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INTRODUCTION

The following pages provide a primer on the eukaryotic groups: their defining
features, and a reading-list for each (an introduction to the detailed, often-forgotten,
research literature). We have deliberately used informal names for groups, and
provided an indented hierarchy rather than a formal taxonomy, after the style of
Patterson (Patterson 1994, 1999). The groups included are those for which strong,
uncontroversial evidence exists in the current literature — giving a structure where an
extremely large, well-studied group (e.g. ciliates) might sit at the same level of the
hierarchy as a recently-discovered single species (e.g. Chromera velia). The
appropriate interpretation of this stucture is that the large group and the single species
are currently sister taxa, possibly pending further systematic investigations; rather
than that any inference should be made about genetic “distinctiveness”, or that any
impulse toward taxonomic inflation of the single species should necessarily be
indulged. The defining features listed here are not necessarily synapomorphies —
where they are, this is indicated: protistology is still extremely rich in areas of
potential systematic and taxonomic research. Defining features are derived from the
published studies cited at the end of each group.

We are attempting to promote stability, but this comes at the expense of excluding
some emerging taxonomic and systematic insights. Our non-adoption of formal
taxonomy is intended to promote knowledge of “what goes where” over “what is it
called”, because eukaryotic systematics is currently changing very rapidly. The
general (supergroup) location of any group is unlikely to change, but the fine detail
within supergroups — and thus, alpha-level taxonomy, and higher-level names and
ranks - is likely to change rapidly in the next few years. Ambiregnality — the valid
naming of taxa under both the ICZN and the ICBN — still has the potential to cause
confusion in eukaryotic systematics (Patterson and Larsen 1991a). A conventional
formal taxonomy, covering many (but not all) of the groups here, can be found in Adl
et al. (Adl et al. 2005).




OPISTHOKONTS

Animals, fungi and their protistan relatives; with the most defined species of any
eukaryotic supergroup. Most flagellated taxa have one posteriorly-inserting,
posteriorly-directed flagellum, with a barren second basal body; pseudopodia where
present are narrow. Mitochondrial cristae are flattened in most taxa. Collagens are
present in the animal extracellular matrix and fungal fimbriae, and are not known
from other eukaryotes. Chitin occurs elsewhere in the eukaryotes but is known in
ecdysozoan animals, in all fungal groups, in Ichthyophonus in the ichthyosporids, and
in the lorica of the choanoflagellate Salpingoeca. There is a conserved gene fusion of
dihydrofolate reducatase and thymidylate synthase, and a synapomorphic insertion in
the EFl-alpha gene; in addition, many taxa utilise an unusual mitochondrial
translation code, wherein the UGA (canonical stop) codon encodes tryptophan. No
chloroplast-containing lineages are present, although several species have symbiotic
or kleptoplastid relationships with algae.

The name Opisthokonta was previously used for chytrids but the usage adopted here
has gained currency and is now widespread. Unrooted phylogenomic studies robustly
support a close relationship between Opisthokonts and Amoebozoa. These taxa have
historically been grouped as “unikonts”. However, recent studies have suggested that
the biflagellate Apusozoa may group with Opisthokonts to the exclusion of
Amoeboza; the nomenclature, rank, and synapomorphies defining this clade have not
been agreed. (Amaral-Zettler 2001; Baldauf 1999; Baldauf and Palmer 1993; Burki et
al. 2008; Cavalier-Smith and Chao 2010; Cavalier-Smith and Chao 2003c; Celerin
and Day 1998; Celerin et al. 1996; Hackett et al. 2007; Hampl et al. 2009; Kim et al.
2006; King and Carroll 2001; Lang et al. 2002; Lee and Young 2009; Liu et al. 2009;
Medina et al. 2003; Miilisch 1993; Patterson et al. 1999; Reeb et al. 2009; Shalchian-
Tabrizi et al. 2008; Stechmann and Cavalier-Smith 2002, 2003; Steenkamp et al.
2005; Wainright et al. 1993)

HOLOZOA

An assembly of the animals, choanoflagellates, and several small protist phyla
(Capsaspora, Ministeria, and ichthyosporids); the paraphyletic assembly of
choanoflagellates and other protists is also referred to as “Choanozoa”. All taxa (with
the exception of ichthyosporids) are known to contain members with unbranched,
non-tapering tentacles; in choanoflagellates and numerous kinds of animal cell
(sponge choanocytes or protonephridial cells) these are arranged as a funnel-shaped
collar of microvilli supported by actin filaments, surrounding the emergent flagellum,
which beats water away from the cell body so that food (or waste) particles are swept
between the microvilli and can be ingested. There is a conserved gene fusion of
ubiquitin and rps30, and recent metagenomic studies have identified a range of
signaling proteins- including notch-domain receptors, focal adhesion kinase 1, and
palmitoylated and disc large homologue guanylate kinases- that may constitute
discrete molecular synapomorphies. Molecular analyses largely support the
monophyly of Holozoa, and a basal divergence from Holomycetes, although
paraphyletic relationships have been recovered in some studies. (Baldauf 1999;
Brooke and Holland 2003; Cantell et al. 1982; de Mendoza et al. 2010; Degnan et al.
2009; King 2004; Leadbeater 1977; Leadbeater and Manton 1974; Leadbeater and
Morton 1974; Liu et al. 2009; Maldonado 2004; Medina et al. 2003; Nielsen 1987;
Nielsen 2001; Ruppert and Smith 1988; Shalchian-Tabrizi et al. 2008; Steenkamp et
al. 2005)



Metazoa (Animals)

An extremely diverse and speciose major group of multicellular, usually motile
organisms with a high degree of division of labour (differentiation) between cells;
diploid except for eggs and sperm, with meiosis preceding sexual reproduction,
and a blastula developing from the fertilised zygote.

There are occluding junctions between cells (septate junctions in invertebrates,
tight junctions in chordates and some arthropods), and spot or belt desmosomes for
cell-cell adhesion. A number of gene families are uniquely associated with the
metazoa, including PRD and ANTP class homeobox and ETS transcription factors;
in addition, there is evidence for extensive domain shuffling in several more
broadly conserved gene families during early metazoan evolution.

The basal state for sperm is with an ovoid head filled with nucleus, with an anterior
acrosome, and a posterior area filled with mitochondria, and a posterior flagellum.
The basic metazoan flagellar apparatus (except in adult sponges) consists of a
standard 9+2 flagellum with a distal transitional plate, giving rise to two striated
rootlets of differing periodicity; a non-flagellar basal body perpendicular to and
below the first, giving rise to a microtubular root. Collagen proteins form fibrillar
or network structures.

Animals can be divided into Porifera (sponges; with organic, calcite or siliceous
spicules; with asexual reproduction by gemmules, or hermaphroditic sexual
reproduction releasing gametes at different times, zygotes forming ciliated
blastula-like larvae; adults sessile with totipotent cell differentiation into
choanocytes, amoeboid cells, and secretory cells; with an extracellular matrix, but
lacking desmosomes, nervous system, localised gonads and digestive glandular
cells), Placozoa (flat disc-like animals that walk on their flagella; with two layers
of flagellated epithelia surrounding a middle layer containing undifferentiated
cells, syncytial contractile cells, eggs, sperm, and digestive glandular cells; lacking
an extracellular matrix, basement membrane, and nervous system; asexual
reproduction by binary division of body; includes Trichoplax), Mesozoa
(osmotrophic endoparasites, multicellular with ciliated epithelium; with gap,
septate and adhaerens junctions between cells; lacking gastrulation, basement
membrane, extracellular matrix, digestive tissues), and Eumetazoa (reproduction
via egg and sperm forming a zygote, which divides to become a blastula; cells
migrate through gastrulation, with differentiation into ectoderm, endoderm,
mesoderm and neuroderm, which differentiate into organs; with basement
membrane, elaborate cell junctions; with a nervous system and digestive glandular
cells; containing radially symmetrical cnidarians and ctenophores, and bilaterian
acoels, protostomes (lophotrochozoa + ecdysozoa) and deuterostomes (chordates +
hemichordates + echinoderms)). Porifera are believed to diverge basally within the
metazoa; however, the precise branching relationships, and particularly whether
Porifera and Eumetazoa are monophyletic or paraphyletic assemblies, are debated.

A wide range of parasitic taxa are known, ranging from myxozoa (highly reduced
cnidarian parasites of fish, formerly thought to be related to microsporidia) to
platyhelminthes, nematodes, arthropods, and even some chordates (e.g. candiru,
lampreys). Several species (e.g. the sea slug Elysia chlorotica) are known to
acquire chloroplasts by kleptoplastidy from algae. Complete genome sequences are
available for a wide range of species, including model Porifera (e.g. Geodia
neptuni and Tethya actinia; both mitochondrial only), Placozoa (Trichoplax
adhaerens) and Eumetazoa (Homo sapiens, Drosophila melanogaster, the
cnidarian Nematostella vectensis, and the phytoparasitic nematode Meloidogyne



incognita). A close relationship to choanoflagellates is robustly supported by
morphological and molecular evidence, although one single-gene study has
robustly supported an immediate sister-group relationship with Ministeria to the
exclusion of choanoflagellates. (Abad et al. 2008; Aleshin et al. 2007; Anderson
1998; Anderson et al. 1998; Boute et al. 1996; Degnan et al. 2009; Ender and
Schierwater 2003; Exposito et al. 1993; Franzén 1987; Green and Dove 1984;
Hejnol et al. 2009; Larroux et al. 2007; Lavrov et al. 2005; Lom and Dykova
1997; Nielsen 1987, 1998; Nielsen et al. 2001; Peterson and Eernisse 2001;
Philippe et al. 2009; Putnam et al. 2007; Ruiz-Trillo et al. 2008; Ruthmann et al.
1986; Schierwater ef al. 2002; Schwartz et al. 2010; Shalchian-Tabrizi et al. 2008;
Steenkamp et al. 2005; Zrzav'y et al. 1998)

Choanoflagellates

Small spherical or ovoid, unicellular and colonial “collar-flagellates”, with a single
anterior flagellum inside a funnel collar of pseudopodial extensions supported by
actin filaments. The flagellar apparatus (e.g. in Monosiga and Codosiga) can
include rings of fibrillar material around the flagellar basal body, from which
emerge radiating microtubules, either singly or in blocks. The microtubules extend
to the bundles of actin filaments that support the collar. The cell exterior may be
covered with a variety of structures ranging from organic sheaths to complex
siliceous cages; these have taxonomic value.

Species have been identified from freshwater, marine benthic and pelagic habitats;
no parasitic taxa are known. The group is divided into Monosigidae (naked taxa),
Salpingoecidae (taxa with a cellulose theca), and Acanthoecidae (taxa with a lorica
of siliceous strips). A genome has been completed for Monosiga brevicollis;
preliminary analysis reveals similar gene content, but surprisingly different
genome organisation from metazoa, with three unique classes of retrotransposons,
a highly diversified array of tyrosine kinases, and differences in subtelomeric gene
content. Meiotic genes have been identified, suggesting that choanoflagellates are
sexual, and three genes of the glutamate synthase pathway appear to have been
laterally acquired from algal donors. There is longstanding molecular support for a
close relationship between choanoflagellates and metazoa; recent multigene studies
have, however, failed to recover consistent branching relationships between the
Metazoa, choanoflagellates and other Holozoan taxa. (Carr ef al. 2010; Carr ef al.
2008a; Carr et al. 2008b; Hibberd 1975; Karpov 1999; Karpov and Leadbeater
1997; King et al. 2008; Lara et al. 2009; Leadbeater 1977; Leadbeater and Manton
1974; Leadbeater and Morton 1974; Manning et al. 2008; Robertson 2009; Ruiz-
Trillo et al. 2008; Shalchian-Tabrizi et al. 2008; Steenkamp et al. 2005).

Capsaspora owczarzaki

A species of amoeba with long filose pseudopodia up to 3 times the diameter of the
cell. One of the pseudopodia can be used as a “feeding peduncle” and is extended
towards prey cells and used for saprotrophic ingestion of the prey’s cytoplasm
(which distinguishes this species from the nucleariids). It is ecologically
distinctive, being a symbiont in the haemolymph of the snail Biomphalaria
glabrata and therein a parasite of the trematode Schistosoma mansoni. It undergoes
asexual fission to produce separate but identical daughter cells (which
distinguishes it from members of the Ichthyosporids). Capsaspora contains genes
encoding membrane-associated guanylate kinases, a protein family otherwise
unique to choanoflagellates and metazoa, and implicated in the evolution of



multicellularity in animals. Originally classified as a nucleariid, phylogenomic
analyses variously suggest sister-group relationships to ichthyosporids and to
Ministeria, and close relationships with metazoa and choanoflagellates. (Amaral-
Zettler 2001; de Mendoza et al. 2010; Hertel et al. 2002; Liu et al. 2009; Ruiz-
Trillo et al. 2006; Ruiz-Trillo et al. 2008; Shalchian-Tabrizi et al. 2008; Stibbs et
al. 1979).

Ministeria

Small spherical marine organisms with radiating, equally spaced, very fine smooth
arms up to several times the diameter of the body in length, which are grown and
used raptorially to catch bacteria that have stuck to the cell surface. The ability to
grow fine arms as a fast response suggests that they may be supported by actin
microfilaments, similar to the arms making the collar of choanoflagellates. One
species has a fine stalk containing microtubule doublets, and can vibrate,
suggesting the presence of a (hitherto uncharacterised) flagellum. Multigene
phylogenies variously suggest sister-group relationships with metazoa, metazoa +
choanoflagellates, and Capsaspora. (Cavalier-Smith and Chao 2003c; Patterson et
al. 1993a; Shalchian-Tabrizi et al. 2008; Steenkamp et al. 2005; Tong et al. 1997).

Ichthyosporids

Also called Mesomycetozoa: a clade of osmotrophic opisthokonts, with spherical
or ovoid cells, containing a large central vacuole and thick cell walls. Cell walls
may contain chitin; nuclei and chromatin are prominent, and many species may
utilise a multinucleate stage. Mitochondrial cristae are predominantly flattened,
although tubular cristae have been observed in one species. The plasma membrane
of Creolimax fragrantissima has been observed to separate into branching tubules,
and subplasmalemmal vesicles have been observed in other taxa; it is not known
yet whether this organisation constitutes a genuine synapomorphy. There is genetic
evidence for sexuality, although only asexual reproduction has been observed.
Ichthyosporids include the dermocystid pathogens of vertebrates (which produce
uniflagellated zoospores) and the ichthyophonid parasites of marine invertebrate
digestive tracts (which produce amoeba-like dispersive cells, and may form
aggregated cell clusters). Historically classified as fungi, molecular phylogenies
robustly recover a close relationship with metazoa and choanozoa, and associated
protist lineages, but variously suggest immediate sister-group relationships with
Capsaspora, Corallochytrium, and a position basal to all other choanozoa.
(Fredricks et al. 2000; Lang et al. 2002; Liu et al. 2009; Lohr et al. 2010; Marshall
and Berbee 2010; Marshall et al. 2008; Medina et al. 2003; Mendoza et al. 2002;
Mort-Bontemps et al. 1997; Miilisch 1993; Ragan et al. 1998; Ruiz-Trillo et al.
2004; Ruiz-Trillo et al. 2008; Shalchian-Tabrizi et al. 2008; Spanggaard et al.
1996; Steenkamp et al. 2005; Ustinova et al. 2000)

HOLOMYCETES

A diverse clade, consisting of fungi, and two protist (nucleariids and fonticulids)
groups. Individuals may be flagellated, amoeboid, filamentous, or have complex body
organisation. Pseudopodia, where present, are tapering and may be branched.
Mitochondrial genomes may be rich in introns, although this is not always true (e.g.
the chytrid Harpochytrium). Molecular phylogenies robustly support a basal



divergence of Holomycetes from Holozoa. (Bullerwell et al. 2003; Bullerwell and
Lang 2005; Lang et al. 2002; Lara et al. 2009; Liu et al. 2009)

Nucleariids

Aflagellated, predominantly spherical amoebae with radiating fine, non-branching,
non-granular, non-axopodial pseudopodia, which consume whole prey cells. Some
species are naked, while others are covered with siliceous scales, plates or
spherical “perles” (Pompholyxophrys species), or spines, or a test, which is hollow
and has a meshwork structure, or there may be a filamentous extracellular matrix
(Nuclearia species); the pseudopodia emerge through these structures. When
flattened, cells have filose pseudopodia emerging from the anterior edge. The
pseudopodia are not supported by microtubules, and microtubule-organising
centres such as centrospheres appear to be absent: this distinguishes them from
superficially similar centrohelids or radiozoa. Mitochondrial cristae are flattened.
One species, N. pattersonii, has been isolated from roach gills and contains a
bacterial endosymbiont. A mitochondrial genome has been completed for M.
simplex, and reveals multiple introns, and the use of a canonical translation table.
Molecular studies place nucleariids as basal to fungi, and as the immediate sister-
group of fonticulids. (Amaral-Zettler 2001; Brown et al. 2009; Cavalier-Smith and
Chao 2003c; Dykova 2003; Lara et al. 2010; Liu et al. 2009; Medina et al. 2003;
Mikrjukov 1999; Mikrjukov 2000b; Nicholls and Durrschmidt 1985; Patterson
1985a; Patterson et al. 1987; Ruiz-Trillo et al. 2004; Steenkamp et al. 2005; Surek
and Melkonian 1980; Thomsen 1978; Wujek and O’Kelly 1991; Yoshida et al.
2009)

Fonticulids

Coprophilic “cellular” slime moulds, where the trophic stage is amoebae with
filose pseudopodia. Amoebae aggregate to form a pyramidal sorocarp.
Mitochondrial cristae are discoidal. Multigene studies robustly support a sister-
group relationship to the nucleariids. (Brown et al. 2009; Deasey 1981; Deasey
1982; Page and Blanton 1985; Worley ef al. 1979).

Fungi

A large clade of osmotrophic mycelial organisms that form hyphae (threads) and
reproduce using spores; and their phagotrophic unicellular relatives. Hyphae grow
apically, and may or may not be divided into cells by septa. Cell walls contain
chitin and beta-glucans; fungal fimbriae contain non-fibrillar collagen. Nutrition is
osmotrophic via the mycelium; the storage product is glycogen. Lysine synthesis
occurs via the a-aminoadipate pathway. Uniquely among studied eukaryotes, fungi
produce nonribosomal peptide synthetases, which catalyse the biosynthesis of
small peptides via a thiotemplate mechanism. There is widespread evidence for
sexuality within the fungi, which may occur via a variety of mechanisms, ranging
from permanent sexual dimorphism to mating between and even within two or
more interchangeable mating-types. Molecular phylogenies strongly suggest a
sister-taxon relationship to Nucleariids. (Adl et al. 2005; Bowman et al. 1992;
Bushley and Turgeon 2010; Celerin and Day 1998; Celerin et al. 1996; Hibbett et
al. 2007; Lara et al. 2009; Lee et al. 2010; Lin et al. 2005; Lutzoni et al. 2004;
Steenkamp et al. 2005)



Ascomycetes

“Sac” fungi, accounting for about 75% of all fungi, including Penicillium
chrysogenum, source of penicillin and Saccharomyces cerevisiae, baker’s yeast;
with mycelial habit and no flagellated stages. The defining feature is the sac-
like ascus, a cell where karyogamy, meiosis and (nuclear or plasma) membrane
division occur to produce ca. 8 ascospores which develop in the cell; the ascus
often develops in a sterile fruiting body (the ascoma), either from ascogenous
hyphae, from a crozier or from a single cell. There is a dikaryotic (functionally
diploid) mycelium stage in the life cycle, though the dikaryotic mycelium can
co-occur with the differentiated haploid ascoma. The hyphae have chitin and
glucan walls; septa may have plasmodesmata, or be uniperforate or
multiperforate, according to the life cycle stage; the septal pore structure can be
used to differentiate groups within the ascomycetes.

The Ascomycetes is the largest group of fungi, and includes most of the lichen-
forming species as well as insect symbionts, and endophytic and mycorrhizal
symbionts of plants. There are a large number of known parasitic and
pathogenic ascomycetes, including Magnaporthe grisea (rice blast fungus,
which is believed to be the most destructive and economically significant rice
pathogen), the human pathogens Pneumocystis carinii and Candida albicans,
and several other parasites of animals, plants, and even other ascomycetes. The
Ascomycetes may be divided into: Neolecta (mycelial and multinucleate,
ascomata stalked and fleshy, lacking interascal tissue; cylindrical asci formed
from binucleate cells, producing ellipsoidal ascospores with thin walls),
Taphrinomycotina (mycelium present or absent, asci formed form binucleate
cells, no interascal tissue or croziers; including Schizosaccharomyces, fission
yeast, and Pneumocystis, human pathogen), Saccharomycetes (mycelium
reduced or absent, with septate hyphae with multiple pores; most vegetative
cells proliferate by budding or fission, cell walls lack chitin; ascomata absent;
asci produced by mitosis, with interascal tissue; includes Candida and
Saccharomyces), and Pezizomycotina (Mycelium with filamentous hyphae with
septate walls with single pores, haploid life cycle with dikaryotic stage
immediately prior to sexual reproduction, differentiated male antheridium and
female ascogonium; ascogenous hyphae and croziers producing asci; extremely
diverse and speciose). Genome sequences are available for a number of species,
including S. cerevisiae, Schizosaccharomyces pombe, Neurospora crassa, M.
grisea, P. carinii and C. albicans, and genomic deletion maps have been
assembled for S. cerevisiae and S. pombe; comparative analysis of ascomycete
genomes reveals evidence for extensive segment and genome duplication and
gene loss in different lineages. Phylogenetic studies concur with the suite of
morphological features in suggesting that this group is monophyletic and sister
taxon to the Basidiomycetes. (Adl et al. 2005; Bruns et al. 1992; Dean et al.
2005; Dujon et al. 2004; Fitzpatrick et al. 2006; Galagan et al. 2003; Gargas et
al. 1995; Giaever et al. 2002; Hibbett et al. 2007; Humber 2008; Jones et al.
2004; Kimbrough 1994; Kuramae et al. 2006; Lutzoni et al. 2004; Nishida
1994; Odds 1987; Reichle 1965; Rodriguez et al. 2009; Ruiz-Trillo et al. 2008;
Schaffer 1975; Shalchian-Tabrizi et al. 2008; Slaven et al. 2006; Spirek et al.
2010; Steenkamp et al. 2005; Wang et al. 2009; Wetmore 1973; Wood et al.
2002; Yuan et al. 2010)




Basidiomycetes

“Club” fungi, mostly with a dikaryotic, mycelial habit and no flagellated stages.
Hyphae are septate (with plasmodesmata, multi-pore or uni-pore structures
joining cells) and may have clamp connections: outgrowths from dividing
hyphal cells which retain the dikaryotic condition. The basidium is the defining
structure: a cell, produced from the mycelium, in which karyogamy and meiosis
occur to produce 2-4 haploid basidiospores, which are released and develop
exogenously into hyphae. Ballistospores may occur, spores which are
discharged into the air with force, and can be produced by one of several life
cycle stages (depending on species).

Basidiomycetes include several animal and plant endosymbiont and
episymbiont lineages, of which some are parasitic and of economic (including
Armillaria gallica, a forest pathogen which can cover very large areas of soil;
Uromyces, “rust fungus” and Ustilago, “‘smut fungus”- plant crop pathogens) or
medical importance (the human pathogen Cryptococcus neoformans). Three
major groups are recognised: the Uredinales (“rust fungi”, with very complex
life cycles, mycelial or yeast habit; xylose in cell walls, layered centrosomes,
septal pores with plug but no cap); the Ustilaginales (“smut fungi”, mycelial
parasites, many with saprobic yeast or ballisticonidial stages, xylose absent,
globose unlayered centrosomes, septal pores without plugs or caps), and the
large assemblage Hymenomycetes, including mushrooms and yeasts in the
tremellomycetes. A number of genomes have been sequenced, including
saprotrophic  (Phanerochaete chrysosporium), ectomycorrhizal (Laccaria
bicolor) and parasitic species (Ustilago maydis). Molecular studies robustly
support basidiomycete monophyly and an immediate sister-group relationship
with the Ascomycetes. (Adl et al. 2005; Bauer et al. 2001; Bruns et al. 1992;
Doublés and McLaughlin 1991; Fell et al. 2001; Fitzpatrick et al. 2006; Hibbett
and Thorn 2001; Kamper et al. 2006; Kuramae et al. 2006; Lutzoni et al. 2004;
Martin et al. 2008; Martinez et al. 2004; McLaughlin ef al. 1985; Money 1998;
Rodriguez et al. 2009; Ruiz-Trillo et al. 2008; Schaffer 1975; Shalchian-Tabrizi
et al. 2008; Smith and Sale 1992; Steenkamp et al. 2005; Swann et al. 2001;
Wang and Qiu 2006; Wang et al. 2009; Yuan et al. 2010)

Zygomycetes

Fungi with a mycelial habit, and no flagellated stages. Hyphae are long, haploid
and multinucleate; many are coenocytic. Sexual reproduction occurs via the
fusion of gametangia on the hyphae, to produce diploid zygospores which then
undergo meiosis to generate a spore sac; spores germinate and become hyphae.
Some species are used as fermenting agents in East Asian cuisine (e.g. Rhizopus
oligosporus in tempeh production). Many species are parasitic, including
several potentially lethal human pathogens (e.g. Rhizopus oryzae, a causative
agent of mucormycosis, and Mortierella verticillata, a causative agent of
zygomycosis); some parasitic species may themselves contain bacterial
endobionts, which may increase the virulence and pathogenicity of the host.
Zygomycetes are currently divided into five lineages, although the underlying
systematics is uncertain and the taxonomy is likely to change: Mucoromycetes
(saprotrophic, ectomycorrhizal, or mycoparasitic filamentous fungi, with septa
present only in older hyphae and with plasmodesmata at septal pores; asexual
reproduction by merosporangia and sexual reproduction by globose




zygospores); Entomophthorales (predominantly arthropod parasites with
filamentous aseptate thalli, which may fragment to form multinucleate hyphal
bodies; asexual reproduction by conidia and sexual reproduction by thick-
walled zygospores); Kickxellomycetes (saprotrophic, symbiotic, or
mycoparasitic fungi, hyphae with regular septa, each containing a lenticular
cavity and plugs; asexual reproduction by merosporangia or trichospores, and
sexual reproduction by sometimes ornamented zygospores), Zoopagomycetes
(parasites of other fungi and of microanimals, with a filamentous coenocytic or
septate thallus; asexual reproduction by merosporangia and sexual reproduction
by nearly globose zygospores), and Basidiolobus (soil fungi, with a filamentous
septate thallus and uninucleate cells; sporophores with a subsporangial vesicle;
asexual reproduction by conidia and sexual reproduction by zygospores with a
centriole-like organelle). A complete genome sequence is available for the
mucoromycete R. oryzae, and mitochondrial genomes for the mucoromycete M.
verticillata and the kickxellomycete Smittium culisetae; preliminary data from
R. oryzae reveals evidence for a recent whole-genome duplication event. Recent
molecular analyses have suggested that the zygomycetes are paraphyletic, with
mucoromycetes branching as one or more immediate sister-taxa to the
ascomycetes and basidiomycetes, and all remaining zygomycete taxa branching
as a well-supported sister-clade to these lineages; the resultant changes to the
taxonomy, nomenclature and rank of this phylum remain under debate. (Adl et
al. 2005; Barr 1981; Fuller and Reichle 1968; Hawker et al. 1966; Hibbett
2006; James et al. 2000; Jeffries and Young 1979; Keeling 1998, 2003; Kito et
al. 2009; Liu et al. 2009; Lutzoni et al. 2004; Ma et al. 2009; Moss and Young
1978; Nagahama et al. 1995; Olson 1973; Paquin et al. 1997; Schiissler et al.
2001; Seif et al. 2005; Steenkamp et al. 2005; Tanabe et al. 2000; Tanabe et al.
2004; Tehler et al. 2003; Validivia and Heitman 2007; White et al. 2006).

Nephridiophagids

Spore-forming parasites of the malpighian tubules of insects. Infection is via the
oral uptake of spores; reproduction occurs in the host tubule epithelium or
lumen, to produce uninucleate amoeboid cells, which differentiate into
multinucleate plasmodia. The plasmodia divide into merozoites or spores. The
spore walls contain chitin. Molecular studies support a position within the fungi,
as a close relative of the zygomycetes; the exact position is not agreed. (Fabel et
al. 2000; Ganapati and Narasimhamurti 1960; Lange 1993; Radek and Herth
1999; Radek et al. 2002; White et al. 2006; Wylezich et al. 2004)

Glomeromycetes

A group consisting entirely of obligate arbuscular mycorrhizal symbionts of
plants. Although mycorrhizal ascomycetes and basidiomycetes are known,
glomeromycetes are the mycorrhizal symbionts of almost all plants that have a
fungal root symbiosis. Glomeromycetes have an asexual life cycle, aseptate
hyphae, and large, multinucleate spores with layered walls. Spores form singly
or in sporocarps outside the host, and make contact with plant roots following
germination into hyphae. Inside the roots, they form tree-like structures
(arbuscules) with very reduced cell walls which allow transfer of nutrients into
the plant root cells, which also have reduced cell walls when arbuscules are
present. The glomeromycete Geosiphon pyriformis contains endosymbiotic
cyanobacteria. A mitochondrial genome has been completed for Glomus



intraradices. There is evidence for substantial genomic and transcriptomic
variation even within specific arbuscular mycorrhizal isolations. Multigene
phylogenies recover a deep-branching position within the fungi, and in one case
suggest a sister-group relationship to the zygomycete Mortierella. (Adl et al.
2005; Aleshin et al. 2007; Bécard and Pfeffer 1993; Boon et al. 2010; Corradi
et al. 2004; Corradi and Sanders 2006; Helgason et al. 2003; Hibbett et al.
2007; Kuhn et al. 2001; Lee and Young 2009; Morton 1988; Morton and Benny
1990; Schiissler et al. 2001; Wang and Qiu 2006)

Chytrids

Coenocytic fungi that form unwalled flagellated zoospores for reproduction,
which then convert into either walled spores or a diploid thallus. Many taxa
have a hyphal thallus; the hyphae contain septa with plasmodesmata; there are
one or more sporangia. Zoospores have a characteristic arrangement of the
flagellar apparatus: in most taxa there is a single posteriorly directed flagellum,
with the second flagellum represented only by a very short basal body, parallel
to and closely connected to the first by fibrillar material. The flagellar transition
zone has a distinctive concentric fibre, and there are “props” between the
flagellar apparatus and the cell membrane. Chytrids include a number of
parasitic taxa, including the amphibian parasite Batrachochytrium dendrobatis,
and several parasites of diatoms, which may play a key role in rendering
photosynthetic biomass edible to primary consumers.

Traditional groupings include: Monoblepharidales (flagellar apparatus similar to
those in some choanoflagellates, with concentric striated fibrillar rings around
the flagellar basal body, and a 270-degree radiating layer of microtubules
extending from the rings; with the basal bodies parallel; with a nonfenestrated
rumposome), Neocallimastigales (obligate endosymbionts of ruminant and
reptilian digestive tracts, with genome-lacking hydrogenosomes instead of
mitochondria; with two or many flagella without dormant basal bodies; with a
saddle-like structure surrounding the basal body, and a single bundle of
microtubules, with or without interconnecting fibrils, extending from the
flagellar basal body down to a posterior dome structure; and with an extremely
low content of polyunsaturated fatty acids), Spizellomycetales (nucleus attached
to basal bodies with closely adpressed or connected by microtubular root; basal
bodies at an angle), and the apparently polyphyletic Chytridiales (uniflagellated
or with multiple flagella; nucleus not connected to basal bodies; basal bodies
connected by fibrillar material, flagellar root extending to the rumposome - lipid
globule surrounded by a microbody and laminated fibres). A complete genome
is available for B. dendrobatis, and mitochondrial genomes are available for
five chytrid genera: Monoblepharella, Harpochytrium and Hyaloraphidium
(monoblepharidales), Spizellomyces (spizellomycetale) and Rhizophydium
(chytridiale). Preliminary analysis suggests highly reduced mitochondrial
genome content, and in particular few mitochondrial-encoded tRNAs; uniquely
amongst fungi, mitochondrial tRNAs may be subject to post-transcriptional
editing. Multigene phylogenies strongly support a deep-branching position
within the fungi, predominantly as an independent lineage (excluding rozellids),
although some studies have suggested a sister-group relationship to
blastocladiomycetes and/ or some zygomycetes, and paraphyletic derivations of
recognised chytrids. (Adl et al. 2005; Barr 1978, 1980, 1981, 1990, 1992; Barr
and Désaulmiers 1986, 1988; Barr et al. 1987; Barr and Hadland-Hartman
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1978; Berger et al. 1998; Bowman et al. 1992; Bullerwell et al. 2003;
Bullerwell and Lang 2005; Comlekcioglu et al. 2010; Fuller and Calhoun 1968;
James et al. 2000; Kagami et al. 2007; Li et al. 1993; Liggenstoffer et al. 2010;
Longcore 1993, 1995; Lutzoni et al. 2004; Mollicone and Longcore 1994;
Nagpal et al. 2007; Philippe et al. 2009; Powell and Gillette 1987; Rosenblum
et al. 2008; Ruiz-Trillo et al. 2008; Shalchian-Tabrizi et al. 2008; Steenkamp et
al. 2005; Tanabe et al. 2005; Taylor and Fuller 1980; Wang et al. 2009)

Blastocladiomycetes

Fungi with a filamentous stage containing hyphae with multiperforate septa, and
with a uniflagellate zoospore stage. The microtubules of the flagellar apparatus
originate from a fibrillar sleeve surrounding the flagellar basal body, and extend
in 9 groups of 3 to surround the nucleus, which is proximal to the flagellum.
The nucleus is conical, and covered with a distinctive cap of ribosomes,
surrounding the abflagellar side of the nucleus and visible by light microscopy;
mitosis is closed. Cells contain a “side-body complex” of lipid globules and
membrane cisternae, similar to chytrids. Species may be saprotrophs or
parasites of plants, green algae, invertebrates, and other fungi. Mitochondrial
genomes have been completed for Blastocladiella emersonii and Allomyces
macrogynus; in addition, EST libraries have been collated for B. emersonii
under a variety of different environmental stress conditions. Suggested from
SSU rDNA phylogenies to be a basal member of the zygomycetes, recent
phylogenomic analyses have suggested that blastocladiomycetes constitute a
deep branch or paraphyletic array within the fungi, either at the base of the
zygomycetes, ascomycetes and basidiomycetes, at the base of the chytrids, or
basal to all other fungi other than microsporidia and rozellids. (Aleshin ef al.
2007; Barr 1981; Borkhardt et al. 1988; Borkhardt and Olson 1986; Georg and
Gomes 2007; Gutman et al. 2009; James et al. 2006; James et al. 2000; Lara et
al. 2009; Lutzoni et al. 2004; Moss and Young 1978; Nagahama et al. 1995;
Philippe et al. 2009; Ruiz-Trillo et al. 2008; Shalchian-Tabrizi et al. 2008;
Steenkamp et al. 2005; Tambor et al. 2008; Tanabe et al. 2004; Tehler et al.
2003; White et al. 2006)

Microsporidia

Amitochondriate, aflagellated, obligate intracellular parasites of ciliates and
animals, including the bee parasite Nosema apis and Nosema bombycis, the
agent of pébrine (silkworm pepper disease), and several human parasites (e.g.
Encephalitozoon cuniculi) that can have severe effects on immunosuppressed
individuals. Microsporidia are only free-living as spores, which have a coiled
extrusion apparatus which is an invagination of the cell membrane. The cell
membrane encloses a lamellate and vesicular polaroplast, posterior vacuole, and
a coiled polar filament which attaches to the anterior end of the cell by an
umbrella-shaped anchoring disk, and posteriorly contacts the posterior vacuole.
The polar filament is everted to penetrate host cell walls, and empty the contents
of the spore (amoeboid sporoplasm) into the host cell. Spore walls contain
chitin and glucan. There is a mitosome (reduced mitochondrion) in some taxa.
The cytoplasm is enriched with ribosomes, and most taxa have diplokaryotic
(paired, closely adpressed, synchronously dividing) nuclei in some or all stages.
The genomes of E. cuniculi and E. intestinalis have been completed, and are the
most compact of all studied eukaryotes, with evidence for extensive intron loss.
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Unlike all other studied “fungi”, there is no evidence for the presence of
nonribosomal peptide synthetases, or of components of the a-aminoadipate
lysine biosynthesis pathway; however, there is genetic evidence for sexuality.
The presence of 70S ribosomes, with 16S/23S subunits, simple ultrastructure,
apparent lack of mitochondria, and highly derived SSU rRNA and EF1 alpha
sequences originally suggested a basal placement in the eukaryotes; but
analyses of protein sequences with a correction for rate heterogeneity, and the
presence of chitin in the spore walls, all indicate a fungal origin; some more
recent analyses have suggested an origin within or at the base of the
zygomycetes, or basal to all osmotrophic fungi. (Adl ef al. 2005; Bushley and
Turgeon 2010; Fischer and Palmer 2005; Hibbett et al. 2007; Hirt et al. 1999;
Inagaki et al. 2004; Katinka et al. 2001; Keeling 2003; Keeling and Fast 2002;
Keeling et al. 2005; Keeling et al. 2000; Keohane and Weiss 1999; Larsson
1986; Lee et al. 2010; Lee et al. 2009; Ormiéres et al. 1976; Slamovits et al.
2004; Vavra and Larsson 1999; Vinckier et al. 1993; Vivares and Metenier
2000; Wang et al. 2009; Williams et al. 2002; Williams and Keeling 2003;
Williams et al. 2005; Williams and Keeling 2005).

Rozellids

Parasitic fungi with uniflagellate motile cells, wall-less amoeboid trophic cells,
and walled cyst stages; no filamentous taxa are known. Encysted and flagellated
cells contain conspicuous polyphosphate granules. Parasite attachment is
dependent on host signalling factors, and on growth of the host cell wall;
feeding occurs by phagocytosis of host cell organelles. One genus, Rozella, is
known, and is principally parasitic of other fungal-like organisms (chytrids,
blastocladiomycetes and oomycetes), although one species has been suggested
to be a parasite of coleochaete algae, and recent metagenomic studies have
uncovered multiple unisolated freshwater, marine and acidophilic taxa.
Historically classified as chytrids, recent multigene phylogenies have supported
a position basal to all osmotrophic fungi (chytrids, zygomycetes,
blastocladiales, ascomycetes, basidiomycetes); the position of rozellids relative
to microsporidia is unknown. (Held 1972, 1974; Hibbett et al. 2007; James et
al. 2006; Lara et al. 2010; Wool and Held 1976)

OPISTHOKONTS INCERTAE SEDIS

Corallochytrium

A species of aflagellated spherical marine protists, which are distinguished by
undergoing up to 5 rounds of binary fission, producing up to 32 daughter cells which
are released through a pore in the cell wall, as elongated amoebae. Nutrition is
saprotrophic. This species was originally classed as a thraustochytrid (Stramenopiles)
on the basis of morphology, but lacks the characteristic flagellated stags,
sagenogenetosome and ectoplasmic nets of that group. Multigene studies strongly
support a close relationship with ichthyosporids, whereas the use of a-aminoadipate
reductase in lysine biosynthesis suggests a closer relationship with holomycetes; the
precise phylogenetic position of Corallochytrium is not agreed. (Carr et al. 2008a;
Cavalier-Smith and Allsopp 1996; Cavalier-Smith and Chao 2003¢; Chamberlain and
Moss 1988; Kumar 1987; Medina et al. 2003; Steenkamp et al. 2005; Sumathi et al.
2006; Vors 1992a).
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AMOEBOZOA

A supergroup composed predominantly of amoebae and amoeboid flagellates: it
includes nearly all the amoebae with lobose (broad, non-filose) pseudopodia, some of
which have subpseudopodia. Some (pelobionts, myxogastrids, protostelids,
Phalansterium, Breviata) have flagella, while others (canonical amoebae - Tubulinea,
Flabellinida) do not. The group overlaps with the traditional concept of amoebae as
one of the main groups of protozoa, but some of the taxa that would have been
considered amoebae have now found homes elsewhere, mostly in the Excavata or
Rhizaria. The group also overlaps significantly with the “Ramicristates” — a group
defined by the presence of mitochondria that have branching, irregular mitochondrial
cristae. The composition of each group requires further clarification as neither clear
pictures of mitochondria, nor robust molecular phylogenetic information, are
available for all members.

The supergroup was originally most clearly identified on the basis of molecular
evidence from a concatenation of multiple genes, with details of membership
emerging from more taxon-rich SSU rRNA and actin phylogenies. Membership of
amoebozoa, or of some of its clearly-circumscribed subclades, can be determined
using SSU rRNA phylogenies, but the relationships between subclades are best
discovered using multiple gene phylogenies. Some traditional hypotheses of
relationships within amoebozoa currently have no support as monophyletic clades,
since the groups' defining features appear to be plesiomorphies throughout the
amoebozoa: multi-gene phylogenies will illuminate this further when more taxa are
sampled. These include Lobosea (canonical amoebae with broad, lobed or finger-
shaped pseudopodia, and a simple life cycle of cysts and amoebae); Mycetozoa (slime
moulds, which alternate between a motile amoeboid stage and a fruiting body stage);
Conosa (flagellated amoebae with a cone and lateral band of microtubules, most with
a single basal body); and Centramoebae (amoeboid taxa with an extranuclear
“centrosome”, i.e. a striated microtubule organising centre giving rise to cytoplasmic
microtubules).

The amoebozoa includes well-known parasites Entamoeba histolytica and
Acanthamoeba castellanii, the classical amoeba Amoeba proteus and the model slime
moulds Dictyostelium discoideum and Physarum polycephalum; genome or EST
projects have been completed for each of these, revealing that amoebozoan genomes
are intron-rich amd have an unusually high proportion of signalling genes. There is
considerable size variation in genomes, including the largest genome known (670 000
000 000 bases in Amoeba dubia). (Arisue et al. 2002; Baldauf and Doolittle 1997;
Bapteste et al. 2002; Bolivar et al. 2001; Cavalier-Smith 1998, 2004; Dykstra 1977;
Fahrni et al. 2003; Fiore-Donno et al. 2005; Fiore-Donno et al. 2008; Fiore-Donno et
al. 2010; Frederick 1990; Glockner et al. 2008; Grebecki 1994; Grell and Schiiller
1991; Guhl and Roos 1994; Kim et al. 2006; Kudryavtsev et al. 2005; Milyutina ef al.
2001; Nassonova et al. 2010; Nikolaev et al. 2005; Olive 1975; Page 1987, 1988,
1991; Parfrey et al. 2006; Patterson 1994, 1999; Rogerson and Patterson 2002; Roos
1975; Shadwick et al. 2009; Silberman et al. 1999; Smirnov and Goodkov 1999;
Smirnov et al. 2005b; Song et al. 2005; Spiegel 1981a, 1990; Spiegel 1991; Spiegel et
al. 1995; Tekle et al. 2008; Ueda et al. 1997; Walker et al. 2003; Walker et al. 2001)

For ease of retrieval, taxa are organised below into amoebae, slime moulds and
flagellated amoebae: it should be noted that this is an artificial distinction.
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“AMOEBAE”

Tubulinea

A group of amoebae with diverse morphologies, recovered by molecular
phylogeny, including '"traditional amoebae" like Amoeba and Chaos;
hartmannellids and echinamoebae; and leptomyxids; also the "shelled amoebae" or
arcellinids. A possible synapomorphy is the ability to form tubular pseudopodia
and mono-axial flow of cytoplasm in the entire cell or every pseudopodium.
(Bolivar et al. 2001; Smirnov ef al. 2005b)

Arcellinida

Testate lobose amoebae with a shell with a single aperture, with the shell made
of proteinaceous material or agglutinated from organically- cemented sand,
diatoms efc. Proteinaceous tests may be rigid or made of hollow building blocks
that are made in the Golgi apparatus. Pseudopodia may be lobose and granular
or hyaline, or finger-shaped, and may anastomose. SSU rRNA phylogenies
indicate that the group is monophyletic and that organisms with proteinaceous
and agglutinated shells do not form independent lineages. Actin phylogenies
also place these organisms in the Tubulinea. (Bobrov 2004; Bonnet 1961, 1963,
1964, 1975; Lara et al. 2009; Mignot and Raikov 1990, 1992; Nikolaev et al.
2005; Ogden and Hedley 1980; Ogden and Meisterfeld 1989; Raikov and
Mignot 1991)

Leptomyxida

Flattened, wide naked amoebae with diverse morphologies: uninucleate and
elongate, multinucleate, plasmodial and reticulate or branched. Some species
can change from wide, flat forms to cylindrical, monopodial, monoaxial-
streaming forms. Anterior subpseudopodia are not produced. There is often a
mass of trailing filamentous pseudopodia behind the amoeba. The group
includes Leptomyxidae and Flabellulidae (from SSU rRNA analyses). (Amaral-
Zettler and Caron 2000; Cann 1984; Fahrni et al. 2003; Michel and Smirnov
1999; Page 1971, 1972; Page and Willumsen 1983; Pussard and Pons 1976a,
1976b; Smirnov et al. 2009; Smirnov and Goodkov 1999; Vivesvara et al.
1993)

Tubulinida

A group identified on molecular grounds, including the lab amoeba Amoeba
proteus, containing members of traditional groups Amoebidae, Echinamoebae,
and Hartmannellidae (except those organisms in culture collections identified as
Hartmannella vermiformis). These amoebae are monopodial or polypodial with
a cylindrical cross-section of the pseudopodium. In Hartmannellidae there is a
prominent nucleolus; Saccamoeba has hexagonal cup-shaped structures on the
cell surface. In the Amoebidae the pseudopodia have hyaline tips, and there may
be refringent crystals in the cytoplasm. One unnamed taxon has distinctive
mitochondria with parallel spiral cristae. The Echinamoebae are small and
flattened, with many fine, short, branching subpseudopodia extending from a
hyaline anterior region. Under low-oxygen conditions they can convert to
monopodial cylindrical forms. The echinopodia (spiny pseudopodia) include
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central bundles of fibrillar material. The monophyly of the whole group
(though not necessarily the traditional subgroups) is supported by actin and SSU
rRNA phylogenies. Many currently under-characterised amoebae will probably
fall into this group, for example Hydramoeba, parasitic on the cnidarian Hydra.
(Anderson et al. 1997; Baumgatrner et al. 2003; Bolivar et al. 2001; Cavalier-
Smith et al. 2004; Dykova et al. 2002; Fahrni et al. 2003; Kudryavtsev et al.
2005; Page 1967a, 1967b, 1986; Page and Robson 1983; Smirnov and Goodkov
1997; Smirnov et al. 2005b)

Flabellinida/ Discosea

A group of flattened amoebae that have cytoplasm with an anterior hyaline (glassy)
zone and polyaxial cytoplasmic flow; including vannellids and dactylopodids;
identified from SSU rRNA phylogenies. The group has been called the Discosea,
defined on molecular grounds and the presence of flattened amoebae, though it
should be noted that there is not evidence that Multicilia falls into the Discosea as
has been suggested. (Cavalier-Smith 2004; Dykova et al. 2005b; Fahrni et al.
2003; Kudryavtsev et al. 2005; Peglar et al. 2003; Smirnov et al. 2005b)

Dactylopodida

Flattened amoebae with an anterior hyaline zone on which unbranching
dactylopodia (finger-shaped pseudopodia) form, giving a spiny appearance to
the cell; with polyaxial or non-axial cytoplasmic flow. Pseudopodia have an
axial microfilamentous central region. The group includes members of the
traditional families Paramoebidae, Vexilliferidae, and Mayorellidaec. SSU rRNA
phylogenies strongly support monophyly of the group.

The Paramoebidae includes Neoparamoeba species, the hosts of the “parasome”
(eukaryotic euglenozoan parasites related to Perkinsiella amoebae). These
include agents of amoebic gill disease, important in farmed salmon; though not
all strains of all three Neoparamoeba spp have been demonstrated to be agents
of AGD. Vexilliferids Korotnevella and Vexillifera have distinctive surface
scales or glycostyles, and dactylopodid pseudopodia. Species are distinguished
on the basis of scale morphology. Mayorellids are amoebae with short
digitiform (mamiliform) subpseudopodia extending from the anterior hyaline
margin during locomotion; Mayorella has a cuticle whereas Dactylamoeba has
complex microscales on the cell surface. (Anderson 1977; Dykova et al. 2003;
Dykova et al. 2000; Dykova et al. 2005b; Fiala and Dykova 2003; Goodkov
1988; Grell and Benwitz 1970; Page 1973, 1987, 1988, 1991; Peglar et al. 2003;
Smirnov 1997, 1999a, 1999b; Smirnov et al. 2005b; Young et al. 2007)

Vannellids

Flattened, fan-shaped or linguiform amoebae with a hyaline anterior zone
without subpseudopodia, polyaxial cytoplasmic flow and wheel-like rotation of
the cell membrane. Where studied (in Clydonella, Lingulamoeba, Vannella and
Platyamoeba), the cell surface is highly differentiated into pentagonal
glycostyles, some with hair-like filaments, or hexagonal prisms, or short
prismatic structures. The floating forms of these amoebae are round with
radiating pseudopodia - similar to Dactylopodida. (Dykova et al. 2005a;
Hiilsmann and Haberey 1973; Kohsler et al. 2006; Page 1987; Page and Blakey
1979; Page and N.B.S. 1980; Peglar et al. 2003; Sims et al. 1999; Smirnov et al.
2005a; Smirnov 2001; Smirnov et al. 2007)
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Acanthamoebae

The human parasite Acanthamoeba castellanii can cause amoebic keratitis, uveitis
and encephalitis. Amoebae with clear, eruptive pseudopodia at front end of cell,
and numerous, slender, tapering subpseudopodia (acanthopodia) giving the cell a
spiny appearance. The glycocalyx is extremely thin. There is a centrosome (a
striated fibrillar "root" that acts as a microtubule organising centre) in trophic
amoebae. Cysts often have two layers: a thick, wrinkled, outer ectocyst and an
inner polygonal endocyst, and a wall pore with an operculum. The cyst wall
contains cellulose. Cyst morphology has traditionally been used to distinguish
species but this is not congruent with molecular analyses using SSU rRNA or ITS.
Molecular analyses indicate Acanthamoeba and Balamuthia form a clade, but
Comandonia is not part of the group. Recent genomic analyses suggest extensive
biosynthetic capacities might account for the diversity of habitats in which
Acanthamoebae are found; Acanthamoeba is possibly the most commonly isolated
genus of all naked amoebae from freshwater and soil habitats. (Amaral-Zettler
2001; Anderson et al. 2005; Bolivar et al. 2001; Carosi et al. 1977; Daggett et al.
1985; Fahrni et al. 2003; Kudryavtsev et al. 2009; Page 1967c, 1981; Stothard et
al. 1998)

Cochliopodiidae

Amoebae with a flexible dorsal layer of trumpet-shaped carbohydrate scales.
Moving amoebae are lens-shaped with a hyaline periphery (like the pseudopodia of
Vannellidae) and a granular central area. There is a distinctive electron-dense body
near the Golgi apparatus. Molecular data suggests a placement for Cochliopodium
inside the Amoebozoa but provides no specific support for relationships within the
Amoebozoa. Gocevia and Paragocevia have been placed in the group in the
grounds of cell shape and a fine filamentous dorsal tectum, but they lack the scales
characteristic of Cochliopodium species. (Bark 1973; Dykova et al. 1998;
Kudryavtsev 2004, 2005; Kudryavtsev et al. 2005; Kudryavtsev et al. 2004;
Nagatani et al. 1981; Page 1987; Page and Willumsen 1980; Sadakane et al. 1996;
Yamaoka et al. 1984)

Filamoeba and Flamella

Flattened, fan-shaped or spatulate amoebae; with a wider, hyaline anterior edge,
from which finger-shaped pseudopodia (Flamella) or long thin branching filopodia
(Filamoeba) extend. The cytoplasm contains many contractile vacuoles.
Mitochondria in Filamoeba sinensis have tubular cristae that seem not to branch.
SSU rRNA phylogenies suggest that Flamella, Filamoeba, Comandonia and
Arachnula may form a clade. (Amaral-Zettler and Caron 2000; Dykova et al.
2005¢; Kudryavtsev et al. 2009; Page 1967a; Peglar et al. 2003)

Gephyramoeba

Flattened amoebae, fan-shaped and often highly branched and irregular in outline,
but not reticulate. New pseudopodia may be eruptive. There is often a long “tail”,
but no mass of trailing filaments as found in the Leptomyxids. (Amaral-Zettler and
Caron 2000; Bolivar et al. 2001; Dykova et al. 2005c; Nikolaev et al. 2005;
Pussard and Pons 1976c¢)
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Grellamoeba

Large, flattened, irregularly branched amoeba, with a broad fan-shaped part
extending into a long robust pseudopodium; pointed non-anastomosing
subpseudopodia; floating forms with thick radiating pseudopodia; cysts spherical,
ovoid or bean-shaped. Isolated from pikeperch kidney tissue. (Dykova et al. 2010)

Thecamoebidae

Amoebae with a thin pellicle that is often wrinkled or ridged; moving forms are
oblong with a rounded anterior end. There is a thick cell coat which can be
amorphous, filamentous or cuticular. Many forms are predators of other amoebae.
The group as formulated by Schaffer 1926 (Thecamoeba, Dermamoeba,
Paradermamoeba, Parvamoeba, Pseudothecamoeba, Sappinia, Thecochaos) is
not currently resolved by molecular data, but this is inconclusive as the placements
of Dermamoeba and Thecamoeba are not robustly resolved in molecular
phylogenies. Sappinia has been implicated in a case of encephalitis. (Dykova et al.
2008; Kudryavtsev et al. 2005; Page 1975, 1977, 1978; Schaeffer 1926; Smirnov
1999c¢; Walochnik et al. 2010)

Trichosphaerium

Multinucleate marine testae lobose amoebae, with alternation of generations. In the
diploid phase there is a test (shell) with three- or four-sided pyramidal calcium
carbonate spines embedded in a mucin sheath overlying a fibrillar layer; the
haploid phase has a smooth test. Analyses of SSU rRNA, actin, and tubulins place
this taxon within Amoebozoa, but not in a stable position. (Angell 1975; Angell
1976; Schuster 1976; Sheehan and Banner 1973; Tekle et al. 2008)

“SLIME MOULDS”

Dictyostelids

A clade well-supported by molecular analyses, including the model organism
Dictyostelium discoideum: “cellular” slime moulds with stalked sorocarps, which
develop from aggregated amoebae. The trophic stage is uninucleate, haploid
aflagellated, filopodial amoebae, with a distinctive “centrosome” microtubule
organising centre. When starved, these amoebae can aggregate in reponse to cAMP
or other molecular (acrasin) signals generated by other individuals; they form a
‘slug’ with differentiated cells which subsequently become sori, stalk cells or stalk
base cells. The stalk may be cellular, acellular (formed of cell walls of dead cells),
and/or branched; it bears terminal sori of haploid spores. Haploid amoebae can
fuse to form a zygote, which then ingests aggregating haploid amoebae and forms
a dormant macrocyst; meiosis occurs to release haploid amoebae. The genome of
Dictyostelium discoideum has been published. There are four clades in the
dictyostelids that are not differentiable on the basis of morphology. (Alvarez-Curto
et al. 2005; Baldauf and Doolittle 1997; Bapteste and Philippe 2002; Eichinger and
Noegel 2005; Eichinger et al. 2005; Fiore-Donno et al. 2010; Guhl and Roos 1994;
Romeralo et al. 2007; Romeralo et al. 2010; Roos 1975; Schaap 2007; Schaap et
al. 1986; Schaap et al. 2006; Shadwick et al. 2009; Spiegel et al. 1995; Swanson et
al. 2002; Ueda et al. 1997)

17



Myxogastrids

A well-supported clade of “acellular” slime moulds with alternation of generations
and a filamentous nucleoid in the mitochondrion, including model organism
Physarum polycephalum. The trophic stages are haploid flagellates and filose
amoebae, which fuse to form a zygote, which divides to form a multinucleate
diploid plasmodium composed of veins (rather than the reticulate amoeba of
protostelids); cytokinesis and meiosis result in stalked or unstalked fruiting bodies
containing haploid spores. The group also includes species that form only
flagellates, amoebae and cysts - belonging to several subgroups of the
myxogastrids which have hitherto been separated on spore characters. The
mitochondria contain branching tubular cristae, and an electron-dense filamentous
nucleoid (probably DNA, ultrastructurally and biochemically similar to a
kinetoplast). The flagellar apparatus is within the variation described for
protostelids below. A molecular study of EFl-alpha and SSU rRNA supported
some groups within the myxogastrids distinguished on the basis of morphology
and life cycle. Analyses using SSU rRNA with very dense taxon sampling show
that the myxogastrids form a clade, but their placement in the Amoebozoa - and
with respect to other "eumycetozoans" - is unstable. (Cavalier-Smith 2004; Fiore-
Donno et al. 2005; Fiore-Donno et al. 2008; Fiore-Donno et al. 2010; Frederick
1990; Gely and Wright 1985; Guttes et al. 1966; Haskins and McGuinness 1988;
Ishigami 1977; Karpov and Mylnikov 1997; Schuster 1965; Shadwick et al. 2009;
Spiegel 1981a; Walker et al. 2003; Walker et al. 2001; Walochnik et al. 2004;
Wright et al. 1988; Wright et al. 1980a; Wright et al. 1979, 1980b)

"Protostelids"

A collection of groups that is not currently supported by taxon-rich analyses of
SSU rRNA, however the groups are placed together here pending more gene-rich
analyses; including Protosteliids sensu stricto, Soliformoviids, Protosporangiids,
Cavosteliids, Ceratiomyxids, Endostelium and Schizoplasmodiids. There is some
support for Phalansterium (discussed separately below) falling as the sister taxon
to Ceratiomyxella tahitiensis in the Schizoplasmodiids.

The protostelid groups collectively include “acellular” slime moulds with a
sporocarp (a fruiting body containing one to four spores, with a cellulose-
containing stalk and a basal disc), and a plasmodial stage, and with mitochondria
that lack a filamentous nucleoid. The life cycle may be simple and uninucleate, or
involve multiple divisions and multinucleate stages. The trophic stage is a
uninucleate flagellate or filopodial amoeba, which may fuse with other individuals
to form a large, reticulate, multinucleate plasmodium, or merely develop into a
single prespore cell; this (plasmodium or prespore cell) then forms a sporocarp;
spores germinate to form either uninucleate trophic amoebae, or a multinucleate
protoplast which can change directly into the multinucleate plasmodium, or divide
to form trophic flagellates which convert to amoebae and then to the plasmodium.
The mitochondria have branching tubular mitochondrial cristae, without the
filamentous nucleoid seen in myxogastrids.

The flagellar apparatus is characteristic of both protostelids and myxogastrids,
consisting of a flagellated anterior basal body with a thick cylindrial element in the
transition zone (of most taxa); a fibrillar root surrounding three quarters of the
basal body, which nucleates a curtain of microtubules that runs posteriorly into the
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cell, and a lateral microtubular root running from the right-hand edge of the
curtain; and a posterior MTOC (the centrosome) which gives rise to diffusely
arranged microtubules, and is connected to the proximal end of the basal body by
striated fibres. Where present, the posterior basal body is perpendicular to the
anterior one, and usually bears a layered “posterior parakinetosomal structure” on
its anterior edge, which nucleates a lateral microtubular root. A fifth microtubular
root arises from the posterior side of the posterior basal body. (Baldauf and
Doolittle 1997; Fiore-Donno et al. 2008; Fiore-Donno et al. 2010; Furtado and
Olive 1971; Hellsten and Roos 1998; Olive 1967, 1975; Shadwick et al. 2009;
Spiegel 1981c, 1981a, 1981b, 1982, 1990; Spiegel 1991; Spiegel and Feldman
1985, 1988; Spiegel et al. 1986; Spiegel and J. 1988; Walker et al. 2003; Walker et
al. 2001; Walochnik et al. 2004)

Phalansterium

Flagellates forming colonies of separate individuals, with cells producing and
embedded in a matrix of mucilage granules. Each cell has a single apical
flagellum surrounded by a continuous cytoplasmic collar. The single basal
body is anchored by a concentric series of fibrillar collars, giving rise to a
radially symmetrical cone of about 60 microtubules. The mitochondrial cristae
are tubular. SSU rRNA phylogenies consistently place Phalansterium with
Ceratiomyxella tahitiensis, an organism traditionally thought to be a
"protostelid": if this relationship is supported by further taxon-rich and gene-
rich analyses, Phalansterium may have a more complex life cycle, and
Ceratiomyxella may have a more complex flagellar apparatus than previously
described. This taxon is superficially similar to Spongomonas and
Rhipidodendron (Rhizaria). (Cavalier-Smith et al. 2004; Ekelund 2002; Hibberd
1983; Shadwick et al. 2009)

“FLAGELLATED AMOEBAE”

Archamoebae

Amoebae or amoeboid flagellates with unusually clear cytoplasm and chromatoid
bodies (helical arrays of ribosomes, visible by both light- and electron-
microscopy); they are microaerophilic or anaerobic, being secondarily
amitochondriate with small 500 nm long mitochondrial-type organelles
(mitosomes or hydrogenosomes) to which cpn60 localises. Iron sulfur cluster
assembly genes are laterally transferred from epsilon-proteobacteria. Molecular
phylogenies of SSU rRNA and multiple genes place these taxa together.
Archamoebae is used here sensu Cavalier-Smith 1983, 1997, Cavalier-Smith et al.
2004. (Aguilera et al. 2008; Arisue et al. 2002; Bapteste et al. 2002; Cavalier-
Smith et al. 2004; Edgcomb et al. 2002; Fahrni et al. 2003; Gill et al. 2007;
Silberman et al. 1999)

Entamoebae

Parasitic amoebae, including the agent of amoebic dystentery, Entamoeba
histolytica; with clear eruptive anterior pseudopodia and frequent chromatoid
bodies; mitosis is with an entirely intranuclear spindle. The number of nuclei in
cysts is used as a taxonomic character. There are no flagellated stages.
Mitosome-like organelles (degenerate mitochondria) are present. Most are
intestinal parasites of vertebrates; one is a gingival parasite. The genome of
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Entamoeba histolytica has been published: it is unusually AT-rich with many
tRNAs. (Aguilera et al. 2008; Clark 1995; Espinosa-Canellano et al. 1998;
Fahrni et al. 2003; Mai et al. 1999; Proctor and Gregory 1972; Siddiqui and
Rudzinska 1965; Silberman et al. 1999; Song et al. 2005; Tovar et al. 1999)

Pelobionts

Free-living or endosymbiotic organisms forming amoeboid flagellates, amoebae
and cysts; defined by the presence of a single basal body giving rise to a cone
and ribbon of microtubules. The cone of microtubules may or may not connect
to the nucleus. With hyaline cytoplasm which may form lobose or finger-shaped
pseudopodia; the cell body is “clear” and pseudopodia form in an eruptive
manner, in a way that differentiates pelobionts from the otherwise similar
amoebo-flagellates in the “Eumycetozoa” (“Slime moulds”) and Cercozoa. The
flagellar beat is distinctively “languid” or slow - possibly due to the absence of
the outer dynein arm from the flagellar axoneme. Amoebae may be small and
with one or few nuclei; or large (150 um long) with hundreds of nuclei. There
are double membrane—bound organelles which are probably hydrogenosomes,
which in some species of Pelomyxa and Mastigella are associated with
endosymbiotic methanogenic archaea. Chromatoid bodies are rarely observed.
One species is an endosymbiont in amphibians. Pelomyxa palustris, a large
amoeba with multiple flagella, can form cells up to 500 um long. Rhizomastix
may also be a member of this group. (Arisue et al. 2002; Brugerolle 1991b,
1991a; Edgcomb et al. 2002; Fahrni et al. 2003; Gill et al. 2007; Griffin 1988;
Milyutina et al. 2001; Silberman et al. 1999; Simpson et al. 1997a; Walker et
al. 2001; Whatley and Chapman-Andresen 1990)

Multicilia

Carnivorous multiflagellated protists, with multiple flagella arising randomly over
the cell surface. There are short lobopodia on the cell surface. The cells appear to
have no polarity and roll over the substratum on the flagella, which beat irregularly
and without coordination; there are usually 20-30 flagella though small organisms
have 2-4 and some giant organisms have up to 200. The anchorage for each
separate flagellum consists of a single basal body surrounded by 4 perpendicular
radiating microfibrillar discs, each giving rise to an incomplete multi-layered cone
of very short microtubules, giving a staggered cone of microtubules which runs
‘upwards’to the cell surface; there is also a microtubular ribbon that connects each
flagellar apparatus to one of its neighbours. Mitochondrial cristae are flattened.
There are multiple Golgi dictyosomes. The flagellar apparatus shows some
superficial similarities to that of the euglenozoan Stephanopogon, but also to those
of myxogastrids and protostelids - it requires further investigation. Analyses of
SSU rRNA place Multicilia in the Amoebozoa but its location within the group is
unstable. (Mikrjukov and Mylnikov 1998b; Nikolaev et al. 2006)

Other amoeboid taxa that seem likely to fall into the Amoebozoa; with light-
microscopical identities, but not ultrastructural or molecular identities; include
Echinopyxis, Gibbodiscus, Janickia, Leptocystis, Malamoeba, Malpighamoeba,
Ouramoeba, Ovalopodium, Pamphagus, Parvamoeba, and Playfairiana.

20



EXCAVATES

An assemblage of predominantly heterotrophic flagellates, many of which live in
oxygen-poor environments, and lack mitochondria but have organelles which may be
homologous to mitochondria. Excavates typically contain a distinct type of
longitudinal feeding groove, supported by the cytoskeleton, where suspended food
particles are collected from a current generated by the beating of one or more
posteriorly directed flagella, although some specific lineages lack this feature.
Excavates contain a number of parasitic lineages, including several major human
pathogens (e.g. Trypanosoma brucei, the causative agent of African Sleeping
Sickness). Until recently, the evolutionary history of these taxa has been uncertain;
however, recent, taxonomically broad multigene studies have robustly supported
monophyly. Two major lineages are currently recognised- Metamonads and Discoba;
one single genus, Malawimonas, is of unresolved position between these clades. The
phylogenetic postion of the excavates is subject to substantial debate: unrooted
phylogenies typically place them as distinct from both unikonts and the grouping of
the archaeplastids, SAR and CCTH clades; typically, this has been interpreted as
excavates being an early-branching bikont clade, but recent reappraisals of the root of
the eukaryotes have led to suggestions that they may be basal to the unikonts, or even
a distinct offshoot from all other eukaryotic taxa. (Bodyl ef al. 2010; Cavalier-Smith
2010; Hampl et al. 2009; Parfrey et al. 2010; Patterson 1990, 1999; Simpson and
Roger 2002; Simpson 2003; Simpson et al. 2005; Simpson et al. 2002a; Simpson and
Patterson 1999; Simpson et al. 2002d)

METAMONADS

A clade unifying Fornicates, Parabasalids, and Preaxostyla, all principally
“amitochondriate” excavate lineages. Although the phylogenetic validity of this clade
has historically been uncertain, it has been resolved with robust support by recent
multigene analyses. (Brugerolle 1977; Hampl et al. 2009; Parfrey et al. 2010)

Fornicates

A clade with a cytoskeletal apomorphy: the ribbon-like bilaminar 30nm-striated “B
fibre” originates on the second microtubular root and arches across the ventral face
of the flagellar apparatus. The organisms with this feature include Carpediemonas
and retortamonads; the monophyletic group also includes diplomonads, which
lack a B fibre. This clade is also supported by multiple molecular analyses.
(Bernard et al. 1997; Kolisko et al. 2005; Kolisko et al. 2010; Simpson and
Patterson 2001; Simpson 2003; Simpson et al. 2005; Simpson et al. 2002b;
Simpson et al. 2002d)

Carpediemonads

An array of four described fornicate genera- Carpediemonas (semicircular
flagellates with three basal bodies and paraxial vanes on the posterior
flagellum), Kipferlia (semicircular flagellates with a broad ventral vane on the
posterior flagellum, and a feeding groove that extends at the right margin into a
thin membrane), Dysnectes (semicircular or elongate flagellates with an active
anterior flagellum and ventral and dorsal vanes on the posterior flagellum) and
Hicanonectes (ovoid flagellates containing a longitudinal feeding groove with a
sharply defined right wall, which forms a curved cytopharynx at the posterior
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end)- identified from low-oxygen marine sediments. Carpediemonas, Dysnectes
and Hicanonectes all contain conspicuous, acristate mitochondrion-like
organelles, that superficially resemble the hydrogenosomes of parabasalids.
Molecular data suggests that these genera are paraphyletic and diverge basally
from other fornicates. (Kolisko et al. 2005; Kolisko ef al. 2010; Simpson 2003;
Simpson et al. 2005; Simpson and Patterson 1999; Simpson et al. 2002d;
Yubuki et al. 2007)

Eopharyngia

A group uniting diplomonads and retortamonads, currently recognised by
molecular phylogenies and by broad similarity of cytoskeletal organisation. A
potential synapomorphy, pending further investigations, is the hooked
appearance of microtubular root R1 at its origin. (Brugerolle 1991b, 1991a;
Cavalier-Smith 1993; Kolisko et al. 2005; Simpson 2003; Simpson et al. 2005)

“Diplomonads + Enteromonads”

Small amitochondriate excavate flagellates, many of which have a “doubled”
cell structure: each cell contains two nuclei, each attached to a flagellar
apparatus (karyomastigont) supporting a feeding groove. Some species
(enteromonads) have only one karyomastigont. Each karyomastigont is
formed of four flagella arising from four basal bodies, three microtubular
roots which support the feeding groove, and one striated rootlet;
microtubular roots closely associated with the nucleus. Genetic information
may be exchanged between sister nuclei of encysted cells. There is a
“mitosome” organelle homologous to mitochondria and parabasalid
hydrogenosomes.

