternative choices correspond to different MGMs.

Phase 1: Preliminary work to define the DNA region used

Before starting the technical work, sensu stricto, choosing the DNA region requires searches, either in bibliographical databases or in banks of genes, and aligning DNA sequences in order to choose primers potentially conserved in the studied organism. In the case of microsatellites, determining primers requires previous isolation of sequences containing microsatellites which involves cloning and may be time consuming but may also be obtained from private companies [START_REF] Zane | Strategies for microsatellite isolation:a review[END_REF].

Phase 2: Template production

Enzymatic extraction for allozyme markers requires fresh or frozen tissue. By contrast, DNA extraction, if followed by a PCR step, allows easy and non-invasive field sampling for relatively large organisms, and analysis of very small organisms, since minute amounts of tissue conserved in small volumes of ethanol can be used. DNA extraction can be very rapid and cheap (Chelex method, [START_REF] Walsh | Chelex 100 as a medium for simple extraction of DNA for PCR-based typing from forensic material[END_REF] although direct digestion of DNA extract by restriction enzymes and random target PCR methods may require more demanding extraction procedures. In AFLP [START_REF] Vos | AFLP:a new technique for DNA fingerprinting[END_REF], extracted DNA is digested (two restriction enzymes are generally used) and then linked to small adaptors (linkers) before PCR. Random PCR methods may generate relatively large fragments which may not be successfully amplified in DNA extracts which are too degraded (fragments of lowmolecular weight). Restriction digestion may be inhibited by several compounds in DNA extracts.

PCR is performed in nearly all recent MGM techniques. For random target PCR, different types of primers may be used. PCR at low annealing temperatures with one short primer (around 10 bases, for RAPD) provides multiband patterns. Mis-priming may limit the repeatability of such PCR [START_REF] Atienzar | Optimized RAPD analysis generates high-quality genomic DNA profiles at high annealing temperature[END_REF] and very constant experimental conditions are required from DNA extraction to detection to allow the comparison of profiles across experiments. In AFLP, primers are longer than in RAPD and correspond to the sequence of the linker, plus one to three bases at the 5¢ end. Another method, direct amplification of length polymorphism (DALP, [START_REF] Desmarais | Direct amplification of length polymorphisms (DALP), or how to get and characterise new genetic markers in many species[END_REF] also uses long primer pairs and relatively high-PCR annealing temperatures, its reproducibility is excellent. AFLP provides more polymorphic bands than RAPD and DALP, but requires more steps, potential sources of error. In inter-simple sequence repeat (ISSR), primers are composed of a microsatellite sequence plus eventually one to three arbitrary bases in the 5¢ or 3¢ direction. Although less widely used, ISSR appear more reproducible than RAPD (probably because primers exceed 12 bases). Random target PCR techniques mostly give dominant markers, but have the advantage of rapidly producing a large number of polymorphic loci (each fragment), which compensate for the missing information in particular cases of parentage analysis [START_REF] Gerber | Comparison of microsatellites and amplified fragment length polymorphism markers for parentage analysis[END_REF]. After PCR, digestion by restriction enzymes, which generally does not require amplicon purification, may simply provide co-dominant markers, named cleaved amplified polymorphic sequence (CAPS) [START_REF] Konieczny | A procedure for mapping Arabidopsis mutations using co-dominant ecotype-specific PCR-bases markers[END_REF]. One may easily identify polymorphic sites by sequencing amplicons from a pool of individuals, and if a restriction enzyme corresponds to a polymorphic site, obtain a CAPS codominant marker [START_REF] Laporte | Non-sex linked, nuclear cleaved amplified polymorphic sequences in Silene latifolia[END_REF]. The advantage of this technique over SSCP (see below) is its reproducibility, the fact that electrophoresis may be run on a 2% agarose gel (easier handling) and the predictability of fragment positions from sequence data (no need to control electrophoretical conditions precisely).

For all MGMs obtained after PCR (particularly microsatellites) there are risks of null alleles and small allele dominance [START_REF] Wattier | Short allele dominance as a source of heterozygote deficiency at microsatellite loci:experimental evidence at the dinucleotide locus Gv1CT in Gracilaria gracilis (Rhodophyta)[END_REF]. Marine invertebrates seem particularly prone to null alleles [START_REF] Chenuil | Fast isolation of microsatellite loci of very diverse repeat motifs by library enrichment. Application in echinoderms. (Technical note)[END_REF], and numerous unpublished reports of non-usable microsatellite loci), which is likely a consequence of their large effective sizes causing high H e (Box 1). Primers located in coding regions are less prone to null alleles.

