As mitochondrial genes evolve at rates different from each other and from nuclear loci, the 12 protein coding and two organelle-specific ribosomal RNA genes found in nematode mtDNA are likely to be of particular utility. The phylogenetic signal in these genes may well enable improved resolution of branching order in parts of the nematode tree that are left unresolved in nematode clades with especially slowly evolving SSU and LSU sequences as occur especially in Spirurina (Clade III), Tylenchina (Clade IV) and Dorylaimia (Clade I). Analysis of mitochondrial DNA (mtDNA) sequence data has long been a popular and tool for molecular phylogenetic analysis and discussions continue unabated of its relative merits and weaknesses compared to informative nuclear loci (we need a good ref here). We propose to include this important approach not only as part of the multigene dataset per se, but also to provide evolutionary rate comparisons and mitochondrial gene order analyses. The overall  size of the multigene dataset to be accumulated in the course of our project opens up unique opportunities for addressing many questions specific to phylogenetic affinities among nematodes as well as larger questions regarding metazoan mitochondrial genome evolution.

Accepted wisdom has it that mitochondrial transcriptional organization, or gene order, is generally stable at lower taxonomic levels (families) but can vary at higher ranks, as among phyla (Boore and Brown, 1998, Boore, 1999). Gene order has been advocated and employed as a uniquely homoplasy-free source of cladistic characters, often focusing on ancient relationships with varying degrees of success (Boore 2005).   However, rates of gene order change within the two major nematode taxonomic classes are decidedly different. While syntenic relationships are often conserved among the 14 Chromadorean mitochondrial genomes sequenced; no two gene orders are the same among the eight available complete Enoplean mtDNA sequences, nor among three congeners from the genus Romanomermis. While the use of mitochondrial gene order as a first-choice phylogenetic tool is at best controversial, the opportunity is now available for selective application of this method across a targeted range of chromadorean species where we expect it to prove of particular value.

The mtDNA component of this project will be a natural partner to the high-throughput Solexa sequencing effort As such, large scale mitochondrial gene-by-gene comparisons can be accomplished for all taxa analyzed.  While immature mitochondrial transcripts are typically poly-cistronic and would be useful for deducing adjacent genes and gene orders, it is the processed, polyA+ transcripts that provide template for Solexa high-throughput runs.  As such, it remains uncertain if Solexa sequencing enable direct assembly of mitochondrial gene orders.  However, divergently oriented primers can be developed for each mitochondrial gene sequence derived from the Solexa sequencing effort, enabling a PCR map of adjacent gene pairs with successful amplifications.  This strategy creates a simple two-step process (if necessary) for constructing gene orders in a facile, high throughput fashion. Analysis of mitochondrial gene orders in nematodes has also been greatly facilitated by our applications of rolling circle amplification (Tang and Hyman, 2005, 2007), and it is anticipated that larger scale mtDNA sampling combined with selective studies of gene order will prove especially valuable in helping us to resolve the phylogenetic relationship of the outgroup orders Plectida and Monhysterida to the three major clades (III, IV and V) contained within the order Rhabditida. Collectively these three orders constitute a deeply embedded monophylum within the Chromodorea. We therefore expect that levels of synteny in this monophylum will be consistent with previous findings within this class, and appropriate for unambiguous retrieval of tractable gene rearrangements..   This solution requires resolution of relatively ancient associations; mitochondrial gene order has found utility for this purpose in many studies (many papers).

Nematodes have proven remarkably versatile in many aspects of mitochondrial genetics, including for example occurrence of insertional editing in one species (Vanfleteren & Vierstraete, 1999) and partition of the mitochondrial genome into at least six different mini-circles, none of which carries the full set of genes by itself (Armstrong et al., 2000). They have also provided the source of important new insights into genetics, including measurements of actual mutation rates (Denver et al...), first demonstrations of mtDNA recombination and discovery of several cases of extreme intraspecific variability (Lunt and Hyman, 1997;  Tang and Hyman, 2007). We therefore fully expect that as a result of this project important implications for organelle genetics will continue to be discovered and extend well beyond that of nematode systematics.  For the first time, mitochondrial gene by gene comparison will be determined on an exceptionally large dataset within a single organismal lineage, and evolutionary rates and substitution patterning can therefore be addressed with unprecedented comprehensiveness. 