Some species are free-living in low-oxygen environments, whereas others
are parasitic in vertebrates, including the human gut parasite Giardia lamblia
(a causative agent of waterborne enteric disease), and the fish parasite
Spironucleus salmoncidus. Giardiins, a family of annexin-like proteins
predominantly present on the plasma membrane and flagella, are essential for
the viability of G. lamblia trophozoites, although their precise function in
pathogenesis remains unknown. A draft genome sequence has been
completed for G. lamblia, and reveals substantial reduction and compaction
of content, including the complete absence of genes encoding structural
regulatory factors in DNA replication. Early transcriptomic analyses of G.
lamblia and S. salmoncidus have additionally revealed extreme divergence in
gene expression between different species, and between different phases of
infective life cycles, and several instances of presumed lateral gene
acquisitions from bacterial donors. Molecular phylogenies have challenged
the traditional taxonomy of this clade: diplomonads sensu stricto are
believed to be paraphyletic and entermonads polyphyletic, with giardiids
basally divergent from enteromonads and other diplomonads; furthermore,
one SSU study has suggested that giardiids may in fact be the direct sister-
taxon to some retortamonads; under all circumstances, either multiple
independent origins (in diplomonads) or secondary losses (in enteromonads)
of the doubled karyomastigont are envisioned. (Andersson et al. 2007,
Birkeland et al. 2010; Brugerolle 1975¢, 1975b, 1975a, 1991b, 1991a;
Brugerolle et al. 1974a; Brugerolle et al. 1973b, 1973a, 1974b; Dolezal et al.
2005; Eyden and Vickerman 1975; Kolisko et al. 2005; Kolisko et al. 2008;
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Kolisko et al. 2010; Morrison et al. 2007; Poxleitner et al. 2008; Roxstrom-
Lindquist et al. 2010; Simpson 2003; Simpson et al. 2002b; Tovar et al.
2003; Vickerman 1990; Wei et al. 2010)

Retortamonads

Amitochondriate excavate flagellates with four flagella arising at the anterior
end of the feeding groove, from four basal bodies arranged either in pairs or
in a cruciate pattern; there are two large microtubular roots that support the
sides of the feeding groove and a discrete cytostome at the base of the
groove, a dorsal fan of microtubules arising from fibrillar material, and two
minor microtubular roots, as well as striated rootlets. Although one free-
living species is known, the overhwleming majority of studied taxa are
parasitic: Chilomastix is a gut commensal of humans. Recent SSU
phylogenies have suggested that retortamonads may be paraphyletic, with
Chilomastix basal to a clade of diplomonads, enteromonads and
Retortamonas, and- in one study- a direct sister-taxon relationship between
giardiids and Retortamonas. (Brugerolle 1973, 1977, 1991b, 1991a;
Brugerolle and Metenier 1973; Cepicka et al. 2008; Kolisko et al. 2005;
Kolisko et al. 2010; O'Kelly et al. 1999; Silberman et al. 2002; Simpson et
al. 2005)

Parabasalia

A clade of amitochondriate flagellates with the synapomorphy of a parabasal
apparatus: a striated root extending posteriorly from the flagellar apparatus, with
attached Golgi dictyosomes. The feeding groove is secondarily absent. Some
lineages are secondarily aflagellate or (in hypermastigids) multiflagellate;
however, the basic flagellar apparatus consists of four flagella arising anteriorly,
from three anteriorly-directed and one posteriorly-directed basal body, of which
the posterior-directed flagellum may be attached to the cell by an undulating
membrane (in trichomonads). The basal bodies are associated with a fan of
microtubules attached to a striated fibre (the pelta-axostyle complex, which
supports the cell membrane); there are no other microtubular flagellar roots, whose
anchoring function may instead be fulfilled by the striated costa and parabasal
striated root with its anchoring Golgi dictyosomes. Parabasalids contain
hydrogenosomes, which are believed to be degenerate mitochondria lacking a
genome; hydrogenosomes operate in respiration and may additionally retain
functions in metalloprotein biosynthesis.

There are some free-living taxa but many are gut commensals of insects
(hypermastigids, e.g. the termite gut endobiont Mixotricha paradoxa) or parasites
of vertebrates (trichomonads, e.g. the human and bovine genito-urinary parasites
Trichomonas vaginalis and Tritrichomonas foetus). Many endobiotic parabasalids
harbour bacterial endosymbionts or ectosymbionts, which may be highly lineage-
specific, and are highly sensitive to changes in host physiology. A draft genome
sequence has been assembled for 7. vaginalis; preliminary analyses indicate the
presence of an almost complete array of meiotic genes, an RNAI interference
pathway, and large numbers of introns and transposable elements, of which some
appear to be transcriptionally and potentially transpositionally active. Molecular
phylogenies robustly support a position in the fornicates, as a sister-group to all
other identified taxa. Taxonomy of the group has recently been updated.
(Brugerolle 1991a, 2004; Brugerolle and Joyon 1973; Brugerolle and Lee 2002;
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Brugerolle and Metenier 1973; Brugerolle and Mignot 2003; Carlton et al. 2007,
Carpenter et al. 2009; Carpenter et al. 2010; Cepicka et al. 2010; Cleveland and
Grimstone 1964; Dolezal et al. 2005; Hampl et al. 2005; Honigberg 1963; Ikeda-
Ohtsubo and Brune 2009; Lindmark 1973; Long et al. 2008; Lopes et al. 2009;
Malik et al. 2008; Radek and Nitsch 2007; Simpson 2003; Simpson et al. 2005;
Simpson et al. 2002d)

Preaxostyla

A clade with the cytoskeletal apomorphy: the “I fibre” has preaxostylar
substructure (a double-cross matrix with a single fine outer sheet), homologous to
the organisation in Pyrsonympha vertens. (Brugerolle 1970; Simpson 2003;
Simpson et al. 2005)

Oxymonads

Amitochondriate flagellates that lack identifiable Golgi bodies, peroxisomes,
hydrogenosomes or mitosomes. Oxymonads do not have a feeding groove but
contain a flagellar apparatus characteristic of excavates, including a distinctive
axostyle made of multiple parallel sheets of microtubules. There are two
separated pairs of basal bodies; the anterior-most pair is associated with a pelta
of microtubules which supports the cell membrane; the posterior-most pair is
associated with striated (“B”, “C” and “I”) fibres, and microtubular roots
characteristic of other excavates, and the axostyle. The I fibre has a preaxostylar
substructure. The cell surface is covered by a glycocalyx, and- typically-
bacterial ectosymbionts; some taxa may additionally have mushroom-shaped
extracellular surface structures and a holdfast or rostellum for attachment to
symbionts and to the host substratum.

Found exclusively as gut endosymbionts of termites, oxyomonads vary greatly
in size and habit from gut-wall attaching commensals hundreds of microns long
(Pyrsonympha) to small flagellates (Monocercomonoides). Some oxymonads
utilise an unusual genetic code, where canonical “amber” and “ochre” stop
codons instead encode glutamine; the glycolytic pathways of
Monocercomonoides and Streblomastix are believed to contain a number of
non-canonical ~ components, including a  pyrophosphate-dependent
phospofructokinases and pyruvate kinases. The conserved presence of a
preaxostyle and molecular data suggest a sister-taxon relationship to Trimastix;
multigene phylogenies predominantly suggest a position basal to fornicates and
parabasalids, although one recent study recovers a close relationship with the
parabasalids. (Brugerolle and Konig 1997; Brugerolle and Miiller 2000; Dacks
et al. 2001; de Koning et al. 2008; Hampl et al. 2005; Hampl et al. 2009;
Hongoh et al. 2007; Keeling 2001a; Keeling and Leander 2003; Liapounova et
al. 2006; Moriya et al. 2003; Parfrey et al. 2010; Simpson et al. 2005; Simpson
et al. 2002c; Slamovits and Keeling 2006)

Trimastix

Free-living excavate flagellates with four flagella inserting orthogonally at the
anterior end of the feeding groove, with the posterior flagellum lying in the
groove and with lateral vanes supported by microfibril-like material. The basal
bodies are cruciate and give rise to three microtubular roots: a dorsal fan, and
two roots which are attached to “C” and “I” striated fibres and which support
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the ventral groove and a discrete cytostome at the base of the groove. The I
fibre has a preaxostylar substructure. Mitochondria are absent, but Trimastix
retains a number of clearly mitochondrial-derived genes; it is unknown whether
these are functional. A largely canonical glycolytic pathway is employed,
although there is evidence for the lateral acquisition of several genes (e.g.
phospohlycerate kinase) from bacterial donors. Trimastix lacks extracellular
symbionts, a glycocalyx, surface structures and a holdfast. Molecular analyses
predominantly support a sister-taxon relationship to the oxymonads, although
one recent analysis suggests a position at the base of the metamonads.
(Brugerolle and Patterson 1997; Dacks et al. 2001; Hampl et al. 2009; Hampl et
al. 2008; Keeling and Leander 2003; Moriya et al. 2003; O'Kelly et al. 1999;
Parfrey et al. 2010; Simpson 2003; Simpson et al. 2000; Simpson et al. 2005;
Stechmann et al. 2006)

DISCOBA

A clade, well supported by molecular phylogenies, of the predominantly
mitochondriate Heterolobosea, Euglenozoa and jakobids; a number of smaller
lineages have been unified on the grounds of ultrastructure without molecular
confirmation. There is no synapomorphy, although there are similarities of the
flagellar apparatus. (Hampl et al. 2009; Parfrey et al. 2010; Simpson et al. 2005)

Heterolobosea

Excavate amoeboflagellates, flagellates, amoebae or slime moulds, with eruptive
pseudopodia and an unusually fast amoeboid locomotion; the group has also been
named Percolozoa. Species may lack flagella at all life stages (acrasid “slime
moulds”), contain two or four flagella that insert at the anterior end of the feeding
groove (e.g. Percolomonas), or contain multiple rows of flagella immediately
below the dorsal lip (Stephanopogon); flagella typically arise from four basal
bodies arranged either as a parallel tetrad, or as a mirror-image “L”, which give
rise to three microtubular roots and a striated “I fibre”. Flagellar replication is
unusual because it occurs in pairs of basal bodies rather than sequentially as in
other taxa. Golgi stacks are absent. Ribosomal DNAs may be arranged on up to
5000 extrachromosomal plasmids, which are tightly aggregated within the
nucleolus. Heteroloboseans are predominantly mitochondriate, containing discoid
cristae; some genera (e.g. Psalteriomonas) contain hydrogenosomes, and a
mitochondrial-targeted Fe hydrogenase is present in the mitochondriate soil
amoeboflagellate Naegleria gruberi, implying that heteroloboseans may be
facultatively anaerobic.

Species are free-living, heterotrophic, and have a cosmopolitan distribution:
terrestrial, halophilic, psychrophilic and thermophilic taxa are known, and M.
gruberi can facultatively parasitise the human central nervous system. A complete
genome is available for N. gruberi: preliminary analyses reveal the absence
(interpreted as secondary loss) of genes associated with a number of otherwise
broadly conserved biosynthetic pathways such as gluconeogenesis, and purine and
heme biosynthesis: supporting the widespread auxotrophy observed in these
species. Multigene analyses recover either a sister-group relationship to the
excavates or the jakobids. (Abad et al. 2008; Archibald et al. 2002; Broers et al.
1990; Brugerolle and Simpson 2004; Burki et al. 2008; de Graaf et al. 2009; De
Jonckheere et al. 2009; Edgcomb et al. 2001; Fenchel and Patterson 1986; Fritz-
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Laylin et al. 2010; Maruyama and Nozaki 2007; Page and Blanton 1985; Reeb et
al. 2009; Robinson et al. 2007; Rodriguez-Ezpeleta et al. 2007a; Simpson et al.
2006a; Simpson 2003; Simpson et al. 2005; Simpson et al. 2002c; Yubuki and
Leander 2008)

Jakobids

Mitochondriate, heterotrophic excavate flagellates with the synapomorphy of a
sole flagellar vane with a diffuse origin on dorsal surface of the posterior
flagellum. The two flagella insert at the anterior end of the feeding groove; they
arise from two basal bodies, which give rise to a dorsal fan of microtubules
originating directly against the anterior basal body, two main microtubular roots
which support the edges of the feeding groove- the left root supporting the floor of
the groove-, a singlet microtubular root, and non-microtubular striated “A” “B”,
“I” and “C” fibres. Structured extrusomes (discobolocysts) are present. The
mitochondria are irregularly flattened (Jakoba) or tubulocristate (Histiona,
Reclinomonas, Andalucia). There is evidence that jakobids locate prey bacteria via
chemosensory pathways.

A mitochondrial genome has been sequenced for R. americana, and a complete
genome and transcriptome are currently being assembled. The mitochondrial
genome of R. americana is the largest known, and retains several putatively
“primitive” features including a bacterial-like RNA polymerase, a 5S rDNA, and
potentially highly reduced versions of bacterial editing tmRNAs. Historically
believed to be basal to heteroloboseans and euglenozoa, some recent multigene
phylogenies have recovered an alternate position as an immediate sister-group to
the heterolobosea. (Archibald et al. 2002; Burki et al. 2008; Edgcomb et al. 2001;
Hampl et al. 2009; Jacob et al. 2004; Lang et al. 1997; Lang et al. 1996; Lara et al.
2006; Mohapatra and Fukami 2007; O'Kelly 1997; O’Kelly 1993; O’Kelly and
Nerad 1999; Parfrey et al. 2010; Patterson 1990; Rodriguez-Ezpeleta et al. 2007a;
Simpson and Patterson 2001; Simpson et al. 2008; Simpson 2003; Simpson ef al.
2005)

Euglenozoa

A large and diverse group of flagellates, containing flagellar paraxonemal rods that
differ in structure according to the flagellum, with an anterior tubular rod and a
posterior (ventral or recurrent flagellum) lattice. The heterodynamic flagella,
which often have fine hairs along the outside, arise from two basal bodies lying
parallel or acutely to each other. The anterior basal body is associated with a single
microtubular root similar to the dorsal fan in other excavates, which gives rise to
peripheral microtubules that support the cell surface; the posterior basal body gives
rise to two microtubular roots, one of which supports the cytostome (feeding
apparatus), which may be highly complex. Four lineages are currently recognised:
euglenids, kinetoplastids, diplonemids and symbiontidids. Multigene analyses
recover two alternate positions within the Discoba- as a sister-taxon to
Heterolobosea, and as basal to Heterolobosea and Jakobids. (Archibald et al. 2002;
Baldauf et al. 2000; Brugerolle 1985; Brugerolle et al. 1979; Burki et al. 2008;
Dawson and Walne 1994; Edgcomb et al. 2001; Farmer and Triemer 1988; Hampl
et al. 2009; Kivic and Walne 1984; Leedale 1974; Leedale 1978; Leedale et al.
1970; Mignot 1964; Moreira et al. 2004; Parfrey et al. 2010; Rodriguez-Ezpeleta et
al. 2007a; Roy et al. 2007a; Roy et al. 2007b; Schuster et al. 1968; Simpson et al.
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2004; Simpson 1997; Simpson et al. 2005; Simpson and Roger 2004a; Taylor
1976; Triemer and Farmer 1991; Vickerman 1976; Vickerman and Preston 1976)

Euglenids

Euglenozoa with a coat or “pellicle” of sub-membrane strips of protein,
arranged in spirally overlapping stripes, which in many species can glide
longitudinally relative to each other and produce the distinctive euglenoid
“metaboly” or squirming movement. There are two or four heterodynamic
flagella arising from an apical groove (one flagellum may be too short to be
visible by light microscopy); the presence of paraxial rods or lattices makes the
flagella extremely thick. Carbon is stored as paramylon. There is a complex
feeding apparatus in many species; both heterotrophic and phototrophic forms
exist: phototrophic forms have a basal swelling on one flagellum, the
paraflagellar body (an eyespot). Chromosomes are condensed in interphase.
Mitochondrial DNA is in small circular chromosomes. Some petalomonad
euglenids may have diverged prior to the evolution of the pellicle, and may
possess kinetoplasts (see below): this needs further investigation.

Euglenids are primarily heterotrophic, but one lineage, including the laboratory
model alga FEuglena gracilis, has acquired a chloroplast by secondary
endosymbiosis of a green alga; phylogenetic analysis suggests that the donor
lineage may be basally divergent from all extant chloroplastid taxa, and
transcriptomic analyses suggest that endosymbiont-derived genes may account
for over one-fifth of the genomes of photosynthetic euglenids. The chloroplast
genome of the photosynthetic E. gracilis, and the secondarily nonphotosynthetic
E. longa have additionally been sequenced. Recent SSU phylogenies have
suggested that euglenids are paraphyletic, with the bacterivorous genera
Petalomonas and Notosolenus resolving as basal to all other euglenozoa;
multigene phylogenies incoroporating a more limited array of euglenids
supports a basal divergence from diplonemids and kinetoplastids. (Ahmadinejad
et al. 2007; Breglia et al. 2010; Dawson and Walne 1994; Farmer and Triemer
1988; Geimer et al. 2009; Gibbs 1978; Gockel and Hachtel 2000; Kivic and
Walne 1984; Leander et al. 2001; Marin et al. 2003; Roy et al. 2007b; Simpson
et al. 2004; Simpson 1997; Simpson and Roger 2004b; Takahashi et al. 2007b;
Triemer and Farmer 1991; Yubuki et al. 2009)

Kinetoplastids

Euglenozoa of ecological and medical importance, including Trypanosoma
brucei brucei and T.b. rhodesiense; T. cruzi; Leishmania mexicana, respective
agents of sleeping sickness, Chagas’ disease, and kala azar in humans, and 7.
brucei brucei which causes nagana (wasting disease) in cattle. There are two
flagella inserting into an apical pocket which also is the sole location of endo-
and exo-cytosis. The mitochondrion contains a kinetoplast (DNA organised as
an aggregation of multiple small minicircles), which may be a large single
aggregation associated with the flagellar bases, or several aggregations
throughout the mitochondrion. Uniquely, the majority of glycolysis is
performed in modified peroxisomes (“glycosomes”), with glycolytic preproteins
bearing internal transit peptides. Nuclear gene expression pathways involve
spliced leader transcripts. Mitochondrial transcripts are rendered translationally
competent via the insertion or deletion of internal polyuridine tracts; editing is
mediated by two interconverting complexes, which are targeted by an unique
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family of guide RNAs (gRNAs) to candidate sites on pre-mRNAs, and are
themselves expressed via a novel and poorly understood pathway.

Five lineages are currently recognised from molecular analyses:
Prokinetoplastids (aflagellate or flagellate kinetoplastids with a single, giant
mitochondrion, including Icthyobodo, a fish parasite, and “Perkinsiella
amoebae”, an endosymbiont of the parasitic amoeobozoan Neoparamoeba);
Neobodonids (free-living biflagellate heterotrophic kinetoplastids, with an
apical cytostome, and a conspicuous preflagellar rostrum); Parabodonids
(biflagellate heterotrophic or osmotrophic kinetoplastids, both flagella lacking
hairs, with an anerolateral cytostome, and a kinetoplast that does not form a
continuous network; includes the polyphyletic fish parasite and commensal
genus Cryptobia); Eubodonids (free-living biflagellate kinetoplastids, with non-
tubular hairs on the anterior flagellum, an anterolateral cytostome, a kinetoplast
that does not form a contiguous network); and Trypanosomes (parasitic, with
diverse eukaryotic hosts, complex multi-host life cycles, a single emergent
flagellum which may be attached to the body by an undulating membrane, a
simple cytostome, and a small kinetoplast). Complete genomes are available for
the trypanosomes 7. brucei, T. cruzi, Leishmania major, L. infantum and L.
brazilensis, a transcriptome has been annotated for the avirulent Trypanosoma
rangeli, and genome sequencing is underway for the eubodonid Bodo saltans.
Comparative genomic analyses have revealed large numbers of species-specific
genes in 1. brucei and T. cruzi, particularly at nonsyntenic chromosomal
regions, and the recent expansion of several families of protein kinases, but
remarkable conservation of gene content between Leishmania subspecies.
Genomic studies have additionally largely refuted the hypothesis that
kinetoplastids may have historically contained a chloroplast. Protein
phylogenies have suggested a clade containing diplonemids and kinetoplastids
to the exclusion of euglenids. (Berriman et al. 2005; Blom et al 1998;
Brugerolle 1985; Brugerolle and Joyon 1979; Brugerolle et al. 1979; Callahan
et al. 2002; Caraguel et al. 2007; Dolezel et al. 2000; Dykova et al. 2003; El-
Sayed et al. 2005; Galland et al. 2010; Golas et al. 2009; Grisard et al. ;
Hannaert et al. 2003; Hashimi et al. 2009; Ivens et al. 2005; Jackson et al.
2008; Moreira et al. 2004; Parsons et al. 2005; Peacock et al. 2007; Simpson et
al. 2004; Simpson et al. 2006b; Simpson et al. 2005; Simpson et al. 2002a;
Simpson et al. 2002¢; Vickerman 1976; von der Heyden et al. 2004; Waller et
al. 2004; Weatherly et al. 2009)

Diplonemids

Euglenozoa with a complex apical ingestion apparatus, two flagella (without
paraxial rods) inserting into a subapical pocket, and squirming motion. They
lack the pellicle and kinetoplast characteristic of euglenids and kinetoplastids.
Mitochondrial DNA is in small circular chromosomes. Two genera have been
described- Diplonema and Rhynchopus- although many more lineages are
known from environmental samples. Principally free-living heterotrophs from
deep marine waters, some strains of Rhynchopus may be facultative parasites of
crustaceans. Diplonemids contain an unusual, bacterial-derived isoform of
GAPDH, which is also present in diatoms and haptophytes, suggesting multiple
prokaryote-to-eukaryote and eukaryote-to-eukaryote gene transfer events.
Similarly to kinetoplastids, diplonemids utilise spliced leader transcripts in
nuclear gene expression; the ultrastrucutre of the feeding and flagellar apparatus
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and protein phylogenies likewise suggest a close relationship to the
kinetoplastids to the exclusion of euglenids. (Elbréchter et al. 1996; Kent et al.
1987; Lara et al. 2009; Marande et al. 2005; Montegut-Felkner and Triemer
1994; Qian and Keeling 2001; Rogers et al. 2007b; Roy et al. 2007a; Roy et al.
2007b; Simpson et al. 2004; Simpson et al. 2005; Simpson et al. 2002a;
Simpson and Roger 2004b; Sturm et al. 2001; Triemer and Ott 1990)

Anehmia exotica

Aflagellated euglenozoan with an anterior cytostome with a rostrum on its
anterior edge, and with a plastic body similar in appearance to diplonemids.
There is no molecular information on this species. (Ekebom et al. 1996;
Simpson et al. 1997a)

Bordnamonas tropicana

Euglenozoan with two thick flagella inserting subapically, and an apical
ingestion apparatus. The anterior flagellum is held in an arc in front of the cell
in a manner reminiscent of stramenopiles. There is no molecular information on
this species. (Larsen and Patterson 1990; Simpson 1997)

Postgaardi mariagerensis

Euglenozoan with the cell surface supported by microtubules subtending an
electron-dense layer, and a body covered with rod-shaped bacteria. There are
two equal, thick flagella with paraxial rods, emerging from a deep anterior
flagellar pocket; and a complex microtubular ingestion apparatus. With
cruciform tubular extrusomes similar to those of euglenids. Cells contain a
superficial layer of mitochondria-like organelles. This species has been grouped
with the symbiontidid Calkinsia due to the shared presence of ectosymbionts,
sublamellar mitochondria, and the lack of a kinetoplast; no molecular
information is available. (Breglia ef al. 2010; Cavalier-Smith 2004; Fenchel and
Finlay 1995; Simpson 1997; Simpson et al. 1997b)

Symbiontids

A clade of elongated and ovoid heterotrophic euglenozoa, recovered from low-
oxygen deep-sea and intertidal sediments; only two genera have been formally
described, Calkinsia and Bihospites, although a number of other lineages are
known from environmental samples. There are two heterodynamic flagella that
insert within a subapical depression and contain paraxonemal rods; the longer
anterior flagellum extends forward during translocation, which occurs with a
gliding movement. Cell division occurs along the longitudinal axis, starting at
the anterior end and progressing towards the posterior. Single or multiple
batteries of tubular extrusomes are present, which may contain cruciform core
elements. There is a layer of mitochondrial-like organelles below the cell
surface, which lack cristae and kinetoplasts; the nucleus is located towards the
anterior. The clade is named for the distinctive presence of large numbers of
bacterial ectosymbionts; these may include arrays of rod-shaped bacteria and
longitudinal strings of spherical bacteria. Molecular phylogenies resolve a
position within the euglenozoa distinct from diplonemids, kinetoplastids and
euglenids; the precise phylogenetic position is unknown. (Breglia et al. 2010;
Yubuki et al. 2009)
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EXCAVATES INCERTAE SEDIS

Malawimonads

A single genus- Malawimonas- of small, laterally flattened excavate flagellates. The
two flagella insert in different places: the anterior flagellum inserts apically, is
directed forwards in a curve during active beating, and has an acronematic tip; the
posterior flagellum inserts at the head of the feeding groove, and bears a vane on its
ventral surface arises from a distinct point on the flagellum. There are two basal
bodies; a dorsal fan of microtubules arises around a two-stranded microtubular root
arising from the anterior basal body. The ventral feeding groove is supported by two
microtubular roots, with the right root supporting the floor of the groove; there are
non-microtubular striated “A” “B”, “I” and “C” fibres. Mitochondrial cristae are
discoid. There are extrusome-like organelles, which lack the ordered structure seen in
jakobids. A mitochondrial genome has been completed for Malawimonas
Jjakobiformis; complete genome and transcriptome projects are underway. The
phylogenetic position of Malawimonads is uncertain; multigene analyses frequently
recover positions external to the excavates, and a number of internal positions- as a
sister-group to Discoba, Preaxostyla, Diplomonads and Parabasalids, and
Metamonads- have received weak phylogenetic support. (Hampl ez al. 2009; O’Kelly
and Nerad 1999; Parfrey et al. 2010; Rodriguez-Ezpeleta et al. 2007a; Simpson 2003;
Simpson et al. 2005)

ARCHAEPLASTIDS

Green plants and algae, red algae and glaucophytes: the eukaryotes with primary
plastids, i.e. eukaryotes where plastids are bound by a double membrane and are
inferred to have arisen from only one endosymbiotic event with a cyanobacterium. In
some recent literature they have also been referred to as “Plantae”. Cell walls
typically contain celluloses, xylans and mannans, and are rich in arabinogalactan
proteins. Species are present in a diverse range of marine, freshwater, terrestrial and
extreme habitats; in addition, all other photosynthetic eukaryotes (with two
exceptions: see Rhizaria) and several currently nonphotosynthetic taxa contain or are
believed to have historically contained archaeplastid-derived secondary and tertiary
endosymbionts (see the Excavates, the CCTH and SAR clades). Parasitic red algae,
green algae and plants are known, and a number of major eukaryotic parasites and
pathogens may have historically contained archaeplastid-derived endosymbionts.
Archaeplastids are believed from nuclear multigene phylogenies to be monophyletic,
and this is supported by a number of molecular synapomorphies- e.g the TFIIB-like
type I transcription factor pBRp, and a conserved duplication of cytosolic FBA.
Sister-group relationships between archaeplastids and the SAR and CCTH clades are
largely well-supported, leading to suggestions that the three groups should be referred
to as a photosynthetic “megakingdom” of “Plastidophila”; the exact branching
relationships within this clade are not completely resolved. Chloroplast multigene
phylogenies strongly support monophyly, implying that photosynthetic eukaryotes
(with two exceptions: see Rhizaria, Paulinella and Auranticordis) arose via a single,
ancestral primary endosymbiosis of a cyanobacterium, although alternative
hypotheses for multiple chloroplast acquisitions have been proposed. It has recently
been suggested, from genomic data, that the cyanobacterial primary endosymbiosis
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may have been preceded by a cryptic chlamydiobacterial primary endosymbiosis,
although this has only been studied in a small number of species. Archaeplastids are
known to have been uptaken as secondary endosymbionts a minimum of five times by
members of the excavates, CCTH and SAR clades. Profiling of nuclear-encoded,
cyanobacterial and chlamydiobacterial-derived genes in archaeplastids suggests that
both predominantly encode chloroplast-targeted proteins, implying that in both
instances endosymbiosis solely contributed to the establishment of photosynthesis, in
direct contrast to the retention of genes from studied secondary and tertiary
endosymbioses encoding cytoplasmic and mitochondrial-targeted proteins.
(Bhattacharya et al. 1995a; Bhattacharya and Medlin 1998; Burki et al. 2007; Burki et
al. 2008; Cavalier-Smith 1981; Chu et al. 2004; Delwiche and Palmer 1997;
Deschamps and Moreira 2009; Durnford et al. 1999; Gross et al. 2001; Hackett et al.
2007; Hampl et al. 2009; Howe et al. 2003; Huang and Gogarten 2007; Imamura et
al. 2008; Lagrange et al. 2003; Larkum et al. 2007; Lockhart et al. 1992; Lockhart et
al. 2005; Lockhart et al. 1998; Marin et al. 2005; McFadden 2001; McFadden and
van Dooren 2004; Moustafa et al. 2008; Nozaki et al. 2009; Nozaki et al. 2003b;
Nozaki et al. 2007b; Palmer 2003; Philippe et al. 2004; Popper and Tuohy 2010;
Reyes-Prieto and Bhattacharya 2007; Reyes-Prieto et al. 2006; Rodriguez-Ezpeleta et
al. 2005; Simpson and Roger 2004a; Stiller et al. 2003; Stiller et al. 2001; Suzuki and
Miyagishima 2010; Westphal ef al. 2003; Worden et al. 2009)

VIRIDIPLANTAE (GREEN ALGAE & PLANTYS)

Green algae and plants, also referred to as Chloroplastids, with primary (double
membrane-bound) chloroplasts which contain thylakoids arranged in stacks (girdle
lamellae are absent), a pyrenoid, and chlorophylls a and b. There are no phycobilins
(other than the phytochrome). Chloroplast DNA is arranged in numerous small
nucleoids, not rings. The eyspot (when present) and the pyrenoid are located inside
the chloroplast. The flagellar bases have a stellate structure linking the pairs of
microtubules in the transition zone. Cell wall polysaccharides principally consist of
celluloses and hemicelluloses (e.g. xylans and mannans), the backbones of which
synthesised by an unique and highly diverse family of Golgi and plasma membrane-
localised synthases. Uniquely, starch is deposited principally in the chloroplast
stroma; this has been linked to the conserved duplication and potentially secondary
cytoplasm-to-chloroplast retargeting of a number of genes involved in the starch
biosynthesis pathway. Some multicellular species are used in East Asian cuisine (e.g.
Cladophora, “umibudd”). Molecular phylogenies strongly support monophyly, and
division into two principal lineages of chlorophytes and streptophytes; although
similarities in chloroplast ultrastructure and a cytosolic FBA duplication suggest a
specific sister-taxon relationship to red algae, molecular analyses have failed to
recover a consistent position, with nuclear gene phylogenies predominantly
suggesting a sister-taxon relationship to either red algae or glaucophytes, and
chloroplast gene phylogenies supporting either a sister-taxon relationship to red algae
or a basal divergence of chloroplastids from other archaeplastid lineages. (Burki et al.
2007; Burki et al. 2008; Cavalier-Smith 1981, 1987; Christensen 1994b; Delwiche
1999; Delwiche et al. 2004; Deschamps et al. 2008a; Deschamps et al. 2008b;
Deschamps and Moreira 2009; Hackett et al. 2007; Johnson et al. 2004; Lechtreck
and Melkonian 1991; Mattox and Stewart 1984; Melkonian 1984; Moestrup 1991;
O’Kelly and Floyd 1984a, 1984b; Pickett-Heaps and Marchant 1972; Popper and
Tuohy 2010; Reyes-Prieto et al. 2007; Rodriguez-Ezpeleta et al. 2005; Sluiman 1985;
Watanabe and Floyd 1996)
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Chlorophyta

Swimming cells with 2 or 4 flagella, inserting apically, laterally (Mamiellales) or
posteriorly. Basal bodies are arranged cruciately, usually associated with 4
microtubular rootlets alternating between 2 and higher numbers of microtubules, or
minor variations on this; 180-degree symmetry is present in many taxa such that if
one basal body and its roots are rotated 180-degrees, they cover the second basal
body, and its microtubular roots. Different groups have different relative offsets from
the cruciate (directly opposed, DO) pattern of rootlets, either clockwise (CW) or
counter-clockwise (CCW). Chlorophyte reproduction is predominantly isogamous,
although some oogamous and anisogamous lineages are known. Chlorophytes have
been suggested to have secondarily lost genes encoding the cytosolic mevalonate
isoprenoid biosynthesis pathway. At least four secondary endosymbioses of green
algae by other eukaryotes are known: in the euglenids (of a basally divergent lineage),
the chlorarachniophytes (a lineage related to the CUT clade), the dinoflagellate genus
Lepidodinium (a lineage of unresolved origin) and the katablepharid Hatena arenicola
(a prasinophyte). In addition, the recent recovery of large numbers of chlorophyte-
derived genes in CCTH and SAR clade lineages, including five genes in the
carotenoid biosynthesis pathway, phosphoribulokinase and a microtubular striated
fibre assembling, has led to the suggestion that members of one or both lineages may
have historically possessed a chlorophyte-derived endosymbiont. (Floyd et al. 1980;
Grauvogel and Petersen 2007; Harper et al. 2009; Minge et al. 2010; Miyamura 2010;
Moustafa et al. 2009; O'Kelly and Floyd 1984b; O’Kelly and Floyd 1984a, 1984b;
Okamoto and Inouye 2006; Petersen et al. 2006a; Petersen et al. 2006b; Takahashi et
al. 2007a; Watanabe and Floyd 1996; Westphal et al. 2003)

“CUT clade”

Chlorophytes where the R4 broad microtubular rootlet extends from basal body 2
to the eyespot. With cellulose cell walls, and with apically inserting flagella on
flagellated cells. The group is resolved by molecular analyses, although the
internal branching relationships are currently subject to debate. (Floyd et al. 1980;
Frommolt et al. 2008; Grauvogel et al. 2007a; Grauvogel and Petersen 2007;
Grauvogel et al. 2007b; Harper et al. 2009; Minge et al. 2010; Miyamura 2010;
Moustafa et al. 2009; O'Kelly and Floyd 1984b; O’Kelly and Floyd 1984a, 1985;
Okamoto and Inouye 2006; Petersen et al. 2006a; Takahashi et al. 2007b; Teich et
al. 2007; Watanabe and Floyd 1996; Westphal et al. 2003)

Chlorophyceae

Coccoid, flagellate, colonial and filamentous chlorophyceans, with a
haplobiontic life cycle. In the flagellar apparatus, microtubular rootlets have
180-degree symmetry; the transition region consists of a short proximal stellate
structure and a long distal one with a thick transverse plate on its proximal edge.
Approximately twenty nonphotosynthetic species are known, and a number
utilise alternate nonoxygenic photosynthetic pathways, e.g. the anaerobic
photolysis of acetate. Five clades are currently recognised, on the basis of
molecular analyses and flagellar root orientation: “CW” (former
Chlamydomonadales); “DO” (Sphaeropleales, also with basal body core
connections); Oedogoniales (filamentous; producing stephanokont flagellates);
Chaetopeltidales (quadriflagellates with a perfect DO flagellar apparatus); and
Chaetophorales (quadriflagellates with a CW+CW arrangement of pairs of basal
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bodies). Complete genome sequences are available for the model alga
Chlamydomonas reinhardtii and the colonial Volvox carteri (both
Chlamydomonadales); chloroplast genomes are available for the sphaeropleale
Scenedesmus obliquus and chaetophorale Stigeoclonium helveticum; and
complete genomes and transcriptomes are under construction for the
chlamydomonads Botryococcus braunii and Dunaliella salina. Comparative
genomic analyses have identified arrays of genes involved in sex differentiation
and multicellularity (in Volvox), and transcript editing, cell signalling,
metabolism and metalloprotein biosynthesis (in Chlamydomonas). Some recent
molecular analyses have suggested that this assembly may be paraphyletic, with
oedogoniales and/ or chaetopeltidales forming an outgroup to ulvophytes and
core chlorophytes; others support chlorophyte monophyly. (Alberghina et al.
2006; Belanger et al. 2006; Bold and Wynne 1985; Buchheim et al. 2001;
Deason et al. 1991; Ferris et al. 2010; Godman and Balk 2008; Guillou et al.
2004; Hoops et al. 1994; Kirk 2003; Lewis and Lewis 2005; Lewis and
McCourt 2004; May et al. 2008; Melkonian 1984; Merchant et al. 2007;
Mishler et al. 1994; O'Kelly and Floyd 1984b; Pickett-Heaps 1975; Prochnik et
al. 2010; Ringo 1967; Smith and Lee 2009; Timmins et al. 2009; Vernon et al.
2001; Wheeler et al. 2008; Wilcox and Floyd 1988; Zhang et al. 2008; Zimmer
et al. 2008)

Ulvophytes

Predominantly diplobiontic filamentous chlorophytes, where flagellates have
flagellar roots that are CCW offset and have 180-degree rotational symmetry,
containing an upper and a lower pair of basal bodies perpendicular to the long
axis of the cell, with proximal ends of the upper pair overlapping, and an
extremely long transitional region composed of proximal and distal stellate
structures. The cell body of flagellates may be covered with square scales.
Thalli may be multinucleate and siphonous, and calcareous scales may be
present. Cytokinesis is by furrowing; there is no phycoplast or phragmoplast.
Principally marine, species are known from coastal (e.g. Ulva) and benthic
(Acetabularia) as well as freshwater (some cladophorales), terrestrial and
subaerial habitats (some trentepohliales). Species have been identified as
epibionts on trees, red algae and sloth fur, and some trentepholiales are
photosymbionts of orange lichen. In addition, marine ulvophyte zoospores have
been observed to respond chemotactically to bacterial quorum sensing
molecules, suggesting further layers of potential symbiotic and parasitic
interactions. Mitochondrial and chloroplast genomes are available for
Pseudendoclonium  akinetum, and a  mitochondrial genome for
Oltmannsiellopsis viridis, both deep-branching unicellular ulvophytes. Several
ulvophyte genera are used in North European and South-East Asian cuisine (e.g.
Cladophora, “kaipen”). Ulvophytes are believed to be monophyletic, and are
believed to be either close relatives of chlorophytes or a basal offshoot of the
CUT clade. (Alberghina et al. 2006; Bold and Wynne 1985; Chapman 1984;
Gauna et al. 2009; Graham and Wilcox 2000; Guillou et al. 2004; Lewis et al.
2005; Mattox and Stewart 1984; Melkonian 1984; O'Kelly and Floyd 1984a;
O'Kelly and Floyd 1984b; O’Kelly et al. 2004; O’Kelly and Floyd 1983, 1984a;
Pombert et al. 2006; Pombert et al. 2004, 2005; Rindi et al. 2006; Roberts
1984; Suutari et al. 2010; Tait et al. 2005; Zhang et al. 2008)
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Trebouxiophytes

Coccoid and filamentous chlorophytes that reproduce asexually by autospores
or biflagellated zoospores; no defining synapomorphies are known, although as
per Ulvophytes, the flagellar apparatus is offset anticlockwise. Trebouxiophytes
may be free-living, or epibionts and endobionts of plants, dinoflagellates,
marine invertebrates, and lichens. Two nonphotosynthetic genera,
Helicosporidium and Coccomyxa, are parasites of marine invertebrates, and
Prototheca is a vertebrate parasite and the causative agent of protothecosis in
humans. A complete genome has been assembled for the free-living
photosynthetic trebouxiophyte Chlorella; in addition, mitochondrial and
chloroplast genomes are available for Helicosporidium and Prototheca,
revealing substantial genome reduction and several presumed convergences in
genome organisation with fungi. Molecular phylogenies strongly support
trebouxiophyte monophyly, and weakly suggest a basal divergence from the
chlorophytes and ulvophytes. (Ahmadjian 1993; Alberghina et al. 2006; Crespo
et al. 2009; de Koning and Keeling 2006; Friedl 1995; Guillou et al. 2004;
Krienitz et al. 2003; Kroken and Taylor 2000; Marin and Melkonian 2010;
O'Kelly and Floyd 1984b; Pombert and Keeling 2010; Saito et al. 2006;
Tremouillaux-Guiller and Huss 2007; Turmel et al. 2009; Wolff et al. 1993;
Wolff et al. 1994; Yaman and Radek 2005, 2007; Zhang et al. 2008)

“Prasinophytes”

A paraphyletic “grade” including several clades of unicellular chlorophytes;
cells may be naked, covered with sub-microscopic organic body scales
containing 2-keto-sugar acids, or a theca of fused scales. Many taxa have hair
scales on the flagella, long basal bodies and a parabasal Golgi apparatus. The
mitotic spindle persists during cytokinesis. Molecular analyses support a
position for prasinophyte lineages within the chlorophytes, but suggest that the
assembly may be paraphyletic or polyphyletic with regard to the CUT clade.
Recent genomic studies have suggested extensive gene transfers between the
prasinophytes and members of the SAR and CCTH clades, which may be
consistent with a cryptic endosymbiosis of a prasinophyte into the “secondary”
algae. (Becker et al. 1991; Becker et al. 1989; Becker et al. 1990; Christensen
1962; Fawley et al. 1999; Guillou et al. 2004; Marin and Melkonian 2010;
Mattox and Stewart 1984; Melkonian 1984; Moestrup 1982, 1991; Moestrup
and Throndsen 1988; Moustafa et al. 2009; O'Kelly and Floyd 1984b;
Steinkotter et al. 1994; Sym and Pienaar 1993; Turmel et al. 2009; Vierkotten et
al. 2004; Worden et al. 2009)

Chlorodendrales

Flagellated scaly chlorophytes with a double layer of scales, the outer layer
of which is made of stellate scales fused into a theca; the inner layer being
diamond-shaped; with specialised hair-shaped flagellar pit scales. Organisms
have flagella in multiples of two, each flagellum bearing a double layer of
scales (outer layer tiny and rod-shaped, inner layer square or pentagonal), as
well as “T-type” lateral flagellar hair scales. Flagella beat with a breast-
stroke pattern; they have x-2 x-2 flagellar rootlets with a CCW offset and
180-degree symmetry, and (in Tetraselmis) with an MLS-like structure (see
Streptophyta) facing the cell membrane. The transition region is a short
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proximal stellate structure and a long distal one, with a transverse septum
between; a rhizoplast is present. There is an eyespot in the plastid. Studied
lineages are sexual and anisogamous. The group includes Tetraselmis
convolutae, endosymbiont of acoel Convoluta roscoffensis. Molecular
analyses and similarities in the flagellar and cytokinetic apparatus weakly
support a sister relationship between Chlorodendrales and the CUT clade.
(Domozych et al. 1981; Guillou et al. 2004; Manton and Parke 1965;
Manton et al. 1965; Marin and Melkonian 1994, 1999, 2010; Mattox and
Stewart 1984; McFadden et al. 1986; Melkonian 1979, 1982, 1984;
Miyamura 2010; Moestrup and Throndsen 1988; O'Kelly and Floyd 1984b;
Salisbury et al. 1981; Steinkotter et al. 1994).

Mamiellales

Very small scaly flagellated or coccoid chlorophytes; cells may be naked or
covered with a “spider web” of flattened rounded or elliptical scales. with
“spider-web” scales covering the body and (where present) the 2 laterally
inserted flagella. Flagella, where present, may be covered with scales; the
flagellar roots are CCW offset, and the transition region has a proximal
transverse plate and a short distal stellate structure. A single chloroplast is
present in each cell, and contains chlorophylls a and b and prasinoxanthin;
the eyespot is in the plane of cell division.  Mamiellophytes are
predominantly marine, but include the freshwater Monomastigales; studied
taxa contain genes implicated in meiosis and mating, but sexual cycles have
yet to be observed directly. The mamiellophyte Ostreococcus tauri is the
smallest known eukaryote. Complete genome sequences are available for O.
tauri and Micromonas RCC299; preliminary analyses have revealed
reduction of coding and non-coding content, and extensive genome
rearrangements and substantial divergence in gene content between and
within species. Molecular analyses strongly support monophyly, and
moderately support a sister-relationship to the CUT clade, chlorodendrales
and pyconoccales. (Barlow and Cattolico 1980; Barlow and Cattolico 1981;
Becker et al. 1991; Chrétiennot-Dinet et al. 1995; Derelle et al. 2006;
Egeland et al. 1997; Egeland et al. 1995; Eikrem and Throndsen 1990;
Fawley 1993; Fawley et al. 2000; Foss et al. 1984; Guillou et al. 2004;
Marin and Melkonian 1994, 1999, 2010; Melkonian 1984; Miyashita et al.
1993; Moestrup 1984; Nakayama et al. 2000; O’Kelly and Floyd 1984a,
1984b; Piganeau et al. 2009; Robbens et al. 2007; Worden et al. 2009)

Prasinococcids

Naked coccoid chlorophytes containing prasinoxanthin, and mitochondrial
membranes intruding into the pyrenoid. Two genera are known:
Prasinococcus and Prasinoderma. Molecular analyses suggest a relationship
basal to all other chlorophytes. (Fawley 1992, 1993; Fawley et al. 2000;
Guillou et al. 2004; Marin and Melkonian 2010; Miyashita ez al. 1993)

Pycnococcales

Flagellated and coccoid chlorophytes. Flagellates have two layers of body
scales: rod-shaped or stellate on top, square or pentagonal underneath, with
specialised hair-shaped flagellar pit scales. Two unequal flagella insert
laterally or posteriorly, each bearing two layers of flagellar scales and lateral
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flagellar hairs; the three flagellar roots are CCW offset, and there is a
multilayered structure attached to the broad root. The transition region
consists of a proximal short stellate structure, transverse plate, distal long
stellate structure, and a distal transverse plate; a rhizoplast is present.
Pycnococcales include the genus Nephroselmis, a close relative of the
secondary green algal photosymbionts of the katablepharid Hatena
arenicola; a complete chloroplast genome is available for N. olivacea.
Molecular analyses suggest that this assembly may be paraphyletic or
polyphyletic, with some members resolving as sister-taxa to chlorodendrales
and the CUT clade, and others as deeper branches within the chlorophytes.
(Fawley 1993; Fawley et al. 1999; Guillou et al. 2004; Melkonian 1980;
Moestrup 1979, 1983; Moestrup and Ettl 1979; Moestrup and Throndsen
1988; O’Kelly and Floyd 1984b; Okamoto and Inouye 2006; Suda et al.
1989; Turmel et al. 1999a; Turmel et al. 1999b)

Pyramimonadales

Swimming scaly chlorophytes where the four, eight or sixteen flagella arise
from an inversely pyramidal apical pit, and may be held posteriorly while
swimming. There is a CCW offset of flagellar roots and an MLS-like
structure on root 1; the transition region has a short stellate structure and a
distal coiled fibre. There are three layers of complex scales: flagellar scales
are square or pentagonal undeneath, limuloid or spined in the middle, and
have two opposing rows of hair-shaped scales on top; body scales are square,
with smaller ones underneath and larger ones in two layers on top. Some
species produce a double-walled cyst or phycoma (valuable in the fossil
record, e.g. of Tasmanites), which is surrounded by a single wing in
Pterosperma. Each individual has one or two chloroplasts, with two or four
eyespots on the surface of pyrenoids. Some species produce a double-walled
cyst or phycoma, which is surrounded by a single wing in Pterosperma. No
parasitic or symbiotic taxa are known, although bacterial epibionts have been
identified from the arctic species Pyramimonas gelidicola. A complete
chloroplast genome 1is available for Pyramimonas. Molecular analyses
suggest a basal divergence from other chlorophyte taxa. (Delwiche 1999;
Guillou et al. 2004; Hori and Moestrup 1987; Ishida et al. 1997; Marin and
Melkonian 1994, 1999, 2010; Melkonian 1984; Moestrup 1974; O'Kelly and
Floyd 1984b; Ponomarenko et al. 2004; Turmel et al. 2009)

Scourfeldia

Single genus of chlorophytes with a naked cell body and two naked flagella;
tips of flagella taper to contain a single microtubule. The transition region
contains a proximal plate and a short distal stellate structure. No molecular
information is available for this group. (Manton 1975; Melkonian 1984;
Melkonian and Preisig 1982; Moestrup 1991)

Streptophyta

An array of principally freshwater and terrestrial, multicellular chloroplastids,
although some marine and unicellular taxa are known. Flagella, where present, insert
symmetrically into long basal bodies, and there are two dissimilar flagellar roots, of
which the longer is associated with a multilayered structure and an anterior
peroxisome or mitochondrion. The transition region is a continuous stellate structure

36



without conventional transverse plates or septa. Mitosis is open, and there is a
persistent mitotic spindle at telophase. Cell walls contain cellulose, synthesised in
muro by an unique family of proteins that are spatially regulated by cortical
microtubules; xyloglucans may be present in cell walls, as may plasmodesmata
formed by the expansion of dividing cell walls over the ER. Glycolate metabolism
occurs in peroxisomes; eyespots and pyrenoids are largely absent. Streptophytes
contain an unique duplicated cytosolic isoform of GAPDH, GapB, which contains an
unique C-terminal extension derived from the Calvin Cycle redox regulator CP12,
and BIP, a gene family involved in bud development. The assembly contains
embryophytes (land plants) and a paraphyletic array of algae grouped as the
charophytes. (Graham and Wilcox 2000; Lloyd and Chan 2008; Mattox and Stewart
1984; Melkonian 1984; Nedelcu et al. 2006; Petersen et al. 2006a; Pickett-Heaps
1975; Pickett-Heaps and Marchant 1972; Popper and Tuohy 2010; Westphal et al.
2003)

Mesostigma viride

Asymmetrical unicellular biflagellated and filamentous streptophytes. Flagellate
cells contain two equal laterally-inserting flagella, a short stellate structure in the
transition region, and are covered with distinctive “maple-leaf” shaped scales.
uniquely amongst streptophytes, there are four, cruciate flagellar roots that are
CCW offset. Mature filamentous cells lack plasmodesmata and are connected by
the hollow tube of the cell wall. Eyespots are present in the plane of cell division.
Historically of uncertain phylogenetic position due to ultrastructural and pigment
similarities to both chlorophytes and streptophytes, recent phylogenomic analyses
and the conserved retention of MV A pathway and BIP2 family genes have placed
Mesostigma as a sister-group to Chlorokybus at the base of the streptophytes.
(Grauvogel et al. 2007a; Guillou et al. 2004; Karol et al. 2001; Lemieux et al.
2007; Manton and Ettl 1965; Marin and Melkonian 1999; Martin et al. 2002;
Melkonian 1982, 1984, 1989; Nedelcu et al. 2006; Rodriguez-Ezpeleta et al.
2007b; Rogers et al. 1981; Turmel et al. 2002b; Yoshii et al. 2003)

Chlorokybus atmophyticus

Two- to 4-celled sarcinoid packets surrounded by a thick layer of mucilage,
lacking plasmodesmata, that divide by the formation of a thin septum. Biflagellate
zoospores may form from individual cells in sarcinoid packets; flagella are
unequal, insert subapically, there is a distinctive multilayered structure and
unilateral root, and basal bodies are CCW offset. A large single microbody
branches around the nucleus and is attached to the flagellar apparatus, and two
mitochondria are also attached to the flagellar apparatus. The flagella are covered
with hairs, and both the flagella and body are covered with square scales; cell walls
form beneath the scales during germination. There are eyespots and simple
superficial pyrenoids on chloroplasts and an elaborate pyrenoid with embedded
thylakoids joining the chloroplasts. A complete chloroplast genome is available.
Phylogenomic analyses strongly support a sister-group position to Mesostigma,
basal to the streptophytes. (Becker and Marin 2009; Delwiche et al. 2002; Guillou
et al. 2004; Karol et al. 2001; Lemieux et al. 2007; O’Kelly and Floyd 1984a,
1984b; Rodriguez-Ezpeleta et al. 2007b; Rogers et al. 1980)
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Klebsormidiophytes

Streptophytes forming unbranched filaments without holdfasts, and lacking
plasmodesmata. and with zoospores released through a pore in the cell wall.
Zoospores are naked, and contain two unequal flagella, a multilayered structure, a
unilateral root, and CCW offset basal bodies. Chloroplasts are parietal and lobed;
centrioles may closely associate with peroxisomes. Species are found in
freshwater, terrestrial and polar habitats, and several acidophilic species are
known. The phylogenetic position of klebsormidophytes is unresolved, with
molecular analyses variously suggesting a close relationship with coleochaetales,
the zygnematales, and a position near the base of the streptophytes. (Baffico 2010;
Cook 2004; Elster et al. 2008; Guillou et al. 2004; Marchant et al. 1973; McCourt
et al. 2000; Mikhailyuk et al. 2008; Nagao et al. 2008; Novis 2006; O’Kelly and
Floyd 1984a, 1984b; Pickett-Heaps 1972; Sakayama 2008; Silva et al. 1972;
Sluiman et al. 2008; Turmel et al. 2002a)

Zygnemophytes

Aflagellated, freshwater and acidophilic streptophytes, which may be unicellular,
colonial, or filamentous. Filamentous taxa are unbranched and lack
plasmodesmata, distinguishing them from other filamentous streptophytes. The cell
wall is composed of crystalline cellulose microfibrils; some taxa (e.g. desmids)
have highly ornamented cell walls and pores. Sexual reproduction occurs by the
conjugation, with amoeboid gametes moving through a tube of the cell wall;
chloroplast inheritance is uniparental. A complete transcriptome has been
annotated for Spirogyra pratensis. The conserved presence of a nuclear-encoded
TufA, and recent chloroplast phylogenomic analyses, place zygnemophytes as a
sister-group to the embryophytes, although the validity of this association has been
questioned. (Baldauf and Palmer 1990; Becker and Marin 2009; Bhattacharya et
al. 1996; Bhattacharya et al. 1994; Guillou et al. 2004; Karol et al. 2001; Lemieux
et al. 2007; Mattox and Stewart 1984; McCourt et al. 2000; Mix and Manshard
1977; Rodriguez-Ezpeleta et al. 2007b; Timme and Delwiche 2010)

Coleochaetales

Streptophytes that form branched filaments, which bear sheathed hairs (extensions
of the cell wall, containing cytoplasm), and contain parenchymatous tissue, with
terminal and marginal growth. Biflagellated zoospores have unique pyramidal,
diamond-shaped scales on the flagellum and body, and hair scales on the
flagellum; the flagella extend laterally from the point of insertion, and have a
distinctive transition region containing stellate structures and striated transverse
septa. There are several small anterior mitochondria near the flagellar apparatus. A
phragmoplast is present during cell division. Some species may be epiphytes of
charalean algae. Organelle genome sequences are available for Chaetosphaeridium
globosum, and a transcriptome has been completed for Coleochaete orbicularis,
Phylogenomic analyses support a position basal to the charales and embryophytes.
(Baldauf and Palmer 1990; Delwiche et al. 2002; Graham 1982, 1984, 1996;
Graham and McBride 1979; Graham and Wilcox 2000; Guillou et al. 2004;
Kenrick and Crane 1997; Lemieux et al. 2007; Mahakham and Theerakulpisut
2010; Moestrup 1974, 1978; O’Kelly and Floyd 1984a, 1984b; Rodriguez-Ezpeleta
et al. 2007a; Rodriguez-Ezpeleta et al. 2007b; Sluiman 1983, 1985; Timme and
Delwiche 2010; Turmel et al. 2002a)
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Charales

Streptophytes ranging in size from centimetres to tens of metres, with extremely
complex body structures, typically consisting of a holdfast attached to the
substratum, and multiple thalli containing a central axis of multinucleate,
internodal cells and whorls of branches radiating from uninucleate, node cells,
which accumulate crystals of calcium carbonate (hence the colloquial name
“stoneworts”). Meristems are apical, with a single face of cell division (c.f.
parenchymatous growth in embryophytes); exposed antheridia and oogonia are
surrounded by sterile cells (c.f- embryophyte protected gametangia). There is rapid
cytoplasmic streaming, which moves the many small chloroplasts around the cell.
A phragmoplast develops from the persistent interzonal spindle during division.
Male swarmers (flagellates) are highly elongated, helically coiled, covered in
diamond-shaped scales, and are released through enlarged plasmodesmata of
antheridial cells. Swarmer flagella are likewise covered in diamond-shaped scales,
and insert at the anterior tip of the cell; flagella are partially embedded within the
cell membrane, emerging separately about 1/3 of the way down the cell. The
flagellar transition region includes a stellate structure with no apparent transverse
septa; basal bodies seem to be “a structureless mass”; a root of interconnected
microtubules separate the flagella from the mitochondrion. Similarly to plants, cell
wall deposition is turgor-dependent. Commonly found in high pH freshwater
habitats, charophytes are highly efficient at suppressing photosynthetic
competitors; this is believed to be due to competitive nutrient occlusion but may
additionally occur via allelopathic interactions. A complete chloroplast genome is
available for Chara vulgaris. Phylogenetic analyses have linked charales either as
the direct sister-group of embroyphytes, or as basal to the zygnematophytes and
embryophytes; the relationships between these lineages is debated. (Becker and
Marin 2009; Delwiche et al. 2002; Graham 1990, 1993; Guillou et al. 2004;
Hidding et al. 2010; Jeffrey 1967; Karol et al. 2001; Lemieux et al. 2007;
Moestrup 1970, 1978; Pickett-Heaps 1968; Proseus and Boyer 2008; Rodriguez-
Ezpeleta et al. 2007b; Sluiman 1983; Turmel et al. 2006; Turner 1968)

Embryophytes

Land plants: vascular plants, mosses, hornworts and liverworts. There are
alternating diploid and haploid sporophyte and gametophyte generations, although
this ranges from gametophyte dominance (in bryophytes) to the internalization of
gametophytes within sporophyte reproductive tissue (in angiosperms and
gymnosperms). Spores are produced in tetrads, and sperm architecture is unique,
with ovoid, naked male swarmers. Where present on swarmers, flagella insert into
a stellate transition region, with a three or four-layered multilayered structure
wrapped around a morphologically distinct anterior mitochondrion, and
incorporating a helical, “unilateral” curtain root of 15-60000 microtubules, set at
45 degrees to the long axis of lamellae in the multilayered structure. Chloroplasts
have a consistent gene order in their DNA; pyrenoids are absent except in some
hornworts. Uniquely amongst chloroplastid lineages, cell walls may contain
significant quantities of xyloglucans and lignins; the complex hemicellulose
rhamnogalacturonan II is believed to be specific to embryophytes. In addition to
terrestrial and freshwater taxa, a small number of secondarily marine species is
known. Over 200 angiosperm genera (e.g. Viscum- mistletoe; Nuytsia- West
Australian Christmas Tree; Cuscuta- dodder; Rafflesia), grouped in eleven
phylogenetically distinct lineages, are known to be parasites of other plants;
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parasitic taxa may be either secondarily nonphotosynthetic or mixotrophic, and
typically invade host species via the formation of specialised root systems
(“haustoria”) or mycoheterotrophy. The signalling interactions between parasites
and hosts involves the bidirectional translocation of secondary metabolites (e.g.
strigolactones) and RNAs, and is of particular interest due to the similarities with
the signalling pathways underpinning rhizoysmbioses. A substantial number of
genomes have been completely sequenced or are under assembly, ranging from
model angiosperms (e.g. Arabidopsis thaliana) to important crop species (rice,
soya), representative gymnosperms, lycophytes and bryophytes (Pinus taeda,
Selaginella moelendorfii, Physcomitrella patens, Marchantia polymorpha), as well
as the chloroplast genomes of nonphotosynthetic parasites (Epifagus virginiana).
Analyses of plant genomes have recovered evidence for multiple whole genome
duplication events in plant evolution, and a number of lateral gene transfer events,
including a small number of gene acquisitions from fungal donors. (Badger et al.
1998; Bidartondo and Bruns 2005; Bidartondo and Duckett ; Blanc and Wolfe
2004; Bremer 1985; Brown and Lemmon 2008, 2009; Bungard 2004; Carothers
and Duckett 1979, 1980; Delwiche et al. 2002; Duckett and Carothers 1979;
Graham 1990, 1993; Jaillon et al. 2007; Jeffrey 1967; Karol et al. 2001; Kenrick
and Crane 1997; McKay and Gibbs 1991; Mishler and Churchill 1985; Moestrup
1978; Norstog 1974; Oda et al. 1992; Ohyama et al. 1986; Popper and Tuohy
2010; Raubeson and Jansen 1993; Remington et al. 1999; Rensing et al. 2008;
Renzaglia and Duckett 1988; Turmel et al. 2003; Westphal et al. 2003; Yu et al.
2002)

RHODOPLASTIDS (RED ALGAE)

“Red algae” sensu lato, also referred to as Rhodoplantae. Unicellular and
multicellular archaeplastids that have lost flagella and centrioles at all life history
stages, a significant change in cell biology from other eukaryotes. Multicellular taxa
may contain pit plugs, “stoppered” connections between daughter cells resulting from
incomplete cleavage. Primary plastids are enveloped by double membranes, lack
chlorophylls b and c, have a genophore arranged in multiple small 1-2 um diameter
“blebs”, and contain non-aggregated thylakoids embedded with phycobilisomes
containing the accessory pigments phycoerythrin (red pigment), phycocyanin (blue
pigment) and allophycocyanins. Cell walls typically contain celluloses, xylans and
mannans; lignin may be present. Uniquely amongst archaeplastids, rhodoplastids
utilise a form ID rubisco obtained laterally from a proteobacterial donor, and deposit
Floridean starch deposited free in the cytoplasm instead of within the chloroplast.
Principally found in marine but also freshwater and extreme habitats, although species
number is low; a small number of parasitic taxa are known, all of which are parasites
of other red algae, and two lineages- the Erythropeltidales and the Rufusiales- are
epibionts, respectively of marine macroalgae and sloths. Red algal-derived secondary
chloroplasts are present in photosynthetic cryptomonads, haptophytes, stramenopiles
and dinoflagellates, and thus red algal lineages are present in the majority of extant
algal species; these chloroplasts are believed to have originated via a single secondary
endosymbiosis, although there is debate over how and in which eukaryotic lineage
this happened.

The traditional taxonomy, based on ultrastructure and life cycle, has undergone
substantial recent revision from molecular data. The position of red algae within the
Archaeplastida is unresolved: the presence of a conserved FBA duplication,
chloroplast ultrastructure, and some molecular phylogenies support a sister-taxon
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relationship to chloroplastids, others suggest a basal relationship to other
archaeplastids, and recent chloroplast phylogenies have suggested a specific sister-
group relationship to glaucophytes. (Baurain ef al. 2010; Burki et al. 2007; Burki et
al. 2008; Deschamps and Moreira 2009; Goff et al. 1997; Hackett et al. 2007; Keeling
2009¢, 2009b, 2009a; Moon and Goff 1997; Miiller et al. 2001b; Pueschel 1990;
Pueschel and Magne 1987; Reyes-Prieto et al. 2007; Rodriguez-Ezpeleta et al. 2005;
Saunders 2005; Silva et al. 2006; Silva 1996; Tabita et al. 2008a; Tabita et al. 2008b;
Yoon et al. 2006a; Yoon et al. 2002a; Yoon et al. 2002b; Yoon et al. 2006b)

Cyanidiophytes

Unicellular red algae with thick, proteinaceous cell walls, tolerant of extreme
environments; with an association between the ER and Golgi; with an endospore
stage; and heterotrophic capability. Carbohydrates are principally stored as
glycogen, although semi-amylopectins may also be present; amyloses are absent. A
genome sequence has been completed for the extreme acidophile Cyanidioschizon
merolae; an EST library has been constructed for the versatile acidophile Galdieria
sulphuraria. The C. merolae genome is substantially reduced, is largely depleted
of introns and transposons, lacks a number of otherwise broadly conserved
eukaryotic genes including myosins, dyneins, and several SNARE complex
proteins, and performs a number of unusual expression processes, including the
production of tRNAs via a novel circular intermediate. Recent genomic analyses
have suggested substantial divergence in gene content between G. sulphuraria and
C. merolae, and a substantial number of lateral or endosymbiotic acquisitions of
chloroplast-targeted genes from non-cyanobacterial donors. Molecular analyses
strongly supports a position basal to all other red algae (Albertano et al. 2000;
Barbier et al. 2005; Chapman 1974; Christensen 1962; Gross et al. 2001; Hirabaru
et al. 2010; Koumandou and Howe 2007; Matsuzaki et al. 2004; Muravenko et al.
2001; Nozaki et al. 2007b; Ohta et al. 2003; Pinto et al. 2003; Saunders et al.
2004; Seckbach 1999; Shimonaga et al. 2008; Soma et al. 2007; Suzuki and
Miyagishima 2010; Yoon ef al. 2006a; Yoon et al. 2006b)

Rhodophytes

A diverse clade of unicellular and multicellular red algae. The clade is well
supported by molecular analyses, and although no synapomorphies have been
reported, the Golgi apparatus of most studied taxa is closely associated with the
mitochondria; floridoside where present is enriched in amylopectin. (Saunders and
Hommersand 2004; Scott et al. 2009; Shimonaga et al. 2008; Yokoyama et al.
2009; Yoon et al. 2006b)

Rhodellophytes

Unicellular rhodophytes with a single, highly lobed plastid, surrounded by
plastoglobuli (lipid droplets). The Golgi apparatus may either be perinuclear or
scattered, and its cisternae may appear fused; mannitol is present, and storage
carbohydrates are predominantly semi-amylopectins with some amyloses.
Reproduction occurs by cell division. Historically grouped with the
porphyridiophytes as the porphyridiales, recent molecular analyses variously
support a close relationship with the florideophytes and bangiales, and with the
compsopogonophytes, porphyridiophytes and stylonematophytes. (Hirabaru et
al. 2010; Miiller et al. 2001b; Pueschel 1990; Saunders and Hommersand 2004;
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Scott et al. 2009; Shimonaga et al. 2008; Silva 1996; Yokoyama et al. 2009;
Yoon et al. 2002b; Yoon et al. 2006b)

Porphyridiophytes

Unicellular rhodophytes with a single branched or stellate chloroplast lacking an
encircling thylakoid in the plastid; pyrenoids may be present. The Golgi
apparatus is closely associated with the ER and mitochondria; reproduction
occurs by cell division; floridoside is present, and is principally composed of
semi-amylopectins, with small quantities of amylose. Historically grouped with
the rhodellophytes as the porphyridiales, recent molecular analysis have failed
to recover a consistent phylogenetic position for the porphyridiophytes.
(Hirabaru et al. 2010; Miiller et al. 2001b; Pueschel 1990; Saunders and
Hommersand 2004; Shimonaga et al. 2008; Silva 1996; Yoon ef al. 2006b)

Stylonematophytes

Unicellular, pseudofilamentous or filamentous rhodophytes; the Golgi apparatus
is closely associated with the mitochondria and ER; reproduction may occur
either by cell division or monospore production. Floridoside is absent,
distinguishing the group from other Rhodophytes. Historically grouped with the
porphyridiophytes and rhodellophytes as the poprhyridiales, recent molecular
analyses predominantly strongly support a close relationship with the
porphyridiophytes and compsogonophytes. (Miiller et al. 2001b; Pueschel
1990; Saunders and Hommersand 2004; Silva 1996; West et al. 2007; Yoon et
al. 2006b; Zuccarello et al. 2008)

Rufusia

Branched filamentous rhodophytes, containing red to violet discoid or band-
shaped chloroplasts; pyrenoids have not been observed; floridoside is present in
the cytoplasm. A single species, R. pilicola , has been identified as an epibiont
on the hair of two genera of sloths native to Latin America. Originally proposed
from molecular analyses to be a basally divergent stylonematophyte, Rufusia
has recently been suggested to form a separate, sister class to the
Stylonematophytes due to the presence of floridoside and its unusual habitat.
(Wujek and Timpano 1986; Yoon et al. 2006b; Zuccarello et al. 2008)

Compsopogonophytes

Rhodophytes with an ER-associated Golgi apparatus, and a central, thylakoid-
free region in each chloroplast; pyrenoids are generally absent. Life history is
biphasic; monosporangia and spermatoangia are cut out from undifferentiated
vegetative cells in some taxa by characteristic curved cell walls. Members of
one order, the Erythropeltidales, are principally found as epibionts of marine
macroalgae, but the nature of these associations have not been characterised.
Molecular analyses weakly support a sister-group relationship with the
porphyridiophytes, and a close relationship with the stylonematophytes. (Badger
et al. 1998; Nelson et al. 2003; Saunders and Hommersand 2004; Silva 1996;
West and Zuccarello 2009; West et al. 2007; Yokoyama et al. 2009; Yoon et al.
2006b; Zuccarello et al. 2010)
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Bangiophytes

True rhodophytes that have a parenchymatous gametophyte, which —uniquely
among red algae- produces carposporangia and spermatangia in distinct packets,
by successive divisions. The sporophyte is filamentous and has pit plugs with a
cap layer but no membranes, distinguishing this group from some other
Florideophytes. The Golgi apparatus is associated with the ER and
mitochondria. Conchospores may be formed. Members of the genus Porphyra
are cultivated extensively in East Asian countries for use in food (e.g. as nori).
A complete genome has been assembled for Porphyra umbilicalis, and a
transcriptome for P. purpurea. Molecular phylogenies robustly support a sister-
taxon relationship to the florideophytes. (Hirabaru et al. 2010; Hoef-Emden et
al. 2005; Hommersand and Fredericq 1990; Miiller et al. 2001a; Miiller et al.
2003; Miller et al. 2001b; Oliveira et al. 1995; Saunders and Hommersand
2004; West et al. 2007; Yokoyama et al. 2009; Yoon et al. 2006b).

