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High similarity between flanking regions of different microsatellites detected within each of two species of Lepidoptera: Parnassius apollo and Euphydryas aurinia
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Microsatellite flanking regions have been compared in two butterfly species. Several microsatellite flanking regions showed high similarity to one another among different microsatellites within a same species, but very few similarities were found between species. This can be the consequence of either duplication /multiplication events involving large regions containing microsatellites or of microsatellites imbedded in minisatellite regions. The multiplication of microsatellites might also be linked to mobile elements. Furthermore, crossing over between nonhomologous microsatellites can lead to the exchange of the flanking regions between microsatellites. The same phenomenon was observed in both studied butterfly species but not in Aphis fabae (Hemiptera), which was screened at the same time using the same protocol. These findings might explain, at least partially, why microsatellite isolation in Lepidoptera has been relatively unsuccessful so far.

Introduction

Microsatellites are excellent markers to study population structure because they are highly variable, more likely to be neutral than other genetic markers and the results are reproducible [START_REF] Jarne | Microsatellites, from molecules to populations and back[END_REF]. These advantages generally counterbalance the relatively long and expensive isolation process and the establishment of the appropriate polymerase chain reaction (PCR) conditions. In some cases, however, obtaining well-behaved microsatellites requires considerable time and effort and some of the microsatellites might still have null alleles or single primer pair amplifies more than one locus [START_REF] Ohnishi | Polymorphic microsatellite DNA markers in the Japanese wood mouse Apodemus argenteus[END_REF][START_REF] Sunnucks | Microsatellite markers for the onychophoran Euperipatoides rowelli[END_REF][START_REF] Wu | Isolation of microsatellite markers in Astatoreochromis alluaudi and their cross-species amplifications in other African cichlids[END_REF][START_REF] Wilson | Isolation and characterization of 20 polymorphic microsatellite loci for Scaptodrosophila hibisci[END_REF][START_REF] Li | Characterization of 79 microsatellite DNA markers in the Pacific oyster Crassostrea gigas[END_REF]. Because complete or nearly complete failures of microsatellite isolations are hardly publishable we do not have exact details on the proportion of the trials that do not yield sufficient results. Therefore we shall restrict our discussion to Lepidoptera, as we have more detailed information in this order. In this group, difficulties arise systematically during the isolation and characterization of microsatellites [START_REF] Meglécz | Microsatellite loci for Parnassius mnemosyne (Lepidoptera)[END_REF], leading to relatively few wellbehaving loci compared to other taxa [START_REF] Nève | Microsatellite frequencies in different taxa[END_REF]. The cause of this phenomenon has been questioned [START_REF] Sunnucks | Reply from P. Sunnucks[END_REF], but so far only guesses have been suggested orally by numerous biologists. Lepidopterists encounter most of the problems during the design of appropriate primers and in setting up PCR conditions (I. Saccheri, N. Keygobadi, A. Cassel, N. Anthony, pers.comm.). In almost all the studies reporting microsatellite markers in Lepidoptera, a significant departure from Hardy-Weinberg equilibrium was observed at many of the loci due to the deficit of heterozygotes [START_REF] Palo | Developing microsatellite markers for insect population structure: complex variation in a checkerspot butterfly[END_REF][START_REF] Bogdanovicz | Microsatellite variation among Asian and North American gypsy moths (Lepidoptera: Lymantriidae)[END_REF][START_REF] Meglécz | Microsatellite loci for Parnassius mnemosyne (Lepidoptera)[END_REF][START_REF] Keyghobadi | Influence of landscape on the population of the alpine butterfly Parnassius smitheus (Papilionidae)[END_REF][START_REF] Keyghobadi | Isolation of novel microsatellite loci in the Rocky Mountain apollo butterfly, Parnassius smitheus[END_REF][START_REF] Harper | Isolation of microsatellite markers from the adonis blue butterfly (Lysandra bellargus)[END_REF][START_REF] Anthony | Isolation and characterization of microsatellite markers from the endangered Karner blue butterfly Lycaeides melissa samuelis (Lepidoptera)[END_REF][START_REF] Caldas | Isolation and characterisation of microsatellite markers from Zale galbanata (Lepidoptera: Noctuidae) and amplification in other members of the genus[END_REF][START_REF] Cassel | Characterization of microsatellite loci in Coenonympha hero (Lepidoptera: Nymphalidae)[END_REF][START_REF] Flanagan | Characterization of microsatellite loci in neotropical Heliconius butterflies[END_REF][START_REF] Amsellem | Isolation and characterization of polymorphic microsatellite loci in Lobesia botrana Den. & Schiff. (Lepidoptera: Tortricidae)[END_REF]. These results suggest the presence of null alleles. As a consequence, even the loci with apparently clearly interpretable and reproducible patterns might still yield biased or erroneous results. The presence of null alleles and varying amplification intensities between individuals suggest that the flanking regions of microsatellites in this order are variable.

