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A tentative phylogeny for the control region of the mitochondrial DNA of the B lineage of the rabbit, Oryctolagus cuniculus cuniculus (L.)

A phylogeny for the Blineage of the rabbit (Oryctolagus cuniculus) based on part of the control region of the mtDNA is presented here. It has been constructed from 132 published sequences, which are listed in an appendix. Three versions of the phylogenetic tree are given; two have the positions numbered in different ways and the third adds a type locality or breed name for each haplotype and relates the main branches to their RFLP type.

The complete version of the phylogenetic tree referred to in the paper by Watson and Davis (Watson & Davis, 2019, Figure 23) is presented here. It is based on part of the the control region of the mitochondrial DNA. As explained in that paper, it has been constructed using trialanderror and common sense, following the principle of Occam's Razor, but essentially consists of a parsimony analysis. The commonly used computer programs make assumptions that are not necessarily valid, since the control region has its own patterns of evolution [START_REF] Meyer | Pattern of Nucleotide Substitution and Rate Heterogeneity in the Hypervariable Regions I and II of Human mtDNA[END_REF][START_REF] Howell | Relative Rates of Evolution in the Coding and Control Regions of African mtDNAs[END_REF]. Above all, mutation is not random. The mutations are concentrated at certain "hot spots" [START_REF] Stoneking | Hypervariable Sites in the mtDNA Control Region Are Mutational Hotspots[END_REF][START_REF] Galtier | Mutation hot spots in mammalian mitochondrial DNA[END_REF] and over a quarter of the total number of changes occur at only ten of the sites. Any attempt to modify the tree so as to reduce the number of mutations at one "hot spot" only increases the number of changes needed at other "hot spots". Since no less than four of the "hot spots" are involved in the main branching area, this means that there is great uncertainty as to the exact pattern of branching. At the same time, many sites never change and are found to be the same in the Alineage or even in the genus Lepus.

In addition, the sequences are of varying lengths. Only 315 positions, numbered 1551415688 and 1569015829 in the reference sequence of [START_REF] Gissi | The Complete Mitochondrial DNA Sequence of the Rabbit, Oryctolagus cuniculus[END_REF] and 119436 in the paper by Watson and Davis, are shared by the majority of the sequences (123 out of 132), but it is nevertheless useful to have the information from the shorter sequences and also the extra information from the longer ones.

In this case a less parsimonious pattern for the main branching area has been adopted so as to bring the order in which the main RFLP groups branch off into line with that shown by the RFLP analyses [START_REF] Monnerot | Rabbit and man: genetic and historic approach[END_REF].

As stated in the paper by [START_REF] Watson | Shape differences in the pelvis of the rabbit, Oryctolagus cuniculus (L.), and their genetic associations[END_REF], the RFLP type B3 evidently corresponds to three different groups. However, the haplotypes clustered together with both B3zsa and B3zsb include types reported only from domestic breeds, while in contrast B3zsc and the types close to it are all from wild rabbits, some outside the natural range of the species but some from southwestern France.
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The RFLP type B4 corresponds to the haplotypes clustered around B4zsa and probably also to the types in the Bzs40 cluster. All these types are from southern France.

The major branch including B06zsa and B11zsa that corresponds to the RFLP types B6 and B11 consists entirely of haplotypes from the Iberian Peninsula, except of course for B06zsa itself, which is from the Tunisian island of Zembra, but was presumably brought there from the Peninsula.

Corresponding to the RFLP types B8, B9 and B10 there is a major branch with two main subdivisions, one consisting of the haplotypes around B09zsa, which are all from the Ebro valley, and the other consisting of types close to C7, several of which are from further west in the Peninsula.

Finally, it can be seen that there is now a very large cluster of haplotypes corresponding to the RFLP type B1, many of them found in domestic breeds and most of the others in places outside the natural range of the species. It is striking that the haplotype that appears to be ancestral to all the others, B01zsc, has only been found in England, suggesting that all these types are derived from the Mediaeval expansion across northern France.

The sequences are available from the NCBI database at http://www.ncbi.nlm.nih.gov and come from various sources [START_REF] Mignotte | Direct repeats in the non coding region of rabbit mitochondrial DNA. Involvement in the generation of intra and inter individual heterogeneity[END_REF][START_REF] Van Der Loo | Evolutionary patterns at the antibody constant region in rabbit (Oryctolagus cuniculus L.): Characterisation of endemic blocus allotypes and their frequency correlations with major mitochondrial gene types in Spain[END_REF][START_REF] Gissi | The Complete Mitochondrial DNA Sequence of the Rabbit, Oryctolagus cuniculus[END_REF]; [START_REF] Bolet | Evaluation and conservation of European rabbit (Oryctolagus cuniculus) genetic resources. First results and inferences[END_REF]Letty et al., unpublished;Mougel et al., unpublished;Queney et al., unpublished;[START_REF] Long | Origin of rabbit (Oryctolagus cuniculus) in China: evidence from mitochondrial DNA control region sequence analysis[END_REF]Zenger & Richardson, unpublished;[START_REF] Seixas | Colonization history of Majorca Island by the European rabbit, Oryctolagus cuniculus, and the Iberian hare, Lepus granatensis (Lagomorpha: Leporidae)[END_REF]Emam et al., unpublished). Five additional control region sequences from Table 1 in [START_REF] Branco | Postglacial dispersal of the European rabbit (Oryctolagus cuniculus) on the Iberian peninsula reconstructed from nested clade and mismatch analyses of mitochondrial DNA genetic variation[END_REF] were added to the analysis and although they are rather shorter sequences than the others they fit in well. The sequences used are listed in the Appendix.