Florideophytes

True rhodophytes that grow as branched filaments, using apical and lateral cells,
and pit plugs linking cells throughout the body. The life cycle consists of three
phases (gametophytes, carposporophytes, tetrasporophytes), and a distinctive
reproductive apparatus, consisting of terminal or lateral carpogonia bearing a
long extension (trichogyne) for the attachment of spermatangia, and carpospores
developing directly from the fertilised carpogonium. The ER, Golgi and
mitochondria are closely associated. Chloroplasts are mostly parietal and
discoid, although may in some species be centrally-placed and stellate;
pyrenoids are present in most taxa. Five divisions are currently recognised:
Hildenbrandiophytes (containing pit plugs with a single cap layer, covered by a
membrane), Nemaliophycids (an extremely diverse group of marine and
freshwater species, with pit plugs covered by two cap layers), Ahnfeltiophycids
(with naked pit plugs, lacking both a cap and membranes), Corallinophycids
(calcified florideophytes, with two-celled carpogonial branches, and pit plugs
covered by two cap layers but no membrane) and Rhodymeniophycids (a
diverse array of predominantly marine algae, with pit plugs covered by a
membrane but no cap layers). Several rhodymeniophcid genera (e.g.
Asterocolax, Faucheocolax Harveyella, Holmsella) are parasites of other
closely related Florideophytes; several species are extensively used as sources
of gelling agents and stabilisers in food industries, such as Gelidium and
Gracilaria (agar) and Chondrus crispus (carrageenan). Monophyly is supported
by the presence of an unique actin duplication; molecular phylogenies robustly
support a sister-group relationship to the Bangiophytes in a clade termed the
“eurhodophytes”. (Delivopoulos and Kugrens 1985; Goff 1976; Goff et al.
1997; Hoef-Emden et al. 2005; Le Gall and Saunders 2007; Pueschel 1994;
Saunders and Bailey 1997; Saunders et al. 2004; Saunders and Hommersand
2004; Saunders and Kraft 1997; West et al. 2007; Wetherbee and Quirk 1982;
Yokoyama et al. 2009; Yoon et al. 2006b)

GLAUCOPHYTES

Small flagellated, coccoid or palmelloid eukaryotes with cruciate flagellar roots, a
plasma membrane subtended by sacs or “shields”, and a Golgi apparatus proximal to
the basal body. The blue-green chloroplasts, also referred to as ‘“cyanelles” and
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“muroplasts”, retain a large number of features either presumably derived from the
bacterial ancestor or putatively more “primitive” than other primary plastid lineages,
most notably a carboxysome (protein-encased, carbonic anhydrase-associated
“bacterial pyrenoids”) and a peptidoglycan cell wall enclosed in a vacuole. The
precise function of the peptidoglycan cell wall is not completely resolved; however, it
has been suggested to have an essential role in the formation of the central furrow
during cyanelle replication, and to act against the high stromal turgor produced by
CCM activity. Chlorophyll a, phycocyanin and allophycocyanin are present;
thylakoids are concentric, unstacked, and embedded with phycobilisomes; starch is
deposited in the cytoplasm but not the cyanelle. No parasitic taxa are known, and
glaucophytes are not known to have been uptaken as secondary endosymbionts by
any extant eukaryotes.

Eleven genera are known, solely from freshwater habitats, and are divided into three
groups: Cyanophorales (oval-shaped and ventrally flattened glaucophytes, with two
unequal, hairy flagella that insert respectively into an apical and a ventral groove, and
a parabasal Golgi body), Glaucocystales (coccoid glaucophytes containing star-like
aggregates of rod-shaped cyanelles, a smooth, internalised flagellum, and a parabasal
Golgi apparatus) and Gloeochaetales (palmelloid unicellular or colonial glaucophytes,
with mutliple small spherical cyanelles, and internalised flagella). Although
similarities in the ultrastucture of the cell cortex and microtubular roots, and early
molecular phylogenies suggested a sister-group relationship to the cryptophytes, more
recent molecular analyses have robustly positioned glaucophytes within the
archaeplastids, although there is conflicting information regarding its exact position
relative to rhodoplastids and chloroplastids. A complete cyanelle genome sequence is
available for the cyanophorale Cyanophora paradoxa. (Bhattacharya et al. 1995a;
Bhattacharya and Weber 1997; Bourrelly 1960; Burki et al. 2007; Burki et al. 2008;
Chu et al. 2004; Deschamps and Moreira 2009; Douglas and Raven 2003; Fathinejad
et al. 2008; Heimann et al. 1989; Imai et al. 1999; Kiefel et al. 2004; Kies 1976;
Mangeney and Gibbs 1987; Mignot et al. 1969; Nozaki et al. 2007a; Nozaki et al.
2009; Nozaki et al. 2003a; Raven 2003; Robinson and Preston 1971; Rodriguez-
Ezpeleta et al. 2005; Sato et al. 2007; Schmidt et al. 1979; Schnepf 1965; Stirewalt
and Bryant 1989; Takano and Takechi 2010; Thompson 1973; Westphal et al. 2003;
Willison and Brown 1978)

“THE SAR CLADE”

An assembly of the large and diverse groups Stramenopiles, Alveolates, and Rhizaria,
each of which contains flagellates, amoebae and parasites; and photosynthetic,
mixotrophic and heterotrophic members. The SAR clade is also referred to as Harosa:
the nomenclature of this group is currently under debate. Monophyly is robustly
supported by nuclear multigene phylogenies, which suggest that the rhizaria are a
basal outgroup to stramenopiles and alveolates. Ultrastructural synapomorphies are
limited: stramenopile and alveolate taxa frequently contain two flagella, striated
microtubular roots, and secondary red algal-derived chloroplasts that contain
chlorophyll ¢ and are encased by three to four membranes; mitochondrial cristae are
predominantly tubular in all three taxa. Recently, a novel duplicated isoform of Rabl,
a GTPase involved in ER-to-Golgi vesicle trafficking, has been identified in all three
phyla, and may be a defining molecular synapomorphy, although there is weak
evidence that this feature may be shared with some cryptomonads. The SAR clade
contains a number of pathogenic and parasitic genera of major human interest,
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including Plasmodium (causative agents of malaria) and Phytophthora (crop
pathogens). Chloroplast gene phylogenies and the common presence of chlorophyll c
strongly suggest a common origin for the chloroplasts of photosynthetic
Stramenopiles, alveolates and CCTH/Hacrobia, and it is possible that the SAR clade
and CCTH/Hacrobia are sister taxa that acquired a red algal chloroplast via a single,
ancestral endosymbiosis. However, some nuclear multigene phylogenies have
suggested that the SAR clade is in fact a basal offshoot of the CCTH/Hacrobia and
archaeplastids and there is as yet no evidence that rhizaria historically contained a red
algal endosymbiont lineage; as such, several alternative models- such as an origin of
stramenopile and alveolate chloroplasts via the tertiary endosymbiosis of a
haptophyte- have been suggested. (Baurain ef al. 2010; Bodyl et al. 2009; Burki et al.
2009; Burki et al. 2007; Burki et al. 2008; Cavalier-Smith 2010; Elias et al. 2009;
Hampl et al. 2009; Pawlowski and Burki 2009; Sanchez Puerta and Delwiche 2008)

STRAMENOPILES

A morphologically diverse clade, containing unicellular flagellate, amoeboid,
mycelial and multicellular organisms. Flagella are of unequal length (the group is also
called “heterokonts” because of this), and the long, mature flagellum carries tripartite
tubular hairs that reverse the thrust of the flagellum. The flagellar apparatus contains
up to four microtubular roots, and a striated rootlet is present in many taxa.
Mitochondria have tubular cristae. Golgi bodies lie with forming faces adpressed to
the nuclear envelope. Cell walls (where present) are made of cellulose. Chloroplasts
are present in some but not all species; where present, they contain a distinctive girdle
lamella consisting of three adpressed thylakoids that envelopes other lamellae.
Chloroplasts themselves are enveloped by an outer membrane contiguous with the
ER.

Stramenopiles may be autotrophic, mixotrophic and heterotrophic, and contain several
parasites and pathogens of shellfish (e.g. Aureococcus), humans (e.g. Blastocystis)
and higher plants (Phytophthora). Nuclear multigene phylogenies strongly support a
sister-group relationship to the alveolates. Chloroplast gene phylogenies strongly
support a red algal origin for all extant plastid lineages; however, the recent recovery
of >1500 genes of green algal origin in sequenced diatoms, pelagophytes and
oomycetes has led to the suggestion that stramenopiles may have historically
contained a green algal endosymbiont, and/ or received repeated lateral gene transfers
from green algal donors. (Andersen 2004; Atkins et al. 2000b; Burki et al. 2008;
Dodge 1973; Guillou et al. 1999a; Massana et al. 2004; Moustafa et al. 2009; Nozaki
et al. 2009; Patterson 1989, 1999; Reeb et al. 2009; Saunders et al. 1995; Van de Peer
et al. 1996b; Van der Auwera et al. 1995)

Bicosoecids

Free-living heterotrophic flagellates with a posterior (smooth) flagellum which
may attach to the substrate or lorica, and an anterior (usually hairy) flagellum
directing currents of water over an ingestion area (a lip or a cytostome with
cytopharynx) supported by a microtubular loop made of an L-shaped arrangement
of microtubules, usually arranged as ‘8+3+x-fibre’. Basal bodies are at an oblique
angle to each other, with BB1 oriented to the left; there are usually 4 microtubular
roots with 2 additional singlet roots, in the same orientation in all taxa. A lorica
may be present. The bicosoecids Filos agilis and Nanos amicus have been
identified as epibionts of the chrysophyte Apoikia lindahlii, although whether this
relationship is commensalist or parasitic is not fully understood.
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Six major divisions of bicosoecid have been described from ultrastructural data:
Caecitellus (naked flagellates with two unequal smooth flagella);
pseudodendromonads (scaly or naked, colonial or free-living flagellates with two
equal smooth flagella -Adriamonas, Cyathobodo, Pseudodendromonas);
Bicosoecidae (loricate, solitary or colonial bicosoecids with two heterokont
flagella, and a feeding collar, some with a paraxial rod in the posterior flagellum);
cafeteriates (naked solitary bicosoecids with heterokont flagella and a feeding
collar — Cafeteria, Pseudobodo and Acronema); Siluania (tiny solitary bicosoecid
with a single hairy anterior flagellum and a reduced flagellar apparatus); and
Symbiomonas (picoplanktonic flagellates with a single hairy anterior flagellum,
endosymbiotic bacteria near the nucleus, tubulocristate mitochondria near the basal
body, and a reduced flagellar apparatus). However, recent molecular data has
implied that several of these divisions may be para- and or polyphyletic, with a
basal division between freshwater and marine taxa. Molecular phylogenies weakly
support a sister-group relationship with Placididea. (AlQassab et al. 2002; Atkins
et al. 2000b; Cavalier-Smith and Chao 2006; Fenchel and Patterson 1988; Guillou
et al. 1999a; Hibberd and Norris 1984; Hibberd 1976a, 1978, 1985; Karpov et al.
1998; Karpov et al. 2001; Kim et al. 2010; Kostka et al. 2004; Leipe et al. 1994;
Massana et al. 2004; Mignot 1974b, 1974a; Moestrup and Thomsen 1976; Moriya
et al. 2002; O’Kelly and Nerad 1998; O’Kelly and Patterson 1996; Park and
Simpson 2010; Patron et al. 2007; Patterson et al. 1993a; Striider-Kypke and
Hausmann 1998; Teal et al. 1998; Verhagen et al. 1994)

Commation

Heterotrophic gliding flagellates with a circular-oval (comma shaped) flattened
cell body, and a proboscis. The single emergent flagellum bears tripartite hairs;
two basal bodies have distinct microtubular roots and a rhizoplast. No molecular
information is available for this group. (Thomsen and Larsen 1993)

Diplophrys

Small spherical aflagellate organisms with a scaly cell wall similar to
thraustochytrids, an orange lipid droplet in the cell body, and tufts of pseudopodia
arising from openings in the cell wall, which have been interpreted as similar to the
ectoplasmic network of other labyrinthulids. Molecular data weakly supports a
sister-group relationship with the labyrinthulomycetes, but the extreme divergence
observed for Diplophrys render this classification uncertain. (Cavalier-Smith and
Chao 2006; Dykstra and Porter 1984)

Labyrinthulids

Saprotrophic and heterotrophic stramenopiles with a cosmopolitan distribution
across marine, freshwater and terrestrial habitats. Vegetative cells characteristically
contain a sagenogenetosome (or bothrosome), an organelle which secretes a
specialised ectoplasmic network that may be involved in adhesion and feeding;
zoospores are biflagellate. Species have been identified on the surface mucilage of
several marine invertebrate phyla, and have been suggested to form various
symbioses based on fatty acid exchange. A parasitic relationship has been observed
between the species Thraustochytrium caudivorum and its flatworm host, whereas
the soil-borne Labyrinthula terrestris has been implicated as a causative agent of
late blight in turf grass.
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Molecular studies indicate that there are three major clades within the group:
labyrinthulids (aflagellated spindle-shaped cells which are enclosed in single file
by the ectoplasmic network, with a lipid body or eyespot present in the zoospore
stages); thraustochytrids (solitary and immobile aflagellated cells, with multi-
laminar scaly walls and globose sporangia, a small ectoplasmic rhizoidal network,
and zoospores lacking an eyespot); and aplanochytrids (solitary aflagellated cells
with multi-laminar scaly walls and globose sporangia, and ectoplasmic filaments
which do not enclose the cells). The position of labyrinthulomycetes within the
stramenopiles is unclear; molecular studies have weakly supported sister-taxon
relationships to opalinids and to bicosoecids, and an early-branching position at the
base of all other stramenopiles. (Alderman et al. 1979; Bahnweg and Sparrow
1972; Barr and Allan 1985; Bigelow et al. 2005; Cavalier-Smith and Chao 2006;
Harel et al. 2008; Honda et al. 1999; Kazama 1972, 1980; Leander and Porter
2001; Leander et al. 2004; Leipe et al. 1996; Leipe et al. 1994; Moss 1985; Porter
1974; Riisberg et al. 2009; Scharer et al. 2007; Siboni et al. 2010; Tsui et al. 2009)

Pirsonia

Parasitoid flagellates that infect planktonic diatoms by injecting a pseudopodium
through the host’s frustule, then differentiating and budding. Motile flagellates
have an anterior flagellum with tripartite hairs; the posterior flagellum and cell
surface bear “knotted hairs”. Mitochondria bear unique “straight” tubular cristae.
Recent SSU data weakly supports a close relationship between Pirsonia and
oomycetes. (Kim et al. 2010; Kiihn et al. 2004; Kiihn et al. 1996; Schnepf and
Schweikert 1996; Schweikert and Schnepf 1997)

Placididea

Heterotrophic gliding flagellates with two unequal flagella containing a double
helix in the transitional region; anterior flagellum bearing tubular hairs with two
unequal terminal filaments; posterior flagellum attaching to the substrate.
Mitochondria with tubular cristae. With a distinctive u-shaped microtubular root in
an L-shaped “7+3” arrangement very similar to that seen in bicosoecids. The group
includes Wobblia, Placidia and possibly Pendulomonas, though further
investigation is needed. Molecular analyses place the group in a clade with
bicosoecids and slopalinids. (Moriya et al. 2000, 2002)

Rictus

Small, benthic flagellates, with two flagella of uneven length, and a permanent
cytostome that engages in feeding. Mitochondrial cristae are swollen, and
chloroplasts are not present. A single species, R. lutensis, has been described.
Similarities in the flagellar apparatus and organisation of microtubular roots, and
SSU phylogenies weakly support a relationship with the bicosoecids, but a lorica
was not observed, and the ultimate phylogenetic position remains unknown
(Yubuki ef al. 2010)

Sloomycetes

“Zoosporic fungi” (rhizoidal stramenopiles) with a flagellated zoospore stage
which has a double helix in the flagellar transition zone. Cell walls are generally
made of cellulose (though at least one taxon has chitin synthase genes, suggesting
that chitin may be in the walls); lysine is made by the DAP pathway (as opposed to
AAA pathway in true fungi). Storage products are glycogen and mycolaminarin;
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lanosterol is synthesised directly from squalene oxide. A number of oomycete taxa
(e.g. Phytophthora, Aphanomyces, Sclerophthora) are major biotrophic pathogens
of higher plants.

Three major divisions are known: hypochytrids (saprophytes with a lifecycle
consisting of a stationary multinucleated rhizoidal thallus stage, and uniflagellated
zoospores with characteristic flagellar hairs); Developayella (marine heterotrophic
flagellates, with a hairy anterior flagellum and smooth posterior flagellum both
inserting into a deep right anterior ventral groove, which may either swim by
flagellar motion, or attach to substratum via strands of cytoplasm); and Oomycetes/
Peronosporomycetes (saprophytes with a lifecycle consisting of coenocytic
hyphae, sexual mycelia and gametangia, and asexual biflagellate zoospores with
distinctive, swollen basal body transitional plates, which are situated above the
anterior flagellar insertion points). Complete genomic sequences and partial
proteomic maps are available for three pathogenic oomycetes: Phytophthora
infestans (the causative agent of potato blight), P. ramorum (sudden oak death) and
P. sojae (soybean pathogen). Preliminary sequence analyses have revealed rapid
rates of genome evolution, and the convergent evolution of a number of classes of
proteins- e.g. cysteine protease inhibitors- with parasitic and hemibiotrophic fungi.
Molecular data consistently suggests that, of all the major nonphotosynthetic
stramenopile taxa, sloomycetes are the most closely related to the photosynthetic
stramenochromes. The name is a contraction of “sensu lato oomycetes”. (Adl et al.
2005; Andersen 2004; Andersson and Roger 2002; Barr 1983; Barr and Allan
1985; Barr and Désaulniers 1989; Bartnicki-Garcia 1987; Ben Ali et al. 2002;
Bhadauria et al. 2010; Dodds et al. 2009; Guillou et al. 1999a; Haas et al. 2009;
Hausner et al. 2000; Kim et al. 2010; Leipe et al. 1996; Moriya et al. 2000, 2002;
Mort-Bontemps et al. 1997; Miilisch 1993; Patterson 1999; Riisberg et al. 2009;
Tong 1995; Tsui et al. 2009; Tyler et al. 2006; Van der Auwera et al. 1995)

Slopalinids

Flagellated stramenopiles with a ridged cell surface, which is supported by
microtubular ribbons under the cell surface; with an amorphous fibre between the
plasma membrane and terminal microtubule at the crest of each ridge;
characteristic “struts” extending from the flagellar basal body to the cell surface;
with a double-stranded helix in the flagellar transition zone. Several taxa are
known to be endosymbionts of animals. Opalinids are intestinal commensals of
cold-blooded vertebrates, with a complex life cycle intimately interconnected with
hormonal secretions and thus the life cycle of the host. Blastocystis has been
suggested to be an opportunistic parasite, which may infect humans by zoonosis,
and is particularly associated with HIV infection; however, its significance as a
potential pathogen remains poorly resolved.

Three major divisions are known, determined both from ultrastructure and (in the
case of Blastocystis) SSU rRNA phylogenies: Opalinids (cigar-shaped or flattened
slopalinids with many oblique rows of flagella, arising from an anterior
morphogenetic centre, on ridges over the cell surface, and with two or more
monomorphic nuclei); Proteromonads (flagellates with cell surface ridges
supported by bands of microtubules, and with a multiplicative cyst with a central
reproductive vacuole); and Blastocystis (aflagellated, anaerobic amoeboid
organisms, with a characteristic crescent cap of heterochromatin around the
nucleus, tubulocristate mitochondria, and lacking cytochromes, catalase and
peroxidase). Molecular phylogenies suggest a sister-group relationship to
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bicosoecids and placididea. The name is a contraction of “sensu lato opalinids.”
(Brugerolle and Joyon 1975; Cavalier-Smith and Chao 2006; Iguchi et al. 2009;
Kim et al. 2010; Kostka et al. 2004; Leipe et al. 1996; Nishi et al. 2005; Noel et al.
2005; Patron et al. 2006; Patterson 1985b, 1985a, 1988, 1989; Silberman et al.
1996; Stenzel et al. 1991; Zierdt 1986)

Stramenochromes

“Brown algae” semsu lato, unicellular or multicellular stramenopiles with
chloroplasts containing chlorophylls a and ¢, and a distinctive girdle lamella
consisting of three adpressed thylakoids; chloroplasts are surrounded by three or
four membranes, the outermost of which is contiguous with the ER.
Nonphotosynthetic lineages are believed to have originated via the secondary loss
of chloroplasts from photosynthetic ancestors. Stramenochromes utilise a
conserved, novel blue light “aureochrome” receptor, which may be involved in
determining sexual versus vegetative reproductive strategies. A number of
stramenochrome taxa have been identified as epibiotic or soil-borne symbionts of
plants; it has been speculated that at least some of these relationships may be
parasitic, pathogenic or opportunistic, but evidence for this is limited. Molecular
phylogenies consistently recover moderate support for stramenochrome
monophyly. (Bent ef al. 2009; Ishikawa et al. 2009; Kim et al. 2010; Kostka et al.
2004; Patterson 1999, 2000; Riisberg et al. 2009; Takahashi et al. 2007b)

Actinophryids

“Heliozoan”, aflagellated, principally freshwater heterotrophic
stramenochromes. Each arm is supported by a double polygonal spiral of
microtubules which arises from differentiated areas on the nuclear membrane,
and contains two distinct size classes of extrusome involved in prey capture.
Contraction of the nuclear membrane, disruption of supporting microtubules,
movement of arms and possibly expulsion of extrusomes are Ca*"-dependent.
Siliceous plates or aggregates cover encysted cells. Chloroplasts are probably
secondarily absent. Their heliozoan structure suggests a relationship with
Dictyochophytes, whereas SSU data strongly supports a close relationship with
the pelagophytes. (Arikawa et al. 2006; Arikawa et al. 2005; Cavalier-Smith
and Chao 2006; Kakuta and Suzaki 2008; Nikolaev et al. 2004; Patterson 1979,
1986; Smith and Patterson 1986)

Aureanophytes

Unicellular, heterokont flagellates, with alternate sessile and swimming forms.
Flagella are retained during the sessile stage underneath the cellulose cell wall.
The longer flagellum bears tripartite tubular hairs; the shorter flagellum is
smooth. Four flagellar roots are present, and a rhizoplast connects the basal
body to the anterior end of the nucleus. Chloroplasts are central, lack a girdle
lamella; the chloroplast DNA has a scattered genophore. Chloroplasts are
arranged in pairs; each single chloroplast is surrounded by three membranes,
and share a communal, fourth outer membrane between each pair. A single
species, Aurearena cruciata, has been described, from intertidal habitats.
Molecular data supports a sister-group relationship to the phaeothamniophytes.
(Kai et al. 2008)
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Bolidophytes

Small naked stramenochromes with a long hairy and a short smooth
acronematic flagellum. Flagellar rootlets are absent, and there is no transitional
helix, distinguishing this taxon from many other stramenochromes. There is one
mitochondrion and one Golgi body. The single chloroplast has a girdle lamella,
but lacks an eyespot; plastid DNA has a ring-type genophore. Molecular data
suggests bolidophytes may be related to diatoms. (Cavalier-Smith and Chao
2006; Daugbjerg and Guillou 2001; Guillou ef al. 1999a; Guillou ef al. 1999b;
Kim et al. 2010)

Chrysomerophytes

Stramenochromes with alternate multicellular filamentous and unicellular
zoospore stages. The filamentous stage has cellulose cell walls which lack
alginates, plasmodesmata and unilocular sporangia, thus separating the group
from the phaeophytes. Zoospores lack a theca but are otherwise very similar to
those of phaeophytes, having typical stramenopile flagella with four flagellar
rootlets. There is a transitional helix above the plate in the flagellar transition
zone. The chloroplast contains an eyespot of red lipid granules, situated at the
base of the smooth flagellum; plastid DNA has a ring-type genophore.
Molecular data moderately supports a basal position to the xanthophytes and
phaeophytes. (Andersen 2004; Cavalier-Smith and Chao 2006; Kim et al. 2010;
O’Kelly 1989; O’Kelly and Floyd 1985; Saunders et al. 1997)

Chrysophytes

Phototrophic or secondarily heterotrophic stramenochromes, occurring as free-
swimming or sessile, solitary or colonial flagellates, amoeboid, coccoid,
capsoid, filamentous, and parenchymatous forms; with terminal filaments on the
hairs of the anterior hairy flagellum in zoospores (as in Synurales), and with a
sophisticated arrangement of posteriorly-directed microtubular roots R3 and R4
in a feeding basket (which is superficially similar to that of bicosoecids). There
are four microtubular roots. There is a transitional helix with 4-6 gyres above
the plate in the flagellar transition zone, and a rhizoplast (striated flagellar root),
attaching the nucleus to the immature basal body. Cells may be naked or
covered by cellulose cell walls, gelatinous coverings, organic loricas, organic or
silica scales. The chloroplast contains an eyespot of red lipid granules, situated
at the base of the smooth flagellum, and has plastid DNA with a ring-type
genophore; leucoplasts are present in taxa which lack chloroplasts. Species have
predominantly been identified in freshwater habits, although taxa have been
identified in ice samples, and as epibionts on polar and carnivorous plants.

The name Chrysophytes has referred in the past to much wider groups than its
current sense, which only includes Chromulinales (swimming cells with only
one flagellum visible- Chromulina and Chrysomonas), Hibberdia (swimming
cells with only one flagellum visible, three microtubular roots), Chlamydomyxa
(heterokont algae with aplanospore and plasmodial stages), paraphysomonads
(unpigmented chrysophytes) and ochromonads (swimming cells with two
flagella visible). Chrysophytes appear not to utilise an active carbon
concentrating mechanism. Genomic sequences are not yet available; however,
EST libraries have been constructed for Ochromonas danica. Molecular and
morphological data suggest relationships with the Synurales and the
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eustigmatophytes. (Andersen 1989, 2004; Andersen et al. 1999; Andersen and
Wetherbee 1992; Ben Ali ef al. 2002; Bouck 1972; Bourrelly 1966; Brugerolle
and Mignot 2003; Heywood and Leedale 2002; Hibberd 1976a, 1978; Hibberd
1986; Kawai and Kreimer 2000; Kim et al. 2010; Leipe et al. 1996; Leipe et al.
1994; Maberly et al. 2009; Mignot 1977; Mignot and Brugerolle 1982; O’Kelly
and Wujek 2001; Pearlmutter and Timpano 1984; Plancho and Wolowski 2008;
Preisig and Hibberd 1982a, 1982b, 1983; Riisberg et al. 2009; Terauchi et al.
2010; Wenderoth et al. 1999)

Diatoms

“Glass-box™ organisms, the source of diatomaceous earth; also called
Bacillariophytes. Unicellular or colonial coccoid stramenochromes, where each
vegetative cell lacks flagella, and is encased by a frustule (a box with a lid the
same shape- i.e. two valves, along with girdle bands between the valves- all of
which is a cell wall composed of bands or porous plates of silica).
Spermatozoids are the only flagellated cells. Their single anterior hairy
flagellum that lacks flagellar rootlets and the central pair of axonemal
microtubles, and a transitional helix; it has a single basal body composed of
microtubular doublets. Chloroplasts are golden-brown, have four membranes,
lack an eyespot, have lamellae of three thylakoids, and have DNA in a ring-
shaped nucleoid; some taxa (Rhopalodia, Denticula, Epithemia) additionally
have colourless prokaryote-like endocytobionts that have been called cyanelles.
The chloroplast ER characteristic of many other stramenopiles is absent from
taxa with multiple chloroplasts; pyrenoids are absent from some lineages. The
life cycle is diplontic and shows a slow size reduction over years because of
repeated new cell wall formation inside the old rigid wall, then a fast size
increase in the auxospore stage. The group is extremely speciose with over
10000 species, accounting for nearly half of recorded algal species diversity, is
the dominant component of algal communities in temperate and subpolar
oceans, and is as such believed to be a substantial contributor to planetary
photosynthetic CO; assimilation. A number of diatom taxa are currently under
investigation for potential use in a number of bioindustries, including biofuels
and bionanotechnology. Several dinoflagellates contain tertiary, diatom-derived
endosymbionts, and one endosymbiont lineage- of Durinskia baltica and
Kryptoperidinium foliaceum- retains a nucleomorph and its own endogenous
mitochondria.

Traditionally subgroups have been based on morphology, divided into centric
(radially symmetrical) and pennate (bilaterally symmetrical). Centric diatoms
are paraphyletic, and molecular groups only partly overlap with traditional
groups, so subdivisions are likely to change. The two major subdivisions are
currently the paraphyletic Coscinodiscophytina (circular or elliptical valves with
patterns radiating from the central or subcentral annulus; girdle bands hoop-like
or segmented; multiple small chloroplasts; 6ogamous reproduction with
nonmotile eggs and flagellated sperm; auxospores with scales), and
monophyletic Bacillariophytina (bilaterally or multilaterally symmetrical
valves, with pattern radiating from a central elongate annulus or from a
sternum; mucilage secretion occurring though special pores or slits in the cell
wall; girdle bands hoop-like; few or a single chloroplast; 6ogamous (nonmotile
eggs, flagellated sperm) or isogamous (amoeboid cells) reproduction;
auxospores with band-like elements). Genome sequences are available for the
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model centric and pennate species Thalassiosira pseudonana and
Phaeodactylum tricornutum, and for the psychrophilic pennate diatom
Fragilariopsis cylindrus. Early analyses of diatom genomes, transcriptomes and
proteomes have revealed a number of diatom-specific and species-specific
features, including genes encoding a complete urease cycle, ferritins, a
structurally novel class of ice-binding proteins, and the use of a PEPC/ PEPCK-
based C4 photoassimilatory system. Diatoms are linked to Bolidophytes and
Pelagophytes by SSU rRNA phylogenies (and possibly the reduced flagellar
apparatus), but lationships with all other stramenochromes are unclear.
(Andersen 2004; Andersen et al. 1998; Armbrust et al. 2004; Bayer-Giraldi et
al. 2010; Bowman et al. 1992; Cavalier-Smith and Chao 2006; Chesnick et al.
1997; Daugbjerg and Guillou 2001; Guillou et al. 1999b; Heath and Darley
1972; Imanian and Keeling 2007; Janech et al. 2006; Kies 1992; Kim et al.
2010; Kooistra et al. 2003; Kroger and Poulsen 2008; Manton and von Stosch
1966; Marchetti et al. 2009; Medlin and Kaczmarska 2004; Moestrup 1982;
Reinfelder e al. 2000; Round et al. 1990; Simon et al. 2009; Sorhannus 2001;
Tamura et al. 2005; Van den Hoek et al. 1995; Van der Auwera and de Wachter
1997; Whitton 1973)

Dictyochophytes

“Heliozoan” stramenochromes with microtubular axonemes extending out from
the surface of the nucleus to support radiating pseudopodial “arms” external to
the cell body. The arms are supported by microtubules which arise either singly
or in threes from differentiated areas on the nuclear membrane. Plastid DNA
has a scattered granule-type genophore. Cells are naked or have a siliceous
skeleton. When present in the flagellar apparatus, the transitional helix has up to
2 gyres below the transitional plate. The group includes dictyochids (known
from the fossil record; photosynthetic, with a uniflagellated stage which has a
siliceous exoskeleton and anastomosing cytoplasmic arms with peripheral
chloroplast-containing lobes extending from the cell body; and a spherical
biflagellated stage with a hairy anterior flagellum); pedinellids (photosynthetic
and nonphotosynthetic, with microtubular triads supporting arms which radiate
in a ring around the flagellum or over the entire body, a single long hairy
flagellum which has a paraxial vane, and inserts in a pit, a basal bodies attached
to the nuclear envelope); and Rhizochromulinales (photosynthetic, with an
aflagellated trophic stage with very long, fine, beaded filopodia and a single
chloroplast, and a zoospore stage with elongated cells bearing a single anterior
hairy flagellum which inserts apically). Flagellar morphology, the absence of a
chloroplast eyespot, presence of chlorophyll c3, and molecular phylogenies, all
support a close relationship with the pelagophytes. (Andersen 2004; Ben Ali et
al. 2002; Daugbjerg 1996b, 1996a; Daugbjerg 2001; Guillou et al. 1999b;
Hibberd 1979; Kim et al. 2010; Larsen 1985; Moestrup 1995; Moestrup and
Thomsen 1990; O’Kelly and Wujek 1995; Patterson and Fenchel 1985; Riisberg
et al. 2009; Saunders et al. 1995; Sekiguchi et al. 2003; Sekiguchi et al. 2002;
Silva 1980; Smith and Patterson 1986; Van de Peer ef al. 1996b; Van den Hoek
et al. 1995; Van Valkenburg 1971a, 1971b; Zimmermann et al. 1984)

Eustigmatophytes
Coccoid unicellular marine and freshwater stramenochromes occurring as single
cells or colonies, with polysaccharide cell walls. Zoospores have two flagella,

52



inserting apically. There is a transitional helix with six gyres above the plate in
the flagellar transition zone. There are four microtubular roots, and a rhizoplast
(striated flagellar root) attaching the nucleus to the immature basal body.
Zoospores have a distinctive large orange-red eyespot made of carotenoid-
containing globules free in the cytoplasm, located outside the chloroplast but
adjacent to the mature flagellum. Chloroplasts are yellow-green, have a stalked
pyrenoid on the inner side, in coccoid cells; girdle lamellae are absent; the
outermost chloroplast membrane is contiguous with the ER and outer nuclear
envelope. Mitosis is closed, and is dependent on barrel- and boomerang-shaped
pole bodies speculated to be morphologically unique MTOCsS; the inner nuclear
membrane envelope divides prior to the outer nuclear envelope. Chlorophyll ¢ is
absent, and violaxanthin is wused as a light-harvesting pigment.
Eustigmatophytes are under particular investigation as candidate taxa for
biofuel production, but no genome projects are underway. There is weak
molecular support for a close relationship with the chrysophytes. (Andersen
2004; Andersen et al. 1998; Ben Ali et al. 2002; Cavalier-Smith and Chao
2006; Guillou et al. 1999b; Hibberd 1990b; Hibberd and Leedale 1970, 1971,
1972; Kawai and Kreimer 2000; Murakami and Hashimoto 2009; Riisberg et al.
2009; Rodolfi et al. 2009)

Pelagophytes

A diverse array of free-swimming flagellates, coccoid planktonic cells and
attached filamentous and palmelloid colonial stramenochromes, some of which
are known to cause “brown tide” algal blooms. The flagellar apparatus is highly
reduced, consisting of a single hairy anterior flagellum with a dentate paraxial
rod (in Pelagomonas), or two flagella of uneven length (in other taxa). The
basal bodies are adpressed to the nucleus; there are no microtubular roots on
uniflagellate cells and four roots on biflagellated cells. Flagellar hairs are
bipartite but function the same way as in other stramenopiles. Cells may be
naked, or covered with a thin organic theca, a cell wall, or a gelatinous layer.
The group includes pelagomonads (uniflagellated or coccoid organisms) and
sarcinochrysids (sarcinoid, capsoid, biflagellate or filamentous organisms with
an organic cell wall). A genome sequence is available for Aureococcus
anophageferrens, the dominant planktonic component of studied brown tides,
and preliminary investigation has revealed a potential lateral gene transfer of a
pelagophyte methionine adenosyltransferase into haptophytes. Pelagophytes are
linked to dictyochids by the presence of chlorophyll ¢3, and by molecular
phylogenies. (Andersen 2004; Andersen et al. 1993; Bailey and Andersen 1999;
Gobler et al. 2005; Guidi et al. 2003; Guillou et al. 1999b; Heimann et al. 1995;
Kamikawa et al. 2009; Riisberg et al. 2009; Saunders et al. 1995)

Phaeophytes

“Brown algae” sensu stricto or kelps — e.g. Fucus, Hormosira, Sargassum,
Laminaria - large, structurally and developmentally complex multicellular
stramenchromes. Thallus morphology varies from microscopic and filamentous
to parenchymatous kelps many metres long. Most taxa have heteromorphic life
cycles. With cell walls made of cellulose impregnated with alginates; cells are
interconnected via plasmodesmata (a situation unique in the stramenopiles).
Zoospores have two flagella inserting laterally (most other stramenopiles have
flagella inserting subapically), and lacking transitional helices. Chloroplasts are
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golden-brown, discoid, small and scattered throughout the cell; pyrenoids are
absent from Dictyotales, Fucales, Laminariales and Sphacelariales,
distinguishing them from the other eight major groups within the phaeophytes.
Plastid DNA has a ring-type genophore; chloroplasts have a girdle lamella and
an endoplasmic reticulum connection to the nucleus. In most taxa there is a
typical stramenopile eyespot in the chloroplast with a flagellar swelling on the
mature flagellum.

Twelve major divisions are currently recognised based on ultrastructure:
Ascoseriales (parenchymatous sporophytes with intercalary growth, non-
freeliving gametophytes and isogamous sexual reproduction), Cutleriales (small
parenchymatous sporophytes growing apically and large male and female
gametophytes growing trichothallically), Desmarestiales
(pseudoparenchymatous large sporophytes, filamentous small gametophytes,
trichothallic growth, and Oogamous sexual reproduction), Dictyotales
(parenchymatous gametophyte and sporophyte, growing apically or marginally,
an isomorphic life cycle, and dogamous sexual reproduction), Ectocarpales
(uniseriate filamentous gametophyte and sporophyte with ribbon-shaped
plastids, an isomorphic life cycle, isogamous, dogamous or anisogamous
reproduction), Fucales (parenchymatous diploid sporophytes which produce
gametes by meiosis, no gametophyte stage, and dogamous reproduction), Ishige
(isomorphic life cycle with alternation of generations, pseudoparenchymatous
cortex with apical growth, terminal unilocular or seriate plurilocular sporangia
and assimilatory filaments in cryptostigmata), Laminariales (small filamentous
apically-growing gametophytes, large, parenchymatous sporophytes with
intercalary growth, and ©6ogamous sexual reproduction, sometimes with
flagellated eggs), Scytothamnales (large parenchymatous gametophytes with
intercalary growth, small filamentous sporophytes with apical growth,
heteromorphic alternation of generations, stellate or axial plastids, and
anisogamous reproduction), Sphacelariales (isomorphic alternation of
generations with multiseriate filamentous gametophytes and sporophytes with
apical growth, and with isogamous, anisogamous, or dogamous reproduction),
Sporochnales (pseudoparenchymatous small gametophyte and large sporophyte
with trichothallic growth, alternation of generations, and dogamous sexual
reproduction), Syringodermatales (gametophyte stage with 2-4 cells, not free-
living, parenchymatous sporophytes with apical and marginal growth,
alternation of generations, and isogamous reproduction), and Tilopteridales
(isomorphic alternation of generations with thallus growing from a trichothallic
meristem, and Oogamous sexual reproduction). Molecular analyses have
suggested that a number of these divisions may be para- or polyphyletic.
Mitochondrial and chloroplast sequences are available for several taxa, and a
complete genome has been assembled for the filamentous phaeophyte
Ectocarpus siliculosus. Preliminary analyses of phaeophyte genomes have
revealed extensive lateral gene and intron transfers in some mitochondrial
lineages, and potential instances of convergent evolution with multicellular
archaeplastids and opisthokonts, such as rapidly diversified families of LRR-
and TPR-domain proteins involved in pathogen sensing, and a flavonoid
biosynthesis pathway that may be involved in UV protection. Molecular studies
suggest a relationship between Phaeophytes and Xanthophytes. (Andersen
2004; Ben Ali et al. 2002; Bisalputra 1966; Cock et al. 2010; Draisma et al.
2001; Guillou et al. 1999b; Ikuta et al. 2008; Kawai et al. 2007; Le Corguillé et
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al. 2009; Motomura and Sakai 1988; Oudot-Le Secq et al. 2001; Oudot-Le Secq
et al. 2006; Pueschel and Stein 1983; Riisberg et al. 2009; Rousseau et al. 2001;
Van den Hoek et al. 1995)

Phaeothamniophytes

Branching filamentous stramenochromes with similarities to Phacophytes. Cell
walls are single or lamellate in two pieces; siliceous cysts are absent. In
zoospores, the flagella insert ventrally about 1/3 of the way down from the
anterior end. The hairs on the immature (anterior) flagellum lack terminal
filaments. There is a transitional helix above the plate in the flagellar transition
zone; a striated flagellar root connects the basal bodies but does not extend to
the nucleus. Cells contain one to three golden chloroplasts which lack pyrenoids
but have a girdle lamella and plastid DNA with a ring-type genophore. There is
an eyespot in the chloroplast associated with R4, a posteriorly directed
microtubular rootlet arising from the mature basal body. The group includes the
molecularly-recognised clades phaeothamniates and pleurochloridellates;
molecular data strongly support a sister-group relationship to aureanophytes,
and close relationships with phaeophytes and xanthophytes. (Andersen et al.
1998a; Andersen et al. 1999; Bailey et al. 1998; Kai et al. 2008; Riisberg et al.
2009)

Parmales

Tiny aflagellated coccoid marine phytoplanktonic cells, characterised by large
round and triradiate siliceous plates forming walls which surround the
protoplasm. A large chloroplast is present, and the outermost membrane is
contiguous with the endosplasmic reticulum. Three genera have been described
from field isolates from polar and subpolar oceans: no cultures exist, and
flagellate stages have not been identified. A close relationship to chrysophytes
has been postulated on morphological grounds, but no molecular information
has been obtained for this taxon. (Booth and Marchant 1987, 1988; Bravo-
Sierra and Hernandez-Becerril 2003; Konno and Jordan 2007; Kosman et al.
1993; Marchant and McEldowney 1986)

Picophagea

Tiny, naked biflagellates; cells are phagotrophic and do not appear to contain
chloroplasts. Flagella are of uneven length and insert anteriorly at 90° to each
other; two terminal filaments are present on each flagellar hair. As compared to
chrysophytes, picophagid cells lack a transitional helix, have only two flagellar
roots, homologous to roots 1 and 3 of chrysophytes, and lack a rhizoplast. The
nucleus is located above the basal body of the long flagellum. Historically
classified as chrysophytes, recent molecular analyses have suggested that
picophagea may be a basal offshoot of chrysophytes and synchromophytes.
(Guillou et al. 1999a; Patil et al. 2009)

Pinguiophytes

Marine microalgal and colonial stramenochromes, which may be naked, with a
gelatinous covering or a mineralized lorica. Species may be aflagellated, or with
two heterokont flagella; or with only one smooth mature flagellum, a situation
unique in the stramenopiles. Proximal to the flagellar transition zone there are
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two rings either side of a helix, in some taxa; in others, there is a transitional
helix above the single plate. There are three or four microtubular roots, and a
rhizoplast (striated flagellar root) attaches the nucleus to the immature basal
body. Chloroplasts have a girdle lamella and surrounding endoplasmic
reticulum; there is no eyespot; plastid DNA has a scattered granule-type
genophore. Pinguiophytes are of particular interest due to the large quantities of
high-value polyunsaturated fatty acids- in particular eicosapentenoic acid-
produced. Molecular phylogenies have suggested a close relationship to the
pelagophytes, but with minimal support. (Andersen et al. 2002; Ben Ali et al.
2002; Honda and Inouye 2002; Hsiao and Blanch 2006; Kawachi et al. 2002a;
Kawachi et al. 2002b; Kawachi et al. 2002c; Kostka et al. 2004; Magne 1975;
O’Kelly 2002)

Raphidophytes

Large, unicellular, ovoid, rounded or club-shaped naked flagellates. The two
flagella insert into a sub-apical pit on the ventral side, the immature hairy
flagellum pointing forwards and the mature smooth one directed posteriorly in a
ventral groove. There is no transitional helix in the flagellum. There is a
compound microtubular root with a multilayered structure. A rhizoplast (striated
flagellar root) is present, attaching the nucleus to the immature basal body. The
Golgi is situated over the anterior surface of the nucleus. Cells contain seven or
more green, yellow-green or yellow-brown ellipsoidal chloroplasts, which may
either be radially distributed, with thylakoids vertical to the cell surface
(Chattonella) or peripheral, with thylakoids parallel to the cell surface (all other
taxa). Chloroplasts lack eyespots and the chloroplast ER characterstic of other
stramenopiles; the DNA has a ring-shaped genophore. Chloroplasts are
interspersed with mucus-discharging cysts beneath the cell membrane, which
may be associated with cell hairs. Some species, such as the widely studied
Heterosigma, form blooms or ‘red tides’ and may be toxic, and a range of
bidirectional allelopathic interactions have been identified between
raphidophytes and sympatric bacteria, diatoms and dinoflagellates. Molecular
data suggests that raphidophytes are a basal relative to xanthophytes and
phaeophytes. (Andersen 2004; Andersen et al. 1999; Ben Ali et al. 2002; Hara
and Chihara 1985; Heywood and Leedale 2002; Kim et al. 2007; Potter et al.
1997; Riisberg et al. 2009; Sorhannus 2001; van Rijssel et al. 2008; Vesk and
Moestrup 1987; Yamaguchi ef al. 2010; Yamasaki et al. 2007)

Schizocladia

Marine filamentous stramenopiles with a zoospore stage. The vegetative thallus
is made up of branched filaments; vegetative cells give rise to flagellated
unicellular zoospores with heterokont flagella, with the anterior (long) flagellum
bearing tripartite hairs and the smooth posterior flagellum having a basal
swelling associated with the eyespot in the chloroplast. Flagella have a single
transitional basal plate and a 5 or 6- gyred transitional helix distal to the plate.
The chloroplast has a girdle lamella and plastid DNA has a ring-type
genophore. Cell walls are impregnated with alginates but lack cellulose and
plasmodesmata, thus distinguishing the group from filamentous phaeophytes.
Molecular studies strongly support a sister-group relationship to the
Phaeophytes. (Andersen 2004; Kawai ef al. 2003; Kim ef al. 2010; Phillips et
al. 2008)
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Synchromophytes

Mobile, floating and sessile mixotrophic or heterotrophic stramenochromes; all
studied cells are amoeboid or encysted, and no flagella have been identified in
any lineage. Pseudopodia project from a hyaline cortical cytoplasm.
Chloroplasts, where present, are yellow-green, contain chlorophylls a and c2,
are enveloped by two inner membranes, and are clustered in complexes of three
to four, encased in two communal outer membranes, of which the outermost is
contiguous with the endosplasmic reticulum. Golgi vesicles may be absent.
Mitochondria in some cells are surrounded by vesicular bodies containing
bacteria; these are hypothesised to be endobionts. Originally described as a
single photosynthetic genus, Synchroma, identified from littoral habitats; recent
molecular studies have incorporated two previously identified freshwater
genera, the phototroph Chlamydomyxa and the heterotroph Leukarachnion; this
composite class is currently without an agreed name. Molecular phylogenies
suggest a probable sister-group relationship to chrysophytes and synurales.
(Grant et al. 2009; Horn et al. 2007, Patil et al. 2009; Wenderoth et al. 1999)

Synurales

Flagellated stramenochromes, principally limited to high-pH, freshwater
habitats, although a number of taxa have been identified as stomatocystic
epibionts of Antarctic mosses. Cells have a distinctive, bilaterally symmetrical
arrangement of silica scales, which have taxonomic value. Species have typical
heterokont flagella, or a single immature hairy flagellum; flagellar hairs are
tripartite, and the central shaft of each hair is covered with lateral fibres, as in
the Chrysophytes. There is a transitional helix with 6-9 gyres above the plate in
the flagellar transition zone; the flagellar apparatus contains 2-4 microtubular
roots and a rhizoplast (striated root) which attaches the nucleus to both basal
bodies. Chloroplasts lack chlorophyll c2, and the chloroplast ER characteristic
of stramenopiles. There is no eyespot; plastid DNA has a ring-type genophore.
Synurales appear not to utilise an active carbon concentrating mechanism.
Morphology and molecular studies of SSU rRNA and rbcL indicate a
relationship between Synurales and Chrysophytes. (Andersen 1987; Andersen
1989, 2004; Beech and Wetherbee 1990b; Beech and Wetherbee 1990a; Bhatti
and Colman 2008; Coradeghini and Vigna 2008; Guillou et al. 1999a; Ludwig
et al. 1996; Moestrup 1995; Neustupa and Nemcova 2007; Potter et al. 1997)

Xanthophytes

Yellow-green stramenochromes, with a variety of forms: predominantly coccoid
cells with a cell wall or filamentous, multicellular forms with a cell wall made
of H-shaped overlapping sections; or siphonous forms with branching
multinucleate rhizoidal protoplast tubes. More rarely they exist as unicellular
flagellates which form pseudopodia, amoebae, or tetrasporal colonies in a
mucous sheath. In flagellates, flagella insert subapically and there is a double
transitional helix with 6 gyres above the plate in the flagellar transition zone.
There are four microtubular roots. A rhizoplast (striated flagellar root) is
present, attaching the nucleus to the immature basal body. There is a typical
stramenopile eyespot in the chloroplast with a flagellar swelling on the mature
flagellum. Chloroplasts are discoid and green or yellow-green; plastid DNA has
a ring-type genophore. Principally free-living in freshwater and marine habitats;

57



however, Vaucheria karachiensis has been identified as a dominant epibiont of
mangrove pneumatophores. The sea slug Elysia chlorotica has been observed to
harvest chloroplasts from Vaucheria litorea, and several lateral transfers of
xanthophyte genes into the Elysia genome have been identified, implying that
this kleptoplastid association may be longstanding.

Groups have traditionally been recognised on the grounds of gross morphology,
however this is incongruent with molecular data. Robust groups currently
include the Tribonematales (filamentous, coccoid or capsoid, some with H-
shaped cell walls), and Vaucheriales (filamentous organisms with reproductive
structures). Cell walls are made of cellulose and impregnated with silica; in
chloroplasts, chlorophyll a is dominant, c1 and c2 are present in very small
amounts, and fucoxanthin is absent. Nuclear gene phylogenies moderately
supports a sister-group relationship to the phaeophytes. (Andersen 2004;
Andersen and Bailey 2002; Ben Ali et al. 2002; Christensen 1994a; Ettl 1978;
Hibberd 1990a; Maistro et al. 2009; Moestrup 1970; Ott and Brown 1972,
1974b, 1974a; Potter et al. 1997; Riisberg et al. 2009; Saifullah and Ahmed
2007; Schwartz et al. 2010)

ALVEOLATES

Predatory, phototrophic or parasitic organisms with cortical alveoli, i.e. contiguous
sacs immediately below the cell membrane that are not part of other endomembrane
systems, with only pores (micropores) interrupting the alveoli, and containing an
unique family of structural proteins, alveolins. Mitochondria contain tubular or
ampullar cristae. The flagellar apparatus usually includes a cross-striated root.
Includes the ciliates, dinoflagellates and apicomplexans, and several smaller phyla; a
large number of parasitic taxa are known, most notably within the apicomplexa (e.g.
Plasmodium falciparum), but also within the ciliates, colpodellids, dinoflagellates,
ellobiopsids and perkinsids. Multigene phylogenies, and the presence of the
membrane trafficking protein Rabla, strongly support a sister-group relationship to
the stramenopiles, and a close relationship with the Rhizaria. (Burki ef al. 2008;
Cavalier-Smith 1993; Elias et al. 2009; Fast et al. 2002; Gajadhar et al. 1991; Gould
et al. 2008; Leander et al. 2003b; Reeb et al. 2009; Siddall et al. 1997; Taylor 1976;
Van de Peer et al. 1996b; Wilson ef al. 1991; Wolters 1991)

Ciliates

A hugely speciose group of complex heterotrophic organisms with cilia (short
flagella) arranged in kineties (anchored lines) over the surface. Cilia can arise from
single or doubled basal bodies, and can form cirri (bundles, for walking on) or
membranelles (flatly spread units, for creating water currents). The flagellar
apparatus associated with each cilium is distinctive- with a microtubular ribbon, a
striated rootlet, and a transverse microtubular ribbon, each arising from a defined
and constant location on the flagellar (anterior) or posterior basal body. There is a
complex cortex comprised of a pellicle with subsurface sacs (alveoli, which are
arranged in species-specific mosaic patterns), subsurface plates (in some species),
extrusomes, contractile fibres, and the anchorage structures of kineties. There is a
complex mouth structure where endocytosis occurs. Several taxa have
biomineralised elements (strontium or barium sulfate) in statoliths, or in calcium
carbonate subsurface plates in Coleps species. Reproduction occurs by
conjugation, and there is one spore-forming stalked taxon, Sorogena. A diverse
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array of free-living ciliate species have been isolated, from marine, freshwater, soil
and epiphytic environments. In addition, a number of ciliate species form close
relationships with metazoa, such as entodiniomorphids, intestinal commensalists
and debatably parasites of mammals, and Ichthyophthirius multifilis, a
commercially significant, obligate parasite of a number of fish species. Some taxa
have algal endosymbionts, and these endosymbionts may in turn be harvested by
other kleptoplastid organisms (e.g. Dinophysis norvegica harvesting cryptomonad
endosymbionts of the ciliate Myrionecta rubrum); others have degenerate
mitochondria  (hydrogenosomes), and are dependent on methanogenic
endosymbionts for respiration. While genes of red and green algal origin have been
identified in ciliates, it is not yet clear that ciliates historically have possessed a
chloroplast.

Ciliate nuclei are dimorphic: a large somatic macronucleus with highly amplified
genes (where RNA synthesis occurs), and several small germline micronuclei
(where genetic recombination occurs during conjugation). Macronuclear
differentiation occurs via the excision of intergenic sequences and fragmentation of
chromosomes, mediated by an unique class of small RNAs. Macronuclear genome
sequences are available for Tetrahymena thermophila and Paramecium tertauralia,
a corresponding micronuclear genome has been completed for 7. thermophila, and
EST libraries have been constructed for Ichthyophthirius multifilis. Preliminary
preliminary analyses of ciliate genomes has revealed evidence for several whole-
genome duplication events, unusual intron structures, and suggested an unique
codon usage pattern, wherein all three canonical stop codons may encode
glutamine (UAA, UAG) or selenocysteine (UGA), although this has yet to be
confirmed experimentally.

Ciliates are divided into two principal groups, Postciliatodesmatophora (ciliates
with postciliatodesmata, microtubular ribbons arising from basal bodies,
overlapping laterally and directed to the posterior of the organism) and
Intramacronucleata (ciliates with a polygenomic macronucleus which divides via
intranuclear microtubules), and then a number of smaller divisions based on very
specific features of the ciliary cytoskeleton or silver line system, but the extent to
which this is congruent with molecular phylogeny is currently unclear.
Postciliatodesmophorid taxa include: karyorelictids (with non-dividing diploid
macronuclei which are replaced at cell division by micronuclear division;
postciliary ribbons are separated by two groups of microtubules; some taxa with
barium or strontium sulfate statoliths), and heterotrichs (with polyploid
macronuclei which divide via extranuclear microtubules; postciliary ribbons are
separated by one microtubule; some taxa- folliculinids- live inside loricas).
Intramacronucleate taxa include: spirotrichs (with kineties divided into left and
right side oral cilia; left oral kineties leading clockwise into the mouth; some taxa
with cilia bundled into cirri, used for walking; replication of DNA uses a migrating
replication band in most taxa), Armophorea (with methanogenic endosybionts and
hydrogenosomes; group recognised on the basis of molecular studies of nuclear
and hydrogenosomal genes), Litostomatea (each single ciliary basal body-
monokinetid- with two transverse microtubular ribbons extending to adjacent
kinety ridges on either side, a convergent posteriorly directed ribbon, and a lateral
fibrillar root not overlapping with adjacent kineties), Phyllopharyngea (with
radiating microtubular ribbons — phyllae- around the mouth; monokinetids with a
reduced or absent transverse ribbon, convergent posteriorly directed ribbon
converging with those of more anterior monokinetids, and subkinetal ribbons on
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the inside of the rest of the flagelar apparatus; some taxa-suctoria- have nonciliated
mature forms with tentacles); Nassophorea (with monokinetids and dikinetids with
an anterior tangential transverse ribbon, a divergent postciliary ribbon, an
anteriorly directed fibrillar root; large alveoli), Colpodea (ciliary dikinetids with
one transverse ribbon and a postciliary microtubule associated with the ciliary
basal body; and transverse and postciliary ribbons and a fibrillar root associated
with the posterior basal body), Prostomatea (with oral dikinetids arranged radially,
with microtubular ribbons extending laterally and overlapping to form the wall of a
pre-cytostomal cavity; and associated dikinetids arranged in a brush), Plagiopylea
(with endosymbiotic methanogens and hydrogenosomes arranged in “sandwich”
formation; monokinetids with transverse ribbon, divergent postciliary ribbon and
anteriorly-directed fibrillar root), and Oligohymenophorea (mouth with a distinct
right dikinetid and three left polykinetids in a deep ventral cavity; monokinetids
over the rest of the cell with radial transverse ribbons, divergent postciliary ribbons
and overlapping anterior fibrillar roots). Phylogenomic analyses robustly support
ciliate monophyly and a position within the alveolates, as a basal outgroup to
dinoflagellates and apicomplexa. (Abernathy et al. 2007; Adl et al. 2005; Affa'a et
al. 2004; Arnaiz et al. 2007; Bernhard et al. 2001; Budin and Philippe 1998;
Chantangsi and Lynn 2008; Chantangsi et al. 2007; Eisen et al. 2006; Eisler 1992;
Foissner et al. 2008; Gentekaki and Lynn 2009; Hackett et al. 2007; Harper et al.
2005; Hewitt et al. 2003; Israel et al. 2002; Jaillon et al. 2008; Johnson et al. 2004;
Katz 2001; Lasek-Nesselquist and Katz 2001; Leander and Keeling 2003; Liu et
al. 2004; Lynn 1985a; Lynn 1985b; Lynn 1988; Lynn and Small 1988; Lynn and
Struder-Kypke 2002; Lynn and Struder-Kypke 2006; Matthews 2005; Miao ef al.
2004; Park et al. 2008; Pomajbikova et al. 2010; Reeb et al. 2009; Reyes-Prieto et
al. 2008; Schlegel and Eisler 1996; Small and Lynn 1981; Smith 1999; Struder-
Kypke et al. 2007; Struder-Kypke et al. 2000; Wright and Lynn 1995)

Apicomplexa

Intracellular, intestinal or coelomic parasites of invertebrates and vertebrates,
including Plasmodium species, causative agents of malaria; defined by the
presence of an “apical complex” that functions in host cell attachment and
invasion, in the asexual disseminative stage. The apical complex includes a
“closed” conoid (helical sheet of microtubules forming a cone, with two anterior
rings of microtubules, and an internal pair of longitudinal microtubules), a polar
ring (ring-shaped MTOC just proximal to the conoid, giving rise to a subpellicular
curtain of single microtubules), rhoptries (bottle-shaped secretion organelles that
run longitudinally though the conoid and polar ring, and open at the anterior end of
the cell), and enzyme-filled micronemes (filiform extensions of the endomembrane
system). With a complex life cycle involving double or triple alternation of
generations. Flagella are absent except from some microgametes: movement is by
gliding or metaboly (squirming). Apicoplasts may also be present- plastids bound
by four membranes, lacking thylakoids and photopigments, and with a circular
genome with extremely reduced content, although they are absent from some taxa
(e.g. Cryptosporidium); where present, they are of particular interest as candidate
drug targets. Apicoplasts are closely associated with mitochondria, and have been
suggested to be physically connected by some form of cytoskeletal apparatus. A
number of unusual metabolic features, including a glycolytic pathway potentially
shared between the cytoplasm and mitochondria, and haem biosynthesis potentially
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shared between the cytoplasm, mitochondria and apicoplast, have been recorded in
apicomplexan species.