Another frequently observed problem is the amplification of more than two different bands with a single pair of primers (I. Saccheri, A. Estoup, D. Bourguet, pers. comm.; Emese Meglécz, unpubl. results). Two possible causes of this pattern are (i) the duplication or multiplication of microsatellite-containing regions or (ii) that microsatellites lie within a minisatellite repeat unit and have microsatellite length variations between minisatellite repeat units. In this study we have compared microsatellite-containing sequences for two butterfly species, Parnassius apollo (Papilionidae) and Euphydryas aurinia (Nymphalidae), in order to detect similarities among flanking sequences of different microsatellite loci. We have also analysed microsatellite flanking sequences of Aphis fabae (Aphididae) as a control.

Materials and methods

Screening and sequencing

Genomic DNA was isolated from individuals (six, eight and 400 for P. apollo , E. aurina and A. fabae , respectively) kept at -80 ° C following standard procedures [START_REF] Sambrook | Molecular Cloning: a Laboratory Manual[END_REF]. The screening was carried out according to [START_REF] Streiff | Microsatellite DNA markers for a grasshopper: Prionotropis hystrix rhodanica (Orthoptera, Pamphagidae)[END_REF] and [START_REF] Dalecky | PCR primers for polymorphic microsatellite loci in the facultatively polygynous plant-ant Petalomyrex phylax (Formicidae)[END_REF]. Total genomic DNA (3-4 µ g) was digested to completion with Rsa I restriction enzyme. The extent of digestions was checked on agarose gel. The 300-900 base pairs (bp) fraction of the digested DNA was selected on agarose gel, purified and ligated to Rsa linkers.

The enrichment procedure followed the protocol from [START_REF] Kijas | Enrichment of microsatellites from citrus genome using biotinylated oligonucleotide sequences bound to streptavidin-coated magnetic particules[END_REF] based on streptavidin-coated magnetic particles ( Magnesphere, Promega), with slight modifications. 5 ′ -biotinylated (CT) 10 , (GT) 10 , (AAG) 10 , (AAT) 10 , (ATCT) 10 and (TGTA) 10 oligonucleotides were used as probes. The enriched single-stranded DNA was amplified using one of the Rsa linkers as primer to obtain a more enriched product and to recover double-stranded DNA. PCR products were purified and ligated into pGEM-T Easy Vector (Promega), and the plasmid transformed into Escherichia coli supercompetent cells (XL1 blue, Stratagene). Recombinant clones were transferred to Hybond-N nylon membranes (Amersham). Colonies were hybridized at 50 ° C with the mixture of oligonucleotide probes (CT) 10 , (TG) 10 , (AGA) 5 AG, (ATA) 5 AT, (CTAT) 6 CT and (TGTA) 6 TG labelled with the DIG oligonucleotide tailing kit (Boehringer). Positive clones were identified visually and plasmid DNA was extracted from them. Positive clones having the strongest signal were sequenced on one strand using an automated sequencer (Genome Express SA). Sequences were deposited in GenBank. Accession nos are: AY491782-AY491857 for E. aurinia and AY491858-AY491940 for P. apollo. The number of the clones for each motif separately is shown in Table 2. The whole screening procedure was performed at the same time with the same method for all three species.