The tree was originally drawn with SeaView [START_REF] Gouy | SeaView version 4: a multiplatform graphical user interface for sequence alignment and phylogenetic tree building[END_REF]) and subsequently modified by hand.

The part of the mtDNA studied corresponds to positions 15396 to 15964 in the reference sequence of [START_REF] Gissi | The Complete Mitochondrial DNA Sequence of the Rabbit, Oryctolagus cuniculus[END_REF]. Some sequences therefore also include part of the tRNAPro region, but in fact only in one case does the tree show a mutation within that region. The control region begins at locus 15446 in the reference sequence of [START_REF] Gissi | The Complete Mitochondrial DNA Sequence of the Rabbit, Oryctolagus cuniculus[END_REF] and at position 51 in the numbering used by [START_REF] Watson | Shape differences in the pelvis of the rabbit, Oryctolagus cuniculus (L.), and their genetic associations[END_REF].

There are three versions of the tree, identical in structure but labelled in different ways. They begin at a node in the top lefthand corner that differs from the nearest member of the Alineage at 55 sites.

Figure 1 shows the tree with the positions of the changes numbered relative to the beginning of the longest sequence used in the analyses made by Mougel (pers. comm.). This is the numbering used in the paper by [START_REF] Watson | Shape differences in the pelvis of the rabbit, Oryctolagus cuniculus (L.), and their genetic associations[END_REF]. The change that occurs is shown beneath the number; where it says "ins" the base is inserted immediately after the position given, while "del" indicates a deletion. The order of the positions that change between two nodes is of course arbitrary and they have been arranged in numerical order except at the main branching point, where 408 AG has to occur before 165 CT in order to fix the branching point so that the change at 165 is duplicated.

Figure 2 is identical to Figure 1 except that the positions are numbered according to the reference sequence AJ001588 [START_REF] Gissi | The Complete Mitochondrial DNA Sequence of the Rabbit, Oryctolagus cuniculus[END_REF].

Figure 3 is the same as Figure 1 except that the typelocality, or in some cases the most typical locality or localities, for each haplotype is given, except in the case of domestic haplotypes, for which the breed name is given in italics. B01zsb and B03zsa are left unlabelled, since they are so widespread. The figure also shows, on the righthand side, the RFLP types associated with the main groups of control region haplotypes.

Notes 1) C50 is placed where it is because that is the most parsimonious position, but in fact it would make more sense if C50 was just another of the haplotypes radiating from B01zsj, the mutation at 135 being then reversed.

2) The changes leading from B03zsa to haplotypes H and M are very strange, many of them being at sites after 436 that show no change on any other occasion, and most of those in H even being the same in Lepus. Haplotype L is also derived from B03zsa but shows so many differences after site 436 that it has had to be excluded from the tree. There is only a single example of each of these haplotypes and it has to be asked whether these sequences really represent germline mtDNA. The sequence X54172 also shows unusual changes.

3) The provenance "Huelva" for C12 is strange because Huelva is deep within the zone of the A lineage. At the same time, it cannot represent a rabbit with domestic ancestry, as is likely for example in the case of haplotype J from Sevilla, because the haplotype branches off far too early. The only explanation can be that it is descended from a wild rabbit brought from some remote region in the zone of the Blineage. 4) Bzs15 could possibly belong to the group derived from B03zsb rather than to the B03zsa group. Since it is from a domestic breed and both groups include domestic breeds there is no reason to prefer one over the other when the two possibilities are equally parsimonious.

Appendix

List of haplotypes used in the tree. The columns are as follows: "Name" is the haplotype name. "NCBI Ref." is the reference number of the sequence in the NCBI database. "W & D" is the range of positions included in the sequence using the numbering of [START_REF] Watson | Shape differences in the pelvis of the rabbit, Oryctolagus cuniculus (L.), and their genetic associations[END_REF]. " Gissi et al." is the range of positions included in the sequence using the numbering of [START_REF] Gissi | The Complete Mitochondrial DNA Sequence of the Rabbit, Oryctolagus cuniculus[END_REF]. "Reference" is the reference given in the NCBI database. 
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