The traditional morphological divisions of apicomplexa into haemosporidia,
piroplasms, coccidia and gregarines have been overturned by recent molecular
analyses. Four alternate divisions are currently recognised: archigregarines (with
apical complex with a closed conoid, aflagellated trophozoites, syzygy and gamete
formation; intestinal parasitism), cryptosporidians (closed conoid, two
schizogonies; deeply embedded intestinal parasites of vertebrates), coccidians and
piroplasmids (closed conoid, aflagellated trophozoites, syzygy and gamete
formation; intracellular parasites of vertebrates, including Plasmodium), and
eugregarines (including urosporidians) and neogregarines (with numerous
longitudinal epicytic folds on which the cell glides and trophozoites lacking a
conoid; some taxa with transverse septa between cell regions; a diverse array of
taxa, some only recognised on molecular grounds, including coelomic parasites
with metaboly instead of epicytic fold gliding; arthropod parasites, and annelid
reproductive tract parasites). Full genome sequences are available for several
apicomplexa, including species of Plasmodium, Toxoplasma (causative agents of
toxoplasmiosis), Theileria and Babesia (causative agents in cattle, respectively, of
East Coast disease and tick fever) and Cryptosporidium (an intestinal parasite
associated with secondary infection in HIV positive individuals). Phylogenomic
analyses strongly support a position within the alveolates, as a sister-group to the
dinoflagellates. Chloroplast gene phylogenies suggest that the apicoplast is the
remnant of a red algal endosymbiont, although a number of genes of apparent
green algal origin (e.g. tufA, rpll6, rps3) have been recovered. Recently, two
functionally photosynthetic species- Chromera velia (see Chromerids) and
CCMP3155- have been identified as either close relatives or basally divergent
members of the apicomplexa and/or colpodellids, confirming a reductive origin for
the apicoplast; the phylogenetic relationships and taxonomic status of
apicomplexa, chromerids and colpodellids has not yet been accordingly reviewed.
(Abrahamsen et al. 2004; Alvarez-Pellitero et al. 1997; Brayton et al. 2007;
Carlton et al. 2002; Coppin et al. 2005; Dowse and Soldati 2004; Fleige et al.
2007; Fleige et al. 2008; Funes et al. 2002; Gardner et al. 2005; Gardner et al.
2002; Janouskovec ef al. 2010; Kissinger et al. 2003; Kobayashi et al. 2007; Lau et
al. 2009; Lim and McFadden 2010; McFadden 1999; McFadden et al. 1996;
Moore et al. 2008; Nozaki et al. 2009; Pain et al. 2005; Patron et al. 2004; Reeb et
al. 2009; Reichard et al. 2005; Saffo et al. 2010; Siddall et al. 1997; Templeton et
al. 2010; Thompson et al. 2005; Vavra and Small 1969; Waller et al. 2004; Wilson
et al. 1996; Xu et al. 2004; Zhu et al. 2001)

Colpodellids

Free-living predatory flagellates that feed by the myzocytotic uptake of prey
cytoplasm. An apical complex is used to attach to and feed from host cells,
consisting of a sheet of diagonal microtubules in a C-ring (conoid) on an apical
rostrum close to a microtubular band, and thin micronemes and rhoptries that
occupy the length of the cell. The anterior flagellum carries hairs or bulbs, and
inserts in a pit. The flagellar apparatus is composed of two widely separated basal
bodies giving rise to flagella which insert in opposite directions on a diagonal
sagittal plane, proximal to the apical complex. The basal bodies are joined by a
multilamellar connecting fibre. The anterior basal body gives rise to one apically-
directed microtubular root of three microtubules; the posterior basal body gives
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rise to an anteriorly-directed oblique root, which runs up to the rostrum, and a
posteriorly-directed microtubular root. There may occasionally be three flagella,
which is also seen in microgametes of apicomplexans. The pellicle includes
cortical microtubules at the anterior end, and small polygonal alveoli, which may
contain fibrous material. Dinoflagellate-like reproductive trichocysts and
aflagellate resting cysts may form in some taxa. Ultrastructural studies do not
resolve a consistent phylogenetic position for the colpodellids, with different
species containing different numbers of dinoflagellate-, perkinsid- and
apicomplexan- like features. Single-gene phylogenies predominantly support a
closer relationship with the apicomplexa than with perkinsids and dinoflagellates,
and reveal a potential sister-group relationship to the chromerids. (Gomez et al.
2009; Keeling and Leander 2003, 2004; Kuvardina et al. 2002; Leander et al.
2003a; Leander and Keeling 2003; Leander ef al. 2003b; Leander et al. 2005;
Moore et al. 2008; Mylnikov 2009; Mylnikov and Mylnikova 2008; Simpson and
Patterson 1996)

Chromera

Free-living, photosynthetic alveolates, containing a micropore and cortical alveoli
typical of alveolates, of considerable current interest due to their close
phylogenetic affinities with apicomplexa. One or two golden-brown chloroplasts
are present in each cell; each is a distinctive cone shape, bound by four
membranes. A single, large mitochondrion is present; cristae are tubular,
ampulliform and lamellar; the mitochondrion may be surrounded by vesicles of
unknown function. Similarly to peridinin-containing dinoflagellates, chloroplast
transcripts may be terminally polyuridylated, and a form II rubisco is utilised;
however, chloroplast genomes are either circular or long linear as opposed to being
arranged in minicircles. Uniquely amongst photosynthetic alveolates, chlorophyll ¢
is not present; and a novel accessory pigment, believed to be similar to
isofucoxanthin, is used. Molecular phylogenies of nuclear genes variously place
chromerids as closely related to apicomplexa and colpodellids, although a number
of different positions have been suggested within this; phylogenies of chloroplast
genes strongly support a sister-group relationship to dinoflagellates consistent with
a common origin of the chloroplast lineage; as such, chromerids are the closest
formally defined relatives of the apicomplexa to retain photosynthetically
functional chloroplasts. One species, Chromera velia, has been identified from the
stony coral Plesiastrea versipora. Recently, a flagellate CCMP3155 has been
isolated from reef corals, which is functionally photosynthetic and groups in
nuclear gene phylogenies with chromerids and apicomplexa; but the precise
relationships between these lineages is uncertain. Complete plastid sequences are
available for both lineages, and a full sequencing project is underway for C. velia.
(Brate et al. 2010; Guo et al. 2010; Janouskovec et al. 2010; Keeling 2009c;
Moore et al. 2008; Obornik et al. 2009; Obornik et al. 2010; Okamoto and
McFadden 2008; Sutak et al. 2010; Takishita et al. 2009; Weatherby et al. 2010 in
press)

Perkinsids

Intracellular parasites of marine and freshwater molluscs and dinoflagellates,
which in particular are a major cause of mortality in commercial oyster
populations. Perkinsids contain an apical complex used for penetrating host cells,
consisting of a sheet of diagonal microtubules in a C-ring (conoid), micronemes
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and rhoptries that occupy the length of the cell, and both an anterior and a posterior
ring. Cells may be uniflagellate or biflagellate; the conserved anterior flagellum
bears a row of bipartite hooks or thick hairs on one side, and inserts in a pit, and a
short, posterior flagellum is present in some species. The flagellar apparatus
consists of two orthogonally inserting, very short basal bodies, connected by a
striated fibre as in dinoflagellates and colpodellids. There are three microtubular
roots, a striated rootlet, and distinctive fibrous structures around the basal bodies
that are also seen in dinoflagellates. Micronemes are present beneath the cell
surface; a refractive body of unknown function is adjacent to the nucleus. Mitosis
is closed; aflagellated, parasitic trophozoites divide by successive binary fissions,
and released trophozoites (spores) develop outside the host, to become flagellated
zoospores. The potential presence of plastids in perkinsids is controversial;
although Perkinsus marinus 1is known to contain and transcribe several putatively
plastid-targeted genes, and is sensitive to inhibitors of plastid-localised
biosynthetic pathways, and there is ultrastructural evidence for a four membrane-
bound body in P. atlanticus that could be a relict chloroplast, there is at present no
proteomic evidence that any putatively plastidic pathways retained in perkinsids
are indeed plastid-localised. No genome sequences are yet complete, but EST
libraries have been constructed for P. marinus. While the presence of a conoid
suggests a close relationship with the apicomplexa; similarities in flagellar and
nuclear structure, and multigene phylogenies, strongly support a sister-group
position with the dinoflagellates to the exclusion of apicomplexa. (Bréte et al.
2010; Burki et al. 2008; Goggin and Barker 1993; Hoppenrath et al. 2009; Joseph
et al. 2010; Kuvardina et al. 2002; Leander and Keeling 2003, 2004; Leander et al.
2005; Matsuzaki et al. 2008; Norén et al. 1999; Perkins 1996; Saldarriaga et al.
2003; Siddall et al. 1997; Slamovits et al. 2007; Stelter et al. 2007; Teles-Grilo et
al. 2007; Villalba et al. 2004)

Dinoflagellates

Mostly free-living, heterotophic, mixotrophic or autotrophic alveolates; most are
biflagellate, but some amoeboid and syncytial taxa are known. The coiled
transverse flagellum is held in a cingular groove, beating multiple waves in a spiral
to the cell’s left, and the longitudinal flagellum in a longitudinal sulcus; there are
hooks on the anterior flagellum as in perkinsids, and paraxial rods on both flagella.
Flagella insert on the ventral surface, and there are three flagellar roots
accompanied by fibrous material; the striated connective between basal bodies
seen elsewhere in alveolates is present. Cortical alveoli are well-developed, may
contain cellulose plates, and usually contain square-based hollow-filament
extrusomes, and some taxa have what appear to be relics of an apical complex-
microtubular baskets underlying feeding tentacles (the peduncle), and the apical
pore complex (extrusive organelles like rhoptries). The proposedly ancestral, red-
algal derived chloroplast has a number of unusual features, such as the use of the
soluble accessory pigment peridinin, and a form II rubisco laterally acquired from
a proteobacterial donor. In addition, a diverse array of serial endosymbiotic,
photosymbiotic and kleptoplastid chloroplast acquisitions from haptophytes (e.g. in
Karenia), green algae (Lepidodinium) centric and pennate diatoms (Galedinium,
Kryptoperidinium) and cryptomonads (Dinophysis) have been reported; notably,
the pennate diatom-derived chloroplasts of Kryptoperidinium and Durinskia retain
a nucleomorph and endogenous mitochondria. Nonphotosynthetic taxa (e.g.
Oxyrrhis) are believed to have originated via secondary chloroplast loss.
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Dinoflagellates are- from currently identified taxa- the most speciose group of
algae, and free-living species are ecologically dominant components of marine
communities. Dinoflagellates are important photosymbionts of an array of marine
invertebrates (e.g. zooxanthellae with corals); in addition, approximately 5% of
reported species are known parasites of marine invertebrates, and several free-
living species are major components of fish-killing “red tide” harmful algal
blooms. Five divisions have been defined by ultrastructure: Dinophyceae (with a
dinokaryon throughout the life cycle, and amphiesmal vesicles often containing
cellulose plates in highly specific arrangements; includes fossil taxa),
Blastodiniales (parasitic dinoflagellates with dinokaryon only in part of life cycle),
Noctilucales (large free-living motile cells inflated by vacuoles, some taxa are
phosphorescent; dinokaryon during part of life cycle only), Syndiniales (with
histones in the nucleus, but dinoflagellate-type flagella), and Oxyrrhis (aplastidic,
lacking cingulum and sulcus, with laterally inserting flagella, and closed mitosis).
Genome structure is unusual, with a distinctive haploid nucleus (dinokaryon), with
large permanently condensed chromosomes that lack standard histones, extremely
reduced mitochondrial and chloroplast genomes, organisation of the chloroplast
genome into small single- double- and pseudogenic minicircles, and evidence of
multiple tandem gene duplication events in all three organelles. In addition, recent
molecular studies have recovered a number of distinctive features of gene
expression pathways, such as transcription of chloroplast minicircles via a rolling
circle mechanism, and 3’ terminal polyuridylation of chloroplast transcripts. A
complete genome sequence is not available for any dinoflagellate; however, the
transcriptomes of two lineages of the genus Symbiodinium have been completed.
Molecular phylogenies strongly support dinoflagellate monophyly within the
alveolates, an immediate sister-group relationship to ellobiopsids and perkinsids,
and close relationships with the apicomplexa, chromerids and colpodellids to the
exclusion of ciliates. (Bhattacharya and Nosenko 2008; Calado et al. 1999;
Chesnick et al. 1997; Dang and Green 2010; Garcia-Cuetos et al. 2010a; Howe et
al. 2008; Tida et al. 2009; Imanian and Keeling 2007; Ki 2010; Leander and
Keeling 2003; Nash et al. 2008; Rowan et al. 1996; Simon et al. 2009; Slamovits
and Keeling 2008; Slamovits et al. 2007; Takishita et al. 2008; Taylor et al. 2008;
Wang and Morse 2006; Yoon ef al. 2002a; Yoon et al. 2005; Zhang and Lin 2003)

Ellobiopsids

Multinucleate alveolates that superficially resemble fungi, with each individual
consisting of one or more tube-like structures containing transverse septa. Four
genera- Ellobiopsis, Ellobiocystis, Parallobiopsis and Thalassomyces- are known,
and the constituent species are chiefly ectoparasites of pelagic crustaceans,
although one species is known to parasitise a benthic polychaetous worm.
Parasitism may be species- and sex-specific in the host, and may substantially
impact on the fecundity of host organisms. With a nutrient-absorbing root inside
the host, and trophic/generative structures protruding through the host carapace,
and with a biflagellated distributive stage that has not been described in detail.
Molecular phylogenies support a position within the alveolates, as an immediate
sister-group to dinoflagellates, to the exclusion of apicomplexa and perkinsids.
(Albaina and Irigoien 2006; Galt and Whisler 1970; Gomez et al. 2009; Silberman
et al. 2004; Walkusz and Rolbiecki 2007; Whisler 1990)
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RHIZARIA

A major group of eukaryotes with fine “root-like, reticulate or filose” pseudopodia;
currently identified only on the basis of molecular phylogenies of nuclear proteins and
ribosomal genes, which strongly support the existence of the group as a clade. The
group is resolved with strong statistical support in phylogenies of SSU rRNA and
individual cytoskeletal proteins, and by phylogenomic approaches. The name
Rhizaria was introduced by Cavalier-Smith in 2002 and has been used in several
different ways in recent years, but in the absence of a synapomorphy it is used here in
the sense of Nikolaev et al. 2004 (i.e. excluding Apusozoa) as the group identified by
molecular phylogeny including Cercozoa, Foraminifera, and Radiozoa. The insertion
of one or two amino acids between monomers of the polyubiquitin gene unites
Cercozoa and Foraminifera to the exclusion of the “radiozoan” Acantharea and
Polycystinea, although Foraminifera and Radiozoa have also been placed together in
phylogenetic trees. Recent multigene studies have strongly supported a position for
the Rhizaria at the base of the SAR clade; whether the Rhizaria historically contained
a secondary, red-algal derived chloroplast lineage found in other SAR and CCTH
clade taxa is currently unknown. Groups below are divided into Cercozoa (Filosa and
Endomyxa), Foraminifera, Radiozoa and incertae sedis Rhizaria; however it is
recognised that rhizarian systematics is currently developing quickly and likely to
change. (Archibald and Keeling 2004; Archibald et al. 2003b; Bass et al. 2009a; Bass
et al. 2009b; Bass et al. 2005; Berney and Pawlowski 2003; Bhattacharya et al.
1995b; Burki et al. 2006; Burki and Pawlowski 2006; Burki ef al. 2007; Burki et al.
2008; Cavalier-Smith 2002, 2004; Chantangsi et al. 2010; Hampl et al. 2009; Howe et
al. 2003; Keeling 2001a; Keeling 2009¢, 2009b, 2009a; Longet et al. 2003; Moreira et
al. 2007; Nikolaev et al. 2004; Parfrey et al. 2010; Pawlowski and Burki 2009; Polet
et al. 2004; Rodriguez-Ezpeleta et al. 2007a; Simpson and Roger 2004a; Takishita et
al. 2005)

Cercozoa

A morphologically and genetically diverse assemblage of protists including flagellates
and amoebae that may form filose or reticulate pseudopodia, and may harbour
endosymbiotic cyanelles or green algae; currently identified on the basis of molecular
phylogenetic studies. An insertion of one or two amino acids at the monomer—
monomer junctions of polyubiquitin is shared by all Cercozoa and Foraminifera
(Archibald et al. 2003a). It has been suggested that an insertion of one amino acid
found in the sequence from foraminiferans and some cercozoans represents an
ancestral state, and an insertion of two amino acids represents a derived state (Bass et
al. 2005); however the pattern seems to include multiple acquisitions and losses
(Chantangsi et al. 2010). Flagellar apparatus characters have also been proposed by
Cavalier-Smith (2008) as a synapomorphy found in flagellated cercozoans - the
proximal hub-lattices and distal nonagonal fibers in the flagellar transition zone.
Further work is needed to elucidate the distribution of these delicate, difficult to
preserve ultrastructural characteristics. Several major studies including uncultured
environmental sequences suggest that Cercozoa are as diverse on molecular grounds
as the Foraminifera, and indicate that the lineages described below do not yet bear
clear relationships to each other. The Cercozoa are currently divided into two major
groups, the Filosa and the Endomyxa. (Archibald and Keeling 2004; Archibald et al.
2003a; Bass and Cavalier-Smith 2004; Bass et al. 2009a; Bass et al. 2009b; Bass et
al. 2005; Cavalier-Smith 1998; Cavalier-Smith and Chao 2003b; Cavalier-Smith and
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Chao 1997; Cavalier-Smith et al. 2008b, 2009; Chantangsi et al. 2010; Howe et al.
2009; Nikolaev et al. 2003; Nikolaev et al. 2004; Polet et al. 2004; Rodriguez-
Ezpeleta et al. 2007a)

Filosa

A group recognised by molecular phylogeny, currently largely defined by
exclusion (i.e. cercozoans that do not fit into the Endomyxa). The group contains
numerous small colourless flagellates with filose pseudopodia, some flagellates
with silica scales, and some filose amoebae with siliceous tests, as outlined below.
Details of its membership will probably be considerably clarified in the near
future. (Bass et al. 2009a; Bass et al. 2009b; Cavalier-Smith et al. 2008b, 2009;
Howe et al. 2009)

Cercomonads

Filosan flagellates that produce filose, finger-shaped and branching
pseudopodia; movement is by creeping, with the anterior flagellar beat stiffly
describing a cone shape, and the posterior flagellum associating closely with the
cell and trailing among pseudopodia behind the cell. The flagellar apparatus
consists of two basal bodies at right angles, connected by fibrillar material, with
three singlet microtubular roots; and in some taxa there is a broadly striated
rootlet leading to an MTOC that nucleates a cone of microtubules, subtending
the nucleus. Variation among taxa in the presence of carwheels in the basal
bodies has been reported. There is an electron-dense “paranuclear body”.
Numerous molecular phylogenetic studies suggest Cercomonads are highly
diverse and important in ecological systems; alpha-taxonomy within the group
has recently been revised by Bass and co-authors, based on a combination of
SSU rRNA and light microscopical features. They possess the cercozoan
molecular signature of a two-residue insertion in polyubiquitin. (Archibald and
Keeling 2004; Archibald et al. 2003a; Bass and Cavalier-Smith 2004; Bass et
al. 2009a; Bass et al. 2009b; Bass et al. 2005; Berney and Pawlowski 2003;
Burki and Pawlowski 2006; Cavalier-Smith and Chao 2003a; Ekelund et al.
2004; Karpov 1997; Keeling 2001b; Keeling et al. 1998; Longet et al. 2003;
Longet et al. 2004; Mignot and Brugerolle 1975a; Patterson and Zolffel 1991;
Pawlowski and Burki 2009; Zolffel 1990)

Chlorarachniophytes

Filosan organisms that occur as reticulate amoebae with fine filose connections
between cells, flagellates, and/or individual filose amoebae. There is a four-
membraned chloroplast derived from a green algal endosymbiosis. The
nucleomorph, nucleus of the endosymbiotic green alga, is still present between
the two inner and two outer membranes, and holds the smallest known
eukaryotic genome; it has been studied extensively because of its importance to
ideas about lateral gene transfer and secondary endosymbionts in chloroplast
evolution. In the flagellates, there is one apically inserting flagellum which
wraps around the cell and trails posteriorly; it is covered with fine hairs
emerging from a row of bumps on one side; the flagellar apparatus consists of
two basal bodies, four microtubular roots, and lacks striated fibres. The original
host organism may be related to Leucodictyon and Reticulamoeba (see below,
Eukaryotes incertae sedis), to which it bears some morphological similarity.
There are six genera, with species being distinguished on ultrastructural and
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life-cycle characteristics; environmental surveys indicate undescribed diversity.
There is a single insertion in the polyubiquitin gene. The chloroplast and
nucleomorph genomes of the chlorarachniophyte Bigelowiella natans have been
sequenced. (Archibald 2007; Bass et al. 2005; Bhattacharya et al. 1995b;
Chantangsi et al. 2010; Geitler 1930; Gilson and McFadden 1996; Gilson and
McFadden 1999; Gilson et al. 2006; Grell 1991a; Grell and Schiiller 1991;
Hibberd and Norris 1984; Ishida et al. 1997; Keeling et al. 1998; Ludwig and
Gibbs 1989; McFadden et al. 1997; Moestrup and Sengco 2001; Ota et al. 2008;
Palmer and Delwiche 1996; Rogers et al. 2007a; Slamovits and Keeling 2009;
Van de Peer et al. 1996a; Williams et al. 2005)

Clautriavia & Auranticordis

The cell surface of these filosan organisms is covered in pores, and there are
muciferous bodies immediately beneath the surface, giving a “warty”
appearance. Auranticordis is a large, multi-lobed, orange tetraflagellate with
recurrent hairy flagella. Most reports of Clautriavia are of small gliding
flagellates, with a rigid, oval cell body with a subapical ventral cavity into
which the single hairy recurrent flagellum inserts. A recent detailed description
revealed an inconspicuous second recurrent flagellum. The flagellar apparatus
of both genera includes a robust microtubular root attached to the anterior end
of the nucleus; there is also a paranuclear body as seen in cercomonads. A.
quadriverberis has been reported to contain photosynthetic endosymbionts,
which may be of cyanobacterial origin, and potentially represents a third
primary chloroplast endosymbiosis, independent of archaeplastids and
Paulinella. Reproduction is by fission of flagellates or by production of a large
multinucleate plasmodium which subsequently divides and forms flagellates.
Molecular data place Pseudopirsonia in the same clade. Cholamonas is similar
to Auranticordis ultrastructurally. (AlQassab et al. 2002; Chantangsi et al.
2008; Chantangsi et al. 2010; Chantangsi and Leander 2010; Kiihn ef al. 1996;
Lee and Patterson 2000; Massart 1900; Patterson and Zolffel 1991)

Desmothoracids (= “Clathrulinids”)

Filosan “heliozoan” protists where the cell body is surrounded by axopodia,
which protrude through a perforated capsule made of silica mixed with organic
matter; the capsule is often stalked. The microtubules supporting the axopodia
are not organised in a regular pattern, and arise from a central nucleating site
next to the nucleus. The life cycle involves mitosis within the capsule to
produce flagellated swarmers, which metamorphose into amoebae. These
produce a stalk-forming pseudopodium stiffened by hundreds of microtubules,
which secretes the stalk and the new skeleton. Analyses of SSU rRNA place
Clathrulina and Hedriocystis together in the Cercozoa. The group has also been
called Clathrulinidae after the commonly-observed heliozoon Clathrulina
elegans. It has been grouped with the gymnosphaerids in the “Nucleohelea”, on
the basis of the central nucleating site for microtubules, though molecular work
is needed to confirm this: gymnosphaerids also show morphological affinities to
the radiozoan Sticholonche. (Adl et al. 2005; Bardele 1972; Bass et al. 2009a;
Bass et al. 2009b; Nikolaev et al. 2004; Smith and Patterson 1986)
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Euglyphids

Filose amoebae with a test formed of regularly-shaped siliceous plates held
together by an organic cement. One member, Paulinella chromatophora, has
endosymbiotic blue-green cyanelles which are independently derived from the
cyanobacteria and unrelated to those seen in the Archaeplastida. Cyanelle
genome sequences have been completed for two strains of P. chromatophora;
preliminary analyses suggest that a small number of cyanelle-to-nucleus gene
transfer events may have occurred, but proposed nuclear-encoded cyanelle-
derived genes lack recognisable targeting sequences consistent with the
evolution of a complex cyanelle protein import system.

On the basis of molecular phylogeny (of SSU rRNA) the group can be divided
into five main groups: one clade containing Cyphoderiidae (circular or oval
scales, angled test aperture) and Paulinellidae (long scales, positioned
perpendicular to test aperture; with cyanelles); and another clade containing
Assulinidae (strongly flattened test, only one scale type), Euglyphidae (thin test,
with round or elliptical scales), and Trinematidae (test with bilateral symmetry).
A two-residue insertion in polyubiquitin is present. The group has been placed
with the thaumatomonads on the basis that both produce silica scales, however
the molecular evidence for this hypothesis has recently begun to look
questionable. Further investigations are needed both of morphology and
molecules. Euglyphids may also be related to Pseudodifflugia and taxa that
have not been studied by molecular techniques, such as amphitremids.
(Archibald and Keeling 2004; Bass and Cavalier-Smith 2004; Bass et al. 2009a;
Bass et al. 2009b; Bhattacharya et al. 1995b; Cavalier-Smith et al. 2009;
Chantangsi et al. 2010; Heger et al. 2010; Kies 1974; Lara et al. 2007; Longet
et al. 2004; Marin et al. 2005; McFadden 2001; Nakayama and Ishida 2009;
Nikolaev et al. 2004; Nikolaev et al. 2005; Nowack et al. 2008; Reyes-Prieto et
al. 2010; Wylezich et al. 2002)

Glissomonads

Small spherical, reniform or ellipsoid flagellates that glide on a trailing
flagellum (and have a short, waving anterior flagellum); filose pseudopodia may
rarely be present but are not as obvious as in cercomonads. The basal bodies
insert at right angles and give rise to an undetermined number of single
microtubules that extend into the cell. The taxonomy of the group has recently
been revised (Howe et al. 2009) on the basis of SSU rRNA and light-
microscopical characteristics; however there is a need for further electron-
microscopical observations to identify the ultrastructural identity of members of
the group. There is a double insertion in the polyubiquitin gene. Glissomonads
are extremely abundant in soils around the world: considerable diversity is
demonstrated by environmental sequencing rather than culture-based methods.
(Adl et al. 2005; Bass et al. 2009a; Bass et al. 2009b; Bass et al. 2005;
Cavalier-Smith and Chao 1997; Chantangsi and Leander 2010; Ekelund ef al.
2004; Howe et al. 2009; MacDonald et al. 1977; Vickerman et al. 2002; Vors
1992a)

Limnofila

A genus of marine protists with very fine, filose pseudopodia bearing granules
(extrusomes); erected to include organisms with SSU rRNA sequences that
group with one from a culture previously mis-assigned to Gymnophrys cometa,
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with the culture renamed as Limnofila borokensis (Bass et al. 2009a).
Ultrastructurally-studied species have flat mitochondrial cristae, bundles of 2—
6 microtubules supporting the filopodia, two flagellar stubs that stop at the
transitional region; they lack the distinguishing features of other groups. There
is a flagellated stage in L. borokensis with long flagella. There is a double
insertion between polyubiquitin subunits. (Bass et al. 2009a; Burki et al. 2007;
Cavalier-Smith and Chao 2003b; Mikrjukov 1998; Nikolaev et al. 2003)

Massisteria

Small irregular or rounded star-shaped amoebae from which radiate thin
pseudopodia with extrusomes; the pseudopodia may branch and anastomose.
There are 2 inactive flagella with parallel basal bodies. Amoebae are normally
sedentary but, under adverse conditions, the arms are resorbed, the flagella
become active, and the organism becomes a motile non-feeding flagellate.
There is a double insertion in the polyubiquitin gene of Massisteria
characteristic of Cercozoa. (Atkins et al. 2000b; Bass and Cavalier-Smith 2004;
Bass et al. 2009a; Bass et al. 2009b; Bass et al. 2005; Chantangsi et al. 2010;
Mikrjukov and Mylnikov 1998; Nikolaev et al. 2003; Patterson and Fenchel
1990)

Metopion

Small disc-shaped flagellates with a very shallow ventral groove at the anterior
end. The long posterior trailing flagellum and the (not always present) stumpy
anterior trailing flagellum insert in the groove. The anterior margin of the cell
contains refractile granules, and is swollen like a beak. Assuming the
identification of this organism is correct in molecular papers (since the basis for
the identification has not been published), phylogenies of SSU rRNA place this
taxon within the Cercozoa. (AlQassab et al. 2002; Bass and Cavalier-Smith
2004; Bass et al. 2005; Bastien ef al. 2004; Cavalier-Smith and Chao 2003b;
Larsen and Patterson 1990; Mylnikov ef al. 1999; Patterson and Simpson 1996;
Tong et al. 1998)

Metromonas

Small lozenge-shaped gliding flagellates with a long posterior trailing
flagellum detached from the body, and a short stumpy anterior trailing
flagellum. The posterior flagellum can form a hook shape with the curve
attached to the substrate: the cell then rocks back and forth like a metronome.
There is a double insertion in the polyubiquitin gene. (AlQassab et al. 2002;
Bass and Cavalier-Smith 2004; Bass et al. 2009a; Bass et al. 2009b; Bass et al.
2005; Chantangsi et al. 2010; Ekebom et al. 1996; Larsen and Patterson 1990;
Tong et al. 1998)

Pansomonads

A group including members of the genera Aurigamonas, Cercobodo, and
Agitata. Heterotrophic flagellates with two hairy, heterodynamic flagella, both
free from the body. A motile flagellate phase alternates with a sedentary, non-
moving amoeboid phase. The flagellates of Aurigamonas have many stiff,
radiating haptopodia (retractible arms stiffened with microfilaments with one
extrusome on the end); one flagellum is long and propulsive, the other is short
and crook-like. Agitata contains ovoid cells that glide agitatedly on their long
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posterior flagellum; there are short pointed, filose, finger-like, lamellar and
bulbous pseudopodia that can arise from anywhere on the cell surface. There is
a one amino acid insertion between polyubiquitin monomers. (Bass ef al. 2009a;
Bass et al. 2009b; Chantangsi et al. 2010; Vickerman et al. 2005)

Sainouroids

Small, lozenge-shaped, gliding flagellates with a long posterior trailing
flagellum detached from the body, and a short stumpy anterior trailing
flagellum. The flagellar apparatus consists of two very short basal bodies
interconnected by dense striated fibrous roots, that also attach the basal bodies
to a centrosome and the nucleus; the fibrous roots give rise to one single
microtubule (and a dorsal cape of microtubules in Helkesimastix); the
centrosome also gives rise to radiating microtubules. The anterior flagellum is a
stump without a 9+2 axoneme. Mitochondrial cristae appear discoid; and there
is a paranuclear body (possibly a peroxisome). A double insertion in the
polyubiquitin gene is present in Sainouron, but a single one is in Helkesimastix.
The group is recovered in SSU rRNA phylogenies and contains Sainouron,
Cholamonas and Helkesimastix. (AlQassab et al. 2002; Bass and Cavalier-
Smith 2004; Bass et al. 2009a; Bass et al. 2009b; Bass et al. 2005; Cavalier-
Smith et al. 2008b, 2009; Chantangsi et al. 2010; Ekebom et al. 1996; Flavin et
al. 2000; Larsen and Patterson 1990; Tong et al. 1998)

Spongomonads

Heterotrophic flagellates of the genera Spongomonas and Rhipidodendron,
living in colonies embedded in a matrix of iron-rich mucous globules. The two
equal flagella are directed apically but insert subapically into a shallow flagellar
pocket, giving rise to radiating and longitudinal microtubular roots, joined by
striated fibrillar roots. Members of each genus are superficially similar to
members of the amoebozoan genus Phalansterium. (Adl et al. 2005; Bass et al.
2005; Cavalier-Smith and Chao 2003d; Hibberd 1976b, 1983; Striider-Kypke
and Hausmann 1998)

Thaumatomonads (=Thaumatomastigids)

Rounded heterotrophic flagellates with a distinctive combination of a short
anterior scaly flagellum and a long naked posterior flagellum, and the ability to
produce filose pseudopodia, usually from the ventral area of the cell. Many
species are covered with siliceous scales and spines, which are produced in
association with mitochondria. Some syncytial or colonial species exist; one has
endosymbiotic bacteria. Thaumatomonads have been estimated to contribute on
average about 5%-10% to flagellate abundance in different benthic habitats.
SSU rRNA phylogenies place this group in the Cercozoa, sometimes with the
(also siliceous) euglyphids; while this group (“Imbricatea”) has been supported
in SSU rRNA trees in the past, the most recent trees with detailed taxon
sampling suggest that silica biomineralisation may be more plesiomorphic in the
Cercozoa. (Bass et al. 2009a; Bass et al. 2009b; Bass et al. 2005; Beech and
Moestrup 1986; Cavalier-Smith and Chao 1997; Cavalier-Smith et al. 2009;
Chantangsi et al. 2010; Chantangsi and Leander 2010; Ekelund et al. 2004;
Karpov 1987; Karpov and Makarenkova 1989; Kim et al. 2006; Mylnikov and
Karpov 1993; Patterson and Zolffel 1991; Preisig 1994; Preisig et al. 1994;
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Swale and Belcher 1974; Thomsen et al. 1993; Thomsen and Ikédvalko 1997;
Wylezich et al. 2007)

Thecofilosea

A clade recognised on the basis of SSU rRNA trees, containing non-scaly filose
amoebae: uninucleate cell surrounded by an organic flexible tectum or rigid test
with one or two apertures for filopodia; with either two cilia or none; and
tubular mitochondrial cristae. There is a single insertion between polyubiquitin
monomers. (Bass et al. 2009a; Bass et al. 2005; Cavalier-Smith and Chao
2003a; Cavalier-Smith et al. 2008b, 2009; Chantangsi et al. 2010)

Cryothecomonas

Intracellular parasites of diatoms. Oval-shaped heterotrophic flagellates with
two flagella, one directed anteriorly, one trailing; with a pronounced ventral
groove from which pseudopodia emerge; with a delicate theca covering the
cell except at the sites of flagellar insertion and ventral food ingestion. The
flagella insert subapically; the two basal bodies are connected by a striated
fibre and give rise to microtubular roots which connect the kinetosome to the
nucleus. (Bass ef al. 2009a; Chantangsi et al. 2010; Chantangsi and Leander
2010; Drebes et al. 1996; Kiihn et al. 2000; Schnepf and Kiihn 2000;
Thomsen et al. 1991)

Ebriids

Large marine flagellates with a prominent basket-shaped internal siliceous
skeleton. The flagella are often hard to see. The siliceous skeleton resembles
those of dictyochids (Chromalveolata, Stramenopiles); the condensed
chromosomes at interphase were thought to resemble those of
dinoflagellates, but EM studies showed that this was not the case (they may
resemble those of Protaspis). There is an extensive fossil record. (Chantangsi
et al. 2010; Chantangsi and Leander 2010; Hargraves and Miller 1974;
Hoppenrath and Leander 2006a; Korhola and Gronlund 1999; Lipps 1993;
Preisig 1994; Tappan 1980; Taylor 1990; Tong ef al. 1998)

Phaeodarea

“Radiolarian” or “heliozoan” deep-sea protists with an elaborately decorated
skeleton and needles of amorphous silica mixed with organic components
and traces of magnesium, calcium and copper. These protists were described
by Haeckel in a famous series of engravings; however the Haeckelian
concept of Radiolaria is made polyphyletic by the Phaeodarea falling apart
from the rest of the group. Cytoplasm is divided into different areas by a
thick central capsule, which has only three openings- the oral astropyle and
two opposing parapyles through which the axopodia project. Outside the
central capsule there is a yellow-brown globular pigmented aggregate,
argued either to be waste material or involved in the metabolism of silica.
The life cycle is complex and includes flagellated stages, however more
comprehensive electron microscopical and life-cycle studies are needed. The
group has traditionally beed divided into: Phaeoconchia (central capsule
enclosed within a bivalved shell, with separated dorsal and ventral boat-
shaped lattice valves), Phaeocystina (central capsule suspended in the centre
of the cytoplasmic network outside the capsule, skeleton absent or
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incomplete with scattered, solitary spicules), Phaeogromia (central capsule
located eccentrically, away from the mouth, in a simple lattice shell with a
large opening at the oral end. The opening is surrounded by ‘teeth’ or ‘feet’
which may branch), and Phaeosphaerida (central capsule in the centre of a
simple or double spherical lattice shell, with a simple opening), though
whether this correlates with molecular phylogeny is unknown. (Anderson
1983; Bass et al. 2009a; Bass et al. 2005; Cachon and Cachon 1973; Cachon
et al. 1990; Nikolaev et al. 2004; Polet et al. 2004; Reschetjnak 1966; Yuasa
et al. 2005)

Protaspis

A genus of marine phagotrophic biflagellates, dorsoventrally flattened,
shaped like elongated ovals with parallel lateral sides, with two
heterodynamic flagella emerging through funnels that are positioned
subapically, each within a depression and separated by a distinctive
protrusion. A complex multilayered wall surrounds the cell. Like
dinoflagellates and euglenids, the nucleus contains permanently condensed
chromosomes and a large nucleolus throughout the cell cycle. Pseudopodia
containing numerous mitochondria with tubular cristae emerge from a
ventral furrow through a longitudinal slit positioned posterior to the
protrusion and flagellar apparatus. Batteries of extrusomes are present within
the cytoplasm and have ejection sites through pores in the cell wall. (Bass et
al. 2009a; Chantangsi et al. 2010; Hoppenrath and Leander 2006b, 2006a)

Pseudodifflugia

Genus of filose amoebae with a rigid agglutinated test. There may be up to
three nuclei present; cell division is by budding. Other organisms with
similar morphology (amphitremids, chlamydophryids, psammonobiotids,
volutellids) not yet studied by molecular techniques may possibly form a
group with Pseudodifflugia. (Bass and Cavalier-Smith 2004; Bass et al.
2009a; Chantangsi et al. 2010; Ogden and Hedley 1980; Wylezich et al.
2002)

Endomyxa

A group recognised by molecular phylogeny, typically plasmodial endoparasites
of other eukaryotes. Haplosporidia, Paradinium, Gromia, and Filoreta all share
the specific stem E23-13-1 in the SSU rRNA gene, and have a single insertion
between polyubiquitin monomers. (Bass et al. 2009a; Bower and Meyer 2002;
Cavalier-Smith and Chao 2003b; Cavalier-Smith and Chao 2003c; Cavalier-
Smith et al. 2008b, 2009; Chantangsi et al. 2010; Tekle et al. 2007)

Ascetosporea

Parasites of arthropods that produce “simple” spores (in the context of
former “sporozoan” taxonomy); the group is recognised now, and contains
more members, on the basis of SSU rRNA phylogenies. There is a single
polyubiquitin insertion. (Bass et al. 2009a; Berthe et al. 2000; Cavalier-
Smith 2002; Skovgaard and Daugbjerg 2008; Sprague 1979)
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Haplosporidia

Parasites or hyper-parasites of marine and freshwater invertebrates, which
include significant pathogens of commercial importance such as
Haplosporidium nelsoni, agent of MSX disease in the oyster Crassostrea
virginica. Most taxa have a distinctive “open” spore case, which bears
either a hinged operculum covering the opening, or a tongue covering the
inner edge of the opening. A rudiment of the intranuclear mitotic spindle
persists in the interphase nucleus (the “kernstab”). Life cycles remain
understudied, but include spores, amoeboid cells which invade tissue,
multinucleate plasmodia which divide in the coelom or extracellular
space; haploid stages; and creation of the spore wall by division into
nucleated and anucleated cells, the anucleated of which then engulfs the
nucleated cell. Formerly thought to be alveolates, they are now affiliated
with the Rhizaria on the basis of molecular studies. Despite the fact they
include the genus Urosporidium, the haplosporidians should not be
confused with the “urosporids” or “urosporidians” as used by (Leander et
al. 2005) which contain the genus Urospora and belong to the
apicomplexa: both haplosporidians and urosporidians are parasitic and
have had a wildly unstable history of classification. Haplosporidia have a
single insertion in the polyubiquitin gene. (Bass et al. 2005; Berthe ef al.
2000; Burreson and Ford 2004; Carnegie et al. 2000; Cochennec-Laureau
et al. 2003; Flores et al. 1996; Longet et al. 2004; Perkins 1990, 1991;
Reece et al. 2004; Siddall et al. 1995; Sprague 1979; Tekle et al. 2007)

Paramyxea

Economically important parasites of bivalve molluscs (e.g. Marteilia,
parasite of Sydney rock oysters), crustaceans and annelids; which make
multicellular spores by endogenous budding, and have centrioles of nine
single microtubules. After nuclear division in the amoeboid “stem” cell,
the daughter nucleus is surrounded by merging cisternae of endoplasmic
reticulum, which make an intracellular, intravacuolar daughter cell. This
can then happen in the intravacuolar cells as well. Different species
perform endogenous budding to different degrees; endogenous cells may
undergo cycles of meiosis. The spores are released into the environment
from the host’s gut; thought the complete life cycle is unknown. Flagella
are unknown despite the presence of 9-singlet basal bodies. Phylogenetic
analyses have not yet resolved the placement of Paramyxea (Adlard and
Ernst 1995; Berthe et al. 2000; Feist et al. 2009; Itoh 2004; Larsson and
Kaie 2005; Perkins and Wolf 1976)

Paradinida

Marine parasites of crustaceans, usually seen as large “gonospores” - large
bag-like spores with a ridged surface, attached to copepods; but
Paradinium species also reported in older literature as having a
multinucleate plasmodial trophic phase, and a bi-flagellated dispersal
phase. Paradinium, the “RP parasite” and the “spot prawn parasite” have
been described recently in detail from a variety of habitats. (Bass ef al.
2009b; Bower and Meyer 2002; Chatton 1920; Jepps 1937; Skovgaard
and Daugbjerg 2008)
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Filoreta

Amoebae that form extensive multinucleate reticulate plasmodial networks,
with cells of various shapes and sizes connected by cytoplasmic strands.
Strands vary in width from 0.1 um to sheet-like expanses of cytoplasm, but
very fine strands are always present, although the anastomosing reticulate
network is short-lived. Cytoplasmic streaming can be bi-directional, but not
always obviously; flow can be predominantly or completely in one direction,
or switch direction. In contrast to Leucodictyon and Reticulamoeba (see
below), cytoplasmic threads largely lack prominent granules. Round,
smooth-walled cysts are produced. The group includes the organism recently
described as Corallomyxa tenera (Tekle et al. 2007), though it has been
moved (Bass et al. 2009a) to the new genus Filoreta. (Bass et al. 2009a;
Pawlowski and Burki 2009; Tekle et al. 2007)

Gromia

Genus of large marine rhizopods with filose pseudopodia and a large ovoid
proteinaceous test. Pseudopodia are non-granular and do not exhibit
bidirectional streaming, distiniguishing Gromia from foraminifera. The test
has an oral capsule from which pseudopodia emerge; its light-brown wall is
perforated by radially-directed canals, and it has a unique honeycomb
membrane structure on its inner side, which distinguishes it from other
testate filose amoebae. There is a motile stage with two flagella.
Mitochondria are probably tubulocristate, though the published photographs
have been interpreted as showing ramicristate mitochondria. Some species
reach up to 38mm in diameter. (Archibald and Keeling 2004; Bass et al.
2009a; Bass et al. 2005; Burki et al. 2002; Chantangsi et al. 2010; Gooday et
al. 2000; Hedley and Bertaud 1962; Hedley and Wakefield 1969; Longet et
al. 2004; Longet and Pawlowski 2007; Nikolaev et al. 2003; Nikolaev et al.
2004; Patterson 1999)

Phytomyxea

Plasmodiophorids and phagomyxids, rhizarian “zoosporic fungi”- parasitoids
or intracellular parasites of vascular plant roots or stramenopiles, which form
multinucleate plasmodia and fruiting bodies in plant roots, chitin-walled
cysts, zoospores and an invasive attacking stage which has unique
modifications of the ER in the intracellular protrusion, the “stachel” and
“rohr”. There is a characteristic cruciform nuclear division in unicells and
plasmodia. Biflagellated zoospores have two exceptionally long basal bodies,
each with an identical pair of two roots: one of two microtubules which
extends to an indentation in the cell membrane; one which increases from 1
to 3 microtubules and extends to and along the cell membrane. The group
includes plasmodiophorids and phagomyxids, demarcations between these
groups currently being unclear. The group includes important agricultural
pests Spongospora subterranea, potato “powdery scab” pathogen, and
Plasmodiophora brassicae, cabbage club root disease agent. (Aist and
Williams 1971; Archibald and Keeling 2004; Barr 1981; Barr and Allan
1982; Bass et al. 2009a; Bass et al. 2005; Braselton 1995; Bulman et al.
2001; Cavalier-Smith and Chao 2003b; Cavalier-Smith and Chao 1997;
Cavalier-Smith and Chao 2003c; Chantangsi et al. 2010; Dylewski et al.
1978; Longet et al. 2004; Van de Peer et al. 2000)
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Vampyrellids

Large round (globular), multinucleate, reticulate amoebae; with long, thick
cytoplasmic arms ending in fan-like flat pseudopodia giving rise to filopodia;
and with finely granular, streaming cytoplasm, which is often bright orange
in colour. They feed by perforating the cell walls of algae and fungi, and
ingesting the victim’s cytoplasm. The feeding amoebae alternate with cysts;
a bi-flagellated stage is known from Platyreta. Mitochondrial cristae are
tubular; some organisms have helical arrays of ribosomes in the cytoplasm.
Most are soil-dwelling; one is marine. They are similar to Theratromyxa and
Biomyxa (Eukaryotes incertae sedis); they have been recently classified in
the Aconchulinida with Biomyxa. (Bass et al. 2009a; Hiilsmann 1993;
Hiilsmann and Grebecki 1995; Patterson et al. 1987; Ropstorf et al. 1993;
Ropstorf et al. 1994)

Foraminifera

Highly diverse marine, freshwater and terrestrial rhizopods with large reticulate
networks of granular pseudopodia which exhibit unique bidirectional rapid
cytoplasmic streaming. The group is important in palaeontology. There is
alternation of generations and very complex and variable morphology in the life
cycle. There is a “fuzzy-coated” organelle of unknown function in the
reticulopodia. Microtubules may be organised as single filaments or loose bundles,
helical filaments, or helical filaments packed into paracrystalline arrays. Many taxa
have membranous, agglutinated or calcareous chamber-bearing tests, which appear
in the cambrian fossil record and are used as stratigraphic markers. Recent
molecular studies have included the naked Reticulomyxa and deep-sea barium-
sulfate producing xenophyophoreans in the group. Molecular environmental
studies have also revealed considerable diversity that has not yet been correlated
with morphology. Traditional taxonomy has been based on presence and
complexity of tests (relating extant taxa to fossils), but this scheme is not supported
by molecular studies. Broad groups include allogromiids + monothalamous
textulariids (paraphyletic group with naked or single-chambered membranous or
proteinaceous tests, or agglutinated tests in astrorhizids and multiple textulariid
lineages), miliolids (with perforated porcellaneous calcite shells with chambers
angled at 144 degrees to each other), fusulids (with fusiform microgranular calcite
shells), and polythalamous textulariids and rotaliids (with multi-chambered spiral
tests made of hyaline calcite, or multi-chambered agglutinated tests). Frequently,
there are endosymbiotic eukaryotes in the pseudopodia: red algae, dinoflagellates,
diatoms, and chlorophytes. Foraminifera used to be part of Granuloreticulosea,
which no longer seems to be a natural group on the basis of molecular studies. The
group probably includes some Xenophyophores and Komociacea (reticulate
amoebae visible to the naked eye). They are often classified in the Retaria with
Radiozoa, but support for this grouping varies considerably. EST libraries have
been compiled for Reticulomyxa filosa. (Archibald and Keeling 2004; Aurahs et al.
2009; Bass et al. 2009a; Bass et al. 2005; Berney and Pawlowski 2003; Bowser et
al. 1995; Burki et al. 2006; Dettmering et al. 1998; Grigelis 1978; Habura et al.
2008; Holzmann et al. 2003; Loeblich and Tappan 1989; Longet et al. 2004;
Longet and Pawlowski 2007; Pawlowski 2000; Pawlowski et al. 1999; Pawlowski
and Burki 2009; Pawlowski and Holzmann 2003; Pawlowski et al. 2001a;
Pawlowski et al. 2001b; Tappan and Loeblich 1988)
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Radiozoa

Two former member groups of the polyphyletic “Radiolaria”. Organisms with
radiating arms, microtubule-supported axopodia, which extend outwards from a
central cell body, though a porous organic capsule, to connect with a frothy
external layer that contains digestive vacuoles and symbionts. There may be a
skeleton or amorphous silica or strontium sulphate, varying from scattered spicules
to geometrically ornate polygonal shells surrounding the central cell body. The
siliceous skeleton of Polycystinea is secreted within a specialised envelope which
determines shell shape. These protists were described by Haeckel in a famous
series of engravings, however the Haeckelian concept of the Radiolaria is rendered
polyphyletic by the Phaeodarea falling outside the group. Radiolaria is now often
used in the more restricted sense given here as Radiozoa (i.e. excluding
Phaeodarea): as explained in Adl et al. (Adl et al. 2005) Radiolaria is retained in
the literature because it is a widely recognised name in biology and
micropalacontology. Radiozoa lack a polyubiquitin insertion, and their placement
in phylogenetic trees varies: they have been classified with foraminifera in the
Retaria, but support for this varies and the grouping may be a long branch
attraction artefact. (Amaral-Zettler and Caron 2000; Amaral-Zettler et al. 1997,
Bass et al. 2005; Chantangsi et al. 2010; Longet et al. 2004; Lopez-Garcia et al.
2002; Nikolaev et al. 2003; Nikolaev et al. 2004; Pawlowski and Burki 2009; Polet
et al. 2004; Yuasa et al. 2005)

Acantharea

“Radiolarian” marine protists with radiating axopodia and spicules of strontium
sulphate crystals arranged in 20-fold symmetry radiating from the centre of the
cell. The cell is surrounded by a capsule of fibrillar material which
interconnects myonemes that control the direction of the spicules. Axopodia
contain hexagonal or dodecagonal bundles of microtubules. Endosymbiotic
algae may be present. There is no fossil record as SrSOy, is soluble in seawater.
The group has traditionally been divided into Arthracanthida (with a thick
capsule demarcating inner and outer areas, hexagonal bundles of microtubules
in axopodia; symbionts, sexual reproduction without gamontocysts),
Chaunocanthida (with pigmented cytoplasm and many small nuclei in the
central cell body, clear outer cytoplasm, contractile matrix at the base of
spicules, hexagonal arrays of microtubules in axopodia; reproduction in a scaled
gamontocyst), Holocanthida (with pigmented cytoplasm and many small nuclei
in the central cell body, clear outer cytoplasm, dodecaagonal arrays of
microtubules in axopodia; reproduction in a gamontocyst), and Symphacanthida
(with pigmented cytoplasm and one large nucleus in the central cell body, clear
outer cytoplasm, anastomosing pseudopodia outside the central capsule;
reproduction in a gamontocyst). Molecular phylogenetic studies of SSU rRNA
have shown a sister relationship with Polycystinea (which also use SrSO4) and
Sticholonche (which also has hexagonal arrangements of microtubules in the
axopodia), and a placement of this lineage in the Rhizaria, however these taxa
lack the single or double insertion in the polyubiquitin gene characteristic of
other Rhizarians. (Amaral-Zettler and Caron 2000; Amaral-Zettler et al. 1997,
Bass et al. 2005; Febvre 1990; Longet et al. 2004; Lopez-Garcia et al. 2002;
Nikolaev et al. 2003; Nikolaev et al. 2004; Pawlowski and Burki 2009; Polet et
al. 2004; Yuasa et al. 2005)
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Polycystinea

“Radiolarian” marine protists with axopodia and a skeleton of hydrated silica
ranging from spicules to lattices with radiating spines. There is a rich fossil
record of spumellariids and nasselariids. With cytoplasm divided into a central,
nucleated optically dense area, and a peripheral ectoplasm which may bear
symbionts; there is a membranous capsule surrounding the cell body, through
which axopodia pass; axopodia have hexagonal arrays of microtubules. With a
complex life cycle including biflagellated swarmers and vegetative colonies,
some (Spumellariids) containing SrSO, crystals. The group has traditionally
been divided into Spumellaria (spherical central capsule with evenly-distributed
round pores in the capsule wall, skeleton of scattered spicules or latticed
concentric shells) and Nassellaria (ovoid central capsule with pores at one end
of the wall; skeleton is a tripod, a sagittal ring, or a helmet-shaped shell
enclosing the capsule). Molecular phylogenies of SSU rRNA and actin place
Polycystinea with acantharea and Sticholonche, in the Rhizaria, however these
taxa lack the single or double insertion in the polyubiquitin gene characteristic
of other Rhizarians. (Amaral-Zettler and Caron 2000; Amaral-Zettler et al.
1997; Bass et al. 2005; Cachon and Cachon 1973; Cachon et al. 1990; Longet et
al. 2004; Lopez-Garcia et al. 2002; Nikolaev et al. 2003; Nikolaev et al. 2004;
Pawlowski and Burki 2009; Polet et al. 2004; Yuasa et al. 2005)

Sticholonche

Spectacularly complex genus of reniform, bilaterally symmetrical marine
protists with parallel rows of locomotory axopodia and rosettes of flattened
siliceous spicules. Organisms swim by “rowing” with axopodia, because the
hexagonally-packed microtubules supporting each axopod insert in ball and
socket joints (of unknown proteins) on the nuclear membrane. Spatula-shaped
flattened hollow spicules are present in 14 rosettes, positioned symmetrically in
pairs on either side of the cell body or in the sagittal plane. The single SSU
rRNA analysis that includes Sticholonche places it in a clade (100% bootstrap
support) with Acantharea and Polycystinea. Sticholonche is the sole described
member of the Taxopodida, though molecular surveys of the Sargasso Sea
indicate considerable diversity closely related to S. zanclea. Gymnosphaerids
have a similar organisation of microtubules in their axonemes, which also arise
from a site next to the nucleus, but they are currently defined as Eukaryotes
incertae sedis as no molecular data is available for them. (Cachon et al. 1977,
Hollande et al. 1967; Hollande and Enjumet 1954; Jones 1975; Nikolaev et al.
2004; Pawlowski and Burki 2009; Yuasa et al. 2005)

Rhizaria incertae sedis

Heliomorphids (=“Dimorphids”)

“Heliozoan” type flagellates, formerly in the genera Dimorpha, Acinetactis and
Tetradimorpha; with radiating arms (axopodia) that are stiffened by square-packed
or irregular bundles of ca. 50 microtubules. The microtubular bundles all converge
on a single centrosome, which is located in a pit on the anterior edge of the
nucleus. The axopodia carry extrusomes which are easily visible. There are two (or
four) flagella which insert orthogonally, with one emerging at the anterior end of
the cell (surrounded by a mucus sheath in Heliomorpha mucosa = Dimorpha
mutans); the other flagellum emerges at the side of the cell. The flagella have
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extremely long basal bodies (similar to those in Phytomyxids) which converge on
the centrosome, and are linked to it by one striated fibrillar rootlet and a
microtubular rootlet each. Mitochondrial cristae are tubular, vermiform, and appear
ramicristate. The taxonomy of the group has recently been revised (Bass et al.
2009) on the basis of SSU rRNA sequences, with the invalid genus Dimorpha
being replaced by Heliomorpha. (Bass et al. 2009a; Brugerolle et al. 2002;
Brugerolle and Mignot 1983; Brugerolle and Mignot 1984a, 1984b; Cavalier-
Smith 1993; Cavalier-Smith and Chao 2003b; Mignot and Brugerolle 1991;
Mikrjukov 2000b; Mikrjukov 2000a; Patterson and Zolffel 1991)

Other genera in the Rhizaria with light-microscopical and SSU rRNA identities
include Nanofila, Mesofila, Ventrifissura, and Verrucomonas. (Bass et al. 2009a;
Chantangsi et al. 2010)

“THE CCTH CLADE”

A group of free-living, heterotrophic, mixotrophic and autotrophic organisms, also
known as Hacrobia, where it is named after the first two lineages identified to be
related: haptophytes and cryptomonads. There are no known parasitic taxa in the
group; but at least one (the kathablepharid Hatena) has a complex life cycle involving
a facultative symbiont. Evidence for the group comes from both single-gene and
multigene phylogenies, although currently no multigene phylogeny supporting the
group's monophyly contains representatives of each of the proposed constituent taxa.
A conserved isoform of the plastidic gene rpl36, acquired by lateral gene transfer
from a bacterial donor, unites the cryptomonads and haptophytes. No ultrastructural
synapomorphies have been reported, although similarities of the flagellar apparatus,
sublamellar vesicles, and ejectisomes- are all observed in most CCTH groups. There
is some debate concerning the phylogenetic position of this group: sister-group
relationships to the archaeplastids or to the rhodophytes have been recovered in
multigene phylogenies; however, phylogenomic analyses using solely slow-evolving
gene datasets have recovered strong support for a sister-group relationship to the SAR
clade. (Burki et al. 2007; Burki et al. 2008; Cavalier-Smith 2010; Hackett et al. 2007;
Hampl et al. 2009; Nozaki et al. 2009; Okamoto et al. 2009; Rice and Palmer 2006)

Cryptomonads

Mostly “algal” cells with blue, brown or green chloroplasts; they are distinguished
by characteristic flagella (with hairs), a geometric cell coat, and “ejectisome” type
extrusomes. They have two flagella lined with stiff bipartite hairs: one row of
short hairs on the short ventral flagellum, and two rows of long hairs on the long
dorsal flagellum. Cells are coated in a periplast formed of geometrically positioned
fibrous material on the cell membrane; this may be sheet-like, form hexagonal
plates, or form rosette scales, in the same taxa at different times. Mitochondrial
cristae are flattened. The flagella insert in a subapical, ventral groove, which is
lined under the cell membrane with ribbon-like ejectisomes (explosive organelles
that consist of two connected spiral ribbons held under tension); there are
ejectisomes on the rest of the cell also. There are three microtubular roots, and a
rhizostyle (microtubular root associated with multilayered material) that may or
may not be keeled in shape; and a large fibrillar root. Brown, blue and red
photosynthetic taxa, and colourless taxa that have lost plastids, contain or have
contained a red algal-derived, secondary plastid, which bears phycocyanins,
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phycoerythrins and chlorophylls a and c. Plastids are surrounded by four
membranes, and contain a nucleomorph (reduced red algal nucleus), with an
extremely diminished structure, including reduced or no introns, and limited
intrachromosomal and interchromosomal recombination. In addition, plastids may
retain a functional mitotic apparatus, although no ultrastructural evidence for a
mitotic spindle or centrosome has yet been obtained.

The colourless, plastid-lacking Gonionomonas forms a sister group to all other
taxa; these have been divided into six clades based on SSU rRNA analyses, which
suggests that there have been multiple losses of photosynthesis (e.g. in
Chilomonas, which has a leucoplast and evolved from Cryptomonas) and that
brown, blue and red pigmentation do not correspond with basal subdivisions of the
cryptomonads; instead cryptomonad phycocyanins evolved from red algal
phycoerythrin. Cryptomonad-derived plastids are recovered in members of the
dinoflagellate genus Dinophysis; these are believed to be uptaken by frequent and
repeated kleptoplastoidy via a phagotrophic ciliate intermediate, although some
lineages may represent genuine tertiary endosymbiotic acquisitions. A draft
genome of the cryptomonad Guillardia theta is currently underway. Multigene
phylogenies strongly suggest close affinities to telonemids and kathablepharids,
and - more distantly - to haptophytes. (Archibald et al. 2001; Brett et al. 1994;
Brett and Wetherbee 1986; Burki et al. 2007; Cavalier-Smith 1998; Douglas et al.
1991; Garcia-Cuetos et al. 2010b; Hackett et al. 2007; Harper et al. 2005; Hill and
Rowan 1989; Hill and Wetherbee 1986; Hoef-Emden and Melkonian 2003; Hoef-
Emden et al. 2005; Janson 2004; Keeling 2004; Keeling et al. 1999; Kugrens et al.
1999; Kugrens and Lee 1991; Lane et al. 2007; Marin et al. 1998; McFadden et al.
1994; Mignot 1965; Mignot et al. 1968; Okamoto et al. 2009; Okamoto and
Inouye 2005a; Park et al. 2008; Patron et al. 2007; Patron et al. 2004; Patterson
1989; Perasso et al. 1992; Roberts et al. 1981; Takishita et al. 2002)

Kathablepharids

Free-living heterotrophic flagellates, oblong or cylindrically ovate, with two
subapically-inserting flagella and the whole body covered in a bi-layered organic
sheath with lamellae between the layers forming spiral rows around the cell body.
The cell membrane is supported by a layer of sub- pellicular microtubules. With a
complex conical, apical feeding apparatus (composed of a cytostome,
cytopharyngeal rings, and longitudinal arrays of microtubules) and peripheral ER;
with tubular mitochondrial cristae; and with several types of single-coil
ejectisomes. The flagella appear thick, and may be covered with an outer layer of
scales; they insert in an apical groove; the transition zone consists of a proximal
electron-dense septum, a transverse plate and (in one taxon) a distal spiral outside
the 9 pairs of microtubules. There are 4 microtubular flagellar roots, a striated root
and a fibrous root. Heterotrophy may occur via attachment to the apex and
engulfment, engulfment via the flexible expansion of cytoplasm, or myzocytotic
consumption of cytoplasm, and individuals may swarm to engulf prey.

Five genera are currently known. One species, Hatena, exists with a green algal
symbiont, with an eyespot that has been suggested to be formed from both
symbiont and host membrane components; there is no evidence of plastids or
plastid genes in kathablepharids. Morphological similarities in the feeding
apparatus and peripheral ER have historically been used to suggest a sister-group
relationship with the alveolates; however, flagellar rootlet configurations and
recent molecular analyses have favoured a position within the CCTH/Hacrobia, as
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the sister taxon to cryptomonads. (Clay and Kugrens 1999a; Kim and Graham
2008; Kim et al. 2006; Lee and Kugrens 1991a, 1991b; Lee and Kugrens 1992;
Okamoto et al. 2009; Okamoto and Inouye 2005a, 2005b, 2006; Vers 1992a,
1992b)

Picobiliphytes

Small (6 pm long) planktonic orgnisms of unknown general appearance, which
have been described as a distinct clade in analyses of environmental 18S rRNA
sequences from marine picoplanktonic samples. The cells have been identified in
multi-eukaryotic samples by fluorescent in situ hybridisation but have not been
described using standard light- or electron microscopy. Distributed throughout
subarctic, temperate and subtropical marine waters; prevalence does not
substantially relate to latitude, but may be principally limited to euphotic zones.
Picobiliphytes have an organelle containing phycobilins, similar in fluorescence
profile to the plastids of red algae and cryptomonads. A small body proximal to
this organelle that stains for nucleic acids, hypothesised to be a nucleomorph, has
been identified, but may not be present in all lineages. Phylogenetic analyses
suggest that picobiliphytes are the sister group of cryptomonads and
katablepharids, to the exclusion of haptophytes. (Cuvelier et al. 2008; Li et al.
2008; Not et al. 2007a; Not et al. 2007b)

Haptophytes

Free-living mixotrophic or autotrophic flagellates with two flagella and a
haptonema (a locomotory, attachment and feeding organelle supported by
microtubules). Amoeboid, coccoid, colonial and filamentous stages may occur, life
cycles can involve complex alternation of generations and sizes range from the
nanoplankton to macroscopic (Phaeocystis). There are up to four microtubular
roots and striated and fibrillar roots. Mitochondrial cristae are tubular. There is
endoplasmic reticulum surrounding the chloroplast, continuous with the outer
membrane of the nucleus, and under the cell membrane over nearly all the cell.
The one or two chloroplasts contain chlorophylls a and ¢, with distinctive lamellae
made of three thylakoids, and lacking a girdle lamella.

Haptophytes can themselves be endosymbionts of dinoflagellates (resulting in
HNOF-type plastids in dinoflagellates). Nuclear multigene phylogenies strongly
support a close relationship to cryptomonads, and some single-gene phylogenies
suggest a specific sister-group relationship to centrohelids. However, some
phylogenies of chloroplast-encoded and —targeted genes support a relationship
with stramenopiles and alveolates to the exclusion of cryptomonads, which has
been interpreted as evidence for a tertiary endosymbiotic acquisition of plastids
from a haptophyte donor. (Andersen 2004; Bachvaroff et al. 2005; Billard 1994;
Bodyl et al. 2009; Burki et al. 2008; Cavalier-Smith 1998; Christensen 1962;
Edvardsen et al. 2000; Green and Leadbeater 1994; Hackett et al. 2007; Harper et
al. 2005; Ishida et al. 2007; Keeling 2004; Kim et al. 2006; Li et al. 2006;
Moestrup 2000; Okamoto et al. 2009; Patron et al. 2007; Patron et al. 2004; Ryall
et al. 2003; Sanchez-Puerta and Delwiche 2008; Thomsen 1986; Yoon et al.
2002a; Yoon et al. 2002b; Yoon et al. 2005)

Prymnesiophytes
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Haptophytes with calcareous scales (coccoliths); isokont flagella (identical
length, “pushing” beat making the cell swim backwards or “breast stroke” beat
making the cell swim forwards) of which the mature flagellum is
autofluorescent; There are two microtubular roots on each basal body. The
anterior (immature) basal body gives rise to two small roots, while the posterior
(mature) basal body gives rise to one broad root directed towards the
chloroplast, and one smaller root which may nucleate microtubules in mitosis.
There is a long coiled haptonema. A variety of organic or calcium carbonate
scales occur on many species; siliceous scales have been observed in the species
Hyalolithus neolepis. Calcified scales are well-preserved in the palaeontological
record, forming chalk deposits (e.g. the white cliffs of Dover), and playing a
major role in the long-term global carbon cycle. The observed sensitivity of
scale formation to a number of environmental factors including CO, abundance,
pH and temperature has led to the suggestion that prymnesiophytes may be a
particularly clear sensor of recent climate change. There is a complex life cycle,
which may in part be regulated by internal viruses; scale morphology and
calcification varies between diploid or haploid life stage. The prymnesiophytes
also include Reticulosphaera, a reticulate amoeboid organism superficially
similar to chlorarachniophytes or Leucodictyon. Phaeocystis, Prymnesium and
Chrysochromulina are agents of fish-killing planktonic blooms. A complete
genome sequence is available for Emiliania huxleyi, and draft sequence
assemblies of two species of Phaeocystis are currently underway. (Beech ef al.
1988; Billard 1994; Cavalier-Smith 1986, 1996; Edvardsen et al. 2000; Eikrem
and Moestrup 1998; Frada et al. 2008; Green and Hori 1994; Green and
Leadbeater 1994; Halloran et al. 2008; Hibberd 1976a; Iglesias-Rodriguez et al.
2008a; Iglesias-Rodriguez et al. 2008b; Inouye and Kawachi 1994; Moestrup
and Thomsen 2003; Zondervan 2007)

Pavlovophytes

Naked haptophytes, with heterokont flagella (short mature flagellum and long
immature flagellum with knobs - modified scales - reversing thrust in some
taxa, giving a “pulling” beat which makes cells swim forwards); with a short
uncoiled haptonema. The anterior (immature) basal body has no associated
roots. The posterior (mature) basal body gives rise to a fibrillar structure, and a
small and a broad microtubular root in opposite orientiations to those of
prymnesiophytes. Stigmata may be found in the plastid, though they are not
associated with the flagellum as in stramenopiles. Three subclasses are
recovered by 18S rRNA phylogenies, each bearing a distinctive array of
photosystem pigments. (Beech et al. 1991; Cavalier-Smith 1986; Edvardsen et
al. 2000; Eikrem and Moestrup 1998; Green 1980; Green and Hori 1994; Green
and Leadbeater 1994; Inouye and Kawachi 1994; Jordan et al. 1995; Tengs et
al. 2000; Van Lenning et al. 2003)

Centrohelids

“Heliozoan” aflagellated protists with radiating arms (axopodia) stiffened by
bundles of ca. 150 microtubules in a distinctive triangular pattern of arcs around a
central hexagon. The microtubules converge on a central multilayered MTOC,
with each bundle ending conically with the central microtubules ending closest to
the MTOC. The arms have ball-and-cone extrusomes which are easily visible. The
cell body is rounded and may be covered with siliceous or organic spines or scales,
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which have taxonomic value. There is a radiating sysem of endocytic vesicles near
the cell surface; there are many Golgi bodies dispersed through the cell.
Mitochondrial cristae are flat, similar to those of nucleariids (Opisthokonta).
Heterotrophy occurs via entrapment on the axopodia, expulsion of extrusomes, and
immobilisation of prey prior to engulfment; some species are observed to form
swarms, which fuse to form a single multinuclear cell with a communal spherical
food vacuole before engulfment. Originally considered on morphological grounds
as aflagellate members of the heliozoa, molecular data has suggested closer
relationships to various photosynthetic taxa including rhodophytes and
haptophytes; most recently, phylogenomic analyses have recovered strong support
for a sister-group relationship to telonemids, within the CCTH/Hacrobia. (Bardele
1977a; Bardele 1977b; Burki et al. 2009; Cavalier-Smith and Chao 2003a; Febvre-
Chevalier and Febvre 1984; Mikrjukov 1996; Nikolaev et al. 2004; Okamoto et al.
2009; Sakaguchi et al. 2007; Sakaguchi et al. 2005; Sakaguchi et al. 2002; Smith
and Patterson 1986; von der Heyden et al. 2004; Zlatogursky 2010)

Telonemia

Predatory flagellates with a complex cell coating: a multilayered subcortical
lamina of microtubules and fibres oriented at ca. 90 degrees to each other. There
are vesicles beneath the outer cell membrane that contain “paracrystalline objects”.
The two equal flagella arise from near-parallel basal bodies, which give rise to the
microtubules of the sheath. The flagella insert on either side of a short antapical
rostrum, they have tripartite tubular hairs. Food uptake occurs in an antero-ventral
depression which is not covered by the sheath. The submembrane vesicles may be
homologous to subcortical alveoli of alveolates. Cell sizes vary substantially, with
a five-fold range in diameters measured in cultured species. One genus, Telonema,
is known, containing two species; however, environmental 18S rRNA sequencing
suggests that the genus contains many more than two species and has a
cosmopolitan distribution, including freshwater, pelagic and deep-sea habitats.
Molecular analyses have variously placed telonemids with cryptomonads and with
stramenopiles; recently, phylogenomic analyses have suggested a close
relationship to the centrohelids, within the CCTH/Hacrobia. (Bréte et al. 2010;
Burki et al. 2009; Burki et al. 2008; Klaveness et al. 2005; Lefevre et al. 2008;
Patterson et al. 1993b; Shalchian-Tabrizi et al. 2006; Shalchian-Tabrizi et al. 2007;
Tong et al. 1998; Vears 1992a)

“EUKARYOTES INCERTAE SEDIS”
Some eukaryotic taxa remain unplaced: through being inadequately described,
genuinely difficult to place, or genuinely not closely related to any other group.