Sequence analyses

We performed an all-against-all comparison of the microsatellite-containing sequences for all sequences together, using the blast [START_REF] Altschul | Basic local alignment search tool[END_REF] program with blastn option. We used standard parameters for expected value settings and filtered sequences for low complexity using the dust filter [START_REF] Hancock | simple34: an improved and enhanced implementation for VAX and Sun computers of the simple algorithm for analysis of clustered repetitive motifs in nucleotide sequences[END_REF] to avoid wrong alignments due to composition biases in sequences (i.e. repetitive DNA regions have been systematically ignored). One bank was formatted with sequences from all three species and then each sequence was compared against all sequences of the bank. We selected only regions that showed more than 85% identity in the pairwise comparison, and excluded fragments shorter than 40 bp. Note, however, that regions showing similarity between different microsatellites were usually shorter than the whole sequences, thus identities between pairs of regions are higher than identities between pairs of the corresponding whole sequences. Sequences that showed more than 98% of identity along the whole length, including the repeat array, were considered as duplicates. Their occurrence can be attributed to the enrichment protocol. They can be either different alleles of the same locus, or the same alleles including a few mistakes in sequencing.

We also scanned all the sequences of the data set against databases of repetitive sequences in order to detect the presence of mobile elements using the program repeatmasker 2 (A.F.A. Smit & P. Green, unpubl. data, http://repeatmasker. genome.washington.edu/RM/webrepeatmaskerhelp. html). We performed the analysis with two different models, the Drosophila parameters set and the Primates set. We used default sensitivity parameters for both analyses.

Results

Based on similarities between the flanking regions of different microsatellite loci, we have identified several groups of (related) sequences. In A. fabae, only a c. 60 bp fragment was shared by four different flanking regions (AF4, AF70, AF86, AF97). Very few similarities were found between species: 80 bp between sequence EA85 of E. aurinia and PA27 of P. apollo , and c. 60 bp between PA85 of P. apollo and AF4, AF70, AF86 and AF97 of A. fabae. On the contrary, we found many highly similar regions between the flanking sequences of the different microsatellites within each of the butterfly species (Table 1; see details in http://www.up.univ-mrs. fr/evol/Supplement/Meglecz-MolEcol/). Many of the similar regions were long (more than 100 bp), and the identity was often higher than 95% among them. In most of the cases, however, we can exclude that we have isolated different alleles of the same locus, because generally similar regions did not stretch all along the whole corresponding sequences. In all the cases where the sequences matched in their whole length (groups 2, 7, 11, 12, 13, 17), the similarity was lower than 95% between them in a pairwise comparison.

In the butterflies, the microsatellite motifs are the same within groups (CA for groups 1,2,5,6,7,9,10,16,17,CATA for groups 4,8,11,12,13,14,15) but repeat numbers can vary. The only group in A. fabae is unusual, as sequences AF4, AF70 and AF86 have CA motifs but AF 97 is a CATA microsatellite.

Table 1 shows that concerning the position of similar regions in the sequences, all three possible scenarios have been found: (i) similarities between different flanking sequences but only on one side of the microsatellites; (ii) similarities between different flanking sequences at both side of the microsatellites; and (iii) similarities between different flanking sequences at the only side available (the microsatellite is situated at the end of the sequence). Sequences of the groups 16A, 16B and 16C; 14A and 14B can be clustered together into two larger groups ( Fig. 1). The most peculiar sequences are found in group 12 of P.

apollo . Here, we found a c. 90 bp fragment which is repeated twice or three times in the same sequence (with slight variations within repetitions) and it was also detected in four different sequences twice or three times in each (Fig. 1). It is also interesting to note that the limit between the microsatellite and the flanking region is frequently difficult to define because pure microsatellite motifs are often surrounded by stretches of cryptically simple sequences (i.e. microsatellites that accumulated many mutations; see [START_REF] Hancock | Microsatellites and other simple sequences: genomic context and mutational mechanisms[END_REF].

