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Introduction

Parabasalids, diplomonads, retortamonads and oxymonads are protistan groups with uncertain phylogenetic affiliation. In outgroup-rooted trees they mostly appear among the first eukaryotic branches, but this position is questioned and ascribed to the action of long-branch attraction artefact. Cavalier-Smith (2003) classifies these groups together with genera Trimastix and Carpediemonas to a broadly defined phylum Metamonada, a member of eukaryotic megagroup Excavata. There are no diagnostic characters for Metamonada sensu Cavalier-Smith (2003) and their definition is rather complex: Ancestrally tetrakont anaerobic flagellates with a tendency for multiplication of karyomastigont; recurrent flagellum ancestrally bears vanes and passes through a ventral groove. There is growing evidence that parabasalids, diplomonads and Carpediemonas share an exclusive common ancestor. This evidence is based on multiple gene phylogenies and sharing genes that were acquired in a single event of horizontal gene transfer. Oxymonads and Trimastix are indisputably closely related to each other in the 18S rRNA tree, but their affiliation to other metamonads is uncertain.

The evolution within the individual metamonad groups was traditionally depicted as proceeding from simple to complex forms – from monocercomonadids to hypermatigotes in parabasalids, from unizoic to diplozoic genera in diplomonads, and from simple polymastigids to “higher” oxymonad families in oxymonads.  In diplomonads and oxymonads these evolutionary hypotheses have never been tested using molecular methods, but in parabasalids molecular trees refuted the simple-to-complex scenario. Molecular trees showed that the most basal parabasalid linage formed a very derived trichonymphids. Monocercomonadids appeared to be non-monophyletic and simple morphology of some of them is apparently secondary. Many other parabasalian taxa are very probably non-monophyletic and despite a few recent revisions, the parabasalian classification is still not in accordance with the phylogenetic trees.

Aims of the thesis
1. Elucidate the phylogenetic position of retortamonads and oxymonads.

2. Reconstruct the internal phylogeny of diplomonads with a special respect to the position of unizoic enteromonads.

3. Critically analyse the rooting a relationships within parabasalids with the effort to minimize the effect of tree construction artefacts on topology reconstruction.

4. Confirm parabasalid affiliation of the genus Cochlosoma and determine its position in parabasalid tree.

5. Investigate molecular diversity of the polyphyletic family Monocercomonadidae by determining phylogenetic positions of new isolates.

6. Find tree-congruent morphological characters in representatives of family Monocercomonadiae that could be used in the future revision of parabasalid classification.

Results

1. We sequenced 18S rRNA gene for the genus Retortamonas and demonstrated that they form a robust clade (100% bootstrap) with diplomonads. 
Analysis of nine-gene concatenate ((-(-(-tubulin, EF-1(, EF-2, cytHSP70, HSP90 and ubiquitin) supported the existence of Metamonada sensu Cavalier-Smith (2003) including oxymonads. Because the Metamonada clade branched weakly with euglenozoans, the tree supported also the monophyly of the proposed megagroup Excavata. Detailed inspection of phylogenetic signal in individual genes, however, revealed that the concatenation of α- and β-tubulin recovered a tree, which was in statistically significant conflict with the existence of metamonad clade. As the two genes are in minority we regard their phylogeny less reliable, however, we intend to confirm the monophyly of Metamonada by using more genes. 

2. We sequenced 18S rRNA gene for enteromonad genus Trimitus. The sequence of the unizoic Trimitus robustly branched within diplomonadid clade above three diplomonad branches. This topology questioned the dominant view that diplomonad genera evolved from unizoic ancestors in one duplication event, because more duplication or reduction events must be evoked to explain the tree.

3. We analysed the internal phylogeny of parabasalids using the 16S rRNA sequences and applied methods to minimize the effect of LBA artefact. Most clades remained unaffected by employing of these methods but one (Trichonymphida, Hexamastix, putative Tricercomitus) split, indicating that it was artificially held by LBA. We also examined whether the LBA underlies the rooting on the trichonymphid branch. The exclusion method showed that LBA may be involved, but did not suggest any reliable alternative position. Again, the resolution must await other well-sampled gene phylogenies.

4. We confirmed the parabasalid affiliation of protist Cochlosoma anatis. The analyses suggested that its sister taxon is probably the genus Pentatrichomonas from family Trichomonadidae. Taxonomic consequences were drawn from this finding: family Cochlosomatidae was abandoned, family Trichomonadidae was split into three monophyletic families (Trichomonadidae, Tritrichomonadidae and Trichomitidae) and Cochlosoma was moved to the amended family Trichomonadidae.

5. We gathered and sequenced 22 new isolates of genus Monocercomonas and two isolates of genus Hexamastix. Monocercomonadidae sequences formed four distinct clades in the tree (our sequences occupied two of them) and their polyphyly was statistically significant. The genus Monocercomonas appeared polyphyletic, which led us to establish a new genus Honigberiella gen. nov. 
6. We determined four characters that discriminate the monocercomonadidae clades and correspond with their position in the tree. These characters are – shape of the axostyle trunk and the presence or absence of infrakinetosomal body, comb-like structure and marginal lamella. We suggest that some higher taxa can be defined using these characters in the future systematic revision of parabasalids.
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