Apusozoa

A group of small, bi-flagellated, gliding protists, traditionally including the genera
Apusomonas, Amastigomonas and Ancyromonas (=Planomonas). Protein and
ribosomal RNA trees with eukaryote-wide sampling suggest that some combination
of the apusomonads and Ancyromonas/Planomonas may be closely related to the
Opisthokonts. = However, apusomonads exhibit the dihydrofolate reductase—
thymidylate synthetase gene fusion supposedly characteristic of bikonts: suggesting
that Apusozoa may be of particular interest to the study of eukaryotic evolution
because they show affinities with both ‘unikonts’ and ‘bikonts’. Support for the
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group uniting apusomonads with Ancyromonas is frequently weak: solid hypotheses
of homology, linking apusozoa to each other and/or to other eukaryotic groups, await
a broader understanding of both apusomonads and Ancyromonas. Possible
homologies between the flagellar apparatuses of ancyromonads and apusomonads
(and excavates) include a splitting root on the right side of the posterior basal body
and a singlet root, both supporting a longitudinal groove associated with the posterior
flagellum. The anterior flagellar apparatus in each includes a root supporting
structures to the left of the anterior flagellum. (Atkins ef al. 2000a; Atkins et al.
2000b; Brown et al. 2009; Cavalier-Smith 2003b, 2009; Cavalier-Smith and Chao
1995; Cavalier-Smith and Chao 2010; Cavalier-Smith et al. 2008a; Cavalier-Smith et
al. 2004; Heiss et al. 2010; Heiss et al. in press; Kim et al. 2006; Marande et al. 2009;
Stechmann and Cavalier-Smith 2003)

Ancyromonas

Small gliding reniform flagellates with a single-layered dorsal organic sheath, and
a short anterior flagellum and a long trailing posterior flagellum. There are two
basal bodies, each with its own flagellar pocket. The anterior basal body
associates with a microtubular doublet root that runs from between the basal bodies
to support the cell’s rostrum, and a short singlet root. The posterior basal body is
associated with a conventional microtubular root; a curved ribbon of ~8
microtubules near the basal body, that splits proximally; and a posterior singlet
root; all supporting the flagellar pocket and posterior flagellar channel.
Mitochondria have flattened cristae.  The genus Ancyromonas was recently
replaced with a new genus, Planomonas, however the basis for this is contentious.
A mitochondrial genome sequencing project is underway. (Atkins et al. 2000a;
Cavalier-Smith and Chao 2010; Cavalier-Smith er al. 2008a; Cavalier-Smith and
Chao 2003c¢; Heiss et al. 2010; Lee and Patterson 2000; Mylnikov 1990; Tong et
al. 1998)

Apusomonads

Gliding flagellates with a double-layered dorsal organic sheath that lies over the
dorsal face of the cell and ensheaths the basal part of the anterior flagellum.
Apusomonads have two flagella, the first extends anterior or anterio-laterally, the
second trails behind the cell. The two basal bodies insert almost at right angles and
give rise to four microtubular roots, two of which determine the margins of the
ventral face of the cell, supporting the groove that holds the trailing flagellum.
The posterior flagellum inserts orthogonally to the anterior one, at the base of a
proboscis-like sleeve that extends anteriorly from the marginal folds of the dorsal
sheath, and partly encloses the anterior flagellum. There are ventral pseudopodia.
Mitochondrial cristae are tubular. Flagellar transformation has been suggested to
follow the anterior-posterior pattern. On the basis of SSU rRNA, light microscopy
and TEM, the taxonomy of the group has recently been revised to include the
genera Amastigomonas, Apusomonas, Thecamonas, Podomonas, Manchomonas
and Multimonas. A mitochondrial genome sequencing project is underway for
Apusomonas. (Cavalier-Smith and Chao 2010; Cavalier-Smith et al. 2008a;
Cavalier-Smith and Chao 2003c; Heiss et al. in press; Karpov 2007; Karpov and
Mylnikov 1989; Karpov and Zhukov 1980; Karpov and Zhukov 1984, 1986;
Mikrjukov and Mylnikov 2001; Molina and Nerad 1991; Mylnikov 1989;
Mylnikov 1990; Vickerman et al. 1974)
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Abollifer

Small oval, dorsoventrally flattened flagellates with an anterior ‘lip’ surrounding a
deep depression into which the flagellum inserts. The cell surface is rigid and
granulated and a pellicle may be present. A shorter trailing flagellum is sometimes
present. (Vors 1992a)

Biomyxa

Large amoebae with long, stiffened branching pseudopodia extending from a central
irregular area. The pseudopodia are granular and motile, which suggests a relationship
with the amoeboid members of the Rhizaria. They have recently been classified with
Vampyrellids in the Aconchulinida; however no molecular information is available
for this taxon. Sequences in recent literature that were named Biomyxa have been
reclassified as Limnophila. (Bass et al. 2009a; Ekelund et al. 2004; Leidy 1879)

Breviates

A group currently based on molecular phylogeny, which groups two otherwise
uncharacterised SSU rRNA sequences, with the SSU rRNA sequence from Breviata
anathema (studied in recent years as Mastigamoeba invertens). Analyses of many
concatenated genes place Breviata anathema as the sister group to the rest of the
Amoebozoa; in this phylogenetic position it is important in considerations of broad
eukaryotic phylogeny. Organisms assigned to B. anathema are amoeboid flagellates
with a constant rounded body shape and filose branching pseudopodia at anterior and
posterior ends; a single flagellum with two basal bodies; with a distinctive ‘fan’ of
microtubules arising from the anterior (flagellar) basal body; and a pseudopodial
feeding area subtended by four microtubular roots arising from the very short
posterior basal body. There is a large, branching mitochondrion-like structure without
cristae, which may have some mitochondrial functions. (Cavalier-Smith 2004;
Dawson and Pace 2002; Edgcomb et al. 2002; Minge et al. 2009; Roger and Simpson
20009; Stiller et al. 1998; Walker et al. 2006)

Collodictyonids (= Diphylleids)

Flagellates with a deep ventral feeding groove, and with two (Diphylleia,
Sulcomonas) or four (Collodictyon) flagella inserting apically and orthogonally, with
a distinctive flagellar apparatus. The transition zone of the flagella distinguishes
collodictyonids from all other eukaryotes, with an electron-dense sleeve around the
central microtubules, and an internal granule between the end of the central
microtubules and the transitional plate. One basal body gives rise to a curved dorsal
microtubular/fibrillar loop, from dorsal the side of which radiate bundles of
microfibrils; the second basal body gives rise to left and right ventral roots of
microtubules and fibrillar material, which support the sides of the feeding groove. The
other two basal bodies in Collodictyon also give rise to microtubular roots. The
horseshoe arrangement of dictyosomes is also unusual in the eukaryotes. SSU rRNA
phylogenies have not yet resolved the placement of Diphylleia in the eukaryotes.
(Brugerolle 2006; Brugerolle et al. 2002; Brugerolle and Patterson 1990; Cavalier-
Smith 2003a; Cavalier-Smith and Chao 2010; Cavalier-Smith et al. 2008a; Klaveness
1995; Patterson 1999)

Colponema
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Small reniform flagellates with subsurface alveoli and a ventral feeding groove. The
two flagella insert orthogonally, the anterior one arising through a pore and bearing
non-tubular mastigonemes, and the posterior one inserting in a ventral sulcus and
bearing a wide vane. The flagella are anchored by two fibrillar roots each; the anterior
flagellum has a striated root and a fibrillar root that gives rise to a dorsal ‘curtain’ of
microtubules; while the posterior flagellum has fibrillar roots that give rise to
microtubular roots that support the sides of the ventral groove. The ventral groove
can emit fine filopodia and is the region of phagocytosis. Mignot and Brugerolle
argued that the cell structure (flagellar apparatus, mastigonemes, cell cortex) suggests
an affinity with Cyanophora (Archaeplastidia, Glaucophyta) or with certain excavate
taxa, however the usual current interpretation by most authors is of alveolate
affinities. No molecular information is available for this taxon. (Adl et al. 2005;
Brugerolle 2002; Leander and Hoppenrath 2008; Lee and Kugrens 1992; Mignot and
Brugerolle 1975b; Mylnikov 2008; Mylnikov and Tikhonenkov 2009; Mylnikova and
Mylnikov 2010)

Copromyxids

“Cellular” slime moulds with tall conical branching sorocarps, which develop from
aggregated amoebae. The trophic stage is a uninucleate lobose amoeba with broad
anterior pseudopodia and filose posterior pseudopodia. These amoebae aggregate to
form a non-streaming pyramid up to several millimetres high. Mitochondrial cristae
are tubular, which suggest that copromyxids belong to the Amoebozoa rather than
with the Acrasids, where they have been classified, or the Fonticulids, which have
discoidal cristae. No molecular information is available for this group. (Nesom and
Olive 1972; Raper et al. 1978; Spiegel and Olive 1978)

Discocelis

Small disc-shaped flagellates that adhere tightly to sand grains; with an anterior
velum and two anteriorly inserted unequal flagella. The cell periphery and velum are
supported by ribbons of microtubules. Three flagellar roots of a few microtubules
each arise from the flagellar basal bodies; two roots run along the ventral cell
membrane while the third supports the posterior edge of the velum. There is a
microbody-like paranuclear organelle and a row of extrusomes bordering the cell
periphery. Mitochondria have short tubular cristae. This organism is well-described
and easily recognisable, but its morphology does not suggest any particular
relationship with other eukaryotes, and there is no molecular information available.
(Ekebom et al. 1996; Hausmann et al. 2002; Tikhonenkov et al. 2006; Tong et al.
1998; Vars 1988)

Glissandra

Small gliding flagellates with an almost spherical body. The two flagella insert side
by side into an anterior ventral groove; they are held against the substrate when the
cell glides, one held anteriorly, one held posteriorly. The tip of the anterior flagellum
moves back and forward during gliding, similar to that of Petalomonas (Euglenozoa,
Excavata); there are similarities (none of them strong) with Euglenids (Excavata),
cercomonads and thaumatomonads (Rhizaria). (AlQassab et al. 2002; Lee 2006;
Patterson and Simpson 1996)
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Gymnosphaerids

“Heliozoan” protists with one or more axopodia supported by hexagonally packed
bundles of microtubules arising from a central nucleating site next to the nucleus,
similar to that seen in desmothoracids (Rhizaria). Cells are naked (Actinocoryne) or
have siliceous spicules (Hedriaophrys) or are covered in mucus (Gymnosphaera);
they may be attached to the substrate by a contractile or non-contractile stalk with an
amoeboid base. Mitochondrial cristae are tubular. Cells may be uninucleate or
multinucleate, and may reproduce by budding from the “head”. Gymnosphaera and
Actinocoryne produce biflagellated motile cells. The life cycle is complex (but
unresolved) and may have an annual timescale. The axopodial microtubules are
packed in the same pattern as those of Sticholonche (Rhizaria), but in Sticholonche
the axopodia arise from ball and socket joints on the nuclear membrane, instead of
just one area next to the nuclear membrane. No molecular information is available for
this taxon, though morphology suggests that it is probably part of the Rhizaria. (Bass
et al. 2009a; Febvre 1975; Jones 1975, 1976; Mikrjukov 2000b; Mikrjukov 2000c,
2000a)

Hemimastigophora

Multiflagellated protists with dorsal and ventral subsurface plates with diagonal
symmetry. The flagella are arranged in one or more longitudinal kineties: the single
basal body associated with each flagellum is anchored by two microtubular roots, one
of which is closely associated with the cell surface. Hemimastix has a longitudinal
kinety down each side of the cell (between the diagonally symmetrical dorsal and
ventral plates); Paramastix has a wreath of flagella around the top of the cell;
Spironema has a single spiral kinety in a groove down the cell; Stereonema has
longitudinal rows of flagella down the cell. Spironema moves with euglenoid-like
metaboly. Mitochondrial cristae are sacculate (arguably tubular or discicristate,
pending further TEM investigation). Distinctive concentric extrusomes are present.
No molecular information exists for this taxon, but morphology suggests a possible
relationship with the euglenids. A potential relationship with the Apusozoa has been
discussed in the literature. (Cavalier-Smith ez al. 2008a; Foissner and Foissner 1993;
Foissner et al. 1988)

Kiitoksia

Tiny spherical cells with one or two short trailing flagella, which insert ventrally. The
cell body is 1-3 pm in diameter. Cells move by gliding on surfaces. There is no
ultrastructural or molecular information available. (Tong et al. 1998; Tong et al.
1997; Vors 1992a)

Lagenidiopsis

Sand-dwelling shelled amoebae, with a globular organic shell where the aperture
extends into the middle of the shell as a tube. The amoeba’s pseudopodia are thin and
filose. No TEM or molecular studies have been carried out, so it is not yet possible to
assign this taxon to either the Amoebozoa or Rhizaria, though it is probably a
rhizarian. (Bass et al. 2009a; Golemansky 1974; Sudzuki 1979)

“Leucodictyon + Reticulamoeba”

Reticulate amoeboid meroplasmodial organisms where the small cell bodies are
contained in loaf-shaped fine organic loricae, and fine reticulopodia interconnect the
cell bodies. The reticulopodia rarely contain extrusomes; they also contain vesicles
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which transport food to the cell bodies. Cell bodies are uninucleate and the nucleus
contains a rodlike fibrous element. Mitochondrial cristae are tubular. Binary fission or
budding of the cell bodies occurs when food is sparse; it produces one cell that stays
in the lorica, and a swimming or gliding biflagellated stage. The flagella are unequal:
the anterior flagellum of the zoospore is short and propels the cell by gyration,
whereas the posterior flagellum is long and trails behind the cell. The flagellar
apparatus consists only of a short fibre connecting both basal bodies, and some
microtubules running into the cell; there are granules in the lumen of the centriole that
may possibly indicate an affinity with Massisteria. An unpublished partial SSU rRNA
sequence (Pawlowski et al. 2003 Genbank submission, AY268044) suggests that
Reticulamoeba is a member of the Rhizaria, and that the structural similarity of these
taxa to chlorarachniophyte hosts may be due to a relationship between the taxa.
Leucodictyon and Reticulamoeba are also superficially similar to Reticulosphaera
(Haptophyta), and Stereomyxids. (Bass et al. 2009a; Grell 1991b, 1994, 1995; Grell
and Schiiller 1991)

Meteora

Small oval-shaped, colourless cells with two long axial appendages and two short
characteristic lateral ‘arms’ which ‘row’ continuously. The lateral arms possess one
granule each, which may be extrusomes like those seen in Dimorpha (Rhizaria;
Heliomorphidae). Movement is by gliding in the axis of the long axial appendages,
free swimming is unknown. There is no molecular or ultrastructural information for
this taxon. (Hausmann et al. 2002)

Palpitomonas

Colourless, phagotrophic cells with two flagella. The flagella are long (20um) and
almost equal in length; one bears mastigonemes. There are two basal bodies, and two
microtubular roots, each associated with the basal body of the non-mastigonemal
flagellum. one root has a multi-layered structure similar to those seen in charophyte
green algae. In swimming the anterior flagellum beats vigorously, and the posterior
trails and may attach to the substratum; in both swimming and attached cells, a
distinctive “wobbling” motion is observed. Cells are highly vacuolated, and lack
recognisable cell walls or loricae. There is a single mitochondrion, containing flat
cristac and several lobate structures, which surrounds the Golgi apparatus. One
species, P. bilix, identified from subtropical coastal waters. A close relationship either
with green algae, telonemids or cryptomonads has been suggested based on
ultrastructure, as has a potential relationship with the biflagellate Kamera lens on the
basis of cell shape and motion during swimming. Phylogenies of six nuclear genes
reveals moderate support for a close relationship to either the archaeplastids or the
CCTH clade, but the taxonomic position remains ultimately uncertain. (Patterson and
Zolftel 1991; Woodcock 1916; Yabuki et al. 2010)

Palustrimonas

Small heterotrophic flagllates. The anterior flagellum inserts into a pocket, and has a
“flailing” beat. The posterior groove extends most of the length of the cell; the
posterior flagellum beats stiffly and is about 2 times the length of the cell. This taxon
shows some similarity to Colpodella and Colponema; also to Phyllomitus. (Patterson
and Simpson 1996)
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Petasaria

Uniflagellated cells with a rounded body and distinctive large siliceous hat-shaped
scales, and unmineralized, small cobweb-like scales. Petasaria heterolepis is
thought to be widespread in oceanic waters but is currently only known from a whole
mount SEM preparation. The shape of its scales suggests that it may be a haptophyte
related to the silica-scale bearing Hyalolithus neolepis. (Moestrup 1979; Preisig 1994;
Yoshida et al. 2006)

“Phyllomitus + Pseudophyllomitus”

Small colourless flagellates with 2 flagella that insert at the head of a groove. In
Phyllomitus the flagella adhere to one another. These genera are distinguished from
Palustrimonas by their single groove. (Lee 20006).

Quadpricilia
Spherical flagellates with four long, acronematic flagella that insert at the same apical
point. The cells can be amoeboid with broad, smooth pseudopodia. The single species
known has been found in association with diatom blooms. (Auer and Arndt 2001;
Vors 1992a)

Schizocladus

Large deep-sea reticulate plasmodia (up to 1cm high) embedded in a mucilaginous
matrix. The multinucleate plasmodium is bush-like with dichotomous branches, and
funnel-shaped. There are no solid wall structures, though there are exogenous
particles of other organisms’ exoskeletons, and endogenous calcite and barite crystals
embedded in the mucus. The body surface is smooth with apparent longitudinal
striations. Each branch of the cell contains an elastic internal supportive rod of
unknown composition. This taxon is similar to Xenophyophores, Komokiacea and
Foraminifera, but lacks solid wall structures. Despite the similarity of names it is
unrelated to the brown alga Schizocladia. (Cedhagen and Mattson 1992)

Spiromonas

Multiflagellated crawling protists that resemble ciliates, but lack nuclear dimorphism
seen in ciliates. The cell is sac-like with a complex mouth at the anterior end; the lips
are hyaline and non-ciliated; the cell membrane invaginates to form a gullet supported
by microtubules, which is about a quarter of the cell’s length. The microtubules of the
gullet arise from a twisted fibrous structure in the anterior “lip”, and form complex
sheets and rods; the cortical microtubules arise from the same area. Flagella are
arranged in longitudinal rows, interconnected in each row by longitudinal fibrous
bands. The flagellar anchorage consists of microtubules embedded in fibrillar
material, arising as a ring at the base of the basal body and extending up to the cell
surface to form a band on either side of the flagellum. Mitochondrial cristae are
discoid- similar to those in Euglenozoa, suggesting a possible relationship with
Stephanopogon. No molecular information is available for this group. (Alexeieff
1929; Brugerolle 2002; Brugerolle et al. 1979; Wolters 1991)

Stereomyxids

Amoebae with long, fine branching pseudopodia; which fuse to form reticulate
plasmodia in multinucleate members of Corallomyxa, but not Stereomyxa. With a
distinct trilaminate centrosome. No molecular information is available on
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stereomyxids. Possibly includes Leukarachnion. The group has also been classified as
the Acarpomyxea Page, 1976. A recent paper describing Corallomyxa tenera was
about an organism that has been reattributed elsewhere in the Rhizaria. (Bass et al.
2009a; Gothe et al. 1999; Grell 1966, 1988, 1991a; Grell and Benwitz 1970; Page
1987; Tekle et al. 2007)

Stygamoeba

Flattened amoebae, thin and very elongate, stick-like, with a deep anterior hyaline
zone. Cytoplasmic streaming is present. One species has flattened mitochondrial
cristae instead of the usual Amoebozoan tubular or branching mitochondrial cristae.
There is no molecular information on this taxon. (Sawyer 1975; Smirnov 1996)

Thalassomyxa

Large marine plasmodia with thin stiff pseudopodia, with a large network of
pseudopodia with filose extensions (“captor strands”). The amoebae undergo periodic
changes between trophic stages (plasmodia) and distributive stages (budded-off small
round free-floating amoebae, which can undergo binary divisions, fusion, or
multipartite fissions). These amoebae are similar to other large plasmodial amoebae;
however no molecular data exists for this taxon. (Bass et al. 2009a; Grell 1985,
1991a, 1992, 1994)

Theratromyxa

Multinucleated, reticulate plasmodial amoebae, which consume nematodes. Reticulate
pseudopodia are broad and the organism creeps with a “flowing” motion of the
cytoplasm. Theratromyxa is similar to Vampyrellids (Rhizaria) and has been
classified with them, but its life cycle and shape of mitochondrial cristae (which are
defining features of Vampyrellids) are unknown. There is no molecular information
for this taxon. (Bass et al. 2009a; Sayre 1973; Sayre and Wergin 1989; Zwillenberg
1953)

Toshiba
Gliding or swimming elongated apple-shaped heterotrophic cells with two equal

flagella inserting apically. Pseudopodia may be produced when swimming or gliding.
(Patterson and Zolffel 1991)

89



REFERENCES

Abad, P., Gouzy, J., Aury, J. M., Castagnone-Sereno, P., Danchin, E. G., Deleury, E., Perfus-
Barbeoch, L., Anthouard, V., Artiguenave, F., Blok, V. C., Caillaud, M. C., Coutinho, P. M.,
Dasilva, C., De Luca, F., Deau, F., Esquibet, M., Flutre, T., Goldstone, J. V., Hamamouch, N.,
Hewezi, T., Jaillon, O., Jubin, C., Leonetti, P., Magliano, M., Maier, T. R., Markov, G. V.,
McVeigh, P., Pesole, G., Poulain, J., Robinson-Rechavi, M., Sallet, E., Segurens, B., Steinbach,
D., Tytgat, T., Ugarte, E., van Ghelder, C., Veronico, P., Baum, T. J., Blaxter, M., Bleve-Zacheo,
T., Davis, E. L., Ewbank, J. J., Favery, B., Grenier, E., Henrissat, B., Jones, J. T., Laudet, V.,
Maule, A. G., Quesneville, H., Rosso, M. N., Schiex, T., Smant, G., Weissenbach, J. and Wincker,
P. (2008). Genome sequence of the metazoan plant-parasitic nematode Meloidogyne incognita. Nature
Biotechnology 26, 909-915.

Abernathy, J. W., Xu, P., Li, P., Xu, D. H., Kucuktas, H., Klesius, P., Arias, C. and Liu, Z. (2007).
Generation and analysis of expressed sequence tags from the ciliate protozoan parasite Ichthyophthirius
multifiliis. BMC Genomics 8, 176.

Abrahamsen, M. S., Templeton, T. J., Enomoto, S., Abrahante, J. E., Zhu, G., Lancto, C. A.,
Deng, M., Liu, C., Widmer, G., Tzipori, S., Buck, G. A., Xu, P., Bankier, A. T., Dear, P. H.,
Konfortov, B. A., Spriggs, H. F., Iyer, L., Anantharaman, V., Aravind, L. and Kapur, V. (2004).
Complete genome sequence of the apicomplexan, Cryptosporidium parvum. Science 304, 441-445.
Adl, S. M., Simpson, A. G., Farmer, M. A., Andersen, R. A., Anderson, O. R., Barta, J. R,,
Bowser, S. S., Brugerolle, G., Fensome, R. A., Fredericq, S., James, T. Y., Karpov, S., Kugrens,
P., Krug, J., Lane, C. E., Lewis, L. A., Lodge, J., Lynn, D. H., Mann, D. G., McCourt, R. M.,
Mendoza, L., Moestrup, O., Mozley-Standridge, S. E., Nerad, T. A., Shearer, C. A., Smirnov, A.
V., Spiegel, F. W. and Taylor, M. F. (2005). The new higher level classification of eukaryotes with
emphasis on the taxonomy of protists. Journal of Eukaryotic Microbiology 52, 399-451.

Adlard, R. D. and Ernst, I. (1995). Extended range of the oyster pathogen Marteilia sydneyi. Bulletin
of the European Association of Fish Pathologists 15, 119-121.

Affa'a, F. M., Hickey, D. A., Struder-Kypke, M. and Lynn, D. H. (2004). Phylogenetic position of
species in the genera Anoplophrya, Plagiotoma, and Nyctotheroides (Phylum Ciliophora),
endosymbiotic ciliates of annelids and anurans. Journal of Eukaryotic Microbiology 51, 301-306.
Aguilera, P., Barry, T. and Tovar, J. (2008). Entamoeba histolytica mitosomes: organelles in search
of a function. Experimental Parasitology 118, 10-16.

Ahmadinejad, N., Dagan, T. and Martin, W. (2007). Genome history in the symbiotic hybrid
Euglena gracilis. Gene 402, 35-39.

Ahmadjian, V. (1993). The Lichen Symbiosis, John Wiley and Sons, New York.

Aist, J. R. and Williams, P. H. (1971). The cytology and kinetics of cabbage root hair penetration by
Plasmodiophora brassicae. Canadian Journal of Botany 49, 2023-2034.

Albaina, A. and Irigoien, X. (2006). Fecundity limitation of Calanus helgolandicus, by the parasite
Ellobiopsis sp. Journal of Plankon Research 28, 413-418.

Alberghina, J. S., Vigna, M. S. and Confalonieri, V. A. (2006). Phylogenetic position of the
Oedogoniales within the green algae (Chlorophyta) and the evolution of the absolute orientation of the
flagellar apparatus. Plant Systematics and Evolution 261, 151-163.

Albertano, P., Ciniglia, C., Pinto, G. and Pollio, A. (2000). The taxonomic position of Cyanidium,
Cyanidioschyzon and Galdieria: an update. Hydrobiologia 433, 137-143.

Alderman, D. J., Harrison, J. L., Bremer, G. B. and Jones, E. B. G. (1979). Taxonomic revisions of
the marine biflagellate fungi: the ultrastructural evidence. Marine Biology 25, 345-357.

Aleshin, V. V., Konstantinova, A. V., Mikhailov, K. V., Nikitin, M. A. and Petrov, N. B. (2007).
Do we need many genes for phylogenetic inference? Biochemistry (Moscow) 72, 1313-1323.

Alexeieff, A. (1929). Matériaux pour servir a 1'étude des Protistes coprozoites. Archives de Zoologie
Experimentaux et Généraux 68, 609-698.

AlQassab, S., Lee, W. J., Murray, S., Simpson, A. G. B. and Patterson, D. J. (2002). Flagellates
from stromatolites and surrounding sediments in Shark Bay, Western Australia. Acta Protozoologica
41, 91-144.

Alvarez-Curto, E., Rozen, D. E., Ritchie, A. V., Fouquet, C., Baldauf, S. L. and Schaap, P. (2005).
Evolutionary origin of cAMP-based chemoattraction in the social amoebae. Proceedings of the
National Academy of Sciences of the USA 102, 6385-6390.

Alvarez-Pellitero, P., Palenzuela, O. and Sitja-Bobadilla, A. (1997). Ultrastructure and
cytochemistry study of Eimeria sparis (Protozoa: Apicomplexa) stages from the intestine of gilthead
sea bream Sparus aurata L. (Pisces: Teleostei). Parasitology Research 83, 126-136.

90



Amaral-Zettler, L., Sogin, M. L. and Caron, D. A. (1997). Phylogenetic relationships between the
Acantharea and the Polycystinea: a molecular perspective on Haeckel's Radiolaria. Proceedings of the
National Academy of Sciences of the USA 94, 11411-11416.

Amaral-Zettler, L. and Caron, D. A. (2000). New insights into the phylogeny of the Acantharea
based on SSU rRNA gene sequencing. European Journal of Protistology 36, 34-39.

Amaral-Zettler, L., Nerad, T.A., O'Kelly, C.J., Sogin, M.L. (2001). The nucleariid amoebae: more
protists at the animal-fungal boundary. Journal of Eukaryotic Microbiology 48, 293-297.

Andersen, R. A. (1987). Synurophyceae classis nov., a new class of algae. American Journal of
Botany 74, 337-353.

Andersen, R. A. (1989). The Synurophyceae and their relationship to other golden algae. In
Chrysophytes: developments and perspectives. Nova Hedwigia Beiheft (ed. Kristiansen, J., Cronberg,
G. and Geissler, U.), pp. 1-26.

Andersen, R. A. and Wetherbee, R. (1992). Microtubules of the flagellar apparatus are active during
prey capture in the chrysophycean alga Epipyxis pulchra. Protoplasma 166, 8-20.

Andersen, R. A., Saunders, G. W., Paskind, M. P. and Sexton, J. P. (1993). Ultrastructure and 18s
rRNA gene sequence for Pelagomonas calceolata gen. et sp. nov. and the description of a new algal
class, the Pelagophyceae classis nov. Journal of Phycology 29, 701-715.

Andersen, R. A., Robyn, W. B., Potter, D. and Sexton, J. P. (1998). Phylogeny of the
Eustigmatophyceae based upon 18S rDNA, with emphasis on Nannochloropsis. Protist 149, 61-74.
Andersen, R. A., Potter, D., Bidigare, R. R., Latasa, M., Rowan, K. and O'Kelly, C. J. (1998a).
Characterization and phylogenetic position of the enigmatic golden alga Phaeothamnion confervicola:
ultrastructure, pigment composition and partial SSU rDNA sequence. Journal of Phycology 34, 286-
229.

Andersen, R. A., Van de Peer, Y., Potter, D., Sexton, J. P., Kawachi, M. and LaJeunesse, T.
(1999). Phylogenetic analysis of the SSU rRNA from members of the Chrysophyceae. Protist 150, 71-
84.

Andersen, R. A. and Bailey, J. C. (2002). Phylogenetic analysis of 32 strains of Vaucheria
(Xanthophyceae) using the rbc L gene and its two flanking spacer regions. Journal of Phycology 38,
583-592.

Andersen, R. A., Potter, D. and Bailey, J. C. (2002). Pinguiococcus pyrenoidosus gen. et sp. nov.
(Pinguiophyceae), a new marine coccoid alga. PHycological Research 50, 57-65.

Andersen, R. A. (2004). Biology and systematics of the heterokont and haptophyte algae. American
Journal of Botany 91, 1508-1522.

Anderson, C. L. (1998). Phylogenetic relationships of the Myxozoa. In Evolutionary Relationships
among Protozoa (ed. Coombs, G. H., Vickerman, K., Sleigh, M. A. and Warren, A.), pp. 341-350.
Chapman and Hall, London, UK.

Anderson, C. L., Canning, E. U. and Okamura, B. (1998). A triploblast origin for Myxozoa? .
Nature 392, 346-347.

Anderson, L. J., Watkins, R. F., Samuelson, J., Spencer, D. F., Majoros, W. H., Gray, M. W. and
Loftus, B. J. (2005). Gene discovery in the Acanthamoeba castellanii genome. Protist 156, 203-214.
Anderson, O. R. (1977). Fine structure of a marine amoeba associated with a blue-green alga in the
Sargasso Sea. Journal of Protozoology 24, 370-376.

Anderson, O. R. (1983). Radiolaria, Springer, New York, USA.

Anderson, O. R., Rogerson, A. and Hannah, F. (1997). Three new limax amoebae isolated from
marine surface sediments: Vahlkampfia caledonica n. sp., Saccamoeba marina n. sp., and
Hartmannella vacuolata n. sp. Journal of Eukaryotic Microbiology 44, 33-42.

Andersson, J. O. and Roger, A. J. (2002). A cyanobacterial gene in nonphotosynthetic protists--an
early chloroplast acquisition in eukaryotes? Current Biology 12, 115-119.

Andersson, J. O., Sjogren, A. M., Horner, D. S., Murphy, C. A., Dyal, P. L., Svard, S. G,,
Logsdon, J. M., Jr., Ragan, M. A., Hirt, R. P. and Roger, A. J. (2007). A genomic survey of the fish
parasite Spironucleus salmonicida indicates genomic plasticity among diplomonads and significant
lateral gene transfer in eukaryote genome evolution. BMC Genomics 8, 51.

Angell, R. W. (1975). Structure of Trichosphaerium micrum sp. n. Journal of Protozoology 22, 18-22.
Angell, R. W. (1976). Observations on Trichosphaerium platyryxum sp. n. Journal of Protozoology
23, 357-364.

Archibald, J. M., Cavalier-Smith, T., Maier, U. and Douglas, S. (2001). Molecular chaperones
encoded by a reduced nucleus: the cryptomonad nucleomorph. Journal of Molecular Evolution 52,
490-501.

91



Archibald, J. M., O'Kelly, C. J. and Doolittle, W. F. (2002). The chaperonin genes of jakobid and
jakobid-like flagellates: implications for eukaryotic evolution. Molecular Blology and Evolution 19,
422-431.

Archibald, J. M., Longet, D., Pawlowski, J. and Keeling, P. J. (2003a). A novel polyubiquitin
structure in Cercozoa and Foraminifera: evidence for a new eukaryotic supergroup. Molecular Blology
and Evolution 20, 62-66.

Archibald, J. M., Rogers, M. B., Toop, M., Ishida, K. and Keeling, P. J. (2003b). Lateral gene
transfer and the evolution of plastid-targeted proteins in the secondary plastid-containing alga
Bigelowiella natans. Proceedings of the National Academy of Sciences of the USA 100, 7678-7683.
Archibald, J. M. and Keeling, P. J. (2004). Actin and ubiquitin protein sequences support a
cercozoan/foraminiferan ancestry for the plasmodiophorid plant pathogens. Journal of Eukaryotic
Microbiology 51, 113-118.

Archibald, J. M. (2007). Nucleomorph genomes: structure, function, origin and evolution. Bioessays
29, 392-402.

Arikawa, M., Saito, A., Omura, G., Mostafa Kamal Khan, S. M., Suetomo, Y., Kakuta, S. and
Suzaki, T. (2005). Ca2+-dependent nuclear contraction in the heliozoon Actinophrys sol. Cell Calcium
38, 447-455.

Arikawa, M., Saito, A., Omura, G., Khan, S. M., Suetomo, Y., Kakuta, S. and Suzaki, T. (2006).
Ca2+-dependent in vitro contractility of a precipitate isolated from an extract of the heliozoon
Actinophrys sol. Cell Motility and the Cytoskeleton 63, 57-65.

Arisue, N., Hashimoto, T., Lee, J. A., Moore, D. V., Gordon, P., Sensen, C. W., Gaasterland, T.,
Hasegawa, M. and Muller, M. (2002). The phylogenetic position of the pelobiont Mastigamoeba
balamuthi based on sequences of rDNA and translation elongation factors EF-lalpha and EF-2.
Journal of Eukaryotic Microbiology 49, 1-10.

Armbrust, E. V., Berges, J. A., Bowler, C., Green, B. R., Martinez, D., Putnam, N. H., Zhou, S.,
Allen, A. E., Apt, K. E., Bechner, M., Brzezinski, M. A., Chaal, B. K., Chiovitti, A., Davis, A. K.,
Demarest, M. S., Detter, J. C., Glavina, T., Goodstein, D., Hadi, M. Z., Hellsten, U., Hildebrand,
M., Jenkins, B. D., Jurka, J., Kapitonov, V. V., Kroger, N., Lau, W. W., Lane, T. W., Larimer, F.
W., Lippmeier, J. C., Lucas, S., Medina, M., Montsant, A., Obornik, M., Parker, M. S., Palenik,
B., Pazour, G. J., Richardson, P. M., Rynearson, T. A., Saito, M. A., Schwartz, D. C.,
Thamatrakoln, K., Valentin, K., Vardi, A., Wilkerson, F. P. and Rokhsar, D. S. (2004). The
genome of the diatom Thalassiosira pseudonana: ecology, evolution, and metabolism. Science 306, 79-
86.

Arnaiz, O., Cain, S., Cohen, J. and Sperling, L. (2007). ParameciumDB: a community resource that
integrates the Paramecium tetraurelia genome sequence with genetic data. Nucleic Acids Research 35,
D439-444.

Atkins, M. S., McArthur, A. G. and Teske, A. P. (2000a). Ancyromonadida: a new phylogenetic
lineage among the protozoa closely related to the common ancestor of metazoans, fungi, and
choanoflagellates (Opisthokonta). Journal of Molecular Evolution 51, 278-285.

Atkins, M. S., Teske, A. P. and Anderson, O. R. (2000b). A survey of flagellate diversity at four
deep-sea hydrothermal vents in the Eastern Pacific Ocean using structural and molecular approaches.
Journal of Eukaryotic Microbiology 47, 400-411.

Auer, B. and Arndt, H. (2001). Taxonomic composition and biomass of heterotrophic flagellates in
relation to lake trophy and season. Freshwater Biology 46, 959-972.

Aurahs, R., Goker, M., Grimm, G. W., Hemleben, V., Hemleben, C., Schiebel, R. and Kucera, M.
(2009). Using the multiple analysis approach to reconstruct phylogenetic relationships among
planktonic Foraminifera from highly divergent and length-polymorphic SSU rDNA sequences.
Bioinformatic and Biological Insights 11, 155-177.

Bachvaroff, T. R., Sanchez, P., M.V. and Delwiche, C. F. (2005). Chlorophyll c- containing plastid
relationships based on analyses of a multigene data set with all four chromalveolate lineages.
Molecular Blology and Evolution 22, 1772-1782.

Badger, M. R., Andrews, T. J., Whitney, S. M., Ludwig, M., Yellowlees, D. C., Leggat, W. and
Price, G. D. (1998). The diversity and coevolution of RUBISCO, plastids, pyrenoids, and chloroplast-
based CO2-concentrating mechanisms in algae. Canadian Journal of Botany 76, 1052-1071.

Baffico, G. D. (2010). Epilithic algae distribution along a chemical gradient in a naturally acidic river,
Rio Agrio (Patagonia, Argentina). Microbial Ecology 59, 533-545.

Bahnweg, G. and Sparrow, F. K. (1972). Aplanochytrium kerguelensis gen. nov. spec. nov., a new
phycomycete from subantarctic marine waters. Archiv fiir Mikrobiologie 81, 45-49.

92



Bailey, J. C., Bidigare, R. R., Christensen, S. J. and Andersen, R. A. (1998). Phacothamniophyceae
classis nova: a new lineage of chromophytes based upon photsynthetic pigments, rbcL sequence
analysis and ultrastructure. Protist 149, 245-226.

Bailey, J. C. and Andersen, R. A. (1999). Analysis of clonal cultures of the brown tide algae
Aureococcus and Aureoumbra (Pelagophyceae) using 18S rRNA, rbcL, and Rubisco spacer sequences.
Journal of Phycology 35, 570-574.

Baldauf, S. L. and Palmer, J. D. (1990). Evolutionary transfter of the chloroplast tufA gene to the
nucleus. Nature 344, 262-265.

Baldauf, S. L. and Palmer, J. D. (1993). Animals and fungi are each other's closest relatives:
Congruent evidence from multiple proteins. Proceedings of the National Academy of Sciences of the
USA4 90, 11558-11562.

Baldauf, S. L. and Doolittle, W. F. (1997). Origin and evolution of the slime molds (Mycetozoa).
Proceedings of the National Academy of Sciences of the USA 94, 12007-12012.

Baldauf, S. L. (1999). A search for the origins of animals and fungi: comparing and combining
molecular data. American Naturalist 154, S178-S188.

Baldauf, S. L., Roger, A. J., Wenk-Siefert, I. and Doolittle, W. F. (2000). A kingdom-level
phylogeny of eukaryotes based on combined protein data. Science 290, 972-977.

Bapteste, E., Brinkmann, H., Lee, J. A., Moore, D. V., Sensen, C. W., Gordon, P., Duruflé, L.,
Gaasterland, T., Lopez, P., Miiller, M. and Philippe, H. (2002). The analysis of 100 genes supports
the grouping of three highly divergent amoebae: Dictyostelium, Entamoeba, and Mastigamoeba.
Proceedings of the National Academy of Sciences of the USA 99, 1414-1419.

Bapteste, E. and Philippe, H. (2002). The potential value of indels as phylogenetic markers: position
of trichomonads as a case study. Molecular Blology and Evolution 19, 972-977.

Barbier, G., Oesterhelt, C., Larson, M. D., Halgren, R. G., Wilkerson, C., Garavito, R. M.,
Benning, C. and Weber, A. P. (2005). Comparative genomics of two closely related unicellular
thermo-acidophilic red algae, Galdieria sulphuraria and Cyanidioschyzon merolae, reveals the
molecular basis of the metabolic flexibility of Galdieria sulphuraria and significant differences in
carbohydrate metabolism of both algae. Plant Physiology 137, 460-474.

Bardele, C. F. (1972). Cell cycle, morphogenesis, and ultrastructure in the pseudoheliozoan
Clathrulina elegans. Zeitschrift fur Zellforschung und mikroskopische Anatomie 130, 219-242.
Bardele, C. F. (1977a). Comparative study of axopodial microtubule patterns and possible
mechanisms of pattern control in the centrohelidian heliozoa Acanthocystis, Raphidiophrys and
Heterophrys. Journal of Cell Science 25, 205-232.

Bardele, C. F. (1977b). Organization and control of microtubule pattern in centrohelidan heliozoa.
Journal of Protozoology 24, 9-14.

Bark, A. W. (1973). A study of the genus Cochliopodium Hertwig and Lesser 1874. Protistologica 9,
119-138.

Barlow, S. B. and Cattolico, R. A. (1980). Fine structure of the scale-covered green flagellate
Mantoniella squamata (Manton et Parke) Desikachary. British Phycological Journal 15, 321-333.
Barlow, S. B. and Cattolico, R. A. (1981). Mitosis and cytokinesis in the Prasinophyceae. I.
Mantoniella squamata (Manton et Parke) Desikachary. American Journal of Botany 68, 606-615.
Barr, D. J. S. (1978). Taxonomy and phylogeny of chytrids. BioSystems 10, 153-165.

Barr, D. J. S. and Hadland-Hartman, V. E. (1978). The flagellar apparatus in the Chytridiales.
Canadian Journal of Botany 56, 887-900.

Barr, D. J. S. (1980). An outline for the reclassification of the Chytridiales, and for a new order, the
Spizellomycetales. Canadian Journal of Botany 58, 2380-2394.

Barr, D. J. S. (1981). The phylogenetic and taxonomic implications of flagellar rootlet morphology
among zoosporic fungi. BioSystems 14, 359-370.

Barr, D. J. S. and Allan, P. M. E. (1982). Zoospore ultrastructure of Polymyxa graminis
(Plasmodiophoromycetes). Canadian Journal of Botany 60, 2496-2504.

Barr, D. J. S. (1983). The zoosporic grouping of plant pathogens: entity or non-entity? . In Zoosporic
plant pathogens- a modern perspective (ed. Buczacki, S. T.), pp. Academic Press, London.

Barr, D. J. S. and Allan, P. M. E. (1985). A comparison of the flagellar apparatus of Phytophthora,
Saproglenia, Thraustochytrium, and Rhizidiomyces. Canadian Journal of Botany 63, 138-154.

Barr, D. J. S. and Désaulmiers, N. L. (1986). Four zoospore subtypes in the Rhizophlyctis-Karlingia
complex (Chytridiomycetes). Canadian Journal of Botany 64, 561-572.

Barr, D. J. S., Désaulmiers, N. L. and Knox, J. S. (1987). Catenochytridium hemicysti n.sp.
morphlogy, physiology and zoospore ultrastructure. Mycologia 79, 587-594.

Barr, D. J. S. and Désaulmiers, N. L. (1988). Precise configuration of the chytrid zoospore.
Canadian Journal of Botany 66, 869-876.

93



Barr, D. J. S. and Désaulniers, N. L. (1989). The flagellar apparatus of the Oomyctetes and
Hyphochytriomycetes. In The Chromophyte Algae: Problems and perspectives (ed. Green, J. C.,
Leadbeater, B. S. C. and Diver, W. L.), pp. 343-355. Clarendon Press, Oxford.

Barr, D. J. S. (1990). Phylum Chytridiomycota. In Handbook of Protoctista (ed. Margulis, L., Corliss,
J. O., Melkonian, M. and Chapman, D. J.), pp. 454-466. Jones and Bartlett, Boston, Mass., USA.

Barr, D. J. S. (1992). Evolution and kingdoms of organisms from the perspective of a mycologist.
Mycologia 84, 1-11.

Bartnicki-Garcia, S. (1987). The cell wall: a crucial structure in fungal evolution. In Evolutionary
biology of the fungi (ed. Rayner, A. D. M., Brasier, C. M. and Moore, D.), pp. Cambridge University
Press, Cambridge.

Bass, D. and Cavalier-Smith, T. (2004). Phylum-specific environmental DNA analysis reveals
remarkably high global biodiversity of Cercozoa (Protozoa). International Journal of Systematic and
Evolutionary Microbiology 54, 2393-2490.

Bass, D., Moreira, D., Lopez-Garcia, P., Polet, S., Chao, E. E., von der Heyden, S., Pawlowski, J.
and Cavalier-Smith, T. (2005). Polyubiquitin insertions and the phylogeny of Cercozoa and Rhizaria.
Protist 156, 149-161.

Bass, D., Chao, E. E., Nikolaev, S., Yabuki, A., Ishida, K., Berney, C., Pakzad, U., Wylezich, C.
and Cavalier-Smith, T. (2009a). Phylogeny of novel naked Filose and Reticulose Cercozoa:
Granofilosea cl. n. and Proteomyxidea revised. Protist 160, 75-109.

Bass, D., Howe, A. T., Mylnikov, A. P., Vickerman, K., Chao, E. E., Edwards Smallbone, J.,
Snell, J., Cabral, C., Jr. and Cavalier-Smith, T. (2009b). Phylogeny and classification of
Cercomonadida (Protozoa, Cercozoa): Cercomonas, FEocercomonas, Paracercomonas, and
Cavernomonas gen. nov. Protist 160, 483-521.

Bastien, O., P., O., Roy, S. and Maréchal, E. (2004). A configuration space of homologous proteins
conserving mutual information and allowing a phylogeny inference based on pair-wise Z-score
probabilities. BMC Bioinformatics 6, 49-64.

Bauer, R., Begerow, D., Oberwinkler, F., Piepenbring, M. and Berbee, M. L. (2001).
Ustilaginomycetes. In The Mycota VII. Systematics and Evolution. Part B (ed. McLaughlin, D. J.,
McLaughlin, E. G. and Lemke, P. A.), pp. 57-84. Springer-Verlag, Berlin.

Baumgatrner, M., Yali, A., Grobner-Ferreira, R. and Stetter, K. O. (2003). Cultivation and
properties of Echinamoeba thermarum n. sp., an extremely thermophilic amoeba thriving in hot
springs. Extremophiles 7, 267-274.

Baurain, D., Brinkmann, H., Petersen, J., Rodriguez-Ezpeleta, N., Stechmann, A., Demoulin, V.,
Roger, A. J., Burger, G., Lang, B. F. and Philippe, H. (2010). Phylogenomic evidence for separate
acquisition of plastids in Cryptophytes, Haptophytes, and Stramenopiles. Molecular Blology and
Evolution 27, 1698-1709.

Bayer-Giraldi, M., Uhlig, C., John, U., Mock, T. and Valentin, K. (2010). Antifreeze proteins in
polar sea ice diatoms: diversity and gene expression in the genus Fragilariopsis. Environmental
Microbiology 12, 1041-1052.

Bécard, G. and Pfeffer, P. E. (1993). Status of nuclear division in arbuscular mycorrhizal fungi
during in-vitro development. Protoplasma 174, 62-68.

Becker, B., Hard, K., Melkonian, M., Kamerling, J. P. and Vliegenthar, J. F. (1989). Identification
of 3-deoxy-manno-2-octulosonic acid, 3-deoxy-5-O-methyl- manno-2-octulosonic acid and 3-deoxy-
lyxo-2-heptulosaric acid in the cell wall (theca) of the green alga Tetraselmis striata Butcher
(Prasinophyceae). European Journal of Biochemistry 182, 153-160.

Becker, B., Becker, D., Kamerling, J. P. and Melkonian, M. (1991). 2-keto-sugar acids in green
flagellates: a chemical marker for prasinophycean scales. Journal of Phycology 27, 498-504.

Becker, B. and Marin, B. (2009). Streptophyte algae and the origin of embryophytes. Annals of
Botany 103, 999-1004.

Becker, D., Becker, B., Satir, P. and Melkonian, M. (1990). Isolation, purification, and
characterization of flagellar scales from the green flagellate Tetraselmis striata (Prasinophyceae).
Protoplasma 156, 103-112.

Beech, P. L. and Moestrup, @. (1986). Light and electron microscopical observations on the
heterotrophic protist Thaumatomastix salina comb. nov. (syn. Chrysosophaerella salina) and its allies.
Nordic Journal of Botany 6, 865-877.

Beech, P. L., Wetherbee, R. and Pickett-Heaps, J. D. (1988). Transformation of the flagella and
associated flagellar components during cell division in the coccolithophorid Pleurochrysis carterae.
Protoplasma 145, 37-46.

94



Beech, P. L. and Wetherbee, R. (1990a). The flagellar apparatus of Mallomonas splendens
(Synurophyceae) at interphase and its development during the cell cycle. Journal of Phycology 26, 95-
111.

Beech, P. L. and Wetherbee, R. (1990b). Direct observations on flagellar transformation in
Mallomonas splendens (Synurophyceae). Journal of Phycology 26, 90-95.

Beech, P. L., Heimann, K. and Melkonian, M. (1991). Development of the flagellar apparatus during
the cell cycle in unicellular algae. Protoplasma 164, 23-37.

Belanger, A. S., Brouard, J. S., Charlebois, P., Otis, C., Lemieux, C. and Turmel, M. (2006).
Distinctive architecture of the chloroplast genome in the chlorophycean green alga Stigeoclonium
helveticum. Molecular Genetics and Genomics 276, 464-477.

Ben Ali, A., De Baere, R., De Wachter, R. and Van de Peer, Y. (2002). Evolutionary relationships
among heterokont algae (the autotrophic Stramenopiles) based on combined analyses of small and
large subunit ribosomal RNA. Protist 153, 123-132.

Bent, E., Loffredo, A., Yang, J. 1., McKenry, M. V., Becker, J. O. and Borneman, J. (2009).
Investigations into peach seedling stunting caused by a replant soil. FEMS Microbiology and Ecology
68, 192-200.

Berger, L., Speare, R., Daszak, P., Green, D. E., Cunningham, A. A., Goggin, C. L., Slocombe, R.,
Ragan, M. A., Hyatt, A. D., McDonald, K. R., Hines, H. B., Lips, K. R., Marantelli, G. and
Parkes, H. (1998). Chytridiomycosis causes amphibian mortality associated with population declines
in the rain forests of Australia and Central America. Proceedings of the National Academy of Sciences
of the USA 95, 9031-9036.

Bernard, C., Simpson, A. G. B. and Patterson, D. J. (1997). An ultrastructural study of a free-living
retortamonad, Chilomastix cuspidata (Larsen & Patterson, 1990) n.comb. (Retortamonadida, Protista).
European Journal of Protistology 33, 254-265.

Berney, C. and Pawlowski, J. (2003). Revised small subunit rRNA analysis provides further evidence
that Foraminifera are related to Cercozoa. Journal of Molecular Evolution 57 Suppl 1, S120-127.
Bernhard, D., Stechmann, A., Foissner, W., Ammermann, D., Hehn, M. and Schlegel, M. (2001).
Phylogenetic relationships within the class Spirotrichea (Ciliophora) inferred from small subunit rRNA
gene sequences. Molecular Phylogenetics and Evolution 21, 86-92.

Berriman, M., Ghedin, E., Hertz-Fowler, C., Blandin, G., Renauld, H., Bartholomeu, D. C.,
Lennard, N. J., Caler, E., Hamlin, N. E., Haas, B., Bohme, U., Hannick, L., Aslett, M. A.,
Shallom, J., Marcello, L., Hou, L., Wickstead, B., Alsmark, U. C., Arrowsmith, C., Atkin, R. J.,
Barron, A. J., Bringaud, F., Brooks, K., Carrington, M., Cherevach, 1., Chillingworth, T. J.,
Churcher, C., Clark, L. N., Corton, C. H., Cronin, A., Davies, R. M., Doggett, J., Djikeng, A.,
Feldblyum, T., Field, M. C., Fraser, A., Goodhead, 1., Hance, Z., Harper, D., Harris, B. R.,
Hauser, H., Hostetler, J., Ivens, A., Jagels, K., Johnson, D., Johnson, J., Jones, K., Kerhornou, A.
X., Koo, H., Larke, N., Landfear, S., Larkin, C., Leech, V., Line, A., Lord, A., Macleod, A.,
Mooney, P. J., Moule, S., Martin, D. M., Morgan, G. W., Mungall, K., Norbertczak, H., Ormond,
D., Pai, G., Peacock, C. S., Peterson, J., Quail, M. A., Rabbinowitsch, E., Rajandream, M. A.,
Reitter, C., Salzberg, S. L., Sanders, M., Schobel, S., Sharp, S., Simmonds, M., Simpson, A. J.,
Tallon, L., Turner, C. M., Tait, A., Tivey, A. R., Van AKen, S., Walker, D., Wanless, D., Wang,
S., White, B., White, O., Whitehead, S., Woodward, J., Wortman, J., Adams, M. D., Embley, T.
M., Gull, K., Ullu, E., Barry, J. D., Fairlamb, A. H., Opperdoes, F., Barrell, B. G., Donelson, J.
E., Hall, N., Fraser, C. M., Melville, S. E. and El-Sayed, N. M. (2005). The genome of the African
trypanosome Trypanosoma brucei. Science 309, 416-422.

Berthe, F. C. J., Le Roux, F., Peyretaillade, E., Peyret, P., Rodriguez, D., Gouy, M. and Vivarés,
C. P. (2000). Phylogenetic analysis of the small subunit ribosomal RNA of Marteilia refringens
validates the existence of phylum Paramyxea (Desportes and Perkins, 1990). Journal of Eukaryotic
Microbiology 47, 288-293.

Bhadauria, V., Banniza, S., Wang, L. X., Wei, Y. D. and Peng, Y. L. (2010). Proteomic studies of
phytopathogenic fungi, oomycetes and their interactions with hosts. European Journal of Plant
Pathology 126, 81-95.

Bhattacharya, D., Surek, B., Rusing, M., Damberger, S. and Melkonian, M. (1994). Group I
introns are inherited through common ancestry in the nuclear-encoded rRNA of Zygnematales
(Charophyceae). Proceedings of the National Academy of Sciences of the USA 91, 9916-9920.
Bhattacharya, D., Helmchen, T., Bibeau, C. and Melkonian, M. (1995a). Comparisons of nuclear-
encoded small subunit ribosomal RNAs reveal the evolutionary position of the Glaucocystophyta.
Molecular Blology and Evolution 12, 415-420.

95



Bhattacharya, D., Helmchen, T. and Melkonian, M. (1995b). Molecular evolutionary analyses of
nuclear-encoded small subunit ribosomal RNA identify an independent rhizopod lineage containing the
Euglyphina and the Chlorarachniophyta. Journal of Eukaryotic Microbiology 42, 65-69.
Bhattacharya, D., Damberger, S., Surek, B. and Melkonian, M. (1996). Primary and secondary
structure analyses of the rDNA group-I introns of the Zygnematales (Charophyta). Current Genetics
29, 282-286.

Bhattacharya, D. and Weber, K. (1997). The actin gene of the glaucocystophyte Cyanophora
paradoxa: analysis of the coding region and introns, and an actin phylogeny of eukaryotes. Current
Genetics 31, 439-446.

Bhattacharya, D. and Medlin, L. (1998). Algal phylogeny and the origin of land plants. Plant
Physiology 116, 9-15.

Bhattacharya, D. and Nosenko, T. (2008). Endosymbiotic and horizontal gene transfer in
chromalveolates. Journal of Phycology 44, 7-10.

Bhatti, S. and Colman, B. (2008). Inorganic carbon acquisition in some synurophyte algae.
Physiologia Plantarum 133, 33-40.

Bidartondo, M. 1. and Bruns, T. D. (2005). On the origins of extreme mycorrhizal specificity in the
Monotropoideae (Ericaceae): performance trade-offs during seed germination and seedling
development. Molecular Ecology 14, 1549-1560.

Bidartondo, M. I. and Duckett, J. G. (2010). Conservative ecological and evolutionary patterns in
liverwort-fungal symbioses. Proceedings of the Royal Society of London Series B-Biological Sciences
277, 485-492.

Bigelow, D. M., Olsen, M. W. and Gilbertson, R. L. (2005). Labyrinthula terrestris sp. nov., a new
pathogen of turf grass. Mycologia 97, 185-190.

Billard, C. (1994). Life cycles. In The Haptophyte Algae (ed. Green, J. C., Leadbeater, B. S. C. and
Diver, W. L.), pp. 167-186. Clarendon Press, Oxford.

Birkeland, S. R., Preheim, S. P., Davids, B. J., Cipriano, M. J., Palm, D., Reiner, D. S., Svard, S.
G., Gillin, F. D. and McArthur, A. G. (2010). Transcriptome analyses of the Giardia lamblia life
cycle. Mol. Biochem. Parasitol. 174, 62-65.

Bisalputra, T. (1966). Electron microscopic study of the protoplasmic continuity in certain brown
algae. Canadian Journal of Botany 44, 89-93.

Blanc, G. and Wolfe, K. H. (2004). Widespread paleopolyploidy in model plant species inferred from
age distributions of duplicate genes. Plant Cell 16, 1667-1678.

Blom, D., de Haan, A., van den Berg, M., Sloof, P., Jirku, M., Lukes, J. and Benne, R. (1998).
RNA editing in the free-living bodonid Bodo saltans. Nucleic Acids Research 26, 1205-1213.

Bobrov, A., Mazei, Y. (2004). Morphological variability of testate amoebae (Rhizopoda:
Testacealobosea: Testaceafilosea) in natural populations. Acta Protozoologica 43, 133-146.

Bodyl, A., Mackiewicz, P. and Stiller, J. W. (2009). Early steps in plastid evolution: current ideas
and controversies. Bioessays 31, 1219-1232.

Bodyl, A., Mackiewicz, P. and Milanowski, R. (2010). Did trypanosomatid parasites contain a
eukaryotic alga-derived plastid in their evolutionary past? Journal of Parasitology 96, 465-475.

Bold, H. C. and Wynne, M. J. (1985). Introduction to the algae. Structure and reproduction,
Prentice-Hall Inc., Englewood Cliffs, New Jersey, USA.

Bolivar, 1., Fahrni, J. F., Smirnov, A. V. and Pawlowski, J. (2001). SSU rRNA-based phylogenetic
position of the genera Amoeba and Chaos (Lobosea, Gymnamoebia): the origin of Gymnamoebae
revisited. Molecular Blology and Evolution 18, 2306-2314.

Bonnet, L. (1961). L’émission pseudopodique, chez les thécamoebiens endongés. (I). Bulletin de la
Societé Zoologique Frangaise 86, 17-28.

Bonnet, L. (1963). L’émission pseudopodique, chez les thécamoebiens endongés. (I1). Bulletin de la
Societé Zoologique Frangaise 88, 57-63.

Bonnet, L. (1964). Le peuplement thécamoebien des sols. Révue d’Ecologie et Biologie du Sol 2, 123-
408.

Bonnet, L. (1975). Types morphologiques, écologie et évolution de la theque chez les thécamoebiens.
Protistologica 11, 363-378.

Boon, E., Zimmerman, E., Lang, B. F. and Hijri, M. (2010). Intra-isolate genome variation in
arbuscular mycorrhizal fungi persists in the transcriptome. Journal of Evolutionary Biology 23, 1519-
1527.

Booth, B. C. and Marchant, H. J. (1987). Parmales, a new order of marine chrysophytes, with
descriptions of three new genera and seven new species. Journal of Phycology 23, 245-260.

Booth, B. C. and Marchant, H. J. (1988). Triparmaceae, a substitute name for a family in the Order
Parmales (Chrysophyceae). Journal of Phycology 24, 124.

96



Borkhardt, B. and Olson, L. W. (1986). The mitochondrial genome of the aquatic phycomycete
Blastocladiella emersonii. Current Genetics 11, 139-143.

Borkhardt, B., Brown, T. A., Thim, P. and Olson, L. W. (1988). The mitochondrial genome of the
aquatic phycomycete Allomyces mcrogynus. Physical mapping and mitochondrial DNA instability.
Current Genetics 13, 41-47.

Bouck, G. B. (1972). Architecture and assembly of mastigonemes. In Advances in Cell and Molecular
Biology. Volume 2 (ed. DuPraw, E. J.), pp. 237-271. Academic Press, New York.

Bourrelly, P. (1960). Un nouveau genre africain d’endocyanose: Glaucocystopsis africana nov. gen. et
nov. sp. Comptes Rendues Hebdomadaires des Séances de I’Académie des Sciences de Paris 251, 416-
441.

Bourrelly, P. (1966). Les algues d’eau douce. II. Les algues jaunes et brunes, Boubée, Paris.

Boute, N., Exposito, J.-Y., Boury-Esnault, N., Vacelet, J., Noro, N., Miyazaki, K., Yoshizato, K.
and Garrone, R. (1996). Type IV collagen in sponges, the missing link in basement membrane
ubiquity. Biology of the Cell 88, 37-44.

Bower, S. M. and Meyer, G. R. (2002). Morphology and ultrastructure of a protistan pathogen in the
haemolymph of shrimp (Pandalus spp) in the northeastern Pacific Ocean. Canadian Journal of Zoology
80, 1055-1068.

Bowman, B. H., Taylor, J. W., Brownlee, A. G., Lee, J., Lu, S.-D. and White, T. J. (1992).
Molecular evolution of the fungi: relationship of the Basidiomycetes, Ascomycetes and
Chytridiomycetes. Molecular Blology and Evolution 9, 285-296.

Bowser, S. S., Gooday, A. J., Alexander, S. P. and Bernhard, J. M. (1995). Larger agglutinated
foraminifera of McMurdo Sound, Antarctica: are Astrammina rara and Notodendrodes antarctikos
allogromiids incognito? Marine Micropalaeontology 26, 75-88.

Braselton, J. P. (1995). Current status of the Plasmodiophorids. Critical Reviews in Microbiology 21,
263-275.

Brite, J., Klaveness, D., Rygh, T., Jakobsen, K. S. and Shalchian-Tabrizi, K. (2010). Telonemia-
specific environmental 18S rDNA PCR reveals unknown diversity and multiple marine-freshwater
colonizations. BMC Microbiology 10, 168.

Bravo-Sierra, E. D. and Hernandez-Becerril, U. (2003). Parmales (Chrysophyceae) form the Gulf of
Tehuantepec, Mexico, including the description of a new species, Tetraparma insecta sp. nov., and a
proposal to the taxonomy of the group. Journal of Phycology 39, 577-583.

Brayton, K. A., Lau, A. O., Herndon, D. R., Hannick, L., Kappmeyer, L. S., Berens, S. J.,
Bidwell, S. L., Brown, W. C., Crabtree, J., Fadrosh, D., Feldblum, T., Forberger, H. A., Haas, B.
J., Howell, J. M., Khouri, H., Koo, H., Mann, D. J., Norimine, J., Paulsen, I. T., Radune, D., Ren,
Q., Smith, R. K., Jr., Suarez, C. E., White, O., Wortman, J. R., Knowles, D. P., Jr., McElwain, T.
F. and Nene, V. M. (2007). Genome sequence of Babesia bovis and comparative analysis of
apicomplexan hemoprotozoa. PLoS Pathogens 3, 1401-1413.

Breglia, S. A., Yubuki, N., Hoppenrath, M. and Leander, B. S. (2010). Ultrastructure and molecular
phylogenetic position of a novel euglenozoan with extrusive episymbiotic bacteria: Bikospites bacati n.
gen. et sp. (Symbiontida). BMC Microbiology 10, 145.

Bremer, K. (1985). Summary of green plant phylogeny and classification. Cladistics 1, 369-385.
Brett, S. J. and Wetherbee, R. (1986). A comparative study of periplast structure in Cryptomonas
cryophila and C. ovata (Cryptophyceae). Protoplasma 131, 23-31.

Brett, S. J., Perasso, L. and Wetherbee, R. (1994). Structure and development of the cryptomonad
periplast - a review. Protoplasma 181, 106-122.

Broers, C. A. M., Stumm, C. K., Vogels, G. D. and Brugerolle, G. (1990). Psalteriomonas lanterna
gen. nov., sp. nov., a free-living amoeboflagellate isolated from freshwater anaerobic sediments. .
European Journal of Protistology 25, 369-380.

Brooke, N. M. and Holland, P. W. (2003). The evolution of multicellularity and early animal
genomes. Current Opinion in Genetics and Development 13, 599-603.

Brown, M. W., Spiegel, F. W. and Silberman, J. D. (2009). Phylogeny of the "forgotten" cellular
slime mold, Fonticula alba, reveals a key evolutionary branch within Opisthokonta. Molecular Blology
and Evolution 26, 2699-2709.

Brown, R. C. and Lemmon, B. E. (2008). Microtubules in early development of the
megagametophyte of Ginkgo biloba. Journal of Plant Research 121, 397-406.

Brown, R. C. and Lemmon, B. E. (2009). Pre-meiotic bands and novel meiotic spindle ontogeny in
quadrilobed sporocytes of leafy liverworts (Jungermannidae, Bryophyta). Protoplasma 237, 41-49.
Brugerolle, G. (1970). Ultrastructure and sytemic place of Pyrsonympha vertens (Zooflagellata
Pyrsonymphina). Comptes rendus hebdomadaires des seances de l'Academie des sciences. Serie D:
Sciences naturelles 270, 966-969.

97



Brugerolle, G. (1973). Etude ultrastructurale du trophozoite et du kyste chez le genre Chilomastix
Alexeieff, 1910 (Zoomastigophorea, Retortamonadida Grassé, 1952). Journal of Protozoology 20, 544-
585.

Brugerolle, G. and Joyon, L. (1973). Sur la structure et la position systématique du genre
Monocercomonoides (Travis, 1932). Protistologica 9, 71-80.

Brugerolle, G., Joyon, L. and Oktem, N. (1973a). Contribution a 1’étude cytologique et phylétique
des diplozoaires (Zoomastigophorea, Diplozoa, Dangeard 1910). II. Etude ultrastructurale du genre
Spironucleus (Lavier, 1936). Protistologica 9, 495-502.

Brugerolle, G., Joyon, L. and Oktem, N. (1973b). Contribution a 1’étude cytologique et phylétique
des diplozoaires (Zoomastigophorea, Diplozoa, Dangeard 1910). I. Etude ultrastructurale du genre
Trepomonas. Protistologica 9, 339-348.

Brugerolle, G. and Metenier, G. (1973). Intracellular localization and characterization of 2 types of
malate dehydrogenases in Trichomonas vaginalis Donne, 1836. Journal of Protozoology 20, 320-327.
Brugerolle, G., Gobert, J. G. and Savel, J. (1974a). Ultrastructural study of liver abcess induced by
an intraperitoneal injection of Trichomonas vaginalis cells in mice (author's translation). Annales de
parasitologie humaine et comparée 49, 301-318.

Brugerolle, G., Joyon, L. and Oktem, N. (1974b). Contribution a 1’étude cytologique et phylétique
des diplozoaires (Zoomastigophorea, Diplozoa, Dangeard 1910). III. Etude ultrastructurale du genre
Hexamita (Dujardin, 1838). Protistologica 10, 78-83.

Brugerolle, G. (1975a). Ultrastructure of the genus Enteromonas da Fonseca (Zoomastigophorea) and
revision of the order of Diplomonadida Wenyon. Journal of Protozoology 22, 468-475.

Brugerolle, G. (1975b). Contribution a 1’étude cytologique et phylétique des diplozoaires
(Zoomastigophorea, Diplozoa, Dangeard 1910). VI. Caractéres généraux des Diplozoaires.
Protistologica 11, 111-118.

Brugerolle, G. (1975c). Contribution a [’étude cytologique et phylétique des diplozoaires
(Zoomastigophorea, Diplozoa, Dangeard 1910). V. Nouvelle interprétation de I’organisation cellulaire
de Giardia. Protistologica 11, 99-109.

Brugerolle, G. and Joyon, L. (1975). Etude cytologique ultrastructurale des genres Proteromonas et
Karotomorpha (Zoomastigophorea, Proteromonadida Grassé 1952). Protistologica 11, 531-546.
Brugerolle, G. (1977). Cytologie ultrastructurale, systématique et évolution des Trichomonadida. .
Annales de la Station Biologique de Besse-en-Chandesse 10-11, 1-90.

Brugerolle, G. and Joyon, L. (1979). Distribution et organisation de I’AND dans le complexe
kinétoplaste-mitochondrie chez un Bodonidé, protozoaire kinétoplastidé; variations au cours du cycle
cellulaire. Biologie Cellulaire 35, 111-114.

Brugerolle, G., Lom, J., Nohynkova, E. and Joyon, L. (1979). Comparison et des structures
cellulaires chez plusieurs espéces de Bodonides et Cryptobiides appartenant aux genres Bodo,
Cryptobia, et Trypanoplasma (Kinetoplastida, Mastigophora). Protistologica 15, 197-221.

Brugerolle, G. and Mignot, J.-P. (1983). Caractéristiques ultrastructurales de 1’hélioflagellé
Tetradimorpha (Hsiung) et leur intérét pour I’étude phylétique des héliozoaires. Journal of
Protozoology 30, 473-480.

Brugerolle, G. and Mignot, J.-P. (1984a). The cell characters of two helioflagellates related to the
centrohelidian lineage: Dimorpha and Tetradimorpha. Origins of Life 13, 305-314.

Brugerolle, G. and Mignot, J.-P. (1984b). Les caractéristiques ultrastructurales de I’hélioflagellé
Dimorpha mutans Griiber (Sarcodina — Actinopoda) et leur intérét phylétique. Protistologica 20, 97-
112.

Brugerolle, G. (1985). Des trichocystes chez les bodonides, un caractére phylogénetique
supplémentaire entre Kinetoplastida et Euglenida. Protistologica 21, 339-348.

Brugerolle, G. and Patterson, D. J. (1990). A cytological study of Aulacomonas submarina Skuja
1939, a heterotrophic flagellate with a novel ultrastructural identity. European Journal of Protistology
25, 191-199.

Brugerolle, G. (1991a). Flagellar and cytoskeletal systems in amitochondrial flagellates: Archamoeba,
Metamonada and Parabasala. Protoplasma 164, 70-90.

Brugerolle, G. (1991b). Cell organization in free-living amitochondriate heterotrophic flagellates. In
The Biology of Free Living Heterotrophic Flagellates. Systematics Association Special Volume No. 45.
(ed. Patterson, D. J. and Larsen, J.), pp. 133-148. Clarendon Press, Oxford.

Brugerolle, G. and Konig, H. (1997). Ultrastucture and organisation of the cytoskeleton in Oxymonas,
an intestinal flagellate of termites. Journal of Eukaryotic Microbiology 44, 305-313.

Brugerolle, G. and Patterson, D. J. (1997). Ultrastructure of Trimastix convexa Hollande, an
amitochondriate anaerobic flagellate with a previously undescribed organisation. European Journal of
Protistology 33, 121-130.

98



Brugerolle, G. and Miiller, M. (2000). Amitochondriate flagellates. In The Flagellates (ed. J.C., G.
and B.S.C, L.), pp. 166-189. Taylor and Francis, London.

Brugerolle, G. (2002). Colpodella vorax: ultrastructure, predation, life-cycle mitosis, and phylogenetic
relationships. European Journal of Protistology 38, 113-125.

Brugerolle, G., Bricheux, G., Philippe, H. and Coffea, G. (2002). Collodictyon triciliatum and
Diphylleia rotans (=Aulacomonas submarina) form a new family of flagellates (Collodictyonidae) with
tubular mitochondrial cristae that is phylogenetically distant from other flagellate groups. Protist 153,
59-70.

Brugerolle, G. and Lee, J. J. (2002). Phylum Parabasalia. In The lllustrated Guide to the Protozoa,
2nd Edition. (ed. Lee, J. J., Leedale, G. F. and Bradbury, P.), pp. 1196-1249. Society of
Protozoologists, Lawrence, Kansas, USA.