We also found 20, 13 and 34 sequences that were considered duplicates in P. apollo , E. aurinia and A. fabae , respectively (Table 2). These were eliminated from the analyses.

The distribution of the number of independent and related sequences ( grouped together on the basis of similarities in their flanking regions) is shown in Table 2 for each microsatellite motif. In P. apollo , the number of related CATA sequences is unexpectedly high compared to the number of related CA sequences (Fisher's exact test P < 0.005). For the two other species, however, the P -value was nonsignificant ( P < 0.39, P < 0.17 for E. aurinia and A. fabae , respectively).

Scanning our Lepidopteran sequences against a Drosophila and a primate repetitive sequence bank, gave positive results in three cases. Sequence PA69 ( P. apollo ) showed similarity with a retrotransposable element of Drosophila ( Gypsy 5-I, substitutions: 24.6%), and sequences PA5 and PA13 ( P. apollo ) to a human endogenous retrovirus ( Prima4-int , substitutions: 15.9% and 9.4%, respectively). *The flanking region is similar in both sides for EA10 and EA11. †In Group 12 two or three regions are found in each sequences that are similar not only to the corresponding regions of the other sequences but also to the other regions of the same sequence (see also Fig. 1). ‡Groups 16A, 16B, 16C and Groups 14A, 14B are subgroups of two larger groups (Groups 14 and 16; see Fig. 1). §The flanking region is similar in both sides for PA11 and PA32. ¶Sequences AF4-AF70-AF86 have CA microsatellite motif, AF97 has CATA.

Discussion

While there have been many studies on the mutation pattern of the microsatellites [START_REF] Weber | Mutation of human short tandem repeats[END_REF][START_REF] Michalakis | Length variation of CAG/CAA trinucleotide repeats in natural population of Drosophila melanogaster and its relation to recombination rate[END_REF][START_REF] Chakraborty | Relative mutation rates at di-, tri-and tetranucleotide microsatellite loci[END_REF][START_REF] Schlötterer | Are microsatellites really simple sequences?[END_REF][START_REF] Schug | The mutation rates of di-tri-and tetranucleotide repeats in Drosophila melanogaster[END_REF][START_REF] Estoup | Microsatellite evolution: inferences from population data[END_REF][START_REF] Hancock | Microsatellites and other simple sequences: genomic context and mutational mechanisms[END_REF][START_REF] Pupko | Evolution of microsatellites in yeast Saccharomyces cerevisiae: role of length and number of repeated units[END_REF], little is known of their origin. It has been suggested that a primordial microsatellite of a few repeats is necessary for the expansion of the tandem repeats [START_REF] Stallings | Evolution and distribution of (GT) n repetitive sequences in mammalian genomes[END_REF], mainly through DNA replication slippage [START_REF] Schlötterer | Slippage synthesis of simple sequence DNA[END_REF][START_REF] Schlötterer | Evolutionary dynamics of microsatellite DNA[END_REF]. This indicates that the increase of the number of new microsatellites is slow. The presence of several similar but nonidentical flanking regions in our study suggests that there have been several duplication events involving both the microsatellites and their flanking regions, implying that duplication events might be an important factor for increasing the number of microsatellites per genome. Alternatively, it is possible that at least some of the microsatellites lie within a minisatellite repeat unit. This might be the case in sequences in group 12 of P. apollo (Fig. 1), because here a c. 90 bp DNA fragment is repeated twice or three times within the same sequences. This fragment, however, is not identical between repetitions (within the same sequence), but shows only 85 -97% identity in pairwise comparisons. Furthermore, short unique DNA stretches (i.e. no apparent similarities to other parts of the same sequence or to the other sequences) can also be found between the putative minisatellite repeat motifs. For the other groups of sequences we did not find any evidence between association of microsatellite and minisatellite motifs. In some cases, the sequences matched in their whole length showing 85 -95% similarities ( groups 2, 7, 11, 12, 13, 17). Those sequences could be different alleles of the same locus or paralog sequences of multiplicated loci. The extent of similarities among flanking regions of alternative alleles of a microsatellite or among paralog loci is little studied. Microsatellite flanking regions are studied mainly by comparing homologue loci in different species [START_REF] Choumane | Conservation and variability of sequence-tagged microsatellite sites (STMSs) from chickpea (Cicer aerietinum L.) within the genus Cicer[END_REF][START_REF] Gaspero | Conservation of microsatellite loci within the genus Vitis[END_REF][START_REF] Noor | Evolutionary history of microsatellites in the obscura group of Drosophila[END_REF]. The variability of flanking region depends strongly on the phylogenetic relation between the species. Few studies have information on the extent of similarities between microsatellite flanking regions of alleles of the same locus [START_REF] Blankenship | Evolution of a perfect simple sequence repeat locus in the context of its flanking sequence[END_REF]. One study on four species of mice provides details of both the flanking sequence variability among alleles and among homologue loci of different species [START_REF] Makova | Evolution of microsatellite alleles in four species of mice ( genus Apodemus)[END_REF]. Here, differences between flanking sequences among alleles range from 0% to 2%, and among homologue sequences between 1.25 and 9.5%. To our knowledge, only one study on Cyprinus caprio [START_REF] David | Recent duplication of the common carp (Cyprinus carpio L.) genome as revealed by analyses of microsatellite loci[END_REF] compares flanking sequences of alleles vs. paralogs. Here differences between alleles range from 0% to 4.7% and differences between paralogs from 2% to 12%. It is impossible to establish a threshold of similarity that would clearly separate these two scenarios. Based on the above results we have treated sequences with more than 5% difference as paralogs, keeping in mind that in a few cases it is possible that in reality we have sequenced very different alleles of the same loci. Those cases, however, are marginal compared to the number of paralog sequences.