Anonymous rare-cutter restriction fragments (ARRF) is the only method providing multiple codominant markers, though allocating fragments to distinct loci may not always be straigthforward (McDonalds, website: http://udel.edu/$mcdonald/ arrf.html). The procedure is roughly similar to AFLP (digestion and ligation to adaptors) except that the absence of PCR requires much higher DNA quantity, but allows distinguishing homozygotes and heterozygotes by twofold difference in fluorescence. Background is lacking to thoroughly evaluate this promising method.

Phase 3: Electrophoresis

Electrophoresis techniques discriminate variants by (i) their charge and mass (allozymes), (ii) their size in number of base pairs (microsatellites, RFLP, ILP, RAPD, AFLP, sequencing), (iii) their single-strand conformation (SSCP) or dsDNA conformation (reference strand conformation analysis, RSCA), or (iv) their denaturing grading gel electrophoresis profile (DGGE, (hetero)duplex analysis). In cases of heterozygosity at more than one site or for indels, sequencing does not allow to reconstruct diploid genotypes. Cloning is a time consuming solution not suitable to characterize populations. Electrophoresis techniques, which discriminate DNA by conformation differences (SSCP, [START_REF] Orita | Detection of polymorphisms of human DNA by gel electrophoresis as single-strand conformation polymorphisms[END_REF][START_REF] Sunnucks | SSCP is not so difficult:the application and utility of single-stranded conformation polymorphism in evolutionary biology and molecular ecology[END_REF]DGGE, Myers et al., 1987;hetero-duplex and duplex analysis, Hauser et al., 1998), potentially reveal variation of any nature, unlike size discrimination electrophoresis. Prior to electrophoresis sensu stricto, the denaturation step is crucial. It may be absent (agarose gel electrophoresis, non-denaturing polyacrylamide gels). There is permanent denaturation when DNA is heated in denaturing loading dye and run on denaturing gels (containing urea). Denaturation may be followed either by quick renaturation in ice (SSCP), which results in at least two single strand conformations (one folding for each strand) even for homozygous individuals, or by slow renaturation (duplex/heteroduplex), which allows heterozygote samples to form two heteroduplex dsDNA molecules in addition to the homoduplexes produced by PCR.

Except for capillary automated sequencers, electrophoresis is performed either in agarose gels or in more resolving gels: polyacrylamide gels, denaturing polyacrylamide-urea gels or special conformation sensitive matrices. For non-denaturing gels, voltage is limited by the risk of sample denaturation, dsDNA migrates much faster than single strand DNA (ssDNA; run in denaturing gels containing urea). Though denaturing gels are often used for microsatellites, non-denaturing polyacrylamide gels appear very convenient since they can be run on smaller apparati, are easier to cool and provide medium sized easily post-stained gels (convenient and cost effective alternative to radioactivity, fluorescence or silver staining). Unfortunately there is no precise relationship between migration distance and dsDNA size in polyacrylamide gels [START_REF] Sambrook | Molecular cloning. A laboratory manual[END_REF]. High resolution agarose is promising according to White and Kusukawa (1997) (resolution may attain 2% for a 4% gel), but actually poses many problems at melting, casting and running and is expensive. For SSCP, the samples are run in polyacrylamide or special conformation-sensitive matrix gels. If the fragment is small (about 200-300 bp) typically more than 90% of point substitutions can be revealed. All variables (temperature, voltage, gel composition) influence the position of the variants unpredictably. For duplex/heteroduplex technique and DGGE, samples are run on a gradient gel of increasing denaturing composition (urea). Heteroduplex DNA denatures well before homoduplexes because of mismatches, and therefore gives higher bands in such gels. Homoduplexes of different sequences also dissociate at different points according to their base composition in a roughly predictable way. About 95% of differences may be detected. For these conformation-sensitive techniques, electrophoresis conditions must be precisely determined if variants are to be compared among gels. In addition, profiles may be complex. In SSCP, even a homozygote produces at least two bands and additional bands are often encountered due to alternative conformations or presence of dsDNA. In duplex analysis or DGGE, a heterozygote may display four different bands. This may explain why SSCP in biodiversity studies is mostly applied to haploid DNA (mt-DNA) rather than used as a codominant marker. In another technique, RSCA, prior to a non-denaturing electrophoresis, PCR products are hybridized to a known homologous reference fragment or several reference fragments (labelled with different fluorescent molecules). The resulting dsDNA migrate according to their homology with the reference strand, that is, heteroduplex is slowed by mismatches compared to homoduplex. The analysis then focuses on dsDNA which have simpler patterns (only one band per allele) and require shorter migration times than for SSCP [START_REF] Goldman | Complementary strand analysis:a new approach for allelic separation in complex polyallelic genetic systems[END_REF]. Size discrimination techniques may also be tricky when differences among variants are small (Table 3 Box 3) and the addition of size standards in each lane is often useful. In the case of microsatellites, phantom bands smaller (but also larger) than the actual allele by one, eventually two repeats are produced by polymerase stuttering. These fragments are generally less abundant than the actual allele, but may appear as intense if the signal is saturated (e.g., radioactive labeling).