Brugerolle, G. and Mignot, J. P. (2003). The rhizoplast of chrysomonads, a basal body-nucleus
connector that polarises the dividing spindle. Protoplasma 222, 13-21.

Brugerolle, G. (2004). Devescovinid features, a remarkable surface cytoskeleton, and epibiotic
bacteria revisited in Mixotricha paradoxa, a parabasalid flagellate. Protoplasma 224, 49-59.
Brugerolle, G. and Simpson, A. G. B. (2004). The flagellar apparatus of heteroloboseans. Journal of
Eukaryotic Microbiology 51, 96-107.

Brugerolle, G. (2006). Description of a new freshwater heterotrophic flagellate Sulcomonas lacustris
affiliated to the collodictyonids. Acta Protozoologica 45, 175-182.

Bruns, T. D., Vilgalys, R., Barns, S. M., Gonzalez, D., Hibbett, D. S., Lane, D. J., Simon, L.,
Stickel, S., Szaro, T. M., Weisburg, W. G. and et al. (1992). Evolutionary relationships within the
fungi: analyses of nuclear small subunit rRNA sequences. Molecular Phylogenetics and Evolution 1,
231-241.

Buchheim, M. A., Michalopoulos, E. A. and Buchheim, J. A. (2001). Phylogeny of the
Chlorophyceae with special reference to the Sphaeropleales: a study of 18S and 26S rDNA data.
Journal of Phycology 37, 819-835.

Budin, K. and Philippe, H. (1998). New insights into the phylogeny of eukaryotes based on ciliate
Hsp70 sequences. Molecular Blology and Evolution 15, 943-956.

Bullerwell, C. E., Forget, L. and Lang, B. F. (2003). Evolution of monoblepharidalean fungi based
on complete mitochondrial genome sequences. Nucleic Acids Research 31, 1614-1623.

Bullerwell, C. E. and Lang, B. F. (2005). Fungal evolution: the case of the vanishing mitochondrion.
Current Opinion in Microbiology 8, 362-369.

Bulman, S. R., Kuhn, S. F., Marshall, J. W. and Schnepf, E. (2001). A phylogenetic analysis of the
SSU rRNA from members of the Plasmodiophorida and Phagomyxida. Protist 152, 43-51.

Bungard, R. A. (2004). Photosynthetic evolution in parasitic plants: insight from the chloroplast
genome. Bioessays 26, 235-247.

Burki, F., Berney, C. and Pawlowski, J. (2002). Phylogenetic position of Gromia oviformis Dujardin
inferred from nuclear-encoded small subunit ribosomal DNA. Protist 153, 251-260.

Burki, F., Nikolaev, S. L., Bolivar, 1., Guiard, J. and Pawlowski, J. (2006). Analysis of expressed
sequence tags from a naked foraminiferan Reticulomyxa filosa. Genome 49, 882-887.

Burki, F. and Pawlowski, J. (2006). Monophyly of Rhizaria and multigene phylogeny of unicellular
bikonts. Molecular Blology and Evolution 23, 1922-1930.

Burki, F., Shalchian-Tabrizi, K., Minge, M., Skjaeveland, A., Nikolaev, S. 1., Jakobsen, K. S. and
Pawlowski, J. (2007). Phylogenomics reshuffles the eukaryotic supergroups. PLoS One 2, ¢790.
Burki, F., Shalchian-Tabrizi, K. and Pawlowski, J. (2008). Phylogenomics reveals a new
'megagroup’ including most photosynthetic eukaryotes. Biology Letters 4, 366-369.

Burki, F., Inagaki, Y., Brate, J., Archibald, J. M., Keeling, P. J., Cavalier-Smith, T., Sakaguchi,
M., Hashimoto, T., Horak, A., Kumar, S., Klaveness, D., Jakobsen, K. S., Pawlowski, J. and
Shalchian-Tabrizi, K. (2009). Large-scale phylogenomic analyses reveal that two enigmatic protist
lineages, Telonemia and Centroheliozoa, are related to photosynthetic chromalveolates. Genome
Biology and Evolution 1, 231-238.

Burreson, E. M. and Ford, S. E. (2004). A review of recent information on the Haplosporidia, with
special reference to Haplosporidium nelsoni (MSX disease). Aquatic Living Resources 17, 499-517.
Bushley, K. E. and Turgeon, B. G. (2010). Phylogenomics reveals subfamilies of fungal
nonribosomal peptide synthetases and their evolutionary relationships. BMC Evolutionary Biology 10,
26.

Cachon, J. and Cachon, M. (1973). Systématiques microtubulaires de I’astropyle et des parapyles de
Phaeodariés. Archiv fiir Protistenkunde 115, 324-335.

99



Cachon, J., Cachon, M., Tilney, L. G. and Tilney, M. S. (1977). Movement generated by
interactions between the dense material at the ends of microtubulues and non-actin-containing
microfilaments in Sticholonche zanclea. Journal of Cell Biology 72, 314-338.

Cachon, J., Cachon, M. and Estep, K. W. (1990). Phylum Actinopoda, Class Polycystina
(=Radiolaria) and Phaeodaria. In Handbook of Protoctista (ed. Margulis, L., Corliss, J. O., Melkonian,
M. and Chapman, D. J.), pp. 334-346. Jones and Bartlett, Boston, Mass., USA.

Calado, A. J., Hansen, G. and Moestrup, @. (1999). Architecture of the flagellar apparatus and
related structures in the type species of Peridinium, P. cinctum (Dinophyceae). European Journal of
Phycology 34, 179-191.

Callahan, H. A., Litaker, R. W. and Noga, E. J. (2002). Molecular taxonomy of the suborder
Bodonina (Order Kinetoplastida), including the important fish parasite, Ichthyobodo necator. Journal
of Eukaryotic Microbiology 49, 119-128.

Cann, J. P. (1984). The ultrastructure of Rhizamomeba flabellata (Goodey) comb. nov., and
Leptomyxa reticulata Goodey (Acarpomyxea, Leptomyxida). Archiv fiir Protistenkunde 128,

Cantell, C.-E., Franzén, A. and Sensenbaugh, T. (1982). Ultrastructure of multiciliated collar cells
in the pilidium larva of Lineus bilineatus (Nemertini). Zoomorphology 101, 1-15.

Caraguel, C. G., O'Kelly, C. J., Legendre, P., Frasca, S., Jr., Gast, R. J., Despres, B. M.,
Cawthorn, R. J. and Greenwood, S. J. (2007). Microheterogeneity and coevolution: an examination
of rDNA sequence characteristics in Neoparamoeba pemaquidensis and its prokinetoplastid
endosymbiont. Journal of Eukaryotic Microbiology 54, 418-426.

Carlton, J. M., Angiuoli, S. V., Suh, B. B., Kooij, T. W., Pertea, M., Silva, J. C., Ermolaeva, M.
D., Allen, J. E., Selengut, J. D., Koo, H. L., Peterson, J. D., Pop, M., Kosack, D. S., Shumway, M.
F., Bidwell, S. L., Shallom, S. J., van AKen, S. E., Riedmuller, S. B., Feldblyum, T. V., Cho, J. K.,
Quackenbush, J., Sedegah, M., Shoaibi, A., Cummings, L. M., Florens, L., Yates, J. R., Raine, J.
D., Sinden, R. E., Harris, M. A., Cunningham, D. A., Preiser, P. R., Bergman, L. W., Vaidya, A.
B., van Lin, L. H., Janse, C. J., Waters, A. P., Smith, H. O., White, O. R., Salzberg, S. L., Venter,
J. C., Fraser, C. M., Hoffman, S. L., Gardner, M. J. and Carucci, D. J. (2002). Genome sequence
and comparative analysis of the model rodent malaria parasite Plasmodium yoelii yoelii. Nature 419,
512-519.

Carlton, J. M., Hirt, R. P., Silva, J. C., Delcher, A. L., Schatz, M., Zhao, Q., Wortman, J. R.,
Bidwell, S. L., Alsmark, U. C., Besteiro, S., Sicheritz-Ponten, T., Noel, C. J., Dacks, J. B., Foster,
P. G., Simillion, C., Van de Peer, Y., Miranda-Saavedra, D., Barton, G. J., Westrop, G. D.,
Muller, S., Dessi, D., Fiori, P. L., Ren, Q., Paulsen, 1., Zhang, H., Bastida-Corcuera, F. D.,
Simoes-Barbosa, A., Brown, M. T., Hayes, R. D., Mukherjee, M., Okumura, C. Y., Schneider, R.,
Smith, A. J., Vanacova, S., Villalvazo, M., Haas, B. J., Pertea, M., Feldblyum, T. V., Utterback,
T. R., Shu, C. L., Osoegawa, K., de Jong, P. J., Hrdy, 1., Horvathova, L., Zubacova, Z., Dolezal,
P., Malik, S. B., Logsdon, J. M., Jr., Henze, K., Gupta, A., Wang, C. C., Dunne, R. L., Upcroft, J.
A., Upcroft, P., White, O., Salzberg, S. L., Tang, P., Chiu, C. H., Lee, Y. S., Embley, T. M.,
Coombs, G. H., Mottram, J. C., Tachezy, J., Fraser-Liggett, C. M. and Johnson, P. J. (2007).
Draft genome sequence of the sexually transmitted pathogen Trichomonas vaginalis. Science 315, 207-
212.

Carnegie, R. B., Barber, B. J., Culloty, S. C., Figueras, A. J. and Distel, D. L. (2000). Development
of a PCR assay for detection of the oyster pathogen Bonamia ostreae and support for its inclusion in
the Haplosporidia. Diseases of Aquatic Organisms 42, 199-206.

Carosi, G., Scaglia, M., Filice, G. and Willaert, E. (1977). A comparative electron microscope study
of axenically cultivated trophozoites of free-living amoebae of the genus Acanthamoeba and Naegleria
with special reference to the species N. gruberi (Schardinger 1899), N. fowleri (Carter 1970) and N.
Jjadini (Willaert et Le Ray 1973). Archiv fiir Protistenkunde 119, 264-273.

Carothers, Z. B. and Duckett, J. G. (1979). Spermatogenesis in the systematics and phylogeny of the
Hepaticae and Antherocerotae. In Bryophyte Systematics (ed. Clarke, C. G. S. and Carothers, Z. B.),
pp. Academic Press, London, UK.

Carothers, Z. B. and Duckett, J. G. (1980). The bryophyte spermatozoid: a source of new
phylogenetic information. Bulletin of the Torrey Botanical Club 107,281-297.

Carpenter, K. J., Chow, L. and Keeling, P. J. (2009). Morphology, phylogeny, and diversity of
Trichonympha (Parabasalia: Hypermastigida) of the wood-feeding cockroach Cryptocercus
punctulatus. Journal of Eukaryotic Microbiology 56, 305-313.

Carpenter, K. J., Horak, A. and Keeling, P. J. (2010). Phylogenetic position and morphology of
Spirotrichosomidae (Parabasalia): new evidence from Leptospironympha of Cryptocercus punctulatus.
Protist 161, 122-132.

100



Carr, M., Leadbeater, B. S., Hassan, R., Nelson, M. and Baldauf, S. L. (2008a). Molecular
phylogeny of choanoflagellates, the sister group to Metazoa. Proceedings of the National Academy of
Sciences of the USA 105, 16641-16646.

Carr, M., Nelson, M., Leadbeater, B. S. C. and Baldauf, S. L. (2008b). Three families of LTR
retrotransposons are present in the genome of the choanoflagellate Monosiga brevicollis. Protist 159,
579-590.

Carr, M., Leadbeater, B. S. and Baldauf, S. L. (2010). Conserved meiotic genes point to sex in the
choanoflagellates. Journal of Eukaryotic Microbiology 57, 56-62.

Cavalier-Smith, T. (1981). Eukaryote kingdoms: seven or nine? . BioSystems 14, 461-481.
Cavalier-Smith, T. (1986). The kingdom Chromista: origin and systematics. In Progress in
Phycological Research Vol. 4 (ed. Round, F. E. and Chapman, D. J.), pp. 309-347. BioPress Ltd.,
Bristol, UK.

Cavalier-Smith, T. (1987). Glaucophyceae and the origin of plants. Evol. Trends Plants 2, 75-78.
Cavalier-Smith, T. (1993). Kingdom Protozoa and its 18 phyla. Microbiological Reviews 57, 953-994.
Cavalier-Smith, T. and Chao, E. E. (1995). The opalozoan Apusomonas is related to the common
ancestor of animals, fungi and choanoflagellates. Proceedings of the Royal Society of London Series B-
Biological Sciences 261, 1-6.

Cavalier-Smith, T. (1996). Amoeboflagellates and mitochondrial cristae in euakryote evolution:
megasystematics of the new protistan subkingdoms Eozoa and Neozoa. Archiv fiir Protistenkunde 147,
237-258.

Cavalier-Smith, T. and Allsopp, M. T. E. P. (1996). Corallochytrium, an enigmatic non-flagellate
protozoan related to choanoflagellates. European Journal of Protistology 32, 306-310.
Cavalier-Smith, T. and Chao, E. E.-Y. (1997). Sarcomonad ribosomal RNA sequences, rhizopod
phylogeny, and the origin of euglyphid amoebae. Archiv fiir Protistenkunde 147, 227-236.
Cavalier-Smith, T. (1998). A revised six-kingdom system of life. Biological Reviews of the
Cambridge Philosophical Society 73, 203-266.

Cavalier-Smith, T. (2002). The phagotrophic origin of eukaryotes and phylogenetic classification of
Protozoa. International Journal of Systematic and Evolutionary Microbiology 52,297-354.
Cavalier-Smith, T. (2003a). The large scale phylogeny and classification of Protozoa. Journal of
Eukaryotic Microbiology 50, 16A-17A.

Cavalier-Smith, T. (2003b). Protist phylogeny and the high-level classification of Protozoa. Furopean
Journal of Protistology 39, 338-348.

Cavalier-Smith, T. and Chao, E. E. (2003a). Molecular phylogeny of centrohelid heliozoa, a novel
lineage of bikont eukaryotes that arose by ciliary loss. Journal of Molecular Evolution 56, 387-396.
Cavalier-Smith, T. and Chao, E. E. (2003b). Phylogeny and classification of phylum Cercozoa
(Protozoa). Protist 154, 341-358.

Cavalier-Smith, T. and Chao, E. E. Y. (2003c). Phylogeny of Choanozoa, Apusozoa, and other
Protozoa and early eukaryote megaevolution. Journal of Molecular Evolution 56, 540-563.
Cavalier-Smith, T. and Chao, E. E. Y. (2003d). Phylogeny and classification of phylum Cercozoa
(Protozoa). Protist 154, 341-358.

Cavalier-Smith, T. (2004). Only six kingdoms of life. Proceedings of the Royal Society Series B.
Biological Sciences 271, 1251-1262.

Cavalier-Smith, T., Chao, E. E. Y. and Oates, B. (2004). Molecular phylogeny of Amoebozoa and
the evolutionary significance of the unikont Phalansterium. European Journal of Protistology 40, 21-
48.

Cavalier-Smith, T. and Chao, E. E. (2006). Phylogeny and megasystematics of phagotrophic
heterokonts (Kingdom Chromista). Journal of Molecular Evolution 62, 388-420.

Cavalier-Smith, T., Chao, E. E., Stechmann, A., Oates, B. and Nikolaev, S. (2008a).
Planomonadida ord. nov. (Apusozoa): ultrastructural affinity with Micronuclearia podoventralis and
deep divergences within Planomonas gen. nov. Protist 159, 535-562.

Cavalier-Smith, T., Lewis, R., Chao, E. E., Oates, B. and Bass, D. (2008b). Morphology and
phylogeny of Sainouron acronematica sp. n. and the ultrastructural unity of Cercozoa. Protist 159,
591-620.

Cavalier-Smith, T. (2009). Megaphylogeny, cell body plans, adaptive zones: causes and timing of
eukaryote basal radiations. Journal of Eukaryotic Microbiology 56, 26-33.

Cavalier-Smith, T., Lewis, R., Chao, E. E., Oates, B. and Bass, D. (2009). Helkesimastix marina n.
sp. (Cercozoa: Sainouroidea superfam. n.) a gliding zooflagellate of novel ultrastructure and unusual
ciliary behaviour. Protist 160, 452-479.

Cavalier-Smith, T. (2010). Kingdoms Protozoa and Chromista and the eozoan root of the eukaryotic
tree. Biology Letters 6, 342-345.

101



Cavalier-Smith, T. and Chao, E. E. (2010). Phylogeny and evolution of Apusomonadida (Protozoa:
Apusozoa): new genera and species. Protist 161, 549-576.

Cedhagen, T. and Mattson, S. (1992). Schizocladus sublittoralis gen. et sp. n (Protozoa, Sarcodina,
Schizocladea classis n.) from the Scandinavian sublittoral. Sarsia 76, 297-285.

Celerin, M., Ray, J. M., Schisler, N. J., Day, A. W., Stetler-Stevenson, W. G. and Laudenbach, D.
E. (1996). Fungal fimbriae are composed of collagen. EMBO Journal 15, 4445-4453.

Celerin, M. and Day, A. W. (1998). Sex, Smut and RNA: the complexity of fungal fimbriae.
International Journal of Plant Science 159, 175-184.

Cepicka, I., Kostka, M., Uzlikova, M., Kulda, J. and Flegr, J. (2008). Non-monophyly of
Retortamonadida and high genetic diversity of the genus Chilomastix suggested by analysis of SSU
rDNA. Molecular Phylogenetics and Evolution 48, 770-775.

Cepicka, 1., Hampl, V. and Kulda, J. (2010). Critical taxonomic revision of Parabasalids with
description of one new genus and three new species. Protist 161, 400-433.

Chamberlain, A. H. and Moss, S. T. (1988). The Thraustochytrids: a protist group with mixed
affinities. BioSystems 21, 341-349.

Chantangsi, C., Lynn, D. H., Brandl, M. T., Cole, J. C., Hetrick, N. and Ikonomi, P. (2007).
Barcoding ciliates: a comprehensive study of 75 isolates of the genus Tetrahymena. International
Journal of Systematic and Evolutionary Microbiology 57, 2412-2425.

Chantangsi, C., Esson, H. J. and Leander, B. S. (2008). Morphology and molecular phylogeny of a
marine interstitial tetraflagellate with putative endosymbionts: Auranticordis quadriverberis n. gen. et
sp. (Cercozoa). BMC Microbiology 8, 123.

Chantangsi, C. and Lynn, D. H. (2008). Phylogenetic relationships within the genus Tetrahymena
inferred from the cytochrome c¢ oxidase subunit 1 and the small subunit ribosomal RNA genes.
Molecular Phylogenetics and Evolution 49, 979-987.

Chantangsi, C., Hoppenrath, M. and Leander, B. S. (2010). Evolutionary relationships among
marine cercozoans as inferred from combined SSU and LSU rDNA sequences and polyubiquitin
insertions. Molecular Phylogenetics and Evolution

Chantangsi, C. and Leander, B. S. (2010). Ultrastructure, life cycle and molecular phylogenetic
position of a novel marine sand-dwelling cercozoan: Clautriavia biflagellata n. sp. Protist 161, 133-
147.

Chapman, D. J. (1974). Taxonomic status of Cyanidium caldarium, the Porphyridiales and
Goniotrichales. . Nova Hedwigia 25, 673-682.

Chapman, R. L. (1984). An assessment of the current state of our knowledge of the Trentepohliaceae.
In Systematics of the Green Algae Systematics Association Special Volume 27. (ed. Irvine, D. E. G. and
John, D. M.), pp. 233-250. Academic Press, London.

Chatton, E. (1920). Les Péridiniens parasites. Morphologie, reproduction, éthologie. Archives de
Zoologie Experimentaux et Généraux 59, 1-475 [pl. I-XVIII].

Chesnick, J. M., Kooistra, W. H., Wellbrock, U. and Medlin, L. K. (1997). Ribosomal RNA
analysis indicates a benthic pennate diatom ancestry for the endosymbionts of the dinoflagellates
Peridinium foliaceum and Peridinium balticum (Pyrrhophyta). Journal of Eukaryotic Microbiology 44,
314-320.

Chrétiennot-Dinet, M. J., Courties, C., Vaquer, A., Neveux, J., Claustre, H., Lautier, J. and
Machado, M. C. (1995). A new marine picoeukaryote: Ostreococcus tauri gen. et sp. nov.
(Chlorophyta, Prasinophyceae). . Phycologia 34, 285-292.

Christensen, T. (1962). Alger. In Botanik. Vol. 2, Systematisk Botanik. (ed. Bocher, T. W., Lange, M.
and Serensen, T.), pp. 1-178. Munksgard, Copenhagen.

Christensen, T. (1994a). Algae: a taxonomic survey., AiO Print Ltd., Odense.

Christensen, T. (1994b). Typification of the class name Chlorophyceae. Taxon 43, 245-246.

Chu, K. H., Qi, J., Yu, Z.-G. and Anh, V. (2004). Origin and phylogeny of chloroplasts revealed by a
simple correlation analysis of complete genomes. . Molecular Blology and Evolution 21, 200-206.
Clark, J. (1995). Myxomycete reproductive systems: Additional information. Mycologia 87, 779-786.
Clay, B. and Kugrens, P. (1999a). Systematics of the enigmatic kathablepharids, including EM
characterization of the type species, Kathablepharis phoenikoston, and new observations on K.
remigera comb. nov. Protist 150, 43-59.

Cleveland, L. R. and Grimstone, A. V. (1964). The fine structure of the flagellate Mixotricha
paradoxa and its associated micro-organisms. . Proceedings of the Royal Society of London, Series B.
Biological Sciences 159, 668-686.

Cochennec-Laureau, N., Reece, K. S., Berthe, F. C. and Hine, P. M. (2003). Mikrocytos roughleyi
taxonomic affiliation leads to the genus Bonamia (Haplosporidia). Diseases of Aquatic Organisms 54,
209-217.

102



Cock, J. M., Sterck, L., Rouze, P., Scornet, D., Allen, A. E., Amoutzias, G., Anthouard, V.,
Artiguenave, F., Aury, J. M., Badger, J. H., Beszteri, B., Billiau, K., Bonnet, E., Bothwell, J. H.,
Bowler, C., Boyen, C., Brownlee, C., Carrano, C. J., Charrier, B., Cho, G. Y., Coelho, S. M.,
Collen, J., Corre, E., Da Silva, C., Delage, L., Delaroque, N., Dittami, S. M., Doulbeau, S., Elias,
M., Farnham, G., Gachon, C. M., Gschloessl, B., Heesch, S., Jabbari, K., Jubin, C., Kawai, H.,
Kimura, K., Kloareg, B., Kupper, F. C., Lang, D., Le Bail, A., Leblanc, C., Lerouge, P., Lohr, M.,
Lopez, P. J., Martens, C., Maumus, F., Michel, G., Miranda-Saavedra, D., Morales, J., Moreau,
H., Motomura, T., Nagasato, C., Napoli, C. A., Nelson, D. R., Nyvall-Collen, P., Peters, A. F.,
Pommier, C., Potin, P., Poulain, J., Quesneville, H., Read, B., Rensing, S. A., Ritter, A., Rousvoal,
S., Samanta, M., Samson, G., Schroeder, D. C., Segurens, B., Strittmatter, M., Tonon, T.,
Tregear, J. W., Valentin, K., von Dassow, P., Yamagishi, T., Van de Peer, Y. and Wincker, P.
(2010). The Ectocarpus genome and the independent evolution of multicellularity in brown algae.
Nature 465, 617-621.

Comlekcioglu, U., Ozkose, E., Yazdic, F. C., Akyol, 1. and Ekinci, M. S. (2010). Polysaccharidase
and glycosidase production of avicel grown rumen fungus Orpinomyces sp. GMLFS. Acta Biologia
Hungarica 61, 333-343.

Cook, M. (2004). Structure and asexual reproduction of the enigmatic charophycecan green alga
Entransia fimbriata (Klebsormidiales, Charophyceae). Journal of Phycology 40, 424-431.

Coppin, A., Varre, J. S., Lienard, L., Dauvillee, D., Guerardel, Y., Soyer-Gobillard, M. O.,
Buleon, A., Ball, S. and Tomavo, S. (2005). Evolution of plant-like crystalline storage polysaccharide
in the protozoan parasite Toxoplasma gondii argues for a red alga ancestry. Journal of Molecular
Evolution 60, 257-267.

Coradeghini, A. and Vigna, M. S. (2008). The aerial epiphytic stomatocyst flora (Chrysophyceae and
Synurophyceae) of mosses from Primavera Station, Antarctica. Nova Hedwigia 86, 401-417.

Corradi, N., Hijri, M., Fumagalli, L. and Sanders, I. R. (2004). Arbuscular mycorrhizal fungi
(Glomeromycota) harbour ancient fungal tubulin genes that resemble those of the chytrids
(Chytridiomycota). Fungal Genetics and Biology 41, 1037-1045.

Corradi, N. and Sanders, I. R. (2006). Evolution of the P-type II ATPase gene family in the fungi
and presence of structural genomic changes among isolates of Glomus intraradices. BMC Evolutionary
Biology 6, 21.

Crespo, C., Rodriguez, H., Segade, P., Iglesias, R. and Garcia-Estevez, J. M. (2009). Coccomyxa
sp. (chlorophyta: chlorococcales), a new pathogen in mussels (Mytilus galloprovincialis) of Vigo
estuary (Galicia, NW Spain). Journal of Invertebrate Pathology 102,214-219.

Cuvelier, M. L., Ortiz, A., Kim, E., Moehlig, H., Richardson, D. E., Heidelberg, J. F., Archibald,
J. M. and Worden, A. Z. (2008). Widespread distribution of a unique marine protistan lineage.
Environmental Microbiology 10, 1621-1634.

Dacks, J. B., Silberman, J. D., Simpson, A. G. B., Moriya, S., Kudo, T., Okhuma, M. and
Redfield, R. J. (2001). Oxymonds are closely related to the excavate taxon Trimastix. Molecular
Blology and Evolution 18, 1034-1044.

Daggett, P.-M., Lipscomb, D., Sawyer, T. K. and Nerad, T. A. (1985). A molecular approach to the
phylogeny of Acanthamoeba. BioSystems 18, 399-405.

Dang, Y. and Green, B. R. (2010). Long transcripts from dinoflagellate chloroplast minicircles
suggest "rolling circle" transcription. Journal of Biological Chemistry 285, 5196-5203.

Daugbjerg, N. (1996a). Mesopedinella arctica gen. et sp. nov. (Pedinellales, Dictyochophyceae) I:
Fine structure of a new marine phytoflagellate from Arctic Canada. Phycologia 35, 435-445.
Daugbjerg, N. (1996b). Mesopedinella arctica (Pedinellales) II. Phylogeny of Mesopedinella,
including a cladistic analysis of Dictychophyceae. Phycologia 35, 563-568.

Daugbjerg, N. and Guillou, L. (2001). Phylogenetic analyses of Bolidophyceae (Heterokontophyta)
using rbcL gene sequences support their sister group relationship to diatoms. Phycologia 40, 153-161.
Daugbjerg, N., Henriksen, P. (2001). Pigment composition and rbcL sequence data from the
silicoflagellate Dictyocha speculum: a heterokont alga with pigments similar to some haptophytes.
Journal of Phycology 37, 1110-1120.

Dawson, N. S. and Walne, P. L. (1994). Evolutionary trends in euglenoids. Archiv fiir Protistenkunde
144, 221-225.

Dawson, S. C. and Pace, N. R. (2002). Novel kingdom-level eukaryotic diversity in anoxic
environments. Proceedings of the National Academy of Sciences of the USA 99, 8324-8329.

de Graaf, R. M., Duarte, L., van Alen, T. A., Kuiper, J. W., Schotanus, K., Rosenberg, J., Huynen,
M. A. and Hackstein, J. H. (2009). The hydrogenosomes of Psalteriomonas lanterna. BMC
Evolutionary Biology 9, 287.

103



De Jonckheere, J. F., Baumgartner, M., Opperdoes, F. R. and Stetter, K. O. (2009). Marinamoeba
thermophila, a new marine heterolobosean amoeba growing at 50 degrees C. European Journal of
Protistology 45, 231-236.

de Koning, A. P. and Keeling, P. J. (2006). The complete plastid genome sequence of the parasitic
green alga Helicosporidium sp. is highly reduced and structured. BMC Biology 4, 12.

de Koning, A. P., Noble, G. P., Heiss, A. A., Wong, J. and Keeling, P. J. (2008). Environmental
PCR survey to determine the distribution of a non-canonical genetic code in uncultivable oxymonads.
Environmental Microbiology 10, 65-74.

de Mendoza, A., Suga, H. and Ruiz-Trillo, I. (2010). Evolution of the MAGUK protein gene family
in premetazoan lineages. BMC Evolutionary Biology 10, 93.

Dean, R. A., Talbot, N. J., Ebbole, D. J., Farman, M. L., Mitchell, T. K., Orbach, M. J., Thon, M.,
Kulkarni, R., Xu, J. R., Pan, H., Read, N. D., Lee, Y. H., Carbone, 1., Brown, D., Oh, Y. Y.,
Donofrio, N., Jeong, J. S., Soanes, D. M., Djonovic, S., Kolomiets, E., Rehmeyer, C., Li, W.,
Harding, M., Kim, S., Lebrun, M. H., Bohnert, H., Coughlan, S., Butler, J., Calvo, S., Ma, L. J.,
Nicol, R., Purcell, S., Nusbaum, C., Galagan, J. E. and Birren, B. W. (2005). The genome sequence
of the rice blast fungus Magnaporthe grisea. Nature 434, 980-986.

Deasey, M. C. (1982). Spore formation by the cellular slime mold Fonticula alba. Mycologia 74, 607-
613.

Deasey, M. C., Olive, L.S. (1981). Role of the Golgi apparatus in sorogenesis by the cellular slime
mold Fonticula alba. Science 213, 561-563.

Deason, T. R., Silva, P. C., Watanabe, S. and Floyd, G. L. (1991). Taxonomic status of the green
algal genus Neochloris. Plant Systematics and Evolution 177, 213-219.

Degnan, B. M., Vervoort, M., Larroux, C. and Richards, G. S. (2009). Early evolution of metazoan
transcription factors. Current Opinion in Genetics and Development 19, 591-599.

Delivopoulos, S. G. and Kugrens, P. (1985). Thylakoid formation from coiled lamellar bodies during
carposporogenesis in Fauchecolax attenuata Setch (Rhodophyta, Rhodymeniales). Journal of Cell
Science 75, 215-224.

Delwiche, C. F. and Palmer, J. D. (1997). The origin of plastids and their spread via secondary
symbiosis. Plant Systematics and Evolution 11, S53-S86.

Delwiche, C. F. (1999). Tracing the thread of algal diversity through the tapestry of life. American
Naturalist 154, S164-S177.

Delwiche, C. F., Karol, K. G., Cimino, M. T. and Sytsma, K. J. (2002). Phylogeny of the genus
Coleochaete (Coleochaetales, Charophyta) and related taxa inferred by analysis of the chloroplast gene
rbcL. Journal of Phycology 38, 394-403.

Delwiche, C. F., Andersen, R. A., Bhattacharya, D., Mishler, B. and McCourt, R. M. (2004). Algal
evolution and the early radiation of green plants. In Assembling the Tree of Life (ed. Cracraft, J. and
Donoghue, M. J.), pp. 121-137. Oxford University Press, New York, USA.

Derelle, E., Ferraz, C., Rombauts, S., Rouze, P., Worden, A. Z., Robbens, S., Partensky, F.,
Degroeve, S., Echeynie, S., Cooke, R., Saeys, Y., Wuyts, J., Jabbari, K., Bowler, C., Panaud, O.,
Piegu, B., Ball, S. G., Ral, J. P., Bouget, F. Y., Piganeau, G., De Baets, B., Picard, A., Delseny, M.,
Demaille, J., Van de Peer, Y. and Moreau, H. (2006). Genome analysis of the smallest free-living
eukaryote Ostreococcus tauri unveils many unique features. Proceedings of the National Academy of
Sciences of the USA 103, 11647-11652.

Deschamps, P., Haferkamp, 1., d'Hulst, C., Neuhaus, H. E. and Ball, S. G. (2008a). The relocation
of starch metabolism to chloroplasts: when, why and how. Trends in Plant Science 13, 574-582.
Deschamps, P., Moreau, H., Worden, A. Z., Dauvillee, D. and Ball, S. G. (2008b). Early gene
duplication within chloroplastida and its correspondence with relocation of starch metabolism to
chloroplasts. Genetics 178, 2373-2387.

Deschamps, P. and Moreira, D. (2009). Signal conflicts in the phylogeny of the primary
photosynthetic eukaryotes. Molecular Blology and Evolution 26, 2745-2753.

Dettmering, C., Rottiger, R., Hohenegger, J. and Schmaljohann, R. (1998). The trimorphic life
cycle in Foraminifera: observations from cultures allow new evaluation. European Journal of
Protistology 34, 363-368.

Dodds, P. N., Rafiqi, M., Gan, P. H., Hardham, A. R., Jones, D. A. and Ellis, J. G. (2009).
Effectors of biotrophic fungi and oomycetes: pathogenicity factors and triggers of host resistance. New
Phytologist 183, 993-1000.

Dodge, J. (1973). The fine structure of algal cells, Academic Press, London, UK.

Dolezal, P., Smid, O., Rada, P., Zubacova, Z., Bursa’c, D., Sutik, R., Nebesarova, J., Lithgow, T.
and Tachezy, J. (2005). Giardia mitosomes and trichomonad hydrogenosomes share a common mode
of protein targeting. Proceedings of the National Academy of Sciences of the USA 102, 10924-10929.

104



Dolezel, D., Jirku, M., Maslov, D. A. and Lukes, J. (2000). Phylogeny of the bodonid flagellates
(Kinetoplastida) based on small-subunit rRNA gene sequences. International Journal for Systematic
and Evolutionary Microbiology 50 Pt 5, 1943-1951.

Domozych, D. S., Stewart, K. D. and Mattox, K. R. (1981). Development of the cell wall in
Tetraselmis: role of the golgi apparatus and extracellular wall assembly. Journal of Cell Science 52,
351-371.

Doublés, J. C. and McLaughlin, D. J. (1991). A new basidiomycetous septal type: the multiperforate
septum in Kriegeria eriophori. American Journal of Botany 78, 1542-1548.

Douglas, A. E. and Raven, J. A. (2003). Genomes at the interface between bacteria and organelles.
Phil. Trans. R. Soc. Lond. Ser. B. Biol. Sci. 358, 5-17; discussion 517-518.

Douglas, S. E., Murphy, C. A., Spencer, D. F. and Gray, M. W. (1991). Cryptomonad algae are
evolutionary chimaeras of two phylogenetically distinct unicellular eukaryotes. Nature 350, 148-151.
Dowse, T. and Soldati, D. (2004). Host cell invasion by apicomplexans: the significance of
microneme protein proteolysis. Curr. Opin. Microbiol 7, 388-396.

Draisma, S. G. A., Prud'Homme van Reine, W. F., Stam, W. T. and Olsen, J. T. (2001). A
reassessment of phylogenetic relationships within the Phacophyceae based on Rubisco large subunit
and ribosomal DNA sequences. Journal of Phycology 37, 586-603.

Drebes, G., Kiihn, S., Gmelch, A. and Schnepf, E. (1996). Cryothecomonas aestivalis sp. nov., a
colourless nanoflagellate feeding on the marine centric diatom Guinardia deliculata (Cleve) Hasle.
Helgol. Wiss. Meeresunters 50, 497-515.

Duckett, J. G. and Carothers, Z. B. (1979). Spermatogenesis in the systematics and phylogeny of the
Musci. In Bryophyte Systematics: Systematics Association Special Volume 14 (ed. Clarke, C. G. S. and
Carothers, Z. B.), pp. Academic Press, London, UK.

Dujon, B., Sherman, D., Fischer, G., Durrens, P., Casaregola, S., Lafontaine, 1., De Montigny, J.,
Marck, C., Neuveglise, C., Talla, E., Goffard, N., Frangeul, L., Aigle, M., Anthouard, V., Babour,
A., Barbe, V., Barnay, S., Blanchin, S., Beckerich, J. M., Beyne, E., Bleykasten, C., Boisrame, A.,
Boyer, J., Cattolico, L., Confanioleri, F., De Daruvar, A., Despons, L., Fabre, E., Fairhead, C.,
Ferry-Dumazet, H., Groppi, A., Hantraye, F., Hennequin, C., Jauniaux, N., Joyet, P., Kachouri,
R., Kerrest, A., Koszul, R., Lemaire, M., Lesur, 1., Ma, L., Muller, H., Nicaud, J. M., Nikolski,
M., Oztas, S., Ozier-Kalogeropoulos, O., Pellenz, S., Potier, S., Richard, G. F., Straub, M. L.,
Suleau, A., Swennen, D., Tekaia, F., Wesolowski-Louvel, M., Westhof, E., Wirth, B., Zeniou-
Meyer, M., Zivanovic, I., Bolotin-Fukuhara, M., Thierry, A., Bouchier, C., Caudron, B.,
Scarpelli, C., Gaillardin, C., Weissenbach, J., Wincker, P. and Souciet, J. L. (2004). Genome
evolution in yeasts. Nature 430, 35-44.

Durnford, D. G., Deane, J. A., Tan, S., McFadden, G. L., Gantt, E. and Green, B. R. (1999). A
phylogenetic assessment of the eukaryotic light-harvesting antenna proteins, with implications for
plastid evolution. Journal of Molecular Evolution 48, 59-68.

Dykova, 1., Lom, J. and Machackova, B. (1998). Cochliopodium minus, a scale-bearing amoeba
isolated from organs of perch Perca fluviatilis. Diseases of Aquatic Organisms 34, 205-210.

Dykova, 1., Figueras, A. and Peric, Z. (2000). Neoparamoeba Page, 1987: light and electron
microscopic observations on six strains of different origin. Diseases of Aquatic Organisms 43, 217-
223.

Dykova, 1., Veverkova, M., Fiala, I. and Machackova, B. (2002). A free-living amoeba with unusual
pattern of mitochondrial structure isolated from atlantic salmon, Salmo salar L. Acta Protozoologica
41, 415-419.

Dykova, 1., Fiala, 1., Lom, J. and Lukes, J. (2003). Perkinsiella amoebae-like endosymbionts of
Neoparamoeba spp., relatives of the kinetoplastid Ichthyobodo. European Journal of Protistology 39,
37-52.

Dykova, 1., Bohacova, L., Fiala, 1., Machackova, B., Peckova, H. and Dvorakova, H. (2005a).
Amoebae of the genera Vannella Bovee, 1965 and Platyamoeba Page, 1969 isolated from fish and their
phylogeny inferred from SSU rRNA gene and ITS sequences. European Journal of Protistology 41,
219-230.

Dykova, 1., Nowak, B. F., Crosbie, P. B., Fiala, 1., Peckova, H., Adams, M. B., Machackova, B.
and Dvorakova, H. (2005b). Neoparamoeba branchiphila n. sp., and related species of the genus
Neoparamoeba Page, 1987: morphological and molecular characterization of selected strains. Journal
of Fish Diseases 28, 49-64.

Dykova, 1., Peckova, H., Fiala, 1. and Dvorakova, H. (2005c¢). Filamoeba sinensis sp. n., a second
species of the genus Filamoeba Page 1967, isolated from the gills of Carassius gibelio (Bloch, 1872).
Acta Protozoologica 44, 75-80.

105



Dykova, 1., Fiala, 1., Dvorakova, H. and Peckova, H. (2008). Living together: the marine amoeba
Thecamoeba hilla Schaeffer, 1926 and its endosymbiont Labyrinthula sp. European Journal of
Protistology 44, 308-316.

Dykova, 1., Kostka, M. and Peckova, H. (2010). Grellamoeba robusta gen. n.,sp.n.,a possible
member of the family Acramoebidaec Smirnov, Nassonova et Cavalier-Smith, 2008. European Journal
of Protistology 46, 77-85.

Dykova, 1., Veverkova, M., Fiala, 1., Machackova, B., Peckova, H. (2003). Nuclearia pattersoni
sp.n. (Filosea), a new species of amphizoic amoeba isolated from the gills of roach (Rutilus rutilus),
and its rickettsial endosybiont. Folia Parasitologica 50, 161-170.

Dykstra, M. J. (1977). Possible phylogenetic significance of mitochondrial configurations in acrasid
cellular slime moulds with reference to members of Eumycetozoa and Fungi. Mycologia 69, 579-591.
Dykstra, M. J. and Porter, D. (1984). Diplophrys marina, a new scale-forming marine protist with
labyrinthulid affinities. Mycologia 76, 626-632.

Dylewski, D. P., Braselton, J. P. and Miller, C. E. (1978). Cruciform nuclear division in
Sorosphaera veronicae. American Journal of Botany 65, 258-267.

Edgcomb, V. P., Roger, A. J., Simpson, A. G., Kysela, D. T. and Sogin, M. L. (2001). Evolutionary
relationships among "jakobid" flagellates as indicated by alpha- and beta-tubulin phylogenies.
Molecular Blology and Evolution 18, 514-522.

Edgcomb, V. P., Simpson, A. G. B., Amaral Zettler, L., Nerad, T., Patterson, D. J., Holder, M. E.
and Sogin, M. L. (2002). Pelobionts are degenerate protists: Insights from molecules and morphology.
Molecular Blology and Evolution 19, 978-982.

Edvardsen, B., Eikrem, W., Green, J. C., Andersen, R. A., Moon-van-der-Staay, S. Y. and
Medlin, L. K. (2000). Phylogenetic reconstructions of the Haptophyta inferred from 18S ribosomal
DNA sequences and available morphological data. Phycologia 39, 19-35.

Egeland, E. S., Johnsen, G., Eikrem, W., Throndsen, J. and Liaaen-Jensen, S. (1995). Pigments of
Bathycoccus prasinos (Prasinophyceae) methodological and chemosystematic implications. Journal of
Phycology 31, 554-561.

Egeland, E. S., Guillard, R. R. L. and Liaaen-Jensen, S. (1997). Additional carotenoid prototype
representatives and a general chemosystematic evaluation of carotenoids in Prasinophyceae
(Chlorophyta). Phytochemistry 44, 1087-1097.

Eichinger, L. and Noegel, A. A. (2005). Comparative genomics of Dictyostelium discoideum and
Entamoeba histolytica. Current Opinion in Microbiology 8, 606-611.

Eichinger, L., Pachebat, J. A., Glockner, G., Rajandream, M. A., Sucgang, R., Berriman, M.,
Song, J., Olsen, R., Szafranski, K., Xu, Q., Tunggal, B., Kummerfeld, S., Madera, M., Konfortov,
B. A., Rivero, F., Bankier, A. T., Lehmann, R., Hamlin, N., Davies, R., Gaudet, P., Fey, P.,
Pilcher, K., Chen, G., Saunders, D., Sodergren, E., Davis, P., Kerhornou, A., Nie, X., Hall, N.,
Anjard, C., Hemphill, L., Bason, N., Farbrother, P., Desany, B., Just, E., Morio, T., Rost, R.,
Churcher, C., Cooper, J., Haydock, S., van Driessche, N., Cronin, A., Goodhead, 1., Muzny, D.,
Mourier, T., Pain, A., Lu, M., Harper, D., Lindsay, R., Hauser, H., James, K., Quiles, M., Madan
Babu, M., Saito, T., Buchrieser, C., Wardroper, A., Felder, M., Thangavelu, M., Johnson, D.,
Knights, A., Loulseged, H., Mungall, K., Oliver, K., Price, C., Quail, M. A., Urushihara, H.,
Hernandez, J., Rabbinowitsch, E., Steffen, D., Sanders, M., Ma, J., Kohara, Y., Sharp, S.,
Simmonds, M., Spiegler, S., Tivey, A., Sugano, S., White, B., Walker, D., Woodward, J.,
Winckler, T., Tanaka, Y., Shaulsky, G., Schleicher, M., Weinstock, G., Rosenthal, A., Cox, E. C.,
Chisholm, R. L., Gibbs, R., Loomis, W. F., Platzer, M., Kay, R. R., Williams, J., Dear, P. H.,
Noegel, A. A., Barrell, B. and Kuspa, A. (2005). The genome of the social amoeba Dictyostelium
discoideum. Nature 435, 43-57.

Eikrem, W. and Throndsen, J. (1990). The ultrastructure of Bathycoccus gen.nov. and B. prasinos
sp. nov., a non-motile picoplanktonic alga (Chlorophyta, Prasinophyceae) from the Mediterranean and
Atlantic. Phycologia 29, 334-350.

Eikrem, W. and Moestrup, @. (1998). Structural analysis of the flagellar apparatus and the scaly
periplast in Chrysochromulina scutellum sp. nov. (Prymnesiophyceae, Haptophyta) from the Skagerrak
and the Baltic. Phycologia 37, 132-153.

Eisen, J. A., Coyne, R. S., Wu, M., Wu, D. Y., Thiagarajan, M., Wortman, J. R., Badger, J. H.,
Ren, Q. H., Amedeo, P., Jones, K. M., Tallon, L. J., Delcher, A. L., Salzberg, S. L., Silva, J. C.,
Haas, B. J., Majoros, W. H., Farzad, M., Carlton, J. M., Smith, R. K., Garg, J., Pearlman, R. E.,
Karrer, K. M., Sun, L., Manning, G., Elde, N. C., Turkewitz, A. P., Asai, D. J., Wilkes, D. E.,
Wang, Y. F., Cai, H., Collins, K., Stewart, A., Lee, S. R., Wilamowska, K., Weinberg, Z., Ruzzo,
W. L., Wloga, D., Gaertig, J., Frankel, J., Tsao, C. C., Gorovsky, M. A., Keeling, P. J., Waller, R.
F., Patron, N. J., Cherry, J. M., Stover, N. A., Krieger, C. J., del Toro, C., Ryder, H. F.,

106



Williamson, S. C., Barbeau, R. A., Hamilton, E. P. and Orias, E. (2006). Macronuclear genome
sequence of the ciliate Tetrahymena thermophila, a model eukaryote. Plos Biology 4, 1620-1642.
Eisler, K. (1992). Simatic kineties or paroral membrane: which came first in ciliate evolution?
BioSystems 26, 239-254.

Ekebom, J., Patterson, D. J. and Vers, N. (1996). Heterotrophic flagellates from coral reef sediments
(Great Barrier Reef, Australia). Archiv fiir Protistenkunde 146, 251-272.

Ekelund, F. (2002). A study of the soil flagellate Phalansterium solitarium Sandon, 1924 with
preliminary data on its ultrastructure. Protistology 2, 152-158.

Ekelund, F., Daugbjerg, N. and Fredslund, L. (2004). Phylogeny of Heteromita, Cercomonas and
Thaumatomonas based on SSU rDNA sequences, including the description of Neocercomonas
Jjutlandica sp. nov, gen. nov. European Journal of Protistology 40, 119-135.

El-Sayed, N. M., Myler, P. J., Blandin, G., Berriman, M., Crabtree, J., Aggarwal, G., Caler, E.,
Renauld, H., Worthey, E. A., Hertz-Fowler, C., Ghedin, E., Peacock, C., Bartholomeu, D. C.,
Haas, B. J., Tran, A. N.,, Wortman, J. R., Alsmark, U. C., Angiuoli, S., Anupama, A., Badger, J.,
Bringaud, F., Cadag, E., Carlton, J. M., Cerqueira, G. C., Creasy, T., Delcher, A. L., Djikeng, A.,
Embley, T. M., Hauser, C., Ivens, A. C., Kummerfeld, S. K., Pereira-Leal, J. B., Nilsson, D.,
Peterson, J., Salzberg, S. L., Shallom, J., Silva, J. C., Sundaram, J., Westenberger, S., White, O.,
Melville, S. E., Donelson, J. E., Andersson, B., Stuart, K. D. and Hall, N. (2005). Comparative
genomics of trypanosomatid parasitic protozoa. Science 309, 404-409.

Elbrichter, M., Schnepf, E. and Balzer, 1. (1996). Hemistasia phaeocysticola (Scherffel) comb. nov.
redescription of a free-living, marine phagotrophic kinetoplastid flagellate. Archiv fiir Protistenkunde
147, 125-136.

Elias, M., Patron, N. J. and Keeling, P. J. (2009). The RAB family GTPase RablA from
Plasmodium falciparum defines a unique paralog shared by Chromalveolates and Rhizaria. Journal of
Eukaryotic Microbiology 56, 348-356.

Elster, J., Degma, P., Kovacik, L., Valentova, L., Sramkova, K. and Pereira, A. B. (2008).
Freezing and desiccation injury resistance in the filamentous green alga Klebsormidium from the
Antarctic, Arctic and Slovakia. Biologia 63, 843-851.

Ender, A. and Schierwater, B. (2003). Placozoa are not derived cnidarians: evidence from molecular
morphology. Molecular Blology and Evolution 20, 130-134.

Espinosa-Canellano, M., Gonziles Robles, A., Chavez, B., Casta’nén, G., Argiiello, C., Lazaro-
Haller, A. and Martinez-Palomo, A. (1998). Entamoeba dispar: ultrastructure, surface properties and
cytopathic effect. Journal of Eukaryotic Microbiology 45, 265-272.

Ettl, H. (1978). Xanthophyceae, Part 4. In Siisswasserflora von Mitteleuropa, Bd. 3, 1. Teil (ed. Ettl,
H., Gerloff, H. J. and Heynig, H.), pp. Gustav Fischer, Stuttgart, Germany.

Exposito, J.-Y., van der Rest, M. and Garrone, R. (1993). The complete intron/exon structure of
Ephydatia miilleri fibrillar collagen gene suggests a mechanism for the evolutino of an ancestral gene
molecule. Journal of Molecular Evolution 37, 254-259.

Eyden, B. P. and Vickerman, K. (1975). Ultrastructure and vacuolar movements in the free-living
diplomonad Trepomonas agilis Klebs. Journal of Protozoology 22, 54-66.

Fabel, P., Radek, R. and Storch, V. (2000). A new spore-forming protist, Nephridiophaga blaberi sp
nov., in the death's head cockroach Blaberus craniifer. European Journal of Protistology 36, 387-395.
Fahrni, J. F., Bolivar, 1., Berney, C., Nassonova, E., Smirnov, A. and Pawlowski, J. (2003).
Phylogeny of lobose amoebae based on actin and small-subunit ribosomal RNA genes. Molecular
Blology and Evolution 20, 1881-1886.

Farmer, M. A. and Triemer, R. E. (1988). Flagellar systems in the euglenoid flagellates. BioSystems
21, 283-291.

Fast, N. M., Xue, L., Bingham, S. and Keeling, P. J. (2002). Re-examining alveolate evolution using
multiple protein molecular phylogenies. Journal of Eukaryotic Microbiology 49, 30-37.

Fathinejad, S., Steiner, J. M., Reipert, S., Marchetti, M., Allmaier, G., Burey, S. C., Ohnishi, N.,
Fukuzawa, H., Loffelhardt, W. and Bohnert, H. J. (2008). A carboxysomal carbon-concentrating
mechanism in the cyanelles of the 'coelacanth' of the algal world, Cyanophora paradoxa? Physiologia
Plantarum 133, 27-32.

Fawley, M. W. (1992). Photosynthetic pigments of Pseudoscourfeldia marina and select green
flagellates and coccoid ultraphytoplankton: implications for the systematics of the
Micromonadophyceae (Chlorophyta). Journal of Phycology 28,26-31.

Fawley, M. W. (1993). Structure of a prasinoxanthin-chlorophyll a/b light-harvesting complex of the
green flagellate Pseudoscourfeldia marina (Micromonadophyceae). Biochimica Biophysica Acta 1183,
85-90.

107



Fawley, M. W., Qin, M. and Yun, Y. (1999). The relationship between Pseudoscourfeldia marina
and Pycnococcus provasolii (Prasinophyceae, Chlorophyta) evidence from 18S rDNA sequence data.
Journal of Phycology 35, 838-843.

Fawley, M. W., Yun, Y. and Qin, M. (2000). Phylogenetic analyses of 18S rDNA sequences reveal a
new coccoid lineage of the prasinophyceae (Chlorophyta). Journal of Phycology 36, 387-393.

Febvre, C. (1975). Cytology of the heliozoan centrohelidian Gymnosphaera albida Sassaki,1894.
Journal of Protozoology 22, A80.

Febvre, J. (1990). Phylum Actinopoda, Class Acantharia. In Handbook of Protoctista (ed. Margulis,
L., Corliss, J. O., Melkonian, M. and Chapman, D. J.), pp. 363-379. Jones and Bartlett, Boston, MA.,
USA.

Febvre-Chevalier, C. and Febvre, J. (1984). Axonemal microtubule pattern of Cienkowskya
mereschkovskyi and a revision of heliozoan taxonomy. Origins of Life 13, 315-338.

Feist, S. W., Hine, P. M., Bateman, K. S., Stentiford, G. D. and Longshaw, M. (2009).
Paramarteilia canceri sp. n. (Cercozoa) in the European edible crab (Cancer pagurus) with a proposal
for the revision of the order Paramyxida Chatton, 1911. Folia Parasitologica 56, 73-85.

Fell, J. W., Boekhout, T., Fonseca, A. and Sampaio, J. P. (2001). Basidiomycetous yeasts. In The
Mpycota VII. Systematics and Evolution. Part B (ed. McLaughlin, D. J., McLaughlin, E. G. and Lemke,
P. A.), pp. Springer-Verlag, Berlin.

Fenchel, T. and Patterson, D. J. (1986). Percolomonas cosmopolitus (Ruinen) n.gen. a new type of
filter feeding flagellate from marine plankton. Journal of the Marine Biological Association of the UK
66, 465-482.

Fenchel, T. and Patterson, D. J. (1988). Cafeteria roenbergensis nov. gen. nov. sp., a heterotrophic
flagellate from marine plankton. Marine Microbial Food Webs 3, 9-19.

Fenchel, T. and Finlay, B. J. (1995). Ecology and evolution in anoxic worlds, Oxford University
Press, Oxford.

Ferris, P., Olson, B. J., De Hoff, P. L., Douglass, S., Casero, D., Prochnik, S., Geng, S., Rai, R.,
Grimwood, J., Schmutz, J., Nishii, 1., Hamaji, T., Nozaki, H., Pellegrini, M. and Umen, J. G.
(2010). Evolution of an expanded sex-determining locus in Volvox. Science 328, 351-354.

Fiala, 1. and Dykova, I. (2003). Molecular characterisation of Neoparamoeba strains isolated from
gills of Scophthalmus maximus. Diseases of Aquatic Organisms 55, 11-16.

Fiore-Donno, A. M., Berney, C. D., Pawlowski, J. and Baldauf, S. L. (2005). Higher-order
phylogeny of plasmodial slime molds (Myxogastria) based on elongation factor 1-A and small subunit
rRNA gene sequences. Journal of Eukaryotic Microbiology 52,201-210.

Fiore-Donno, A. M., Meyer, M., Baldauf, S. L. and Pawlowski, J. (2008). Evolution of dark-spored
Myxomycetes (slime-molds): molecules versus morphology. Molecular Phylogenetics and Evolution
46, 878-889.

Fiore-Donno, A. M., Nikolaev, S. L., Nelson, M., Pawlowski, J., Cavalier-Smith, T. and Baldauf,
S. L. (2010). Deep phylogeny and evolution of slime moulds (Mycetozoa). Protist 161, 55-70.

Fischer, W. M. and Palmer, J. D. (2005). Evidence from small-subunit ribosomal RNA sequences for
a fungal origin of Microsporidia. Molecular Phylogenetics and Evolution 36, 606-622.

Fitzpatrick, D. A., Logue, M. E., Stajich, J. E. and Butler, G. (2006). A fungal phylogeny based on
42 complete genomes derived from supertree and combined gene analysis. BMC Evolutionary Biology
6, 99.

Flavin, M., O’Kelly, C. J., Nerad, T. and Wilkinson, G. (2000). Cholamonas cyrtodiopsidis gen. n,
sp. n. (Cercomonadida), an endo-commensal, mycophagous heterotrophic flagellate with doubled
kineti. Acta Protozoologica 39, 51-60.

Fleige, T., Fischer, K., Ferguson, D. J., Gross, U. and Bohne, W. (2007). Carbohydrate metabolism
in the Toxoplasma gondii apicoplast: localization of three glycolytic isoenzymes, the single pyruvate
dehydrogenase complex, and a plastid phosphate translocator. Eukaryotic Cell 6, 984-996.

Fleige, T., Pfaff, N., Gross, U. and Bohne, W. (2008). Localisation of gluconeogenesis and
tricarboxylic acid (TCA)-cycle enzymes and first functional analysis of the TCA cycle in Toxoplasma
gondii. International Journal for Parasitology 38, 1121-1132.

Flores, B. S., Siddall, M. E. and Burreson, E. M. (1996). Phylogeny of the Haplosporidia
(Eukaryota: Alveolata) based on small subunit ribosomal RNA gene sequence. Journal of Parasitology
82, 616-623.

Floyd, G. L., Hoops, H. J. and Swanson, J. A. (1980). Fine structure of the zoospore of Ulothrix
belkae with emphasis on the flagellar apparatus. Protoplasma 104, 17-31.

Foissner, 1. and Foissner, W. (1993). Revision of the Family Spironemidae Doflein (Protista,
Hemimastigophora), with description of two new species, Spironema terricola n. sp., and Steronema
geiseri n.g., n.sp. Journal of Eukaryotic Microbiology 40, 422-438.

108



Foissner, W., Blatterer, H. and Foissner, I. (1988). The Hemimastigophora (Hemimastix
amphikineta nov. gen., nov. spec.), a new protistan phylum from Gondwanan soils. European Journal
of Protistology 23, 361-383.

Foissner, W., Kusuoka, Y. and Shimano, S. (2008). Morphology and gene sequence of Levicoleps
biwae n. gen., n. sp. (Ciliophora, Prostomatida), a proposed endemic from the ancient Lake Biwa,
Japan. Journal of Eukaryotic Microbiology 55, 185-200.

Foss, P., Guillard, R. R. L. and Liaaen-Jensen, S. (1984). Prasinoxanthin- a chemosynthetic marker
for algae. Phytochemistry 23, 1629-1633.

Frada, M., Probert, 1., Allen, M. J., Wilson, W. H. and de Vargas, C. (2008). The "Cheshire Cat"
escape strategy of the coccolithophore Emiliania huxleyi in response to viral infection. Proceedings of
the National Academy of Sciences of the USA 105, 15944-15949.

Franzén, A. (1987). Spermatogenesis. In Reproduction of marine invertebrates (ed. Giese, A. C.,
Pearse, J. S. and Pearse, V. B.), pp. 1-47. Blackwell/Boxwood, Pacific Grove, CA., USA.

Frederick, L. (1990). Phylum Plasmodial Slime moulds; Class Myxomycota. In Handbook of
Protoctista (ed. Margulis, L., Corliss, J. O., Melkonian, M. and Chapman, D. J.), pp. 467-483. Jones &
Bartlett, Boston, MA., USA.

Fredricks, D. N., Jolley, J. A., Lepp, P. W., Kosek, J. C. and Relman, D. A. (2000).
Rhinosporidium seeberi: a human pathogen from a novel group of aquatic protistan parasites.
Emerging Infectious Diseases 6,273-282.

Friedl, T. (1995). Inferring taxonomic positions and testing genus level assignments in coccoid green
lichen algae — a phylogenetic analysis of 18S ribosomal-RNA sequences from Dictychloropsis
reticulata and from members of the genus Myrmecia (Chlorophyta, Trebouxiophyceae cl. nov.).
Journal of Phycology 31, 632-639.

Fritz-Laylin, L. K., Prochnik, S. E., Ginger, M. L., Dacks, J. B., Carpenter, M. L., Field, M. C.,
Kuo, A., Paredez, A., Chapman, J., Pham, J., Shu, S., Neupane, R., Cipriano, M., Mancuso, J.,
Tu, H., Salamov, A., Lindquist, E., Shapiro, H., Lucas, S., Grigoriev, I. V., Cande, W. Z., Fulton,
C., Rokhsar, D. S. and Dawson, S. C. (2010). The genome of Naegleria gruberi illuminates early
eukaryotic versatility. Cell 140, 631-642.

Frommolt, R., Werner, S., Paulsen, H., Goss, R., Wilhelm, C., Zauner, S., Maier, U. G.,
Grossman, A. R., Bhattacharya, D. and Lohr, M. (2008). Ancient recruitment by chromists of green
algal genes encoding enzymes for carotenoid biosynthesis. Molecular Blology and Evolution 25, 2653-
2667.

Fuller, M. S. and Calhoun, S. A. (1968). Microtubule-kinetosome relationships in the motile cells of
the Blastocladiales. Cell and Tissue Research 87, 526-533.

Fuller, M. S. and Reichle, R. E. (1968). The fine structure of Monoblepharella sp. zoospores.
Canadian Journal of Botany 46, 279-283.

Funes, S., Davidson, E., Reyes-Prieto, A., Magallén, S., Herion, P., King, M. p. and Gonzalez-
Halphen, D. (2002). A green algal apicoplast ancestor. Science 298, 2155.

Furtado, J. S. and Olive, L. S. (1971). Ultrastructure of the protostelid Ceratiomyxella tahitiensis
including scale formation. Nova Hedwigia 21, 537-576.

Gajadhar, A. A., Marquardt, W. C., Hall, R., Gunderson, J., Ariztia-Carmona, E. V. and Sogin,
M. L. (1991). Ribosomal RNA sequences of Sarcocystis muris, Theileria annulata, and
Crypthecodinium cohnii reveal evolutionary relationship among apicomplexans, dinoflagellates and
ciliates. Molecular Biochemistry and Parasitology 45, 147-154.

Galagan, J. E., Calvo, S. E., Borkovich, K. A., Selker, E. U., Read, N. D., Jaffe, D., FitzHugh, W.,
Ma, L. J., Smirnov, S., Purcell, S., Rehman, B., Elkins, T., Engels, R., Wang, S., Nielsen, C. B.,
Butler, J., Endrizzi, M., Qui, D., Ianakiev, P., Bell-Pedersen, D., Nelson, M. A., Werner-
Washburne, M., Selitrennikoff, C. P., Kinsey, J. A., Braun, E. L., Zelter, A., Schulte, U., Kothe,
G. 0., Jedd, G., Mewes, W., Staben, C., Marcotte, E., Greenberg, D., Roy, A., Foley, K., Naylor,
J., Stange-Thomann, N., Barrett, R., Gnerre, S., Kamal, M., Kamvysselis, M., Mauceli, E.,
Bielke, C., Rudd, S., Frishman, D., Krystofova, S., Rasmussen, C., Metzenberg, R. L., Perkins, D.
D., Kroken, S., Cogoni, C., Macino, G., Catcheside, D., Li, W., Pratt, R. J., Osmani, S. A.,
DeSouza, C. P., Glass, L., Orbach, M. J., Berglund, J. A., Voelker, R., Yarden, O., Plamann, M.,
Seiler, S., Dunlap, J., Radford, A., Aramayo, R., Natvig, D. O., Alex, L. A., Mannhaupt, G.,
Ebbole, D. J., Freitag, M., Paulsen, 1., Sachs, M. S., Lander, E. S., Nusbaum, C. and Birren, B.
(2003). The genome sequence of the filamentous fungus Neurospora crassa. Nature 422, 859-868.
Galland, N., de Walque, S., Voncken, F. G., Verlinde, C. L. and Michels, P. A. (2010). An internal
sequence targets Trypanosoma brucei triosephosphate isomerase to glycosomes. Molecular
Biochemistry and Parasitology 171, 45-49.

109



Galt, J. H. and Whisler, H. C. (1970). Differentiation of flagellated spores in Thalassomyces,
ellobiopsid parasite of marine crustacean. Archiv fiir Mikrobiologie 71, 295-303.

Ganapati, P. N. and Narasimhamurti, C. C. (1960). On a new haplosporidian (protozoa)
Nephridiophaga xenoboli in the gut of a millipede Xenobolus carnifex. Parasitology 50, 581-585.
Garcia-Cuetos, L., Moestrup, O., Hansen, P. J. and Daugbjerg, N. (2010a). The toxic dinoflagellate
Dinophysis acuminata harbors permanent chloroplasts of cryptomonad origin, not kleptochloroplasts.
Harmful Algae 9, 25-38.

Garcia-Cuetos, L., Moestrup, ., Hansen, P. J. and Daugbjerg, N. (2010b). The toxic
dinoflagellate Dinophysis acuminata harbors permanent chloroplasts of cryptomonad origin, not
kleptochloroplasts. Harmful Algae 9, 25-38.

Gardner, M. J., Hall, N., Fung, E., White, O., Berriman, M., Hyman, R. W., Carlton, J. M., Pain,
A., Nelson, K. E., Bowman, S., Paulsen, I. T., James, K., Eisen, J. A., Rutherford, K., Salzberg, S.
L., Craig, A., Kyes, S., Chan, M. S., Nene, V., Shallom, S. J., Suh, B., Peterson, J., Angiuoli, S.,
Pertea, M., Allen, J., Selengut, J., Haft, D., Mather, M. W., Vaidya, A. B., Martin, D. M.,
Fairlamb, A. H., Fraunholz, M. J., Roos, D. S., Ralph, S. A., McFadden, G. I., Cummings, L. M.,
Subramanian, G. M., Mungall, C., Venter, J. C., Carucci, D. J., Hoffman, S. L., Newbold, C.,
Davis, R. W., Fraser, C. M. and Barrell, B. (2002). Genome sequence of the human malaria parasite
Plasmodium falciparum. Nature 419, 498-511.

Gardner, M. J., Bishop, R., Shah, T., de Villiers, E. P., Carlton, J. M., Hall, N., Ren, Q., Paulsen,
I. T., Pain, A., Berriman, M., Wilson, R. J., Sato, S., Ralph, S. A., Mann, D. J., Xiong, Z.,
Shallom, S. J., Weidman, J., Jiang, L., Lynn, J., Weaver, B., Shoaibi, A., Domingo, A. R.,
Wasawo, D., Crabtree, J., Wortman, J. R., Haas, B., Angiuoli, S. V., Creasy, T. H., Lu, C., Suh,
B., Silva, J. C., Utterback, T. R., Feldblyum, T. V., Pertea, M., Allen, J., Nierman, W. C.,
Taracha, E. L., Salzberg, S. L., White, O. R., Fitzhugh, H. A., Morzaria, S., Venter, J. C., Fraser,
C. M. and Nene, V. (2005). Genome sequence of Theileria parva, a bovine pathogen that transforms
lymphocytes. Science 309, 134-137.

Gargas, A., DePriest, P. T., Grube, M. and Tehler, A. (1995). Multiple origins of lichen symbioses
in fungi suggested by SSU rDNA phylogeny. Science 268, 1492-1495.

Gauna, M. C,, Parodi, E. R. and Caceres, E. J. (2009). Epiphytic relationships of Pseudendoclonium
submarinum Wille (Ulvophyceae) and Rhodymenia pseudopalmata (Rhodophyta) from the Patagonian
coast of Argentina. PHycological Research 57, 313-322.

Geimer, S., Belicova, A., Legen, J., Slavikova, S., Herrmann, R. G. and Krajcovic, J. (2009).
Transcriptome analysis of the Euglena gracilis plastid chromosome. Current Genetics 55, 425-438.
Geitler, L. (1930). Ein griines Filarplasmodium und andere neue Protisten. Archiv fiir Protistenkunde
69, 615-635.

Gely, C. and Wright, M. (1985). Centriole size modifications during the cell cycle of the amoebae of
the mxyomycete Physarum polycephalum. Journal of Ultrastructural Research 91, 127-137.
Gentekaki, E. and Lynn, D. H. (2009). High-level genetic diversity but no population structure
inferred from nuclear and mitochondrial markers of the peritrichous ciliate Carchesium polypinum in
the Grand River basin (North America). Applied Environmental Microbiology 75,3187-3195.

Georg, R. C. and Gomes, S. L. (2007). Transcriptome analysis in response to heat shock and
cadmium in the aquatic fungus Blastocladiella emersonii. Eukaryotic Cell 6, 1053-1062.