PCR-mediated recombination can occur in the presence of two or more highly similar but nonidentical templates if prematurely terminated products re-anneal with nonidentical templates and then they are extended in the next cycle [START_REF] Saiki | Primer-directed enzymatic amplification of DNA with thermostable DNA polymerase[END_REF][START_REF] Myerhans | DNA recombination during PCR[END_REF]). We have PCR amplified the enriched DNA. At this step, if different alleles or highly similar paralog sequences are present, artificial chimera formation is possible. This possibility is more probable if sequences are similar to each other in their whole length and thus can be the case essentially in the sequences discussed above (groups 2, 7, 11, 12, 13, 17). Those groups should thus be intrepreted with caution, as some of the sequences can be either chimeras or alleles and not paralogs. [START_REF] Judo | Stimulation and suppression of PCR-mediated recombination[END_REF] have shown that large numbers of cycles and short elongation times increase the probability of PCR recombination. By using a 2-min elongation time and 27 cycles we attempted to minimize the probability of this artefact.

An interesting result is the frequent asymmetry of flanking regions (i.e. similarities between the flanking region of one side but not the other). Our hypothesis is that crossing over between nonhomologous microsatellites might occur, leading to the exchange between the flanking regions of different microsatellites. Alternatively, PCR-mediated recombination during the enrichment procedure could also generate microsatellites matching on one side but not on the other. However, the probability of this event is slight because it can happen only if PCR elongation is interrupted at the microsatellite motif. In this case, the micosatellite at the end of the sequence can anneal with another nonrelated microsatellite and be elongated, forming a chimera with two nonrelated flanking sequences on the two sides of the microsatellite. In this case, we would expect a nearly complete identity (differences are due to rare mistakes during PCR) between the cross-over point (within the microsatellite motif ) and the end of the sequence. This is rarely the case in our sequences. Only the following pairs or groups of sequences showed higher than 98% similarities in the above-mentioned regions (along the flanking sequence on one side of the microsatellite): EA35-EA76-EA78 of group 5, EA18-EA39 of group 7 and PA20-PA103 of group 15.