Phase 4: Detection

This step determines the level and type of hazards. Radioactivity as well as post-staining using ethidium bromide or more recent dyes are potentially mutagenic methods. Either labeling (fluorescent or radioactive) or post-staining is used to visualize DNA. Labeling is performed either on the primer or by incorporation during PCR or sequencing. Alternatively, DNA is stained during or after electrophoresis with ethidium bromide, silver nitrate, or more recently, with several dyes more sensitive than ethidium bromide, some of which allow detection of ssDNA and SSCP fragments (e.g., Gelstar from CAMBREX Inc.). Radioactivity is the most sensitive, before fluorescence, silver nitrate, Gelstar and last, ethidium bromide. Oligonucleotide labeling is interesting (i) in RFLP, to allow detection of small molecular weight bands which otherwise would be much less visible than heavier fragments (but internal fragments will not be visualized), and (ii) when it is better to reveal only one DNA strand (e.g., SSCP, when patterns are too complex and some microsatellite loci, when run in denaturing gels, since complementary fragments do not perfectly comigrate). Polyacrylamide gels are seldom post-stained in population studies (though commonly for mutant diagnosis) though this technique avoids the necessity of managing decaying stocks of radioactivity, and the costs of fluorescence technology. Except equipment cost, fluorescence is the most convenient method. Though this service is not as widespread as sequencing, it is possible to send microplates of PCR products (one primer should be fluorescent) to private companies or technological platforms, and pay for fragment size determination (run in automated sequencers with internal size standards).

Methods of latest technology

High throughput methods (based or not on microarrays) progress rapidly but their development is biased towards diagnostic methods revealing already identified variants such as SNPs [START_REF] Kwok | Detection of Single Nucleotide Polymorphism[END_REF]. Most methods (not pyrosequencing) require that variation is biallelic and that the polymorphic site is surrounded by several invariant sites. As a consequence, even when several nuclear polymorphic sequences are known in a species (e.g., introns; internal transcribed spacer, ITS; rDNA; exons; ...) it may be difficult to find SNP sites suitable to be characterized by high throughput genotyping methods. When such loci are identified however, a custom genotyping service may now be proposed by industry or technological platforms, and reach competitive prices of the order of magnitude of a euro or a dollar per sample (in addition to the PCR cost).

Conclusion

This paper provides guidelines to choose a (set of) MGM(s) as follows (Figure 1). First, scientists identify the important criteria that must be fulfilled by the MGM according to the biological question addressed (first section, Table 1). Then, Table 2 guides the choice of the DNA region according to the criteria identified (level of variability, and the first four criteria of the nature of the information). Finally, the technique is chosen according to required features concerning the nature of the information and practical aspects, using Table 3 for most important choices, but also Box 3 and Table 4 for throughput and cost appraisal.
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 1 Figure 1. Flowchart diagram explaining how to use the paper for designing MGMs. It links the three categories of criteria of choice (first part of the paper) with the components of MGM definition, DNA region and techniques (second part of the paper). Relevant figures, tables and boxes are indicated. The three successive steps in the process of MGM design appear in circles. The grey arrows mean: ''is (mostly) determined by,'' for example, Ploidy and Inheritance are determined by the DNA region, ''Codominance (or not)'' is determined by the technique.

  Correspondence between the techniques and some features of the nature of the information and practical aspects. Technical pathways are given with symbols: E (extraction), L (ligation), D (D1: permanent denaturation using heat and chemical factor, D2: denaturation by heat then on ice, D3: denaturation by heat and slow cooling) PCR, SEQ (sequencing), RE (restriction enzyme digestion), MP (magnesphere purification), EP ( electrophoresis), SBH (southern blotting plus hybridization). Nature of information symbols are: Cod (codominance), D (dominance), NR (non-relevant). For several practical aspects, marks from A (best case) to D (worst) are used. Set up indicates time and complexity to obtain markers and determine routine experimental conditions. Id: same as
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Table 1 .