Giaever, G., Chu, A. M., Ni, L., Connelly, C., Riles, L., Veronneau, S., Dow, S., Lucau-Danila, A.,
Anderson, K., Andre, B., Arkin, A. P., Astromoff, A., EI-Bakkoury, M., Bangham, R., Benito, R.,
Brachat, S., Campanaro, S., Curtiss, M., Davis, K., Deutschbauer, A., Entian, K. D., Flaherty, P.,
Foury, F., Garfinkel, D. J., Gerstein, M., Gotte, D., Guldener, U., Hegemann, J. H., Hempel, S.,
Herman, Z., Jaramillo, D. F., Kelly, D. E., Kelly, S. L., Kotter, P., LaBonte, D., Lamb, D. C., Lan,
N., Liang, H., Liao, H., Liu, L., Luo, C., Lussier, M., Mao, R., Menard, P., Ooi, S. L., Revuelta, J.
L., Roberts, C. J., Rose, M., Ross-Macdonald, P., Scherens, B., Schimmack, G., Shafer, B.,
Shoemaker, D. D., Sookhai-Mahadeo, S., Storms, R. K., Strathern, J. N., Valle, G., Voet, M.,
Volckaert, G., Wang, C. Y., Ward, T. R., Wilhelmy, J., Winzeler, E. A., Yang, Y., Yen, G.,
Youngman, E., Yu, K., Bussey, H., Boeke, J. D., Snyder, M., Philippsen, P., Davis, R. W. and
Johnston, M. (2002). Functional profiling of the Saccharomyces cerevisiae genome. Nature 418, 387-
391.

Gibbs, S. P. (1978). The chloroplasts of Euglena may have evolved from symbiotic green algae.
Canadian Journal of Botany 56, 2883-2889.

Gill, E. E., Diaz-Trivino, S., Barbera, M. J., Silberman, J. D., Stechmann, A., Gaston, D., Tamas,
I. and Roger, A. J. (2007). Novel mitochondrion-related organelles in the anaerobic amoeba
Mastigamoeba balamuthi. Molecular Microbiology 66, 1306-1320.

110



Gilson, P. R. and McFadden, G. 1. (1996). The miniaturized nuclear genome of eukaryotic
endosymbiont contains genes that overlap, genes that are cotranscribed, and the smallest known
spliceosomal introns. Proceedings of the National Academy of Sciences of the USA 93, 7737-7742.
Gilson, P. R. and McFadden, G. I. (1999). Molecular, morphological and phylogenetic
characterization of six chlorarachniophyte strains. PHycological Research 47, 7-20.

Gilson, P. R., Su, V., Slamovits, C. H., Reith, M. E., Keeling, P. J. and McFadden, G. L. (2006).
Complete nucleotide sequence of the chlorarachniophyte nucleomorph: nature's smallest nucleus.
Proceedings of the National Academy of Sciences of the USA 103, 9566-9571.

Glockner, G., Golderer, G., Werner-Felmayer, G., Meyer, S. and Marwan, W. (2008). A first
glimpse at the transcriptome of Physarum polycephalum. BMC Genomics 9, 6.

Gobler, C. J., Lonsdale, D. J. and Boyer, G. L. (2005). A Review of the causes, effects, and potential
management of harmful brown tide blooms caused by Aureococcus anophagefferens (Hargraves et
Sieburth). Estuaries 28, 726-749.

Gockel, G. and Hachtel, W. (2000). Complete gene map of the plastid genome of the
nonphotosynthetic euglenoid flagellate Astasia longa. Protist 151, 347-351.

Godman, J. and Balk, J. (2008). Genome analysis of Chlamydomonas reinhardtii reveals the
existence of multiple, compartmentalized iron-sulfur protein assembly machineries of different
evolutionary origins. Genetics 179, 59-68.

Goff, L. J. (1976). Biology of Harveyella mirabilis (Cryptonemiales, Rhodophyceae) 5. Host
responses to parasite infection. Journal of Phycology 12, 313-328.

Goff, L. J., Ashen, J. and Moon, D. (1997). The evolution of parasites from their hosts: A case study
in the parasitic red algae. Evolution 51, 1068-1078.

Goggin, C. L. and Barker, S. C. (1993). Phylogenetic position of the genus Perkinsus (Protista,
Apicomplexa) based on small subunit ribosomal RNA. Molecular Biochemistry and Parasitology 60,
65-70.

Golas, M. M., Bohm, C., Sander, B., Effenberger, K., Brecht, M., Stark, H. and Goringer, H. U.
(2009). Snapshots of the RNA editing machine in trypanosomes captured at different assembly stages
in vivo. EMBO Journal 28, 766-778.

Golemansky, V. (1974). Psammonobiotidae fam. nov. — une nouvelle famille de thécamoebiens
(Rhizopoda, Testacea) du psammal supralittoral des mers. Acta Protozoologica 13, 137-141.

Gomez, F., Lopez-Garcia, P., Nowaczyk, A. and Moreira, D. (2009). The crustacean parasites
Ellobiopsis Caullery, 1910 and Thalassomyces Niezabitowski, 1913 form a monophyletic divergent
clade within the Alveolata. Systematic Parasitology 74, 65-74.

Gooday, A. J., Bowser, S. S., Bett, B. J. and Smith, C. R. (2000). A large testate protist, Gromia
sphaerica sp.nov. (Order Filosea), from the bathyal Arabian sea. Deep-Sea Res. 47, 55-73.

Goodkov, A. V. (1988). Korotnevella nom. nov. — a new generic name for scale-bearing Mayorella-
like amoebae (in Russion). Zoologichesky Zhurnal 67, 1728-1730.

Gothe, G., Bohm, K. J. and Unger, E. (1999). Ultrastructural details of the plasmodial rhizopod
Synamoeba arenaria Grell. Acta Protozoologica 38, 49-59.

Gould, S. B., Tham, W. H., Cowman, A. F., McFadden, G. 1. and Waller, R. F. (2008). Alveolins,
a new family of cortical proteins that define the protist infrakingdom Alveolata. Molecular Blology and
Evolution 25, 1219-1230.

Graham, L. E. and McBride, G. E. (1979). The occurrence and phylogenetic significance of a
multilayered structure in Coleochaete spermatozoids. American Journal of Botany 66, 887-894.
Graham, L. E. (1982). The occurrence, evolution and phylogenetic significance of parenchyma in
Coleochaete (Breb.Chlorophyta). American Journal of Botany 69, 447-454.

Graham, L. E. (1984). Coleochaete and the origin of land plants. American Journal of Botany 71,
603-608.

Graham, L. E. (1990). Meiospore formation in charophycean algae. In Microspores: evolution and
ontogeny (ed. Blackmore, S. and Knox, R. B.), pp. 43-54. Academic Press, London, UK.

Graham, L. E. (1993). Origin of Land Plants, Wiley & Sons, New York.

Graham, L. E. (1996). Green algae to land plants: an evolutionary transition. Journal of Plant
Research 109, 241-251.

Graham, L. E. and Wilcox, L. W. (2000). A/gae, Prentice Hall, New Jersey, USA.

Grant, J., Tekle, Y. 1., Anderson, O. R., Patterson, D. J. and Katz, L. A. (2009). Multigene
evidence for the placement of a heterotrophic amoeboid lineage Leukarachnion sp. among
photosynthetic stramenopiles. Protist 160, 376-385.

Grauvogel, C., Brinkmann, H. and Petersen, J. (2007a). Evolution of the glucose-6-phosphate
isomerase: the plasticity of primary metabolism in photosynthetic eukaryotes. Molecular Blology and
Evolution 24, 1611-1621.

111



Grauvogel, C. and Petersen, J. (2007). Isoprenoid biosynthesis authenticates the classification of the
green alga Mesostigma viride as an ancient streptophyte. Gene 396, 125-133.

Grauvogel, C., Reece, K. S., Brinkmann, H. and Petersen, J. (2007b). Plastid isoprenoid
metabolism in the oyster parasite Perkinsus marinus connects dinoflagellates and malaria pathogens--
new impetus for studying alveolates. Journal of Molecular Evolution 65, 725-729.

Grebecki, A. (1994). Membrane and cytoskeleton flow in the moile cells with emphasis on the
contribution of free-living amoebae. International Review of Cytology 148, 37-80.

Green, J. C. (1980). The fine structure of Pavlova pinguis Green and a preliminary survey of the order
Pavlovales (Prymnesiophyceae). British Phycological Journal 15.

Green, J. C. and Hori, T. (1994). Flagella and flagellar roots. In The Haptophyte Algae (ed. Green, J.
C. and Leadbeater, B. S. C.), pp. 47-71. Clarendon Press, Oxford.

Green, J. C. and Leadbeater, B. S. (1994). The Haptophyte Algae, Clarendon Press, Oxford.

Green, L. L. and Dove, W. F. (1984). Tubulin proteins and RNA during the myxamoeba-flagellate
transformation of Physarum polycephalum. Molecular and Cellular Biology 4, 1706-1711.

Grell, K. G. (1966). Amdben der Familie Stereomyxidae. Archiv fiir Protistenkunde 109, 147-154.
Grell, K. G. and Benwitz, G. (1970). Ultrastruktur mariner Amdben. 1. Paramoeba eilhardi
Schaudinn. Archiv fiir Protistenkunde 112, 119-137.

Grell, K. G. (1985). Morphological changes in the plasmodial rhizopod Thalassomyxa australis n. g.,
n. sp. Protistologica 21, 215-233.

Grell, K. G. (1988). Corallomyxa multipara n. sp. — a plasmodial rhizopod from the east Australian
coast. Archiv fiir Protistenkunde 136, 117-138.

Grell, K. G. (1991a). Corallomyxa nipponica n.sp. and the phylogeny of plasmodial protists. Archiv
fiir Protistenkunde 140, 303-320.

Grell, K. G. (1991b). Leucodictyon marinum n. gen., n. sp., a plasmodial protist with zoospore
formation from the Japanese coast. Archiv fiir Protistenkunde 140, 1-21.

Grell, K. G. and Schiiller, S. (1991). The ultrastructure of the plasmodial protist Leucodictyon
marinum Grell. European Journal of Protistology 27, 168-177.

Grell, K. G. (1992). A species of Thalassomyxa (Promycetozoida) from the north coast of Jamaica.
Archiv fiir Protistenkunde 142, 15-27.

Grell, K. G. (1994). Reticulamoeba gemmipara n. gen., n. sp., an ameboflagellate with reticulopodia
and zoosporogenesis. Archiv fiir Protistenkunde 144, 55-61.

Grell, K. G. (1995). Reticulamoeba minor n. sp. and its reticulopodia. Archiv fiir Protistenkunde 145,
3-9.

Griffin, J. L. (1988). Fine structure and taxonomic position of the giant amoeboid flagellate Pelomyxa
palustris. Journal of Protozoology 35, 300-315.

Grigelis, A. A. (1978). Higher foraminiferal taxa. Palaeontological Journal 121, 1-9.

Grisard, E. C., Stoco, P. H., Wagner, G., Sincero, T. C., Rotava, G., Rodrigues, J. B., Snoeijer, C.
Q., Koerich, L. B., Sperandio, M. M., Bayer-Santos, E., Fragoso, S. P., Goldenberg, S., Triana,
0., Vallejo, G. A., Tyler, K. M., Davila, A. M. and Steindel, M. (2010). Transcriptomic analyses of
the avirulent protozoan parasite Trypanosoma rangeli. Molecular Biochemistry and Parasitology 174,
18-25.

Gross, W., Heilmann, I., Lenze, D. and Schnarrenberger, C. (2001). Biogeography of the
Cyanidiaceae (Rhodophyta) based on 18S ribosomal RNA sequence data. European Journal of
Phycology 36, 275-280.

Guhl, B. and Roos, U. P. (1994). Microtubule centers and the interphase microtubule cytoskeleton in
amoebae of the cellular slime molds (Mycetozoans) Acytostelium leptosomum and Protostelium
mycophaga. Cell Motility and the Cytoskeleton 28, 45-58.

Guidi, C., Zeppa, S., Barbieri, E., Zambonelli, A., Polidori, E., Potenza, L. and Stocchi, V. (2003).
A putative mitochondrial fission gene from the ectomycorrhizal ascomycete Tuber borchii Vittad.:
cloning, characterisation and phylogeny. Current Genetics 44, 148-154.

Guillou, L., Chrétiennot-Dinet, M.-J., Boulben, S., Moon-van der Staay, S. Y. and Vaulot, D.
(1999a). Symbiomonas scintillans gen. et sp. nov and Picophagus flagellatus gen. et sp. nov
(Heterokonta). Two new heterotrophic flagellates of picoplanktonic size. Protist 150, 383-398.
Guillou, L., Chrétiennot-Dinet, M.-J., Medlin, L. K., Claustre, H., Loiseaux-de Goér, S. and
Vaulot, D. (1999b). Bolidomonas: a new genus with two species belonging to a new algal class, the
Bolidophyceae (Heterokonta). Journal of Phycology 35, 368-381.

Guillou, L., Eikrem, W., Chrétiennot-Dinet, M.-J., LeGall, F., Massana, R., Romari, K., Pedrés-
Alio, C. and Vaulot, D. (2004). Diversity of picoplanktonic prasinophytes assessed by direct nuclear
SSU rDNA sequencing of environmental samples and novel isolates retrieved from oceanic and coastal
marine ecosystems. Protist 155, 193-214.

112



Guo, J. T., Weatherby, K., Carter, D. and Slapeta, J. (2010). Effect of nutrient concentration and
salinity on immotile-motile transformation of Chromera velia. Journal of Eukaryotic Microbiology 57,
444-446.

Gutman, J., Zarka, A. and Boussiba, S. (2009). The host-range of Paraphysoderma sedebokerensis,
a chytrid that infects Haematococcus pluvalis. European Journal of Phycology 44, 509-514.

Guttes, S., Guttes, E. and Hadek, R. (1966). Occurrence and morphology of a fibrous body in the
mitochondria of Physarum polycephalum. Experientia 22, 452-454.

Haas, B. J., Kamoun, S., Zody, M. C., Jiang, R. H., Handsaker, R. E., Cano, L. M., Grabherr, M.,
Kodira, C. D., Raffaele, S., Torto-Alalibo, T., Bozkurt, T. O., Ah-Fong, A. M., Alvarado, L.,
Anderson, V. L., Armstrong, M. R., Avrova, A., Baxter, L., Beynon, J., Boevink, P. C., Bollmann,
S. R, Bos, J. L., Bulone, V., Cai, G., Cakir, C., Carrington, J. C., Chawner, M., Conti, L.,
Costanzo, S., Ewan, R., Fahlgren, N., Fischbach, M. A., Fugelstad, J., Gilroy, E. M., Gnerre, S.,
Green, P. J., Grenville-Briggs, L. J., Griffith, J., Grunwald, N. J., Horn, K., Horner, N. R., Hu, C.
H., Huitema, E., Jeong, D. H., Jones, A. M., Jones, J. D., Jones, R. W., Karlsson, E. K., Kunjeti,
S. G., Lamour, K., Liu, Z., Ma, L., Maclean, D., Chibucos, M. C., McDonald, H., McWalters, J.,
Meijer, H. J., Morgan, W., Morris, P. F., Munro, C. A., O'Neill, K., Ospina-Giraldo, M., Pinzon,
A., Pritchard, L., Ramsahoye, B., Ren, Q., Restrepo, S., Roy, S., Sadanandom, A., Savidor, A.,
Schornack, S., Schwartz, D. C., Schumann, U. D., Schwessinger, B., Seyer, L., Sharpe, T., Silvar,
C., Song, J., Studholme, D. J., Sykes, S., Thines, M., van de Vondervoort, P. J., Phuntumart, V.,
Wawra, S., Weide, R., Win, J., Young, C., Zhou, S., Fry, W., Meyers, B. C., van West, P.,
Ristaino, J., Govers, F., Birch, P. R., Whisson, S. C., Judelson, H. S. and Nusbaum, C. (2009).
Genome sequence and analysis of the Irish potato famine pathogen Phytophthora infestans. Nature
461, 393-398.

Habura, A., Goldstein, S. T., Broderick, S. and Bowser, S. S. (2008). A bush, not a tree: the
extraordinary diversity of cold-water basal foraminiferans extends to warm-water environments.
Limnology and Oceanography 53, 1339-1351.

Hackett, J. D., Yoon, H. S., Li, S., Reyes-Prieto, A., Rummele, S. E. and Bhattacharya, D. (2007).
Phylogenomic analysis supports the monophyly of Cryptophytes and Haptophytes and the association
of Rhizaria with Chromalveolates. Molecular Blology and Evolution 24, 1702-1713.

Halloran, P. R., Hall, 1. R., Colmenero-Hidalgo, E. and Rickaby, R. E. M. (2008). Evidence for a
multi-species coccolith volume change over the past two centuries: understanding a potential ocean
acidification response. biogeosciences 5, 1651-1655.

Hampl, V., Horner, D. S., Dyal, P., Kulda, J., Flegr, J., Foster, P. G. and Embley, T. M. (2005).
Inference of the phylogenetic position of oxymonads based on nine genes: support for Metamonada
and Excavata. Molecular Blology and Evolution 22,2508-2518.

Hampl, V., Silberman, J. D., Stechmann, A., Diaz-Trivino, S., Johnson, P. J. and Roger, A. J.
(2008). Genetic evidence for a mitochondriate ancestry in the 'amitochondriate' flagellate Trimastix
pyriformis. PLoS One 3, e1383.

Hampl, V., Hug, L., Leigh, J. W., Dacks, J. B., Lang, B. F., Simpson, A. G. and Roger, A. J.
(2009). Phylogenomic analyses support the monophyly of Excavata and resolve relationships among
eukaryotic "supergroups". Proceedings of the National Academy of Sciences of the USA 106, 3859-
3864.

Hannaert, V., Saavedra, E., Duffieux, F., Szikora, J.-P., Rigden, D. J., Michels, P. A. M. and
Opperdoes, F. R. (2003). Plant-like traits associated with metabolism of Trypanosoma parasites.
Proceedings of the National Academy of Sciences of the USA 100, 1067-1071.

Hara, Y. and Chihara, M. (1985). Ultrastructure and taxonomy of Fibrocapsa japonica (Class
Raphidophyceae). Archiv fiir Protistenkunde 130, 133-141.

Harel, M., Ben-Dov, E., Rasoulouniriana, D., Siboni, N., Kramarsky-Winter, E., Loya, Y., Barak,
Z., Wiesman, Z. and Kushmaro, A. (2008). A new Thraustochytrid, strain Fngl, isolated from the
surface mucus of the hermatypic coral Fungia granulosa. FEMS Microbiology and Ecology 64, 378-
387.

Hargraves, P. E. and Miller, B. T. (1974). The ebridian flagellate Hermesinum adriaticum Zach.
Archiv fiir Protistenkunde 116, 280-284.

Harper, J. D., Thuet, J., Lechtreck, K. F. and Hardham, A. R. (2009). Proteins related to green
algal striated fiber assemblin are present in stramenopiles and alveolates. Protoplasma 236, 97-101.
Harper, J. T., Waanders, E. and Keeling, P. J. (2005). On the monophyly of chromalveolates using
a six-protein phylogeny of eukaryotes. International Journal of Systematic and Evolutionary
Microbiology 55, 487-496.

113



Hashimi, H., Cicova, Z., Novotna, L., Wen, Y. Z. and Lukes, J. (2009). Kinetoplastid guide RNA
biogenesis is dependent on subunits of the mitochondrial RNA binding complex 1 and mitochondrial
RNA polymerase. RNA 15, 588-599.

Haskins, E. F. and McGuinness, M. D. (1988). Ultrastructure of the flagellar apparatus of the slime
mould Semimorula liquescens. Mycologia 80, 630-635.

Hausmann, K., Hulsmann, N., Polianski, I., Schade, S. and Weitere, M. (2002). Composition of
benthic protozoan communities along a depth transect in the easter Mediterranean Sea. Deep Sea
Research Part I: Oceanographic Research Papers 49, 1959-1970.

Hausner, G., Belkhiri, A. and Klassen, G. R. (2000). Phylogenetic analysis of the small subunit
ribosomal RNA gene of the hyphochytrid. Canadian Journal of Botany 78, 124-128.

Hawker, L. E., Gooday, M. A. and Bracker, C. E. (1966). Plasmodesmata in fungal cell walls.
Nature 212, 635.

Heath, 1. B. and Darley, W. M. (1972). Observations on the ultrastructure of the male gametes of
Biddulphia levis Ehr. Journal of Phycology 8, 51-59.

Hedley, R. H. and Bertaud, W. S. (1962). Electron-microscopic observations of Gromia oviformis
(Sarcodina). Journal of Protozoology 9, 79-87.

Hedley, R. H. and Wakefield, J. (1969). Fine structure of Gromia oviformis (Rhizopodea:Protozoa).
Bulletin of the British Museum of Natural History (Zoology) 18, 69-89.

Heger, T. J., Mitchell, E. A., Todorov, M., Golemansky, V., Lara, E., Leander, B. S. and
Pawlowski, J. (2010). Molecular phylogeny of euglyphid testate amoebae (Cercozoa: Euglyphida)
suggests transitions between marine supralittoral and freshwater/terrestrial environments are
infrequent. Molecular Phylogenetics and Evolution 55, 113-122.

Heimann, K., Reize, I. B. and Melkonian, M. (1989). The flagellar developmental cycle in algae:
flagellar transformation in Cyanophora paradoxa (Glaucocystophyceae). Protoplasma 148, 106-110.
Heimann, K., Andersen, R. A. and Wetherbee, R. (1995). The flagellar development cycle of the
uniflagellate Pelagmonas calceolata (Pelagophyceae). Journal of Phycology 31, 577-583.

Heiss, A. A., Walker, G. and Simpson, A. G. B. (2010). Clarifying the taxonomic identity of a
phylogenetically important group of eukaryotes: Planomonas is a junior synonym of Ancyromonas.
Journal of Eukaryotic Microbiology 57, 285-293.

Heiss, A. A., Walker, G. and Simpson, A. G. B. (in press). The ultrastructure of Ancyromonas, a
eukaryote without supergroup affinities. Protist

Hejnol, A., Obst, M., Stamatakis, A., Ott, M., Rouse, G. W., Edgecombe, G. D., Martinez, P.,
Baguna, J., Bailly, X., Jondelius, U., Wiens, M., Muller, W. E., Seaver, E., Wheeler, W. C.,
Martindale, M. Q., Giribet, G. and Dunn, C. W. (2009). Assessing the root of bilaterian animals
with scalable phylogenomic methods. Proceedings of the Royal Society. Biological sciences 276, 4261-
4270.

Held, A. A. (1972). Host-parasite relations between A/lomyces and Rozella. Archives of Microbiology
82, 128-139.

Held, A. A. (1974). Attraction and attachment of zoospores of the parasitic chytrid Rozella allomycis
in response to host-dependent factors. Archiv fiir Mikrobiologie 95, 97-114.

Helgason, T., Watson, I. J. and Young, J. P. W. (2003). Phylogeny of the Glomerales and
Diversisporales (Fungi: Glomeromycota) from actin and elongation factor 1-alpha sequences. FEMS
Microbiol. Lett. 229, 127-132.

Hellsten, M. and Roos, U.-P. (1998). The actomyosin cytoskeleton of amoebae of the cellular slime
molds Acrasis rosea and Protostelium mycophaga: structure, biochemical properties, and function.
Fungal Genetics and Biology 24, 123-145.

Hertel, L. A., Bayne, C. J. and Loker, E. S. (2002). The symbiont Capsaspora owczarzaki, nov. gen.
nov. sp., isolated from three strains of the pulmonate snail Biomphalaria glabrata is related to
members of the Mesomycetozoea. International Journal of Parasitology 32, 1183-1191.

Hewitt, E. A., Muller, K. M., Cannone, J., Hogan, D. J., Gutell, R. and Prescott, D. M. (2003).
Phylogenetic relationships among 28 spirotrichous ciliates documented by rDNA. Molecular
Phylogenetics and Evolution 29, 258-267.

Heywood, P. and Leedale, G. F. (2002). Order Raphidomonadida In An [llustrated Guide to the
Protozoa 2nd ed., Vol. 2 (ed. Lee, J. J., Leedale, G. F. and Bradbury, P.), pp. 744-751. Society of
Protozoologists, Lawrence, Kansas, USA.

Hibberd, D. and Norris, R. (1984). Cytology and ultrastructure of Chlorarachnion reptans
(Chlorarachniophyta Divisio nova, Chlorarachniophyceae classis nova). Journal of Phycology 20, 310-
330.

Hibberd, D. J. and Leedale, G. F. (1970). Eustigmatophyceac — a new algal class with unique
organisation of the motile cell. Nature 225, 758-760.

114



Hibberd, D. J. and Leedale, G. F. (1971). A new algal class- the Eustigmatophyceae. Taxon 20, 523-
525.

Hibberd, D. J. and Leedale, G. F. (1972). Observations on the cytology and ultrastructure of the new
algal class Eustigmatophyceae. Annals of Botany 36, 49-71.

Hibberd, D. J. (1975). Observations on the ultrastructure of the choanoflagellate Codosiga botrytis
(Ehr.) Saville-Kent with special reference to the flagellar apparatus. Journal of Cell Science 17, 191-
219.

Hibberd, D. J. (1976a). The ultrastructure and taxonomy of the Chrysophyceae and Prymnesiophyceae
(Haptophyceae) a survey with some new observations on the ultrastructure of the Chrysophyceae.
Botanical Journal of the Linnean Society 72, 55-80.

Hibberd, D. J. (1976b). The fine structure of the colonial colorless flagellates Rhipidodendron
splendidum Stein and Spongomonas uvella Stein with special reference to the flagellar apparatus.
Journal of Protozoology 23, 374-385.

Hibberd, D. J. (1978). Possible phylogenetic value of the transitional helix in some chromophyte algal
classes. Taxon 10, 115-116.

Hibberd, D. J. (1979). The structure and phylogenetic significance of the flagellar transition region in
the chlorophyll c-containing algae. BioSystems 11, 243-261.

Hibberd, D. J. (1983). Ultrastructure of the colonial colourless zooflagellates Phalansterium digitatum
Stein (Phalansteriida ord. nov.) and Spongomonas wuvella Stein (Spongomonadida ord. nov.).
Protistologica 19, 523-535.

Hibberd, D. J. (1985). Observations on the ultrastructure of new species of Pseudodendromonas
Bourrelly (Pseudodenoromonas operculifera and P. insignis) and Cyathobodo Petersen and Hansen
(Cyathobodo peltatus and Cyathobodo gemmatus), Pseudodendromonadida ord. nov. Archiv fiir
Protistenkunde 129, 3-11.

Hibberd, D. J. (1986). Ultrastructure of the Chrysophyceae: phylogenetic implications and taxonomy.
In Chrysophytes: aspects and problems (ed. Kristiansen, J. and Andersen, R. A.), pp. 23-36.
Cambridge University Press, Cambridge, UK.

Hibberd, D. J. (1990a). Phylum Xanthophyta. In Handbook of Protoctista (ed. Margulis, L., Corliss, J.
0., Melkonian, M. and Chapman, D. J.), pp. 686- 697. Jones and Bartlett Publishers, Boston,
Massachusetts, USA.

Hibberd, D. J. (1990b). Phylum Eustigmatophyta. In Handbook of Protoctista. (ed. Margulis, L.,
Corliss, J. O., Melkonian, M. and Chapman, D. J.), pp. 326-333. Jones and Bartlett, Boston, MA.,
USA.

Hibbett, D. S. and Thorn, R. G. (2001). Homobasidiomycetes. In The Mycota VII. Systematics and
Evolution. Part B. (ed. McLaughlin, D. J., McLaughlin, E. G. and Lemke, P. A.), pp. 121-170.
Springer-Verlag, Berlin.

Hibbett, D. S. (2006). A phylogenetic overview of the Agaricomycotina. Mycologia 98, 917-925.
Hibbett, D. S., Binder, M., Bischoff, J. F., Blackwell, M., Cannon, P. F., Eriksson, O. E.,
Huhndorf, S., James, T., Kirk, P. M., Lucking, R., Thorsten Lumbsch, H., Lutzoni, F., Matheny,
P. B., McLaughlin, D. J., Powell, M. J., Redhead, S., Schoch, C. L., Spatafora, J. W., Stalpers, J.
A., Vilgalys, R., Aime, M. C., Aptroot, A., Bauer, R., Begerow, D., Benny, G. L., Castlebury, L.
A., Crous, P. W,, Dai, Y. C., Gams, W., Geiser, D. M., Griffith, G. W., Gueidan, C., Hawksworth,
D. L., Hestmark, G., Hosaka, K., Humber, R. A., Hyde, K. D., Ironside, J. E., Koljalg, U.,
Kurtzman, C. P., Larsson, K. H., Lichtwardt, R., Longcore, J., Miadlikowska, J., Miller, A.,
Moncalvo, J. M., Mozley-Standridge, S., Oberwinkler, F., Parmasto, E., Reeb, V., Rogers, J. D.,
Roux, C., Ryvarden, L., Sampaio, J. P., Schussler, A., Sugiyama, J., Thorn, R. G., Tibell, L.,
Untereiner, W. A., Walker, C., Wang, Z., Weir, A., Weiss, M., White, M. M., Winka, K., Yao, Y.
J. and Zhang, N. (2007). A higher-level phylogenetic classification of the Fungi. Mycological
Research 111, 509-547.

Hidding, B., Brederveld, R. J. and Nolet, B. A. (2010). How a bottom-dweller beats the canopy:
inhibition of an aquatic weed (Potamogeton pectinatus) by macroalgae (Chara spp.). Freshwater
Biology 55, 1758-1768.

Hill, D. R. A. and Wetherbee, R. (1986). Proteomonas sulcata gen. et sp. nov. (Cryptophyceae), a
cryptomonad with two morphologically distinct and alternating forms. Phycologia 25, 521-543.

Hill, D. R. A. and Rowan, K. S. (1989). The biliproteins of the Cryptophyceae. Phycologia 28, 455-
463.

Hirabaru, C., Izumo, A., Fujiwara, S., Tadokoro, Y., Shimonaga, T., Konishi, M., Yoshida, M.,
Fujita, N., Nakamura, Y., Kuroiwa, T. and Tsuzuki, M. (2010). The primitive rhodophyte
Cyanidioschyzon merolae contains a semiamylopectin-type, but not an amylose-type, alpha-glucan.
Plant Cell Physiology 51, 682-693.

115



Hirt, R. P., Logsdon, J. M., Healy, B., Dorey, M. W., Doolittle, W. F. and Embley, T. M. (1999).
Microsporidia are related to Fungi: evidence from the largest subunit of RNA polymerase II and other
proteins. Proceedings of the National Academy of Sciences of the USA 96, 580-585.

Hoef-Emden, K. and Melkonian, M. (2003). Revision of the genus Cryptomonas (Cryptophyceae): a
combination of molecular phylogeny and morphology provides insights into a long-hidden
dimorphism. Protist 154, 371-409.

Hoef-Emden, K., Shrestha, R. P., Lapidot, M., Weinstein, Y., Melkonian, M. and Arad, S. M.
(2005). Actin phylogeny and intron distribution in bangiophyte red algae (Rhodoplantae). Journal of
Molecular Evolution 61, 360-371.

Hollande, A. and Enjumet, M. (1954). Morphologie et affinités du Radiolaire Sticholonche zanclea
Hertwig. Annales Scientifique Nationale 11e série 16, 337-342.

Hollande, A., Cachon, J., Cachon, M. and Valentin, J. (1967). Infrastructure des axopodes et
organisation génerale de Sticholonche zanclea Hertwig (Radiolaire Sticholonchidea). Protistologica 3,
155-164.

Holzmann, M., Habura, A., Giles, H., Bowser, S. S. and Pawlowski, J. (2003). Freshwater
foraminiferans revealed by analysis of environmental DNA samples. J. Eukaryot. Microbiol. 50, 135-
139.

Hommersand, M. H. and Fredericq, S. (1990). Sexual reproduction and cystocarp development. In
Biology of the Red Algae (ed. Cole, K. M. and Sheath, R. G.), pp. 305-345. Cambridge University
Press, Cambridge.

Honda, D., Yokochi, T., Nakahara, T., Raghukumar, S., Nakagiri, A., Schaumann, K. and
Higashihara, T. (1999). Molecular phylogeny of labyrinthulids and thraustochytrids based on the
sequencing of 18S ribosomal RNA gene. Journal of Eukaryotic Microbiology 46, 637-647.

Honda, D. and Inouye, I. (2002). Ultrastructure and taxonomy of a marine photosynthetic
stramenopile Phaemonas parva gen. et sp. nov. (Pinguiophycee) with emphasis on the flagellar
apparatus architecture. PHycological Research 50, 75-89.

Hongoh, Y., Sato, T., Dolan, M. F., Noda, S., Ui, S., Kudo, T. and Ohkuma, M. (2007). The
motility symbiont of the termite gut flagellate Caduceia versatilis is a member of the "Synergistes"
group. Applied Environmental Microbiology 73, 6270-6276.

Honigberg, B. M. (1963). Evolutionary and systematic relationships in the flagellate order
Trichomonadida Kirby. Journal of Protozoology 10, 20-63.

Hoops, H. J., Long, J. J. and Hile, E. S. (1994). Flagellar apparatus structure is similar but not
identical in Volvulina steinii, Eudorina elegans and Pleodorina illinoisensis (Chlorophyta):
implications for the “Volvocine evolutionary lineage”. Journal of Phycology 30, 100-101.
Hoppenrath, M. and Leander, B. S. (2006a). Ebriid phylogeny and the expansion of the Cercozoa.
Protist 157, 279-290.

Hoppenrath, M. and Leander, B. S. (2006b). Dinoflagellate, Euglenid, or Cercomonad? The
ultrastructure and molecular phylogenetic position of Protaspis grandis n. sp. Journal of Eukaryotic
Microbiology 53, 327-342.

Hoppenrath, M., Bachvaroff, T. R., Handy, S. M., Delwiche, C. F. and Leander, B. S. (2009).
Molecular phylogeny of ocelloid-bearing dinoflagellates (Warnowiaceae) as inferred from SSU and
LSU rDNA sequences. BMC Evolutionary Biology 9, 116.

Hori, T. and Moestrup, @. (1987). Ultrastructure of the flagellar apparatus in Pyramimonas octopus
(Prasinophyceae).1. Axoneme structure and numbering of peripheral doublets/triplets. Protoplasma
138, 137-148.

Horn, S., Ehlers, K., Fritzsch, G., Gil-Rodriguez, M. C., Wilhelm, C. and Schnetter, R. (2007).
Synchroma grande spec. nov. (Synchromophyceae class. nov., Heterokontophyta): an amoeboid
marine alga with unique plastid complexes. Protist 158, 277-293.

Howe, A. T., Bass, D., Vickerman, K., Chao, E. E. and Cavalier-Smith, T. (2009). Phylogeny,
taxonomy, and astounding genetic diversity of Glissomonadida ord. nov., the dominant gliding
zooflagellates in soil (Protozoa: Cercozoa). Protist 160, 159-189.

Howe, C. J., Barbrook, A. C., Komandou, V. L., Nisbet, R. E. R., Symington, H. A. and
Wightman, T. F. (2003). Evolution of the chloroplast genome. Philosophical Transactions of the
Royal Society of London. Series B - Biological Sciences 358, 99-107.

Howe, C. J., Nisbet, R. E. and Barbrook, A. C. (2008). The remarkable chloroplast genome of
dinoflagellates. Journal of Experimental Botany 59, 1035-1045.

Hsiao, T. Y. and Blanch, H. W. (2006). Physiological studies of eicosapentaenoic acid production in
the marine microalga Glossomastix chrysoplasta. Biotechnology and Bioengineering 93, 465-475.
Huang, J. and Gogarten, J. P. (2007). Did an ancient chlamydial endosymbiosis facilitate the
establishment of primary plastids? Genome Biology 8, R99.

116



Hiilsmann, N. and Haberey, M. (1973). Phenomena of amoeboid movement. Behaviour of the cell
surface in Hyalodiscus simplex Wohlfarth-Bottermann. Acta Protozoologica 12, 71-83.

Hiilsmann, N. (1993). Lateromyxa gallica n. g.,n. sp.(Vampyrellidae) - a filopodial ameboid protist
with a novel life-cycle and conspicuous ultrastructural characters. Journal of Eukaryotic Microbiology
40, 141-149.

Hiilsmann, N. and Grebecki, A. (1995). Induction of lobopodia and lamellipodia in a filopodial
organism (Vampyrella lateritia). European Journal of Protistology 31, 182-189.

Humber, R. A. (2008). Evolution of entomopathogenicity in fungi. Journal of Invertebrate Pathology
98, 262-266.

Iglesias-Rodriguez, M. D., Buitenhuis, E. T., Raven, J. A., Schofield, O., Poulton, A. J., Gibbs, S.,
Halloran, P. R. and de Baar, H. J. W. (2008a). Response to Comment on "Phytoplankton
Calcification in a High-CO2 World". Science 322,

Iglesias-Rodriguez, M. D., Halloran, P. R., Rickaby, R. E., Hall, I. R., Colmenero-Hidalgo, E.,
Gittins, J. R., Green, D. R., Tyrrell, T., Gibbs, S. J., von Dassow, P., Rehm, E., Armbrust, E. V.
and Boessenkool, K. P. (2008b). Phytoplankton calcification in a high-CO2 world. Science 320, 336-
340.

Iguchi, A., Yoshikawa, H., Yamada, M., Kimata, I. and Arizono, N. (2009). Expression of
interferon gamma and proinflammatory cytokines in the cecal mucosa of rats experimentally infected
with Blastocystis sp. strain RN94-9. Parasitology Research 105, 135-140.

Iida, S., Kobiyama, A., Ogata, T. and Murakami, A. (2009). Identification of transcribed and
persistent variants of the psbA gene carried by plastid minicircles in a dinoflagellate. Current Genetics
55, 583-591.

Ikeda-Ohtsubo, W. and Brune, A. (2009). Cospeciation of termite gut flagellates and their bacterial
endosymbionts: Trichonympha species and 'Candidatus Endomicrobium trichonymphae'. Molecular
Ecology 18, 332-342.

Ikuta, K., Kawai, H., Muller, D. G. and Ohama, T. (2008). Recurrent invasion of mitochondrial
group II introns in specimens of Pylaiella littoralis (brown alga), collected worldwide. Current
Genetics 53,207-216.

Imai, T., Sugiyama, J., Itoh, T. and Hori, F. (1999). Almost pure cellulose in the cell wall of
Glaucocystis. Journal of Structural Biology 127, 248-257.

Imamura, S., Hanaoka, M. and Tanaka, K. (2008). The plant-specific TFIIB-related protein, pBrp,
is a general transcription factor for RNA polymerase I. EMBO Journal 27,2317-2327.

Imanian, B. and Keeling, P. J. (2007). The dinoflagellates Durinskia baltica and Kryptoperidinium
foliaceum retain functionally overlapping mitochondria from two evolutionarily distinct lineages. BMC
Evolutionary Biology 7, 172.

Inagaki, Y., Susko, E., Fast, N. M. and Roger, A. J. (2004). Covarion shifts cause a long-branch
attraction artifact that unites Microsporidia and Archaebacteria in EF1-alpha phylogenies. Molecular
Blology and Evolution 21, 1340-1349.

Inouye, I. and Kawachi, M. (1994). The Haptonema. In The Haptophyte Algae. Systematics
Association Special Volume 51 (ed. Green, J. C. and Leadbeater, B. S. C.), pp. 73-89. Clarendon Press,
Oxford.

Ishida, K., Cao, Y., Hasegawa, M., Okada, N. and Hara, Y. (1997). The origin of
chlorarachniophyte plastids, as inferred from phylogenetic comparisons of amino acid sequences of
EF-Tu. Journal of Molecular Evolution 45, 682-687.

Ishida, K., Takishita, K., Ohshima, K. and Inagaki, Y. (2007). Assessing the monophyly of
chlorophyll-c containing plastids by multi-gene phylogenies under the unlinked model conditions.
Molecular Phylogenetics and Evolution 4S,227-238.

Ishigami, M. (1977). Light and electron-microscopic study of flagellate-to-amoeba conversion in the
myxomycete Stemonitis pallida. Protoplasma 91, 31-54.

Ishikawa, M., Takahashi, F., Nozaki, H., Nagasato, C., Motomura, T. and Kataoka, H. (2009).
Distribution and phylogeny of the blue light receptors aureochromes in eukaryotes. Planta 230, 543-
552.

Israel, R. L., Kosakovsky Pond, S. L., Muse, S. V. and Katz, L. A. (2002). Evolution of duplicated
alpha-tubulin genes in ciliates. Evolution: the International Journal of Organismal Evolution 56, 1110-
1122.

Itoh, N. (2004). Early developmental stages of a protozoan parasite, Marteilioides chungmuensis
(Paramyxea), the causative agent of the ovary enlargement disease in the Pacific oyster, Crassostrea
gigas. International Journal for Parasitology 34, 1129-1135.

Ivens, A. C., Peacock, C. S., Worthey, E. A., Murphy, L., Aggarwal, G., Berriman, M., Sisk, E.,
Rajandream, M. A., Adlem, E., Aert, R., Anupama, A., Apostolou, Z., Attipoe, P., Bason, N.,

117



Bauser, C., Beck, A., Beverley, S. M., Bianchettin, G., Borzym, K., Bothe, G., Bruschi, C. V.,
Collins, M., Cadag, E., Ciarloni, L., Clayton, C., Coulson, R. M., Cronin, A., Cruz, A. K., Davies,
R. M., De Gaudenzi, J., Dobson, D. E., Duesterhoeft, A., Fazelina, G., Fosker, N., Frasch, A. C.,
Fraser, A., Fuchs, M., Gabel, C., Goble, A., Goffeau, A., Harris, D., Hertz-Fowler, C., Hilbert, H.,
Horn, D., Huang, Y., Klages, S., Knights, A., Kube, M., Larke, N., Litvin, L., Lord, A., Louie, T.,
Marra, M., Masuy, D., Matthews, K., Michaeli, S., Mottram, J. C., Muller-Auer, S., Munden, H.,
Nelson, S., Norbertczak, H., Oliver, K., O'Neil, S., Pentony, M., Pohl, T. M., Price, C., Purnelle,
B., Quail, M. A., Rabbinowitsch, E., Reinhardt, R., Rieger, M., Rinta, J., Robben, J., Robertson,
L., Ruiz, J. C., Rutter, S., Saunders, D., Schafer, M., Schein, J., Schwartz, D. C., Seeger, K.,
Seyler, A., Sharp, S., Shin, H., Sivam, D., Squares, R., Squares, S., Tosato, V., Vogt, C.,
Volckaert, G., Wambutt, R., Warren, T., Wedler, H., Woodward, J., Zhou, S., Zimmermann, W.,
Smith, D. F., Blackwell, J. M., Stuart, K. D., Barrell, B. and Myler, P. J. (2005). The genome of the
kinetoplastid parasite, Leishmania major. Science 309, 436-442.

Jackson, A. P., Quail, M. A. and Berriman, M. (2008). Insights into the genome sequence of a free-
living kinetoplastid: Bodo saltans (Kinetoplastida: Euglenozoa). BMC Genomics 9, 594.

Jacob, Y., Seif, E., Paquet, P. O. and Lang, B. F. (2004). Loss of the mRNA-like region in
mitochondrial tmRNAs of jakobids. RNA4 10, 605-614.

Jaillon, O., Aury, J. M., Noel, B., Policriti, A., Clepet, C., Casagrande, A., Choisne, N., Aubourg,
S., Vitulo, N., Jubin, C., Vezzi, A., Legeai, F., Hugueney, P., Dasilva, C., Horner, D., Mica, E.,
Jublot, D., Poulain, J., Bruyere, C., Billault, A., Segurens, B., Gouyvenoux, M., Ugarte, E.,
Cattonaro, F., Anthouard, V., Vico, V., Del Fabbro, C., Alaux, M., Di Gaspero, G., Dumas, V.,
Felice, N., Paillard, S., Juman, 1., Moroldo, M., Scalabrin, S., Canaguier, A., Le Clainche, I.,
Malacrida, G., Durand, E., Pesole, G., Laucou, V., Chatelet, P., Merdinoglu, D., Delledonne, M.,
Pezzotti, M., Lecharny, A., Scarpelli, C., Artiguenave, F., Pe, M. E., Valle, G., Morgante, M.,
Caboche, M., Adam-Blondon, A. F., Weissenbach, J., Quetier, F. and Wincker, P. (2007). The
grapevine genome sequence suggests ancestral hexaploidization in major angiosperm phyla. Nature
449, 463-467.

Jaillon, O., Bouhouche, K., Gout, J. F., Aury, J. M., Noel, B., Saudemont, B., Nowacki, M.,
Serrano, V., Porcel, B. M., Segurens, B., Le Mouel, A., Lepere, G., Schachter, V., Betermier, M.,
Cohen, J., Wincker, P., Sperling, L., Duret, L. and Meyer, E. (2008). Translational control of intron
splicing in eukaryotes. Nature 451, 359-362.

James, T. Y., Porter, D., Leander, C. A., Vilgalys, R. and Longcore, J. E. (2000). Molecular
phylogenetics of the Chytridiomycota supports the utility of ultrastructural data in chytrid systematics.
Canadian Journal of Botany 78, 336-350.

James, T. Y., Letcher, P. M., Longcore, J. E., Mozley-Standridge, S. E., Porter, D., Powell, M. J.,
Griffith, G. W. and Vilgalys, R. (2006). A molecular phylogeny of the flagellated fungi
(Chytridiomycota) and description of a new phylum (Blastocladiomycota). Mycologia 98, 860-871.
Janech, M., Krell, A., Mock, T., Kang, J. and Raymond, J. A. (2006). Ice-binding proteins from sea
ice diatoms (Bacillariophyceae). Journal of Phycology 42, 410-416.

Janouskovec, J., Horak, A., Obornik, M., Lukes, J. and Keeling, P. J. (2010). A common red algal
origin of the apicomplexan, dinoflagellate, and heterokont plastids. Proceedings of the National
Academy of Sciences of the USA 107, 10949-10954.

Janson, S. (2004). Molecular evidence that plastids in the toxin-producing dinoflagellate genus
Dinophysis originate from the free-living cryptophyte Teleaulax amphioxeia. Environmental
Microbiology 6, 1102-1106.

Jeffrey, C. (1967). The origin and differentiation of archegoniate land plants: a second contribution.
Kew Bulletin 21, 335-349.

Jeffries, P. and Young, T. W. K. (1979). Ultrastructure of septa in Dimargaris cristalligena R.K.
Benjamin. Journal of General Microbiology 111, 303-311.

Jepps, M. (1937). On the protozoan parasites of Calanus finmarchicus in the Clyde Sea area. .
Quarterly Journal of Microscopical Science 79, 589-658.

Johnson, M. D., Tengs, T., Oldach, D. W., Delwiche, C. F. and Stoecker, D. K. (2004). Highly
divergent SSU rRNA genes found in the marine ciliates Myrionecta rubra and Mesodinium pulex.
Protist 155, 347-359.

Jones, T., Federspiel, N. A., Chibana, H., Dungan, J., Kalman, S., Magee, B. B., Newport, G.,
Thorstenson, Y. R., Agabian, N., Magee, P. T., Davis, R. W. and Scherer, S. (2004). The diploid
genome sequence of Candida albicans. Proceedings of the National Academy of Sciences of the USA
101, 7329-7334.

Jones, W. C. (1975). The pattern of microtubules in the axonemes of Gymnosphaera albida Sassaki:
evidence for 13 protofilaments. Journal of Cell Science 18, 135-155.

118



Jones, W. C. (1976). Ultrastructure of Gymnosphaera albida Sassaki, a marine axopodiate protozoan.
Philosophical transactions of the Royal Society of London. Series B, Biological sciences 275, 349-.
Jordan, R. W., Kleijne, A., Heimdal, B. R. and Green, J. C. (1995). A glossary of the extant
Haptophyta of the world. Journal of the Marine Biological Association of the UK 75, 769-814.

Joseph, S. J., Fernandez-Robledo, J. A., Gardner, M. J., El-Sayed, N. M., Kuo, C. H., Schott, E.
J., Wang, H., Kissinger, J. C. and Vasta, G. R. (2010). The alveolate Perkinsus marinus: biological
insights from EST gene discovery. BMC Genomics 11, 228.

Kagami, M., von Elert, E., Ibelings, B. W., de Bruin, A. and van Donk, E. (2007). The parasitic
chytrid, Zygorhizidium, facilitates the growth of the cladoceran zooplankter, Daphnia, in cultures of the
inedible alga, Asterionella. Procceedings of the Royal Society Series B. Biological Sciences 274, 1561-
1566.

Kai, A., Yoshii, Y., Nakayama, T. and Inouye, I. (2008). Aurearenophyceae classis nova, a new class
of Heterokontophyta based on a new marine unicellular alga Aurearena cruciata gen. et sp. nov.
inhabiting sandy beaches. Protist 159, 435-457.

Kakuta, S. and Suzaki, T. (2008). Ca2+ - and glycoconjugates-dependent prey capture in the
heliozoon Actinophrys sol. European Journal of Protistology 44, 163-167.

Kamikawa, R., Sanchez-Perez, G. F., Sako, Y., Roger, A. J. and Inagaki, Y. (2009). Expanded
phylogenies of canonical and non-canonical types of methionine adenosyltransferase reveal a complex
history of these gene families in eukaryotes. Molecular Phylogenetics and Evolution 53, 565-570.
Kamper, J., Kahmann, R., Bolker, M., Ma, L. J., Brefort, T., Saville, B. J., Banuett, F., Kronstad,
J. W., Gold, S. E., Muller, O., Perlin, M. H., Wosten, H. A., de Vries, R., Ruiz-Herrera, J.,
Reynaga-Pena, C. G., Snetselaar, K., McCann, M., Perez-Martin, J., Feldbrugge, M., Basse, C.
W., Steinberg, G., Ibeas, J. 1., Holloman, W., Guzman, P., Farman, M., Stajich, J. E.,
Sentandreu, R., Gonzalez-Prieto, J. M., Kennell, J. C., Molina, L., Schirawski, J., Mendoza-
Mendoza, A., Greilinger, D., Munch, K., Rossel, N., Scherer, M., Vranes, M., Ladendorf, O.,
Vincon, V., Fuchs, U., Sandrock, B., Meng, S., Ho, E. C., Cahill, M. J., Boyce, K. J., Klose, J.,
Klosterman, S. J., Deelstra, H. J., Ortiz-Castellanos, L., Li, W., Sanchez-Alonso, P., Schreier, P.
H., Hauser-Hahn, 1., Vaupel, M., Koopmann, E., Friedrich, G., Voss, H., Schluter, T., Margolis,
J., Platt, D., Swimmer, C., Gnirke, A., Chen, F., Vysotskaia, V., Mannhaupt, G., Guldener, U.,
Munsterkotter, M., Haase, D., Oesterheld, M., Mewes, H. W., Mauceli, E. W., DeCaprio, D.,
Wade, C. M., Butler, J., Young, S., Jaffe, D. B., Calvo, S., Nusbaum, C., Galagan, J. and Birren,
B. W. (2006). Insights from the genome of the biotrophic fungal plant pathogen Ustilago maydis.
Nature 444, 97-101.

Karol, K. G., McCourt, R. M., Cimino, M. T. and Delwiche, C. F. (2001). The closest living
relatives of land plants. Science 294, 2351-2353.

Karpov, S. A. and Zhukov, B. F. (1980). Rostromonas applanata gen. et sp. n. (Zoomastigophorea,
protozoa), a new representative of fresh-water fauna. Zoologichesky Zhurnal 59, 1733-1735.

Karpov, S. A. and Zhukov, B. F. (1984). The ultrastructure of the colourless flagellate Apusomonas
proboscidea. Tsitologiya 26, 886-890.

Karpov, S. A. and Zhukov, B. F. (1986). Ultrastructure and taxonomic position of Apusomonas
proboscidea Alexeieff. Archiv fiir Protistenkunde 131, 13-26.

Karpov, S. A. (1987). The flagellar apparatus structure in the colorless flagellate Thaumatomonas
lauterborni and estimation of the evolutionary conservatism concept of cellular structures. Tsitologiya
29, 1349-1355.

Karpov, S. A. and Makarenkova, E. P. (1989). Phagocytosis and endocytosis in the colorless
flagellate Thaumatomonas lauterborni. Tsitologiya 31, 347-349.

Karpov, S. A. and Mylnikov, A. P. (1989). Biology and ultrastructure of colourless flagellates
Apusomonadida ord. n. Zoologichesky Zhurnal 53, 5-17.

Karpov, S. A. (1997). Cercomonads and their relationship to the myxomycetes. Archiv fiir
Protistenkunde 148, 297-307.

Karpov, S. A. and Leadbeater, B. S. C. (1997). Cell and nuclear division in a freshwater
choanoflagellate, Monosiga ovata Kent. European Journal of Protistology 33, 323-334.

Karpov, S. A. and Mylnikov, A. (1997). Ultrastructure of the colourless flagellate Hyperamoeba
flagellata with special reference to the flagellar apparatus. European Journal of Protistology 33, 349-
355.

Karpov, S. A., Kersanach, R. and Williams, D. M. (1998). Ultrastructure and 18S rRNA gene
sequence of a small heterotrophic flagellate Siluania monomastiga gen. et sp. nov. (Bicosoecida).
European Journal of Protistology 34, 415-425.

Karpov, S. A., Sogin, M. L. and Silberman, J. D. (2001). Rootlet homology, taxonomy, and
phylogeny of bicosoecids based on18S rRNA gene sequences. Protistology 2, 34-47.

119



Karpov, S. A. (2007). The flagellar apparatus structure of Apusomonas proboscidea and apusomonad
relationships. Protistology 4, 146-155.

Karpov, S. A., Leadbeater, B.S.C. (1999). Cytoskeleton structure and composition in
choanoflagellates. Journal of Eukaryotic Microbiology 45,361-367.

Katinka, M. D., Duprat, S., Cornillot, E., Metenier, G., Thomarat, F., Prensier, G., Barbe, V.,
Peyretaillade, E., Brottier, P., Wincker, P., Delbac, F., El Alaoui, H., Peyret, P., Saurin, W.,
Gouy, M., Weissenbach, J. and Vivares, C. P. (2001). Genome sequence and gene compaction of the
eukaryote parasite Encephalitozoon cuniculi. Nature 414, 450-453.

Katz, L. A. (2001). Evolution of nuclear dualism in ciliates: a reanalysis in light of recent molecular
data. International Journal of Systematic and Evolutionary Microbiology 51, 1587-1592.

Kawachi, M., Atsumi, M., Ikemoto, H. and Miyachi, S. (2002a). Pinguiochrysis pyriformis gen. et
sp. nov. (Pinguiophyceae), a new picoplanktonic alga isolated from the Pacific Ocean. PHycological
Research 50, 49-56.

Kawachi, M., Inouye, 1., Honda, D., O’Kelly, C. J., Bailey, J. C., Bidigare, R. R. and Andersen, R.
A. (2002b). The Pinguiophyceae classis nova, a new class of photosynthetic stramenopiles whose
members produce large amounts of omega-3 fatty acids. PHycological Research 50, 31-47.

Kawachi, M., Noél, M.-H. and Andersen, R. A. (2002c). Re-examination of the marine
‘chrysophyte’ Polypodochrysis teissieri (Pinguiophyceae). PHycological Research 50, 91-100.

Kawai, H. and Kreimer, G. (2000). Sensory mechanisms. Phototaxes and light perception in algae. In
The Flagellates. Unity, diversity and evolution (ed. Leadbeater, B. S. C. and Green, J. C.), pp. 124-146.
Taylor and Francis, London.

Kawai, H., Maeba, S., Sasaki, H., Okuda, K. and Henry, E. C. (2003). Schizocladia ischiensis: a
new filamentous marine chromophyte belonging to a new class, Schizocladiophyceae. Protist 154,
211-222.

Kawai, H., Hanyuda, T., Draisma, S. G. A. and Muller, D. G. (2007). Molecular Phylogeny of
Discosporangium  mesarthrocarpum (Phaeophyceae) with a reinstatement of the order
Discosporangiales. Journal of Phycology 43, 186-194.

Kazama, F. Y. (1972). Ultrastructure of Thraustochytrium sp. zoospores. 1. Kinetosome. Archiv fiir
Mikrobiologi 83, 179.

Kazama, F. Y. (1980). The zoospore of Schizochytrium aggregatum. Canadian Journal of Botany 58,
2434-2446.

Keeling, P. J. (1998). A Kingdom’s progress: Archezoa and the origin of eukaryotes. Bioessays 20,
87-95.

Keeling, P. J., Deane, J. A. and McFadden, G. 1. (1998). The phylogenetic position of alpha- and
beta- tubulins from the Chlorarachnion host and Cercomonas (Cercozoa). Journal of Eukaryotic
Microbiology 45, 561-570.

Keeling, P. J., Deane, J. A., Hink-Schauer, C., Douglas, S. E., Maier, U. G. and McFadden, G. L.
(1999). The secondary endosymbiont of the cryptomonad Guillardia theta contains alpha-, beta-, and
gamma-tubulin genes. Molecular Blology and Evolution 16, 1308-1313.

Keeling, P. J., Luker, M. A. and Palmer, J. D. (2000). Evidence from beta-tubulin phylogeny that
Microsporidia evolved from within the Fungi. Molecular Blology and Evolution 17, 23-31.

Keeling, P. J. (2001a). Foraminifera and Cercozoa are related in actin phylogeny: Two orphans find a
home? Molecular Blology and Evolution 18, 1551-1557.

Keeling, P. J. (2001b). Foraminifera and Cercozoa are related in actin phylogeny: two orphans find a
home? Molecular Blology and Evolution 18, 1551-1557.

Keeling, P. J. and Fast, N. M. (2002). Microsporidia: biology and evolution of highly reduced
intracellular parasites. Annual Reviews in Microbiology 56, 93-116.

Keeling, P. J. (2003). Congruent evidence from alpha-tubulin and beta-tubulin gene phylogenies for a
zygomycete origin of microsporidia. Fungal Genetics and Biology 38, 298-309.

Keeling, P. J. and Leander, B. S. (2003). Characterisation of a non-canonical genetic code in the
oxymonad Streblomastix strix. Journal of Molecular Biology 326, 1337-1349.

Keeling, P. J. (2004). Diversity and evolutionary history of plastids and their hosts. American Journal
of Botany 91, 1481-1493.

Keeling, P. J. and Leander, B. S. (2004). Early evolutionary history of dinoflagellates and
apicomplexans (Alveolata) as inferred from HSP90 and actin phylogenies. Journal of Phycology 40,
341-350.

Keeling, P. J., Fast, N. M., Law, J. S., Williams, B. A. and Slamovits, C. H. (2005). Comparative
genomics of microsporidia. Folia Parasitologica (Praha) 52, 8-14.

Keeling, P. J. (2009a). Role of horizontal gene transfer in the evolution of photosynthetic eukaryotes
and their plastids. Methods in Molecular Blology 532, 501-515.

120



Keeling, P. J. (2009b). Functional and ecological impacts of horizontal gene transfer in eukaryotes.
Current Opinion in Genetics and Development 19, 613-619.

Keeling, P. J. (2009c). Chromalveolates and the evolution of plastids by secondary endosymbiosis.
Journal of Eukaryotic Microbiology 56, 1-8.

Kenrick, P. and Crane, P. R. (1997). The origin and evolution of land plants, Smithsonian Institution
Press, Washington, USA.

Kent, M. L., Elston, R. A., Nerad, T. A. and Sawyer, T. K. (1987). An Isonema-like flagellate
(Protozoa: Mastigophora) infection in larval geoduck clams, Panope abrupta. Journal of Invertebrate
Pathology 50, 221-229.

Keohane, E. M. and Weiss, L. M. (1999). The structure, function and composition of the
microsporidian polar tube. In The Microsporidia and Microsporidiosis (ed. Wittner, M. and Weiss, L.
M.), pp. 196-224. ASM, Washington DC, USA.

Ki, J. (2010). Nuclear 28S rDNA phylogeny supports the basal placement of Noctiluca scintillans
(Dinophyceae; Noctilucales) in dinoflagellates. European Journal of Protistology 46, 111-120.

Kiefel, B. R., Gilson, P. R. and Beech, P. L. (2004). Diverse eukaryotes have retained mitochondrial
homologues of the bacterial division protein FtsZ. Protist 155, 105-115.

Kies, L. (1974). Elektronenmikroskopische Untersuchungen an Paulinella chromatophora Lauterborn,
einer Thekam&be mit blau-griinen endosymbionten (Cyanellen). Protoplasma 80, 69-89.

Kies, L. (1976). Untersuchingen zur Feinstruktur und taxonomischen Einordnung von Gloeochaete
wittrockiana, einer apoplastidalen capsalen Alge mit blaugriinen Endosymbionten (Cyanellen).
Protoplasma 87, 419-446.

Kies, L. (1992). Glaucocystophyceae and other protists harbouring procaryotic endocytobionts. In
Algae and Symbioses (ed. Reisser, W.), pp. 353-378. Biopress Limited, Bristol, UK.

Kim, E., Simpson, A. G. B. and Graham, L. E. (2006). Evolutionary relationships of apusomonads
inferred from taxon-rich analyses of 6 nuclear encoded genes. Molecular Blology and Evolution 23,
2455-2466.

Kim, E. and Graham, L. E. (2008). EEF2 analysis challenges the monophyly of Archaeplastida and
Chromalveolata. PLoS One 3, €2621.

Kim, E., Yubuki, N., Leander, B. S. and Graham, L. E. (2010). Ultrastructure and 18S rDNA
phylogeny of Apoikia lindahlii comb. nov. (Chrysophyceae) and its epibiontic protists, Filos agilis gen.
et sp. nov. (Bicosoecida) and Nanos amicus gen. et sp. nov. (Bicosoecida). Protist 161, 177-196.

Kim, J., Kim, B. J. and Lee, C. (2007). Alga-lytic activity of Pseudomonas fluorescens agains the red
tide causing marine alga Heterosigma akashiwo (Raphidophyceae). Biological Control 41,296-303.
Kimbrough, J. W. (1994). Septal ultrastructure and ascomycete systematics. In Ascomycete
systematics: problems and perspectives in the nineties (ed. Hawksworth, D.), pp. 127-141. Plenum
Press, New York, USA.

King, N. and Carroll, S. B. (2001). A receptor tyrosine kinase from choanoflagellates: molecular
insights into early animal evolution. Proceedings of the National Academy of Sciences of the USA 98,
15032-15037.

King, N. (2004). The unicellular ancestry of animal development. Developmental Cell 7, 313-325.
King, N., Westbrook, M. J., Young, S. L., Kuo, A., Abedin, M., Chapman, J., Fairclough, S.,
Hellsten, U., Isogai, Y., Letunic, I., Marr, M., Pincus, D., Putnam, N., Rokas, A., Wright, K. J.,
Zuzow, R., Dirks, W., Good, M., Goodstein, D., Lemons, D., Li, W., Lyons, J. B., Morris, A.,
Nichols, S., Richter, D. J., Salamov, A., Sequencing, J. G., Bork, P., Lim, W. A., Manning, G.,
Miller, W. T., McGinnis, W., Shapiro, H., Tjian, R., Grigoriev, I. V. and Rokhsar, D. (2008). The
genome of the choanoflagellate Monosiga brevicollis and the origin of metazoans. Nature 451, 783-
788.

Kirk, D. L. (2003). Seeking the ultimate and proximate causes of Volvox multicellularity and cellular
differentiation. Integrative and Comparative Biology 43, 247-253.

Kissinger, J. C., Gajria, B., Li, L., Paulsen, I. T. and Roos, D. S. (2003). ToxoDB: accessing the
Toxoplasma gondii genome. Nucleic Acids Research 31, 234-236.

Kito, H., Abe, A., Sujaya, I. N., Oda, Y., Asano, K. and Sone, T. (2009). Molecular characterization
of the relationships among Amylomyces rouxii, Rhizopus oryzae, and Rhizopus delemar. Bioscience,
Biotechnology and Biochemistry 73, 861-864.

Kivic, P. A. and Walne, P. L. (1984). An evaluation of a possible phylogenetic relationship between
the Euglenophyta and Kinetoplastida. Origins of Life 13, 269-288.

Klaveness, D. (1995). Collodictyon triciliatum H.J. Carter (1865)- a common but fixtaion-sensitive
algivorous flagellate from the limnopelagial. Nordic Journal of Freshwater Research 70, 3-11.

121



Klaveness, D., Shalchian-Tabrizi, K., Thomsen, H. A., Eikrem, W. and Jakobsen, K. S. (2005).
Telonema antarcticum sp. nov., a common marine phagotrophic flagellate. International Journal of
Systematic and Evolutionary Microbiology 55, 2595-2604.

Kobayashi, T., Sato, S., Takamiya, S., Komaki-Yasuda, K., Yano, K., Hirata, A., Onitsuka, L.,
Hata, M., Mi-ichi, F., Tanaka, T., Hase, T., Miyajima, A., Kawazu, S., Watanabe, Y. and Kita, K.
(2007). Mitochondria and apicoplast of Plasmodium falciparum: behaviour on subcellular fractionation
and the implication. Mitochondrion 7, 125-132.

Kohsler, M., Leitner, B., Blaschitz, M., Michel, R., Aspock, H. and Walochnik, J. (2006). ITS1
sequence variabilities correlate with 18S rDNA sequence types in the genus Acanthamoeba (Protozoa:
Amoebozoa). Parasitology Research 98, 86-93.

Kolisko, M., Cepicka, 1., Hampl, V., Kulda, J. and Flegr, J. (2005). The phylogenetic position of
Enteromonads: a challenge for the present models of diplomonad evolution. International Journal of
Systematic and Evolutionary Microbiology 55, 1729-1733.

Kolisko, M., Cepicka, I., Hampl, V., Leigh, J., Roger, A. J., Kulda, J., Simpson, A. G. and Flegr,
J. (2008). Molecular phylogeny of diplomonads and enteromonads based on SSU rRNA, alpha-tubulin
and HSP90 genes: implications for the evolutionary history of the double karyomastigont of
diplomonads. BMC Evolutionary Biology 8, 205.

Kolisko, M., Silberman, J. D., Cepicka, 1., Yubuki, N., Takishita, K., Yabuki, A., Leander, B. S.,
Inouye, 1., Inagaki, Y., Roger, A. J. and Simpson, A. G. B. (2010). A wide diversity of previously
undetected free-living relatives of diplomonads isolated from marine/saline habitats. Environmenal
Microbiology

Konno, S. and Jordan, R. W. (2007). An amended terminology for the Parmales (Chrysophyceae).
Phycologia 46, 612-616.

Kooistra, W. H., De Stefano, M., Mann, D. G. and Medlin, L. K. (2003). The phylogeny of the
diatoms. Progress in Molecular and Subcellular Biology 33, 59-97.

Korhola, A. and Gronlund, T. (1999). Observations of Ebria tripartita (Schumann) Lemmermann in
Baltic sediments. Journal of Palaeolimnology 21, 1-8.

Kosman, C. A., Thomsen, H. A. and Ostergaard, J. B. (1993). Parmales (Chrysophyceae) from
Mexican, Californian, Baltic, Arctic and Antarctic waters with the description of a new subspecies and
several new forms. Phycologia 32, 116-128.

Kostka, M., Hampl, V., Cepicka, I. and Flegr, J. (2004). Phylogenetic position of Protoopalina
intestinalis based on SSU rRNA gene sequence. Molecular Phylogenetics and Evolution 33, 220-224.
Koumandou, V. L. and Howe, C. J. (2007). The copy number of chloroplast gene minicircles
changes dramatically with growth phase in the dinoflagellate Amphidinium operculatum. Protist 158,
89-103.

Krienitz, L., Hegewald, E., Hepperle, D. and Wolf, M. (2003). The systematics of coccoid green
algae: 18S rRNA gene sequence data versus morphology. Biologia 58, 437-446.

Kroger, N. and Poulsen, N. (2008). Diatoms-from cell wall biogenesis to nanotechnology. Annual
Reviews in Genetics 42, 83-107.

Kroken, S. and Taylor, J. W. (2000). Phylogenetic species, reproductive mode, and specificity of the
green alga Trebouxia forming lichens with the fungal genus Letharia. Bryologist 103, 645-660.
Kudryavtsev, A. (2004). Description of Cochliopodium spiniferum sp n. with notes on the species
identification within the genus Cochliopodium. Acta Protozoologica 43, 345-349.

Kudryavtsev, A., Brown, S. and Smirnov, A. (2004). Cochliopodium barki n. sp (Rhizopoda,
Himatismenida) re-isolated from soil 30 years after its initial description. European Journal of
Protistology 40, 100-101.

Kudryavtsev, A. (2005). Redescription of Cochliopodium vestitum (Archer, 1871), a freshwater spine-
bearing Cochliopodium. Acta Protozoologica 44, 123-128.

Kudryavtsev, A., Bernhard, D., Schlegel, M., Chao, E. E. Y. and Cavalier-Smith, T. (2005). 18S
ribosomal RNA gene sequences of Cochliopodium (Himatismenida) and the phylogeny of Amoebozoa.
Protist 156, 215-224.