In recent years, numerous microsatellites have been found associated physically with various types of mobile elements [START_REF] Beckmann | Survey of human and rat microsatellites[END_REF][START_REF] Nadir | Microsatellite spreading in the human genome: evolutionary mechanisms and structural implications[END_REF][START_REF] Crouau-Roy | Evolution of an Alu DNA element of the type Sx in the lineage of primates and the origin of an associated tetranucleotide microsatellite[END_REF][START_REF] Souames | High mutation rate of TPE repeats: a microsatellite in the putative transposase of the hobo element in Drosophila melanogaster[END_REF]. Mobile elements could play a role in the genesis of microsatellites in Diptera [START_REF] Wilder | Mobile elements and the genesis of microsatellites in dipterans[END_REF] and LINE and Alu insertions in the human genome [START_REF] Kulski | The evolution of MHC diversity by segmental duplication and transposition of retroelements[END_REF][START_REF] Ovchinnikov | Genomic characterization of recent human LINE-1 insertions: evidence supporting random insertion[END_REF]. According to [START_REF] Nadir | Microsatellite spreading in the human genome: evolutionary mechanisms and structural implications[END_REF], the juxtaposition of microsatellites and retrotransposons suggests their coevolution, as the microsatellites could be generated by a 3′-extension of retrotranscripts, similar to mRNA polyadenylylation, and that they serve in turn as 'retroposition navigators', directing the retrotransposons via homologydriven integration into defined sites.

Because mutation rates are high in mobile elements and because they have been little studied in Lepidoptera, it is difficult to detect their presence in the relatively short flanking sequences we had in this study. In spite of this fact, scanning our Lepidopteran sequences against a Drosophila and a primate repetitive sequence bank still gave positive results in three cases. Microsatellite flanking regions present sequence similarities with a primate endogenous retrovirus and a putative invertebrate retrovirus (Gypsy). It is interesting to note that in some Lepidoptera genomes the TED retrotransposon has been found [START_REF] Ozers | The Env-like open reading frame of the baculovirus-integrated retrotransposon TED encodes a retrovirus-like envelope protein[END_REF], which belongs to the Gypsy group.

We have screened all three species for five to six different microsatellite motifs ( Table 2). Strikingly, we found most of the positive clones with CA and TACA probes and very few with the other motifs. It is possible that the low stringency conditions used during enrichment selected repetitive DNA in general or AT-rich regions, and not only microsatellites. In this case, however, we would expect many positive clones for AAT and a high proportion of false positives. On the contrary, we did not find any positive clones for AAT and the proportion of false positives was low (Table 2). Furthermore, in a previous study on P. mnemosyne the proportion of CA and CATA clones was also very high (97%) compared to the other screened motifs, in spite of the fact that we used a nonenriched library for this species [START_REF] Meglécz | Microsatellite loci for Parnassius mnemosyne (Lepidoptera)[END_REF]. It is also observed frequently in many species that some microsatellite motifs are more common than others. In human and mice, [START_REF] Beckmann | Survey of human and rat microsatellites[END_REF] showed by database analyses of tandem repeats in genomic sequences that CA microsatellites are the most abundant among dinucleotide repeats. CA repeats are the most common in D. melanogaster [START_REF] Schug | The mutation rates of di-tri-and tetranucleotide repeats in Drosophila melanogaster[END_REF] and in a wasp, Venturia canescence [START_REF] Butcher | Microsatellite frequency and size variation in the parthenogenetic parasitic wasp Venturia canescence (Gravenhorst) (Hymenoptera: Ichneumonidae)[END_REF] as well. Therefore we think that the observed high frequency of CA and CATA microsatellites in the investigated species gives a fair approximation of their frequency in the genome. As similarities between flanking regions were observed for both predominant microsatellite motifs (CA, CATA) it is likely that problematic microsatellites are characteristic of the genome as a whole and not only to a subset of loci.

The fact that very few shared regions were found between sequences of A. fabae in spite of the identical screening procedure for all three species strongly reduces the possibility that the described phenomena observed in butterflies would be the results of laboratory artefacts. Frequent locus duplication, association between microsatellites and minisatellites or mobile elements suggest that in the two investigated Lepidoptera many of the microsatellites are situated in genetically disturbed region of the genome.