 1 Examples of classical biological questions at different biodiversity level, with the corresponding properties requested for MGMs about level of variability and nature of information, and most used markers

	Biological issues/	Level of	Nature of information	Examples of most
	biodiversity level	variability	required	used markers
	Intra-population			
	Fine population structure,	Medium to high (N) codominant	Microsatellites, allozymes
	reproduction system,		loci = (Multilocus)	
	selfing rate		genotype 1	
	Fingerprinting,	Very high	Codominant loci or	Microsatellites
	parentage analysis		numerous dominant loci 2	(RAPD, AFLP) 2
	Demography	Medium to high Allele frequency in samples	Allozymes, Microsatellites
	(estimation of N e )		taken at different times 3	
	Demographic history	Medium to high Allele frequency +	Mt-DNA sequences
			evolutionary	
			relationships 3	
	Inter-population			
	Phylogeography, definition of	Medium to high Allele frequency	Allozymes, microsatellites
	evolutionary significant units		in each population 3	(risk of size homoplasy)
	(population structure)		But preferable	
	Bioconservation	Medium	with knowledge of:	Mt-DNA
			Allele evolutionary	(if variable enough)
			relationships	
	Inter-specific			
	Close species	ca. 1%/my	Many characters. No	Sequences of mt-DNA, ITS rDNA, ...
			variability within species	
			if possible	
	Different genera to families.... ca. 0.1%/my	Idem	Some LSU 4 rDNA domains (D1 < D2, D8),
				but also mt-DNA or SSU rDNA (Table 2)
	Different classes to phyla	ca. 0.01%/my	idem	D1 of LSU rDNA, SSU rDNA sequences

1 

To compare observed proportions of heterozygotes to those expected assuming Hardy-Weinberg equilibrium, allowing us to detect departure from Hardy-Weinberg equilibrium, due to population admixture, non-panmixia or selection (mutation is negligible).

Table 2 .

 2 Origin

	cross-taxa database

of the variation and consequences on the nature of the information for different DNA regions. Abbreviations are: ''s'' for substitution, ''id'' for insertions/ deletions, ''Inherit'' for inheritance and ''Recomb'' for Recombination, + to ++++ relate to the size of the database, +/-means it depends upon locus, -means the database is extremely limited but may eventually develop, NH means there is no homology across taxa for these DNA regions thus no possibility of a

Table 3 .

 3 

  Evolutionary forces at the DNA level and measures of variability Mutation Relative importance of mutations of different nature (point, small or large indels) and their rate depend on (i) primary structure of the sequence (repetitive DNA is prone to slippage, unequal recombination and/or conversion), (ii) genome compartment (nuclear, mitochondrial, chloroplast) and (iii) chromosomal position abcd . Direct data on mutation rates are extremely rare, since most estimates are deduced from substitution rates (cf. Theory, below).DriftGenetic drift is the random fluctuation in the frequency of genes that is due to the fact that population size is finite. Drift is stronger for smaller populations. According to its genomic localization, a DNA region is more or less strongly subjected to genetic drift for a given population effective size: for N

	Extraction Chelex method Classic phenol method (CTAB) Industry kit (Nucleon) (alternative to grinding) Proteinase K Enzymatic reactions PCR (Non-labeled) PCR (Fluorescent ''Abi'' primers labels) PCR (Radioactive labeling) Sequencing (Industry) small quantities Sequencing (Industry) by plates of 96 samples Restriction Digestion Electrophoresis Routine Agarose 2%, 5 cm long, H Routine Agarose 2%, 20 cm long, H High resolution Agarose 3%, 20 cm long, H High resolution Agarose 3%, 18 cm long, V Polyacrylamide Urea 6%, 40 cm long, V Polyacrylamide Urea 8%, 20 cm long, V Automatic sequencer fragment analysis (Industry) Post-staining by Gel star -Agarose gels 5 cm Post-staining by Gel star -Agarose gels 20 cm Post-staining by Gel star -all vertical gels Yellow tips Size marker (100 bp ladder) Size marker (100 + 20 bp ladder) ef females + N em males) there is tranmission of 2N e autosomes, ef mitochondrial genomes (in species with mitochondrial ef W chromosomes, N em Y chromosomes or N e reproducing individuals (N (2N ef +N em ) X or (2N ef ) Z chromosomes, N em +N female inheritance), and N	60 26-30 100 1-3 25 35 100 800-1500 400-700 10-16 4-7 26-30 60 10-16 2-4 2-4 300 6 5-8 4 4 5-8 10-18
	Box 1.	

ef or N em chloroplast genomes (according to mode of inheritance).

Generally easy (may be difficult if total genomic or organelle DNA), depending on the number and size of fragments, and the ploidy.

DALP using longer primers and not requiring digestion of the native extract DNA is less sensitive to DNA extract quality and to PCR conditions than RAPD or AFLP.
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