The above findings might have several technical consequences on the isolation of usable microsatellites for population genetics studies. The fact that several similar flanking regions are present in the genome of the two studied butterfly species can make clear PCR amplification difficult. If primers are placed into sufficiently conserved regions, the use of a single pair of primers leads to the amplification of more than one locus at the same time, making exact genotyping difficult or impossible. This phenomenon has already been observed (Nusha Keyghobadi pers. comm.; E. Meglécz & F. Péténian unpubl. results).

It is interesting to note that although the overall pattern in the two investigated butterfly species is similar, the extent of problems is different in the two cases. While in P. apollo many large and complicated similarity groups have been identified, in E. aurinia the extent of similarities between the sequences seems to be smaller. The proportion of independent sequences (i.e. no apparent similarities to other sequences of the same bank) is also quite different in the two species (Table 2). It would thus be unwise to generalize at this stage of the work. However, we know that the above-described phenomena have been found in other Lepidoptera as well (J.-F. Silvain, N. Faure, A. van't Hof, A. Estoup, D. Bourguet, pers. comm.). This fact and the frequent problems of finding suitable microsatellites in this order suggest that the above-mentioned problems are probably widespread in this group and possibly also in other taxa (i.e. Orthoptera). In order to support this hypothesis, all sequences coming from the screening process should be analysed systematically to search for similarities in the flanking regions rather than checking the presence of duplicate copies of the same locus. Such an analysis could also be a valuable aid to avoid choosing microsatellites that have similar flanking regions.

Fig.

  Fig.1Schematic representation of sequences of P. apollo and E. aurinia forming large groups of similarities. Wide black lines: microsatellites (all are CATA repeats in groups 12 and 14, CA in groups 1 and 16); simple lines: unique sequences (no apparent similarity to any of the other regions). All other types of lines are regions that are similar to other regions of the same group. Note that in group 12, regions represented by dashed lines are not only similar to corresponding regions in other sequences, but also to the other regions of the same sequence. In Group 16C the region represented by a double line in sequence PA19 is similiar to the region at ca. 650-750 bp of the other sequences of the same group.

Table 1

 1 Summary of the groups of related sequences based on regions showing higher than 85% identity (in pairwise comparison)

	P. apollo	E. aurinia	A. fabae
	Sequences with		
	similarities in both		
	sides of the MS		

Table 2

 2 Distribution of microsatellites among different repetitive motifs. Scr.: Number of clones screened. Pos.: Number of positive clones detected visually. Seq.: Number of clones sequenced successfully. Indep: Number of sequences that did not show similarities in their flanking regions to others. Rel.: Number of sequences that were grouped together based on similarities in their flanking regions. Red.: Number of sequences that were nearly identical (identity greater than 98% along the whole sequence) to other sequences. CSS: Number of sequences that had long stretches of cryptically simple sequences, making alignment impossible. False: Number of sequences that did not contain microsatellite motif Scr. Pos. Seq. Indep. Rel. Red. CSS False

	P. apollo								
	CA	663	65	55	18	22	7	7	1
	ACAT 1105	80	47	4	27	13	2	1
	TC	1326	3	2	1	0	0	1	0
	AAG	1105	0	0	0	0	0	0	0
	AAT	1547	0	0	0	0	0	0	0
	ATCT	663	0	0	0	0	0	0	0
	Total	6409 148 104	23	49	20	10	2
	E. aurinia								
	CA	1105 353	62	36	21	4	0	1
	ACAT	884	87	20	8	8	6	0	2
	ATCT	884	4	3	2	0	0	0	1
	GAA	1105	51	8	3	2	3	0	0
	AAT	0	0	0	0	0	0	0	0
	CT	1105	0	0	0	0	0	0	0
	Total	5083 495	93	45	31	13	0	4
	A. fabae								
	CA	454 207	86	60	3	24	0	1
	ACAT	454	47	16	2	1	10	0	3
	GAA	908	18	0	0	0	0	0	0
	AAT	454	0	0	0	0	0	0	0
	CT	1362	0	0	0	0	0	0	0
	Total	3632 272 102	62	4	34	0	4
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