Kudryavtsev, A., Wylezich, C., Schlegel, M., Walochnik, J. and Michel, R. (2009). Ultrastructure,
SSU rRNA gene sequences and phylogenetic relationships of Flamella Schaeffer, 1926 (Amoebozoa),
with description of three new species. Protist 160, 21-40.

Kugrens, P. and Lee, R. E. (1991). Organisation of cryptomonads In The Biology of Free-Living
Heterotrophic Flagellates (ed. Patterson, D. J. and Larsen, J.), pp. 219-231. Clarendon Press, Oxford
Kugrens, P., Clay, B. L. and Lee, R. E. (1999). Ultrastructure and systematics of two new freshwater
red cryptomonads, Storeatula rhinosa, sp. nov. and Pyrenomonas ovalis, sp. nov. Journal of Phycology
35, 1079-1089.

122



Kuhn, G., Hijri, M. and Sanders, I. R. (2001). Evidence for the evolution of multiple genomes in
arbuscular mycorrhizal fungi. Nature 414, 745-748.

Kiihn, S., Medlin, L. and Eller, G. (2004). Phylogenetic position of the parasitoid nanoflagellate
Pirsonia inferred from nuclear-encoded small subunit ribosomal DNA and a description of
Pseudopirsonia n. gen. and Pseudopirsonia mucosa (Drebes) comb. nov. Protist 155, 143-156.

Kiihn, S. F., Drebes, G. and Schnepf, E. (1996). Five new species of the nanoflagellate Pirsonia in
the German Bight, North Sea, feeding on planktic diatoms. Helgolander Meeresunters 50, 205-222.
Kiihn, S. F., Lange, M. and Medlin, L. K. (2000). Phylogenetic position of Cryothecomonas inferred
from nuclear-encoded small subunit ribosomal RNA. Protist 151, 337-345.

Kumar, S. (1987). Occurrence of the thraustochytrid Corallochytrium limacosporum gen. et sp.nov. in
the coral reef lagoons of the Lakshadweep Islands in the Arabian sea. Botanique Marine 30, 83-89.
Kuramae, E. E., Robert, V., Snel, B., Weiss, M. and Boekhout, T. (2006). Phylogenomics reveal a
robust fungal tree of life. FEMS Yeast Research 6, 1213-1220.

Kuvardina, O. N., Leander, B. S., Aleshin, V. V., Myl'nikov, A. P., Keeling, P. J. and Simdyanov,
T. G. (2002). The phylogeny of colpodellids (Alveolata) using small subunit rRNA gene sequences
suggests they are the free-living sister group to apicomplexans. Journal of Eukaryotic Microbiology 49,
498-504.

Lagrange, T., Hakimi, M. A., Pontier, D., Courtois, F., Alcaraz, J. P., Grunwald, D., Lam, E. and
Lerbs-Mache, S. (2003). Transcription factor IIB (TFIIB)-related protein (pBrp), a plant-specific
member of the TF1IB-related protein family. Molecular and Cellular Biology 23, 3274-3286.

Lane, C. E., van den Heuvel, K., Kozera, C., Curtis, B. A., Parsons, B. J., Bowman, S. and
Archibald, J. M. (2007). Nucleomorph genome of Hemiselmis andersenii reveals complete intron loss
and compaction as a driver of protein structure and function. Proceedings of the National Academy of
Sciences of the USA 104, 19908-19913.

Lang, B. F., Goff, L. J. and Gray, M. W. (1996). A 5S rRNA gene is present in the mitochondrial
genome of the protist Reclinomonas americana but is absent from red algal mitochondrial DNA.
Journal of Molecular Biology 261, 407-413.

Lang, B. F., Burger, G., O’Kelly, C. J., Cedergren, R., Golding, G. B., Lemieux, C., Sankoff, D.,
Turmel, M. and Gray, M. W. (1997). An ancestral mitochondrial DNA resembling a eubacterial
genome in miniature. Nature 387, 493-497.

Lang, B. F., O'Kelly, C., Nerad, T., Gray, M. W. and Burger, G. (2002). The closest unicellular
relatives of animals. Current Biology 12, 1773-1778.

Lange, C. E. (1993). Unclassified protists of arthropods — the ultrastructure of Nephridiophaga
periplanetae (Lutz and Splendore, 1903) n. comb. and the affinities of the nephridiophagidae to other
protists. Journal of Eukaryotic Microbiology 40, 689-700.

Lara, E., Chatzinotas, A. and Simpson, A. G. B. (2006). Andalucia (n. gen.)--the deepest branch
within jakobids (Jakobida; Excavata), based on morphological and molecular study of a new flagellate
from soil. Journal of Eukaryotic Microbiology 53, 112-120.

Lara, E., Heger, T. J., Mitchell, E. A., Meisterfeld, R. and Ekelund, F. (2007). SSU rRNA reveals a
sequential increase in shell complexity among the euglyphid testate amoebae (Rhizaria: Euglyphida).
Protist 158, 229-237.

Lara, E., Moreira, D., Vereshchaka, A. and Lopez-Garcia, P. (2009). Pan-oceanic distribution of
new highly diverse clades of deep-sea diplonemids. Environmental Microbiology 11, 47-55.

Lara, E., Moreira, D. and Lopez-Garcia, P. (2010). The environmental clade LKM11 and Rozella
form the deepest branching clade of fungi. Protist 161, 116-121.

Larkum, A. W., Lockhart, P. J. and Howe, C. J. (2007). Shopping for plastids. Trends in Plant
Science 12, 189-195.

Larroux, C., Fahey, B., Degnan, S. M., Adamski, M., Rokhsar, D. S. and Degnan, B. M. (2007).
The NK homeobox gene cluster predates the origin of Hox genes. Current Biology 17, 706-710.
Larsen, J. (1985). Ultrastructure and taxonomy of Actinomonas pusilla, a heterotrophic member of the
Pedinellales (Chrysophyceae). British Phycological Journal 20, 341-355.

Larsen, J. and Patterson, D. J. (1990). Some flagellates (Protista) from tropical marine sediments.
Journal of Natural History 24, 801-937.

Larsson, I. R. and Keie, M. (2005). Ultrastructural study and description of Paramyxoides nephtyhs
gen. n., sp. n., a parasite of Nephtyscaeca (Fabricius, 1780) (Polychaeta: Nephtyidae). Acta
Protozoologica 44, 175-187.

Larsson, J. I. R. (1986). Ultrasrtucture, function and classification of Microsporidia. Progress in
Protistology 1, 325-390.

123



Lasek-Nesselquist, E. and Katz, L. A. (2001). Phylogenetic position of Sorogena stoianovitchae and
relationships within the class Colpodea (Ciliophora) based on SSU rDNA sequences. Journal of
Eukaryotic Microbiology 48, 604-607.

Lau, A. O., McElwain, T. F., Brayton, K. A., Knowles, D. P. and Roalson, E. H. (2009). Babesia
bovis: a comprehensive phylogenetic analysis of plastid-encoded genes supports green algal origin of
apicoplasts. Experimental Parasitology 123, 236-243.

Lavrov, D. V., Forget, L., Kelly, M. and Lang, B. F. (2005). Mitochondrial genomes of two
demosponges provide insights into an early stage of animal evolution. Molecular Blology and
Evolution 22, 1231-1239.

Le Corguillé, G., Pearson, G., Valente, M., Viegas, C., Gschloessl, B., Corre, E., Bailly, X., Peters,
A. F., Jubin, C., Vacherie, B., Cock, J. M. and Leblanc, C. (2009). Plastid genomes of two brown
algae, Ectocarpus siliculosus and Fucus vesiculosus: further insights on the evolution of red-algal
derived plastids. BMC Evolutionary Biology 9, 253.

Le Gall, L. and Saunders, G. W. (2007). A nuclear phylogeny of the Florideophyceae (Rhodophyta)
inferred from combined EF2, small subunit and large subunit ribosomal DNA: establishing the new red
algal subclass Corallinophycidae. Molecular Phylogenetics and Evolution 43, 1118-1130.

Leadbeater, B. S. C. and Manton, I. (1974). Preliminary observations on the chemistry and biology
of the lorica in a collared flagellate (Stephanoeca diplocostata Ellis). Journal of the Marine Biological
Association of the UK 54,269-276.

Leadbeater, B. S. C. and Morton, C. (1974). A microscopical study of a marine species of Codosiga
James-Clark (Choanoflagellata) with special reference to the ingestion of bacteria. Biological Journal
of the Linnean Society 6, 337-347.

Leadbeater, B. S. C. (1977). Observations on the life history and ultrastructure of the marine
choanoflagellate Choanoeca perplexa Ellis. Journal of the Marine Biological Association of the UK
57, 285-301.

Leander, B. S., Witek, R. P. and Farmer, M. A. (2001). Trends in the evolution of the euglenid
pellicle. Evolution 55,2215-2235.

Leander, B. S., Clopton, R. E. and Keeling, P. J. (2003a). Phylogeny of gregarines (Apicomplexa) as
inferred from small-subunit rtDNA and B-tubulin. International Journal of Systematic and Evolutionary
Microbiology 53, 345-354.

Leander, B. S. and Keeling, P. J. (2003). Morphostasis in alveolate evolution. Trends in Ecology and
Evolution 18, 395-402.

Leander, B. S., Kuvardina, O. N., Aleshin, V. V., Mylnikov, A. P. and Keeling, P. J. (2003b).
Molecular phylogeny and surface morphology of Colpodella edax (Alveolata): insights into the
phagotrophic ancestry of apicomplexans. Journal of Eukaryotic Microbiology 50, 334-340.

Leander, B. S. and Keeling, P. J. (2004). Early evolutionary history of dinoflagellates and
apicomplexans (Alveolata) as inferred from HSP90 and actin phylogenies. Journal of Phycology 40,
341-350.

Leander, B. S., Lloyd, S. A. J., Marshall, W. and Landers, S. C. (2005). Phylogeny of marine
gregarines (Apicomplexa) - Pterospora, Lithocystis and Lankesteria - and the origin(s) of coelomic
parasitism. Protist 157, 45-60.

Leander, B. S. and Hoppenrath, M. (2008). Ultrastructure of a novel tube-forming, intracellular
parasite of dinoflagellates: Parvilucifera prorocentri sp. nov. (Alveolata, Myzozoa). European Journal
of Protistology 44, 55-70.

Leander, C. A. and Porter, D. (2001). The Labyrinthulomycota is comprised of three distinct
lineages. Mycologia 93, 459-464.

Leander, C. A., Porter, D. and Leander, B. S. (2004). Comparative morphology and molecular
phylogeny of aplanochytrids (Labyrinthulomycota). European Journal of Protistology 40, 317-328.
Lechtreck, K. F. and Melkonian, M. (1991). An update on fibrous flagellar roots in green algae.
Protoplasma 164, 38-44.

Lee, J. and Young, J. P. (2009). The mitochondrial genome sequence of the arbuscular mycorrhizal
fungus Glomus intraradices isolate 494 and implications for the phylogenetic placement of Glomus.
New Phytologist 183,200-211.

Lee, R. E. and Kugrens, P. (1991a). Attachment strips: a new type of hemidesmosome-like structure
in the protozoon Katablepharis ovalis Skuja. Journal of Cell Science 98, 245-249.

Lee, R. E. and Kugrens, P. (1991b). Katablepharis ovalis, a colourless flagellate with interesting
cytological characteristics. Journal of Phycology 27, 505-513.

Lee, R. E. and Kugrens, P. (1992). Relationship between the flagellates and the ciliates.
Microbiological Reviews 56, 529-542.

124



Lee, S. C., Weiss, L. M. and Heitman, J. (2009). Generation of genetic diversity in microsporidia via
sexual reproduction and horizontal gene transfer. Communicative and Integrative Biology 2, 414-417.
Lee, S. C., Ni, M., Li, W., Shertz, C. and Heitman, J. (2010). The evolution of sex: a perspective
from the fungal kingdom. Microbiology and Molecular Biology Reviews 74, 298-340.

Lee, W. J. and Patterson, D. J. (2000). Heterotrophic flagellates (Protista) from marine sediments of
Botany Bay, Australia. Journal of Natural History 34, 483-562.

Lee, W. J. (2006). Some free-living heterotrophic flagellates from marine sediments of tropical
Australia. Ocean Science Journal 41, 75-95.

Leedale, G. F., Leadbeater, B. S. and Massalski, A. (1970). The intracellular origin of flagellar hairs
in the Chrysophyceae and Xanthophyceae. Journal of Cell Science 6, 701-719.

Leedale, G. F. (1974). How many are the kingdoms of organisms? Taxon 23, 261-270.

Leedale, G. F. (1978). Phylogenetic criteria in euglenoid flagellates. BioSystems 10, 183-187.

Lefevre, E., Roussel, B., Amblard, C. and Sime-Ngando, T. (2008). The molecular diversity of
freshwater picoeukaryotes reveals high occurrence of putative parasitoids in the plankton. PLoS One 3,
€2324.

Leidy, J. (1879). Freshwater Rhizopods of North America, Goverment Printing Office, Washington.
Leipe, D. D., Wainright, P. O., Gunderson, J. H., Porter, D., Patterson, D. J., Valois, F.,
Himmerich, S. and Sogin, M. L. (1994). The stramenopiles from a molecular perspective - 16s-like
ribosomal RNA sequences from Labyrinthuloides minuta and Cafeteria roenbergensis. Phycologia 33,
369-377.

Leipe, D. D., Tong, S. M., Goggin, C. L., Slemenda, S. B., Pieniazek, N. J. and Sogin, M. L.
(1996). 16S-like tDNA sequences from Developayella elegans, Labyrinthuloides haliotidis and
Proteromonas lacertae confirm that the Stramenopiles are not a primarily heterotrophic group.
European Journal of Protistology 32, 449-458.

Lemieux, C., Otis, C. and Turmel, M. (2007). A clade uniting the green algae Mesostigma viride and
Chlorokybus atmophyticus represents the deepest branch of the Streptophyta in chloroplast genome-
based phylogenies. BMC Biology 5, 2.

Lewis, L. A. and McCourt, R. M. (2004). Green algae and the origin of land plants. American
Journal of Botany 91, 1535-1556.

Lewis, L. A. and Lewis, P. O. (2005). Unearthing the molecular phylodiversity of desert soil green
algae (Chlorophyta). Systematic Biology 54, 936-947.

Lewis, P. O., Holder, M. T. and Holsinger, K. E. (2005). Polytomies and Bayesian phylogenetic
inference. Systematic Biology 54, 241-253.

Li, J., I.B., H. and L., P. (1993). The phylogenetic relationships of the anaerobic chytridiomycetous
gut fungi (Neocallimasticaceae) and the Chytridiomycota. II. Cladistic analysis of structural data and
the description of Neocallimasticales ord. nov. Canadian Journal of Botany 71, 393-407.

Li, L. Y., Huang, Q. J., Wu, S. H., Lin, D., Chen, J. H. and Chen, Y. Q. (2008). The spatial and
temporal distribution of microalgae in the South China Sea: evidence from GIS-based analysis of 18S
rDNA sequences. Science in China Series C-Life Sciences 51, 1121-1128.

Li, S., Nosenko, T., Hackett, J. D. and Bhattacharya, D. (2006). Phylogenomic analysis identifies
red algal genes of endosymbiotic origin in the chromalveolates. Molecular Blology and Evolution 23,
663-674.

Liapounova, N. A., Hampl, V., Gordon, P. M., Sensen, C. W., Gedamu, L. and Dacks, J. B.
(2006). Reconstructing the mosaic glycolytic pathway of the anaerobic eukaryote Monocercomonoides.
Eukaryotic Cell 5,2138-2146.

Liggenstoffer, A. S., Youssef, N. H., Couger, M. B. and Elshahed, M. S. (2010). Phylogenetic
diversity and community structure of anaerobic gut fungi (phylum Neocallimastigomycota) in ruminant
and non-ruminant herbivores. ISME Journal

Lim, L. and McFadden, G. L. (2010). The evolution, metabolism and functions of the apicoplast.
Philosophical transactions of the Royal Society of London. Series B, Biological sciences 365, 749-763.
Lin, X., Hull, C. M. and Heitman, J. (2005). Sexual reproduction between partners of the same
mating type in Cryptococcus neoformans. Nature 434, 1017-1021.

Lindmark, D. G., Miiller, M. (1973). Hydrogenosome, a cytoplasmic organelle of the anaerobic
flagellate, Tritrichomonas foetus, and its role in pyruvate metabolism. Journal of Biological Chemistry
248, 7724-7728.

Lipps, J. H. (1993). Fossil prokaryotes and protists, Blackwell, Oxford, UK.

Liu, Y., Mochizuki, K. and Gorovsky, M. A. (2004). Histone H3 lysine 9 methylation is required for
DNA elimination in developing macronuclei in Tetrahymena. Proceedings of the National Academy of
Sciences of the USA 101, 1679-1684.

125



Liu, Y., Steenkamp, E. T., Brinkmann, H., Forget, L., Philippe, H. and Lang, B. F. (2009).
Phylogenomic analyses predict sister group relationship of nucleariids and fungi and paraphyly of
zygomycetes with significant support. BMC Evolutionary Biology 9, 272.

Lloyd, C. and Chan, J. (2008). The parallel lives of microtubules and cellulose microfibrils. Current
Opinions in Plant Biology 11, 641-646.

Lockhart, P. J., Howe, C. J., Bryant, D. A., Beanland, T. J. and Larkum, A. W. D. (1992).
Substitutional bias confounds inference of cyanelle origins from sequence data. Journal of Molecular
Evolution 34, 153-162.

Lockhart, P. J., Steel, M. A., Barbrook, A. C., Huson, D. H., Charleston, M. A. and Howe, C. J.
(1998). A covariotide model explains apparent phylogenetic structure of oxygenic photosynthetic
lineages. Molecular Blology and Evolution 15, 1183-1188.

Lockhart, P. J., Novis, P., Milligan, B. G., Riden, J., Rambaut, A. and Larkum, A. W. D. (2005).
Heterotachy and tree building: a case study with plastids and eubacteria. Molecular Blology and
Evolution In press,

Loeblich, A. R. and Tappan, H. (1989). Implication of wall composition and structure in agglutinated
foraminifers. Journal of Palaeontology 63, 769-777.

Lohr, J. N., Laforsch, C., Koerner, H. and Wolinska, J. (2010). A Daphnia parasite (Caullerya
mesnili) constitutes a new member of the Ichthyosporea, a group of protists near the animal-fungi
divergence. J Eukaryot Microbiol 57, 328-336.

Lom, J. and Dykova, 1. (1997). Ultrastructural features of the actinosporidian phase of Myxosporea
(Phylum Myxozoa): a comparative study. Acta Protozoologica 36, 100-101.

Long, S., Jirku, M., Mach, J., Ginger, M. L., Sutak, R., Richardson, D., Tachezy, J. and Lukes, J.
(2008). Ancestral roles of eukaryotic frataxin: mitochondrial frataxin function and heterologous
expression of hydrogenosomal Trichomonas homologues in trypanosomes. Molecular Microbiology
69, 94-109.

Longcore, J. E. (1993). Morphlogy and zoospore ultrastructure of Lacustromyces hiemalis gen. et sp.
nov., (Chytridiales). Canadian Journal of Botany 71, 414-425.

Longcore, J. E. (1995). Morphology and zoospore ultrastructure of Endophlyctis luteolus sp. nov.
Chytridiales implications for chytrid taxonomy. Mycologia 87, 25-33.

Longet, D., Archibald, J. M., Keeling, P. J. and Pawlowski, J. (2003). Foraminifera and Cercozoa
share a common origin according to RNA polymerase II phylogenies. International Journal of
Systematic and Evolutionary Microbiology 53, 1735-1739.

Longet, D., Burki, F., Flakowski, J., Berney, C., Polet, S., Fahrni, J. and Pawlowski, J. (2004).
Multigene evidence for close evolutionary relations between Gromia and Foraminifera. Acta
Protozoologica 43, 303-311.

Longet, D. and Pawlowski, J. (2007). Higher-level phylogeny of Foraminifera inferred from the RNA
polymerase Il (RPB1) gene. European Journal of Protistology 43, 171-177.

Lopes, F. R., Silva, J. C., Benchimol, M., Costa, G. G., Pereira, G. A. and Carareto, C. M. (2009).
The protist Trichomonas vaginalis harbors multiple lineages of transcriptionally active Mutator-like
elements. BMC Genomics 10, 330.

Lopez-Garcia, P., Rodriguez-Valera, F. and Moreira, D. (2002). Toward the monophyly of
Haeckel’s Radiolaria 18S rRNA environmental data support the sisterhood of polycystinea and
Acantharea. Molecular Blology and Evolution 19, 118-121.

Ludwig, M. and Gibbs, S. (1989). Ecidence that nucleomorphs of Chlorarachnion reptans
(Chlorarachniophyceae) are vestigial nuclei: morphology, division and DNA-DAPI fluorescence.
Journal of Phycology 25, 385-394.

Ludwig, M., Lind, J., Miller, E. A. and Wetherbee, R. (1996). High molecular mass glycoproteins
associated with the siliceous scales and bristles of Mallomonas splendens (Synurophyceae) may be
involved in cell surface development and maintenance. Planta 199, 219-228.

Lutzoni, F., Kauff, F., Cox, C. J.,, McLaughlin, D., Celio, G., Dentinger, B., Padamsee, M.,
Hibbett, D., James, T. Y., Baloch, E., Grube, M., Reeb, V., Hofstetter, V., Schoch, C., Arnold, A.
E., Miadlikowska, J., Spatafora, J., Johnson, D., Hambleton, S., Crockett, M., Shoemaker, R.,
Sung, G.-H., Liicking, R., Lumbsch, T., O'Donnell, K., Binder, M., Diederich, P., Ertz, D.,
Gueidan, C., Hansen, K., Harris, R. C., Hosaka, K., Lim, Y.-W., Matheny, B., Nishida, H.,
Pfister, D., Rogers, J., Rossman, A., Schmitt, 1., Sipman, H., Stone, J., Sugiyama, J., Yahr, R. and
Vilgalys, R. (2004). Assembling the fungal tree of life: progress, classification, and evolution of
subcellular traits. American Journal of Botany 91, 1446-1480.

Lynn, D. H. (1985a). Cortical ultrastructure of Coleps bicuspis Noland, 1925 and the phylogeny of the
class Prostomatea (Ciliophora). BioSystems 18, 387-397.

126



Lynn, D. H. (1985b). Cortical ultrastructure of Coleps bicuspis Noland, 1925 and the phylogeny of the
class Prostomatea (Ciliophora). BioSystems 18, 387-397.

Lynn, D. H. (1988). Cytoterminology of cortical components of ciliates: somatic and oral kinetids.
BioSystems 21, 299-307.

Lynn, D. H. and Small, E. B. (1988). An update on the systematics of the phylum Ciliophora Doflein,
1901: the implications of kinetid diversity. BioSystems 21, 317-322.

Lynn, D. H. and Struder-Kypke, M. (2002). Phylogenetic position of Licnophora, Lechriopyla, and
Schizocaryum, three unusual ciliates (phylum Ciliophora) endosymbiotic in echinoderms (phylum
Echinodermata). Journal of Eukaryotic Microbiology 49, 460-468.

Lynn, D. H. and Struder-Kypke, M. C. (2006). Species of Tetrahymena identical by small subunit
rRNA gene sequences are discriminated by mitochondrial cytochrome c¢ oxidase I gene sequences.
Journal of Eukaryotic Microbiology 53, 385-387.

Ma, L. J., Ibrahim, A. S., Skory, C., Grabherr, M. G., Burger, G., Butler, M., Elias, M., Idnurm,
A., Lang, B. F., Sone, T., Abe, A., Calvo, S. E., Corrochano, L. M., Engels, R., Fu, J., Hansberg,
W., Kim, J. M., Kodira, C. D., Koehrsen, M. J., Liu, B., Miranda-Saavedra, D., O'Leary, S.,
Ortiz-Castellanos, L., Poulter, R., Rodriguez-Romero, J., Ruiz-Herrera, J., Shen, Y. Q., Zeng, Q.,
Galagan, J., Birren, B. W., Cuomo, C. A. and Wickes, B. L. (2009). Genomic analysis of the basal
lineage fungus Rhizopus oryzae reveals a whole-genome duplication. PLoS Genetics 5, €1000549.
Maberly, S. C., Ball, L. A., Raven, J. A. and Sultemeyer, D. (2009). Inorganic carbon acquisition by
chrysophytes. Journal of Phycology 45, 1052-1061.

MacDonald, C. M., Darbyshire, J. F. and Ogden, C. C. (1977). The morphology of a common soil
flagellate, Heteromita globosa Stein (Mastigophorea: Protozoa). Bulletin of the British Museum of
Natural History (Zoology) 31, 255-264.

Magne, F. (1975). Contribution a la conaissance des Stichogloeacées (Chrysophycées, Stichogloeales).
Cahiers de Biologie Marine 16, 531-539.

Mahakham, W. and Theerakulpisut, P. (2010). Two new records of Colechaetalean Algae
(Coleochaetales, Chlorophyta) from Northeast Thailand. International Journal of Botany 6, 144-150.
Mai, Z. M., Ghosh, S., Frisardi, M., Rosenthal, B., Rogers, R. and Samuelson, J. (1999). Hsp60 is
targeted to a cryptic mitochondrion-derived organelle ("crypton") in the microaerophilic protozoan
parasite Entamoeba histolytica. Molecular and Cellular Biology 19, 2198-2205.

Maistro, S., Broady, P. A., Andreoli, C. and Negrisolo, E. (2009). Phylogeny and taxonomy of
Xanthophyceae (Stramenopiles, Chromalveolata). Protist 160, 412-426.

Maldonado, M. (2004). Choanoflagellates, choanocytes, and animal multicellularity. Invertebrate
Biology 123, 1-22.

Malik, S., Pightling, A. W., Stefaniak, L. M., Schurko, A. M. and Logsdon, J. M. (2008). An
expanded inventory of conserved meiotic genes provides evidence for sex in Trichomonas vaginalis.
PLoS One 3, 1-13.

Mangeney, E. and Gibbs, S. (1987). Inmunocytochemical localization of ribuolse-1,5-bisphosphate
carboxylase/oxygenase in the cyanelles of Cyanophora paradoxa and Glaucocystis nostochinearum.
European Journal of Cell Biology 43, 65-70.

Manning, G., Young, S. L., Miller, W. T. and Zhai, Y. (2008). The protist Monosiga brevicollis has
a tyrosine kinase signaling network more elaborate and diverse than found in any known metazoan.
Proceedings of the National Academy of Sciences of the USA 105, 9674-9679.

Manton, I. and Ettl, H. (1965). Observations on the fine structure of Mesostigma viride Lauterborn.
Botanical Journal of the Linnean Society 59, 175-184.

Manton, 1. and Parke, M. (1965). Observations on the fine structure of two species of Platymonas,
with special reference to flagellar scales and the mode of origin of the theca. Journal of the Marine
Biological Association of the UK 45, 743-754.

Manton, 1., Rayns, D. G., Ettl, H. and Parke, M. (1965). Further observations on green flagellates
with scaly flagella: the genus Heteromastix Korshikov. Journal of the Marine Biological Association
of the UK 45, 241-255.

Manton, I. and von Stosch, H. A. (1966). Observations on the fine structure of the male gamete of the
marine centric diatom Lithodesmium undulatum. Journal of the Royal Microscopical Society 85, 119-
134.

Manton, I. (1975). Observations on the microanatomy of Scourfeldia marina Throndsen and
Scourfeldia caeca (Korsch.) Belcher et Swale. Archiv fiir Protistenkunde 117, 358-368.

Marande, W., Lukes, J. and Burger, G. (2005). Unique mitochondrial genome structure in
diplonemids, the sister group of kinetoplastids. Eukaryotic Cell 4, 1137-1146.

127



Marande, W., Lopez-Garcia, P. and Moreira, D. (2009). Eukaryotic diversity and phylogeny using
small- and large-subunit ribosomal RNA genes from environmental samples. Environmental
Microbiology 11, 3179-3188.

Marchant, H. J., Pickett-Heaps, J. D. and Jacobs, K. (1973). An ultrastructural study of
zoosporogenesis and the mature zoospore of Klebsormidium flaccidum. Cytobios 8, 95-107.

Marchant, H. J. and McEldowney (1986). Nanoplanktonic cysts from Antarctica are algae. Marine
Biology 92, 53-57.

Marchetti, A., Parker, M. S., Moccia, L. P., Lin, E. O., Arrieta, A. L., Ribalet, F., Murphy, M. E.,
Maldonado, M. T. and Armbrust, E. V. (2009). Ferritin is used for iron storage in bloom-forming
marine pennate diatoms. Nature 457, 467-470.

Marin, B. and Melkonian, M. (1994). Flagellar hairs in prasinophytes (Chlorophyta): ultrastructurre
and distribution on the flagellar surface. Journal of Phycology 30, 659-678.

Marin, B., Klingenberg, M. and Melkonian, M. (1998). Phylogenetic relationships among the
Cryptophyta: analyses of nuclear-encoded SSU rRNA sequences support the monophyly of extant
plastid-containing lineages. Protist 149, 265-276.

Marin, B. and Melkonian, M. (1999). Mesostigmatophyceae, a new class of streptophyte green algae
revealed by SSU rRNA sequence comparisons. Protist 150, 399-417.

Marin, B., Palm, A., Klingberg, M. and Melkonian, M. (2003). Phylogeny and taxonomic revision
of plastid-containing euglenophytes based on SSU rDNA sequence comparisons and synapomorphic
signatures in the SSU rRNA secondary structure. Protist 154, 99-145.

Marin, B., Nowack, E. C. M. and Melkonian, M. (2005). A plastid in the making: evidence for a
second primary endosymbiosis. Protist 156, 425-432.

Marin, B. and Melkonian, M. (2010). Molecular phylogeny and classification of the
Mamiellophyceae class. nov. (Chlorophyta) based on sequence comparisons of the nuclear- and
plastid-encoded rRNA operons. Protist 161, 304-336.

Marshall, W. L., Celio, G., McLaughlin, D. J. and Berbee, M. L. (2008). Multiple isolations of a
culturable, motile Ichthyosporean (Mesomycetozoa, Opisthokonta), Creolimax fragrantissima n. gen.,
n. sp., from marine invertebrate digestive tracts. Protist 159, 415-433.

Marshall, W. L. and Berbee, M. L. (2010). Population-level analyses indirectly reveal cryptic sex
and life history traits of Pseudoperkinsus tapetis (Ichthyosporea, Opisthokonta): a unicellular relative
of the animals. Molecular Blology and Evolution 27,2014-2026.

Martin, F., Aerts, A., Ahren, D., Brun, A., Danchin, E. G., Duchaussoy, F., Gibon, J., Kohler, A.,
Lindquist, E., Pereda, V., Salamov, A., Shapiro, H. J., Wuyts, J., Blaudez, D., Buee, M.,
Brokstein, P., Canback, B., Cohen, D., Courty, P. E., Coutinho, P. M., Delaruelle, C., Detter, J.
C., Deveau, A., DiFazio, S., Duplessis, S., Fraissinet-Tachet, L., Lucic, E., Frey-Klett, P., Fourrey,
C., Feussner, L., Gay, G., Grimwood, J., Hoegger, P. J., Jain, P., Kilaru, S., Labbe, J., Lin, Y. C.,
Legue, V., Le Tacon, F., Marmeisse, R., Melayah, D., Montanini, B., Muratet, M., Nehls, U.,
Niculita-Hirzel, H., Oudot-Le Secq, M. P., Peter, M., Quesneville, H., Rajashekar, B., Reich, M.,
Roubhier, N., Schmutz, J., Yin, T., Chalot, M., Henrissat, B., Kues, U., Lucas, S., Van de Peer, Y.,
Podila, G. K., Polle, A., Pukkila, P. J., Richardson, P. M., Rouze, P., Sanders, I. R., Stajich, J. E.,
Tunlid, A., Tuskan, G. and Grigoriev, I. V. (2008). The genome of Laccaria bicolor provides
insights into mycorrhizal symbiosis. Nature 452, 88-92.

Martin, W., Rujan, T., Richly, E., Hansen, A., Cornelsen, S., Lins, T., Leister, D., Stebe, B.,
Hasegawa, M. and Penny, D. (2002). Evolutionary analysis of Arabidopsis, cyanobacterial, and
chloroplast genomes reveals plastid phylogeny and thousands of cyanobacterial genes in the nucleus.
Proceedings of the National Academy of Sciences of the USA 99, 12246-12251.

Martinez, D., Larrondo, L. F., Putnam, N., Gelpke, M. D., Huang, K., Chapman, J., Helfenbein,
K. G., Ramaiya, P., Detter, J. C., Larimer, F., Coutinho, P. M., Henrissat, B., Berka, R., Cullen,
D. and Rokhsar, D. (2004). Genome sequence of the lignocellulose degrading fungus Phanerochaete
chrysosporium strain RP78. Nature Biotechnology 22, 695-700.

Maruyama, S. and Nozaki, H. (2007). Sequence and intranuclear location of the extrachromosomal
rDNA plasmid of the amoebo-flagellate Naegleria gruberi. Journal of Eukaryotic Microbiology 54,
333-337.

Massana, R., Castresana, J., Balague, V., Guillou, L., Romari, K., Groisillier, A., Valentin, K.
and Pedros-Alio, C. (2004). Phylogenetic and ecological analysis of novel marine stramenopiles.
Applied Environmental Microbiology 70, 3528-3534.

Massart, J. (1900). Clautriavia, un nouveau genre de flagellates. Bulletin des Séances, Societé royale
des sciences médicales et naturelles de Bruxelles 58, 133-134.

Matsuzaki, M., Misumi, O., Shin, I. T., Maruyama, S., Takahara, M., Miyagishima, S. Y., Mori,
T., Nishida, K., Yagisawa, F., Yoshida, Y., Nishimura, Y., Nakao, S., Kobayashi, T., Momoyama,

128



Y., Higashiyama, T., Minoda, A., Sano, M., Nomoto, H., Oishi, K., Hayashi, H., Ohta, F.,
Nishizaka, S., Haga, S., Miura, S., Morishita, T., Kabeya, Y., Terasawa, K., Suzuki, Y., Ishii, Y.,
Asakawa, S., Takano, H., Ohta, N., Kuroiwa, H., Tanaka, K., Shimizu, N., Sugano, S., Sato, N.,
Nozaki, H., Ogasawara, N., Kohara, Y. and Kuroiwa, T. (2004). Genome sequence of the ultrasmall
unicellular red alga Cyanidioschyzon merolae 10D. Nature 428, 653-657.

Matsuzaki, M., Kuroiwa, H., Kuroiwa, T., Kita, K. and Nozaki, H. (2008). A cryptic algal group
unveiled: a plastid biosynthesis pathway in the oyster parasite Perkinsus marinus. Molecular Blology
and Evolution 25, 1167-1179.

Matthews, K. R. (2005). The developmental cell biology of Trypanosoma brucei. Journal of Cell
Science 118, 283-290.

Mattox, K. R. and Stewart, K. D. (1984). Classification of the green algae: a concept based on
comparative cytology. In Systematics of the Green Algae (ed. Irvine, D. E. G. and John, D. M.), pp. 29-
72. Academic Press, London.

May, P., Wienkoop, S., Kempa, S., Usadel, B., Christian, N., Rupprecht, J., Weiss, J., Recuenco-
Munoz, L., Ebenhoh, O., Weckwerth, W. and Walther, D. (2008). Metabolomics- and proteomics-
assisted genome annotation and analysis of the draft metabolic network of Chlamydomonas reinhardtii.
Genetics 179, 157-166.

McCourt, R. M., Karol, K. G., Bell, J., Helm-Bychowski, K. M., Grajewska, A., Wojcieowski, M.
F. and Hoshaw, R. F. (2000). Phylogeny of the conjugating green algae (Zygnematophyceae) based
on rbcL sequences. Journal of Phycology 36, 747-758.

McFadden, G. 1., Preisig, H. R. and Melkonian, M. (1986). Golgi apparatus activity and membrane
flow during scale biogenesis in the green flagellate Scherffelia dubia (Prasinophyceae). II. Cell wall
secretion and assembly. Protoplasma 131, 174-184.

McFadden, G. L., Gilson, P. R. and Hill, D. R. A. (1994). Goniomonas: tfRNA sequences indicate
that this phagotrophic flagellate is a close relative of the host component of cryptomonads. European
Journal of Phycology 29, 100-101.

McFadden, G. L., Reith, M. E., Munholland, J. and Lang-Unnasch, N. (1996). Plastid in human
parasites. Nature 381, 48.

McFadden, G. L., Gilson, P. R. and Hofmann, C. J. B. (1997). Division Chlorarachniophyta. Plant
Systematics and Evolution 11, S175-S185.

McFadden, G. L. (1999). Plastids and protein targeting. Journal of Eukaryotic Microbiology 46, 339-
34e.

McFadden, G. 1. (2001). Primary and secondary endosymbiosis and the origin of plastids. Journal of
Phycology 37, 951-959.

McFadden, G. I. and van Dooren, G. G. (2004). Red algal genome affirms a common origin of all
plastids. Current Biology 14, R514-R516.

McKay, R. M. L. and Gibbs, S. P. (1991). Composition and function of pyrenoids: cytochemical and
immunocytochemical approaches. Canadian Journal of Botany 69, 1040-1052.

McLaughlin, D. M., Beckett, A. and Yoon, K. S. (1985). Ultrastructure and evolution of
ballistosporic basidiospores. Botanical Journal of the Linnean Society 91,253-271.

Medina, M., Collins, A. G., Taylor, J. W., Valentine, J. W., Lipps, J. H., Amaral-Zettler, L. and
Sogin, M. L. (2003). Phylogeny of Opisthokonta and the evolution of multicellularity and complexity
in Fungi and Metazoa. International Journal of Astrobiology 2,203-211.

Medlin, L. K. and Kaczmarska, I. (2004). Evolution of the diatoms. V. Morphological and
cytological support for major clades and a taxonomic revision. Phycologia 43, 245-270.

Melkonian, M. (1979). An ultrastructural study of the flagellate Tetraselmis cordiformis Stein
(Chlorophyceae) with emphasis on the flagellar apparatus. Protoplasma 98, 139-151.

Melkonian, M. (1980). Ultrastructural aspects of basal body associated fibrous structures in green
algae: a critical review. BioSystems 12, 85-104.

Melkonian, M. (1982). Structural and evolutionary aspects of the flagellar apparatus in green algae
and land plants. Taxon 31, 255-265.

Melkonian, M. and Preisig, H. R. (1982). Twist of central pair microtubules in the flagellum. Cell
Biology International Reports 6,269-277.

Melkonian, M. (1984). Flagellar apparatus ultrastructure in relation to green algal classification. In
Systematics of the Green Algae (ed. Irvine, D. E. G. and John, D. M.), pp. 73-12. Academic Press,
London.

Melkonian, M. (1989). Flagellar apparatus ultrastructure in Mesostigma viride (Prasinophyceae). Plant
Systematics and Evolution 164, 93-122.

Mendoza, L., Taylor, J. W. and Ajello, L. (2002). The class Mesomycetozoea: A group of
microorganisms at the animal-fungal boundary. Annual Reviews in Microbiology 56, 315-344.

129



Merchant, S. S., Prochnik, S. E., Vallon, O., Harris, E. H., Karpowicz, S. J., Witman, G. B.,
Terry, A., Salamov, A., Fritz-Laylin, L. K., Marechal-Drouard, L., Marshall, W. F., Qu, L. H.,
Nelson, D. R., Sanderfoot, A. A., Spalding, M. H., Kapitonov, V. V., Ren, Q., Ferris, P.,
Lindquist, E., Shapiro, H., Lucas, S. M., Grimwood, J., Schmutz, J., Cardol, P., Cerutti, H.,
Chanfreau, G., Chen, C. L., Cognat, V., Croft, M. T., Dent, R., Dutcher, S., Fernandez, E.,
Fukuzawa, H., Gonzalez-Ballester, D., Gonzalez-Halphen, D., Hallmann, A., Hanikenne, M.,
Hippler, M., Inwood, W., Jabbari, K., Kalanon, M., Kuras, R., Lefebvre, P. A., Lemaire, S. D.,
Lobanov, A. V., Lohr, M., Manuell, A., Meier, L., Mets, L., Mittag, M., Mittelmeier, T., Moroney,
J. V., Moseley, J., Napoli, C., Nedelcu, A. M., Niyogi, K., Novoselov, S. V., Paulsen, 1. T., Pazour,
G., Purton, S., Ral, J. P., Riano-Pachon, D. M., Riekhof, W., Rymarquis, L., Schroda, M., Stern,
D., Umen, J., Willows, R., Wilson, N., Zimmer, S. L., Allmer, J., Balk, J., Bisova, K., Chen, C. J.,
Elias, M., Gendler, K., Hauser, C., Lamb, M. R., Ledford, H., Long, J. C., Minagawa, J., Page,
M. D., Pan, J., Pootakham, W., Roje, S., Rose, A., Stahlberg, E., Terauchi, A. M., Yang, P., Ball,
S., Bowler, C., Dieckmann, C. L., Gladyshev, V. N., Green, P., Jorgensen, R., Mayfield, S.,
Mueller-Roeber, B., Rajamani, S., Sayre, R. T., Brokstein, P., Dubchak, 1., Goodstein, D.,
Hornick, L., Huang, Y. W., Jhaveri, J., Luo, Y., Martinez, D., Ngau, W. C., Otillar, B., Poliakov,
A., Porter, A., Szajkowski, L., Werner, G., Zhou, K., Grigoriev, I. V., Rokhsar, D. S. and
Grossman, A. R. (2007). The Chlamydomonas genome reveals the evolution of key animal and plant
functions. Science 318, 245-250.

Miao, W., Simpson, A. G. B., Fu, C. and Lobban, C. S. (2004). The giant zooxanthellae-bearing
ciliate Maristentor dinoferus (Heterotrichea) is closely related to folliculinidae. Journal of Eukaryotic
Microbiology 52, 11-16.

Michel, R. and Smirnov, A. (1999). The genus Flamella Schaeffer, 1926 (Lobosea, Gymnamoebia),
with description of two new species. European Journal of Protistology 35, 403-410.

Mignot, J.-P. (1964). Observations complémentaires sur la structure des flagelles d’Entosiphon
sulcatum (Duj.) Stein, flagellé euglénien. Acad. Sci. Paris 258, 3360-3363.

Mignot, J.-P. (1965). Etude ultrastructurale de Cyathomonas truncata From. (flagellé
cryptomonadine). Journal de Microscopie de Paris 4,239-252.

Mignot, J.-P., Joyon, L. and Pringsheim, E. G. (1968). Complements a I’étude cytologique des
Cryptomonadines. Protistologica 4, 493-506.

Mignot, J.-P., Joyon, L. and Pringsheim, E. G. (1969). Quelques particularités structurales de
Cyanophora paradoxa Korsch., protozoaire flagellé. Journal of Protozoology 16, 138-145.

Mignot, J.-P. (1974a). Etude ultrastructurale des Bicoeca, protistes flagellés. Protistologica 10, 543-
565.

Mignot, J.-P. (1974b). Etude ultrastructurale d’un protiste flagellé incolore: Pseudodendromonas vikii
Bourrelly. Protistologica 10, 397-412.

Mignot, J.-P. and Brugerolle, G. (1975a). Etude ultrastructurale de Cercomonas Dujardin
(=Cercobodo Krassiltchik) protiste flagellé. Protistologica 11, 547-554.

Mignot, J.-P. and Brugerolle, G. (1975b). Etude ultrastructurale du flagellé phagotrophe Colponema
loxodes Stein. Protistologica 11, 429-444.

Mignot, J.-P. (1977). Etude ultrastructurale d’un flagellé du genre Spumella Cienk. (=
Heterochromonas Pascher, = Monas O.F. Miiller), chrysomonadine leucoplastidiée. Protistologica 13,
219-231.

Mignot, J.-P. and Brugerolle, G. (1982). Scale formation in chrysomonad flagellates. Journal of
Ultrastructural Research 81, 13-26.

Mignot, J.-P. and Raikov, I. B. (1990). New ultrastructural data on the morphogenesis of the test in
the testacean Arcella vulgaris. European Journal of Protistology 26, 132-141.

Mignot, J.-P. and Brugerolle, G. (1991). Cell division in the heliozoan Dimorpha mutans and
evolution of centrosomal organization during the cell cycle. Biology of the Cell 72, 51-60.

Mignot, J.-P. and Raikov, I. B. (1992). Evidence for meiosis in the testate amoeba Arcella. Journal of
Protozoology 39, 287-289.

Mikhailyuk, T. I., Sluiman, H. J., Massalki, A., Mudimu, O., Demchenko, E. M., Kondratyuk, S.
Y. and Friedl, T. (2008). New streptophyte green algae frm terrestrial habitats and an assessment of
the genus Interfilum (Klebsormidiophyceae, Streptophyta). Journal of Phycology 44, 1586-1603.
Mikrjukov, K. A. (1996). Revision of the generra and species composition of lower centroheliozoa. 1.
Family Heterophryidae Poche. Archiv fiir Protistenkunde 147, 107-113.

Mikrjukov, K. A. (1998). A peculiar type of cell division in the rhizopod Borkovia desaedeleeri
(Sarcodina, Gymnophryidae). Zoologichesky Zhurnal 77, 1221-1228.

130



Mikrjukov, K. A. and Mylnikov, A. P. (1998). A study of the structure and the life cycle of
Gymnophrys cometa Cienkowski, 1876 (Gymnophrea cl.n.) with remarks on the taxonomy of the
amoeboflagellated genera Gymnophrys and Borkovia. Acta Protozoologica 37, 179-189.

Mikrjukov, K. A. and Mylnikov, A. P. (1998b). The fine structure of a carnivorous multiflagellar
protist, Multicilia marina Cienkowski, 1881 (Flagellata incertae sedis). European Journal of
Protistology 34,391-401.

Mikrjukov, K. A. (1999). Taxonomic revision of scale-bearing heliozoon-like amoebae
(Pompholyxophryidae, Rotosphaerida). Acta Protozoologica 38, 119-131.

Mikrjukov, K. A. (2000a). Taxonomy and phylogeny of Heliozoa. II. The order Dimorphida
Siemensma, 1991 (Cercomonadea classis n.) diversity and relatedness with cercomonads. Acta
Protozoologica 39, 99-115.

Mikrjukov, K. A. (2000b). System and phylogeny of Heliozoa: Should this taxon exist in modern
systems of protists? Zoologichesky Zhurnal 79, 883-897.

Mikrjukov, K. A. (2000c). Taxonomy and phylogeny of heliozoa. 1 The order Desmothoracida
Hertwig et Lesser, 1874. Acta Protozoologica 39, 81-97.

Mikrjukov, K. A. and Mylnikov, A. P. (2001). A study of the fine structure and the mitosis of a
lamellicristate amoeba, Micronuclearia podoventralis gen. et sp nov (Nucleariidae, Rotosphaerida).
European Journal of Protistology 37, 15-24.

Milyutina, I. A., Aleshin, V. V., Mikrjukov, K. A., Kedrova, O. S. and Petrov, N. B. (2001). The
unusually long small subunit ribosomal RNA gene found in amitochondriate amoeboflagellate
Pelomyxa palustris: its TRNA predicted secondary structure and phylogenetic implication. Gene 272,
131-139.

Minge, M. A., Silberman, J. D., Orr, R. J., Cavalier-Smith, T., Shalchian-Tabrizi, K., Burki, F.,
Skjaeveland, A. and Jakobsen, K. S. (2009). Evolutionary position of breviate amoebae and the
primary eukaryote divergence. Proceedings of the Royal Society of London Series B-Biological
Sciences 276, 597-604.

Minge, M. A., Shalchian-Tabrizi, K., Torresen, O. K., Takishita, K., Probert, 1., Inagaki, Y.,
Klaveness, D. and Jakobsen, K. S. (2010). A phylogenetic mosaic plastid proteome and unusual
plastid-targeting signals in the green-colored dinoflagellate Lepidodinium chlorophorum. BMC
Evolutionary Biology 10, 191.

Mishler, B. D. and Churchill, S. P. (1985). Transition to a land flora: phylogenetic relationships of
the green algae and bryophytes. Cladistics 1, 305-328.

Mishler, B. D., Lewis, L. A., Buchheim, M. A., Renzaglia, K. S., Garbary, D. J., Delwiche, C. F.,
F.W,, Z., Kantz, T. S. and Chapman, R. L. (1994). Phylogenetic relationships of the “Green Algae”
and “Bryophytes.”. Annals of the Missouri Botanic Garden 81, 451-483.

Mix, M. and Manshard, E. (1977). Uber Mikro-fibrillen-Aggregate in langsgestrecken Vesikeln und
ihre Bedeutung fiir die Zellwandbildung bei einem Stamm von Penium (Desmidiales). Berichte
Deutsches Botanisches Gesellschaft 90, 517-526.

Miyamura, S. (2010). Cytoplasmic inheritance in green algae: patterns, mechanisms and relation to
sex type. Journal of Plant Research 123, 171-184.

Miyashita, H., Ikemoto, I., Kurano, N., Miyachi, S. and Chihara, M. (1993). Prasinococcus
capsulatus gen. et sp. nov., a new marine coccoid prasinophyte. Journal of General and Applied
Microbiology 39, 571-582.

Moestrup, 9. (1970). The fine structure of mature spermatozoids of Chara corallina, with special
reference to microtubules and scales. Planta 93, 295-308.

Moestrup, 9. (1974). Ultrastructure of the scale-covered zoospores of the green alga
Chaetospheridium, a possible ancestor of the higher plants and bryophytes. Biological Journal of the
Linnean Society 6, 111-125.

Moestrup, 9. and Thomsen, H. A. (1976). Fine structural studies on the flagellate genus Bicoeca. 1.
Bicoeca maris, with particular emphasis on the flagellar apparatus. Protistologica 12, 101-120.
Moestrup, 9. (1978). On the phylogenetic validity of the flagellar apparatus in green algae and other
chlorophyll A and B containing plants. BioSystems 10, 117-144.

Moestrup, 9. (1979). Identification by electron microscopy of marine microplankton from New
Zealand, including the description of four new species. New Zealand Journal of Botany 17, 61-95.
Moestrup, 9. and Ettl, H. (1979). A light and electron microscopical study of the flagellate
Nephroselmis olivacea (Prasinophyceae). Opera botanica 49, 1-39.

Moestrup, 9. (1982). Flagellar structure in algae: a review, with new observations particularly on the
Chrysophyceae, Phaeophyceae (Fucophyceae), Euglenophyceae, and Reckertia. Phycologia 21, 425-
528.

131



Moestrup, 9. (1983). Further studies on Nephroselmis and its allies (Prasinophyceae). II. The question
of the genus Bipedinomonas. Nordic Journal of Botany 3, 609-627.

Moestrup, Q. (1984). Further studies on Nephroselmis and its allies (Prasinophyceae). 1. Mamiella
gen. nov., Mamiellaceae fam.nov., Mamiellales ord. nov. Nordic Journal of Botany 4, 109-121.
Moestrup, @. and Throndsen, J. (1988). Light and electron microscopical studies on
Pseudoscourfeldia marina, a primitive scaly green flagellate (Prasinophyceae) with posterior flagella.
Canadian Journal of Botany 66, 1415-1434.

Moestrup, @. and Thomsen, H. A. (1990). Dictyocha speculum (Silicoflagellatea, Dictychophyceae),
studies on the armoured and unarmoured stages. Biologiske Skrifter 37, 1-57.

Moestrup, 9. (1991). Further studies of presumedly primitive green algae, including the description of
Pedinophyceae class. nov. and Resultor gen. nov. Journal of Phycology 27, 119-133.

Moestrup, @. (1995). Current status of chrysophyte ‘splinter groups’: synurophytes, pedinellids,
silicoflagellates. In Chrysophyte algae: Ecology, Physiology and Development (ed. Sandgren, C. D.,
Smol, J. and Kristiansen, J.), pp. 75-91. Cambridge University Press, Cambridge.

Moestrup, @. (2000). The flagellate cytoskeleton: introduction of a general terminology for
microtubular flagellar roots in protists. In The Flagellates: Unity, Diversity and Evolution (ed.
Leadbeater, B. S. C. and Green, J. C.), pp. 69-94. Taylor and Francis, London.

Moestrup, 9. and Sengco, M. (2001). Ultrastructural studies on Bigelowiella natans, gen. et sp. nov.,
a chlorarachniophyte flagellate. Journal of Phycology 37, 624-646.

Moestrup, @. and Thomsen, H. A. (2003). Taxonomy of toxic haptophytes (Prymnesiophyceae). In
Manual on harmful marine microalgae (ed. Hallegraef, G. M., Anderson, D. M. and Cembella, A. D.),
pp- 433-463. UNESCO Publishing, Paris

Mohapatra, B. R. and Fukami, K. (2007). Chemical detection of prey bacteria by the marine
heterotrophic nanoflagellate Jakoba libera. Basic and Applied Ecology 8, 475-481.

Molina, F. I. and Nerad, T. A. (1991). Ultrastructure of Amastigomonas bermudensis ATCC 50234
sp. nov. - a new heterotrophic marine flagellate. European Journal of Protistology 27, 386-396.
Mollicone, M. R. N. and Longcore, J. E. (1994). Zoospore ultrastructure of Monoblepharis
polymorpha. Mycologia 86, 615-625.

Money, N. P. (1998). More g's than the space shuttle: ballistospore discharge. Mycologia 90, 547-558.
Montegut-Felkner, A. E. and Triemer, R. E. (1994). Phylogeny of Diplonema ambulator (Larsen
and Patterson,). 1. Homologies of the flagellar apparatus. European Journal of Protistology 30, 227-
237.

Moon, D. A. and Goff, L. J. (1997). Molecular characterization of two large DNA plasmids in the red
alga Porphyra pulchra. Current Genetics 32, 132-138.

Moore, R. B., Obornik, M., Janouskovec, J., Chrudimsky, T., Vancova, M., Green, D. H.,
Wright, S. W., Davies, N. W., Bolch, C. J., Heimann, K., Slapeta, J., Hoegh-Guldberg, O.,
Logsdon, J. M. and Carter, D. A. (2008). A photosynthetic alveolate closely related to apicomplexan
parasites. Nature 451, 959-963.

Moreira, D., Lopez-Garcia, P. and Vickerman, K. (2004). An updated view of kinetoplastid
phylogeny using environmental sequences and a closer outgroup: proposal for a new classification of
the class Kinetoplastea. International Journal of Systematic and Evolutionary Microbiology 54, 1861-
1875.

Moreira, D., von der Heyden, S., Bass, D., Lopez-Garcia, P., Chao, E. and Cavalier-Smith, T.
(2007). Global eukaryote phylogeny: Combined small- and large-subunit ribosomal DNA trees support
monophyly of Rhizaria, Retaria and Excavata. Molecular Phylogenetics and Evolution 44, 255-266.
Moriya, M., Nakayama, T. and Inouye, 1. (2000). Ultrastructure and 18S rDNA sequence analysis of
Wobblia lunata gen. et sp. nov., a new heterotrophic flagellate (Stramenopiles, Incertae sedis). Protist
151, 41-55.

Moriya, M., Nakayama, T. and Inouye, I. (2002). A new class of the stramenopiles, Placididea
classis nova: description of Placidia cafeteriopsis gen. et sp. nov. Protist 153, 143-156.

Moriya, S., Dacks, J. B., Takagi, A., Noda, S., Ohkuma, M., Doolittle, W. F. and Kudo, T. (2003).
Molecular phylogeny of three oxymonad genera: Pyrsonympha, Dinenympha and Oxymonas. Journal
of Eukaryotic Microbiology 50, 190-197.

Morrison, H. G., McArthur, A. G., Gillin, F. D., Aley, S. B., Adam, R. D., Olsen, G. J., Best, A.
A., Cande, W. Z., Chen, F., Cipriano, M. J., Davids, B. J., Dawson, S. C., ElImendorf, H. G., Hehl,
A. B., Holder, M. E., Huse, S. M., Kim, U. U., Lasek-Nesselquist, E., Manning, G., Nigam, A.,
Nixon, J. E., Palm, D., Passamaneck, N. E., Prabhu, A., Reich, C. L., Reiner, D. S., Samuelson, J.,
Svard, S. G. and Sogin, M. L. (2007). Genomic minimalism in the early diverging intestinal parasite
Giardia lamblia. Science 317, 1921-1926.

132



Mort-Bontemps, M., Gay, L. and Fevre, M. (1997). CHS2 a chitin synthase gene from the oomycete
Saproglenia monoica. Microbiological Reviews 143, 2009-2020.

Morton, J. B. (1988). Taxonomy of VA mycorrhizal fungi: Classification, nomenclature, and
identification. Mycotaxon 32,267-232.

Morton, J. B. and Benny, G. L. (1990). Revised classification of arbuscular mycorrhizal fungi
(Zygomycetes) A new order Glomales, two new suborders Glomineae and Gigasporineae and two new
families Acaulosporaceae and Gigasporaceae with an emendation of Glomaceae. Mycotaxon 37, 471-
491.

Moss, S. T. and Young, T. W. K. (1978). Phyletic considerations of the Harpellales and Aselariales
(Trichomycetes, Zygomycotina) and the Kickxellales (Zygomycetes, Zygomycotina). Mycologia 70,
944-963.

Moss, S. T. (1985). An ultrastructural study of taxonomically significant characters of the
Thraustochytriales and the Labyrinthulales. Botanical Journal of the Linnean Society 91, 329-357.
Motomura, T. and Sakai, Y. (1988). The occurrence of flagellated eggs in Laminaria angustata
(Phaeophyta, Laminariales). Journal of Phycology 24, 282-228.

Moustafa, A., Reyes-Prieto, A. and Bhattacharya, D. (2008). Chlamydiae has contributed at least 55
genes to Plantae with predominantly plastid functions. PLoS One 3, €2205.

Moustafa, A., Beszteri, B., Maier, U. G., Bowler, C., Valentin, K. and Bhattacharya, D. (2009).
Genomic footprints of a cryptic plastid endosymbiosis in diatoms. Science 324, 1724-1726.

Miilisch, M. (1993). Chitin in protistan organisms. European Journal of Protistology 29, 1-18.

Miiller, K. M., Oliviera, M. C., Sheath, R. G. and Bhattacharya, D. (2001a). Ribosomal DNA
phylogeny of the Bangiophycidae (Rhodophyta) and the origin of secondary plastids. American
Journal of Botany 88, 1390-1400.

Miiller, K. M., Cole, K. M. and Sheath, R. G. (2003). Systematics of Bangia (Bangiales,
Rhodophyta) in north America. II. Biogeographical trends in karyology:chromosome numbers and
linkage with gene sequence phylogenetic trees. Phycologia 42,209-219.

Miiller, M., Lee, J. A., Gordon, P., Gaasterland, T. and Sensen, C. W. (2001b). Presence of
prokaryotic and eukaryotic species in all subgroups of the PP(i)-dependent group II
phosphofructokinase protein family. Journal of Bacteriology 183, 6714-6716.

Murakami, R. and Hashimoto, H. (2009). Unusual nuclear division in Nannochloropsis oculata
(Eustigmatophyceae, Heterokonta) which may ensure faithful transmission of secondary plastids.
Protist 160, 41-49.

Muravenko, O. V., Selyakh, I. O., Kononenko, N. V. and Stadnichuk, I. N. (2001). Chromosome
numbers and nuclear DNA contents in the red microalgae Cyanidium caldarium and three Galdieria
species. European Journal of Phycology 36, 227-232.

Mylnikov, A., Mylnikova, Z. and Tsvetkov, A. (1999). The ultrastructure of the marine carnivorous
flagellate Metopion fluens. Cytology 41, 581-585.

Mylnikov, A. P. (1989). The ultrathin structure of the flagellate Amastigomonas caudate. Tsitologiya
31, 489-491.

Mylnikov, A. P. (1990). Characteristic features of the ultrastructure of colourless flagellate Heteromita
sp. Tsitologiya 32, 567-570.

Mylnikov, A. P. and Karpov, S. A. (1993). A new representative of colourless flagellates,
Thaumatomonas seravini sp. n. (Thaumatomonadida, Protista). Zoologichesky Zhurnal 73, 5-10.
Mylnikov, A. P. (2008). The structure of extrusive organelles in alveolate and other heterotrophic
flagellates. Tsitologiya 50, 406-412.

Mylnikov, A. P. and Mylnikova, Z. M. (2008). Feeding spectra and pseudoconoid structure in
predatory alveolate flagellates. /nland Water Biology 1, 210-216.

Mylnikov, A. P. (2009). Ultrastructure and phylogeny of colpodellids (Colpodellida, Alveolata).
Biology Bulletin 36, 582-590.

Mylnikov, A. P. and Tikhonenkov, D. V. (2009). The new alveolate carnivorous flagellate
Colponemna marisrubri sp. n. (Colponemida, Alveolata) from the Red Sea. Zoologichesky Zhurnal 88,
1163-1169.

Mylnikova, Z. M. and Mylnikov, A. P. (2010). Biology and morphology of freshwater rapacious
flagellate Colponema aff. loxodes Stein (Colponema, Alveolata). Inland Water Biology 3, 21-26.
Nagahama, T., Sato, H., Shimazo, M. and Sugiyama, J. (1995). Phylogenetic divergence of the
entomophthoralean fungi: evidence from nuclear 18S ribosomal RNA sequences. Mycologia 87, 203-
209.

Nagao, M., Matsui, K. and Uemura, M. (2008). Klebsormidium flaccidum, a charophycean green
alga, exhibits cold acclimation that is closely associated with compatible solute accumulation and
ultrastructural changes. Plant, Cell & Environment 31, 872-885.

133



Nagatani, Y., Yamaoka, 1. and Sato, N. (1981). Scale structure of the exernal structure of an amoeba.
Zoological Magazine 90, 112-115.

Nagpal, R., Puniya, A. K., Griffith, G. W., Goel, G., Puniya, M., Sehgal, J. P. and Singh, K.
(2007). Anaerobic rumen fungi: potential and applications. Agriculturally Important Microorganisms
2,375-393.

Nakayama, T., Kawachi, M. and Inouye, I. (2000). Taxonomy and the phylogenetic position of a
new prasinophycean alga, Crustomastix didyma gen. & sp. nov. (Chlorophyta). Phycologia 39, 337-
348.

Nakayama, T. and Ishida, K. (2009). Another acquisition of a primary photosynthetic organelle is
underway in Paulinella chromatophora. Current Biology 19, R284-285.

Nash, E. A., Nisbet, R. E., Barbrook, A. C. and Howe, C. J. (2008). Dinoflagellates: a mitochondrial
genome all at sea. Trends in Genetics 24, 328-335.

Nassonova, E., Smirnov, A., Fahrni, J. and Pawlowski, J. (2010). Barcoding amoebae: comparison
of SSU, ITS and COI genes as tools for molecular identification of naked lobose amoebae. Protist 161,
102-115.

Nedelcu, A. M., Borza, T. and Lee, R. W. (2006). A land plant-specific multigene family in the
unicellular Mesostigma argues for its close relationship to Streptophyta. Molecular Blology and
Evolution 23, 1011-1015.

Nelson, W. A., Broom, J. E. and Farr, T. J. (2003). Pyrophyllon and Chidophyllon
(Erythropeltidales, Rhodophyta) two new genera for obligate epiphytic species previously placed in
Porphyra, and a discussion of the orders Erythropeltidales and Bangiales. Phycologia 42, 308-315.
Nesom, M. and Olive, L. S. (1972). Copromyxa arborescens, a new cellular slime mold. Mycologia
64, 1359-1362.

Neustupa, J. and Nemcova, Y. (2007). A geometric morphometric study of the variation in scales of
Mallomonas striata (Synurophyceae, Heterokontophyta). Phycologia 46,

Nicholls, K. H. and Durrschmidt, M. (1985). Scale structure and taxonomy of some species of
Raphidocystis, Raphidiophrys and Pompholyxophrys (Heliozoea) including descriptions of six new
taxa. Canadian Journal of Zoology 63, 1944-1961.

Nielsen, C. (1987). Structure and function of metazoan ciliary bands and their phylogenetic
significance. Acta Zoologica 68, 205-262.

Nielsen, C. (1998). Origin and evolution of animal life cycles. Biological Reviews of the Cambridge
Philosophical Society 73, 125-155.

Nielsen, C. (2001). Animal evolution: interrelationships of the living phyla, 2nd. Oxford University
Press, Oxford, UK

Nielsen, M. G., Turner, F. R., Hutchens, J. A. and Raff, E. C. (2001). Axoneme-specific beta-
tubulin specialization: a conserved C-terminal motif specifies the central pair. Current Biology 11, 529-
533.

Nikolaev, S. 1., Berney, C., Fahrni, J., Mylnikov, A. P., Aleshin, V. V., Petrov, N. B. and
Pawlowski, J. (2003). Gymnophrys cometa and Lecythium sp. are core Cercozoa: evolutionary
implications. Acta Protozoologica 42, 183-190.

Nikolaev, S. L., Berney, C., Fahrni, J. F., Bolivar, L., Polet, S., Mylnikov, A. P., Aleshin, V. V.,
Petrov, N. B. and Pawlowski, J. (2004). The twilight of Heliozoa and rise of Rhizaria, an emerging
supergroup of amoeboid eukaryotes. Proceedings of the National Academy of Sciences of the USA 101,
8066-8071.

Nikolaev, S. 1., Mitchell, E. A., Petrov, N. B., Berney, C., Fahrni, J. and Pawlowski, J. (2005). The
testate lobose amoebae (order Arcellinida Kent, 1880) finally find their home within Amoebozoa.
Protist 156, 191-202.

Nikolaev, S. L., Berney, C., Petrov, N. B., Mylnikov, A. P., Fahrni, J. F. and Pawlowski, J. (2006).
Phylogenetic position of Multicilia marina and the evolution of Amoebozoa. International Journal of
Systematic and Evolutionary Microbiology 56, 1449-1458.

Nishi, A., Ishida, K. and Endoh, H. (2005). Reevaluation of the evolutionary position of Opalinids
based on 18S rDNA, and alpha- and beta-tubulin gene phylogenies. Journal of Molecular Evolution 60,
695-705.

Nishida, H., Sugiyama, J. (1994). Archiascomycetes: Detection of a major new linage within the
Ascomycota. Mycoscience 5, 361-366.

Noel, C., Dufernez, F., Gerbod, D., Edgcomb, V. P., Delgado-Viscogliosi, P., Ho, L. C., Singh, M.,
Wintjens, R., Sogin, M. L., Capron, M., Pierce, R., Zenner, L. and Viscogliosi, E. (2005).
Molecular phylogenies of Blastocystis isolates from different hosts: implications for genetic diversity,
identification of species, and zoonosis. Journal of Clinical Microbiology 43, 348-355.

134



Norén, F., Moestrup, ©@. and Rehnstam-Holm, A. S. (1999). Parvilucifera infectans Norén et
Moestrup, gen. et sp. nov. Perkinsozoa phylum nov. a parasitic flagellate capable of killing toxic
microalgae. European Journal of Protistology 35, 233-254.

Norstog, K. (1974). Fine structure of the spermatozoid of Zamia: the Vierergruppe. American Journal
of Botany 61, 449-456.

Not, F., Gausling, R., Azam, F., Heidelberg, J. F. and Worden, A. Z. (2007a). Vertical distribution
of picoeukaryotic diversity in the Sargasso Sea. Environmental Microbiology 9, 1233-1252.

Not, F., Valentin, K., Romari, K., Lovejoy, C., Massana, R., Tobe, K., Vaulot, D. and Medlin, L.
K. (2007b). Picobiliphytes: a marine picoplanktonic algal group with unknown affinities to other
eukaryotes. Science 315, 253-255.

Novis, P. M. (2006). Taxonomy of Klebsormidium (Klebsormidiales, Charophyceae) in New Zealand
streams and the significance of low-pH habitats. Phycologia 45,293-301.

Nowack, E. C., Melkonian, M. and Glockner, G. (2008). Chromatophore genome sequence of
Paulinella sheds light on acquisition of photosynthesis by eukaryotes. Current Biology 18, 410-418.
Nozaki, H., Matsuzaki, M., Takahara, M., Misumi, O., Kuroiwa, H., Hasegawa, M., Shin-i, T.,
Kohara, Y., Ogasawara, N. and Kuroiwa, T. (2003a). The phylogenetic position of red algae
revealed by multiple nuclear genes from mitochondria-containing eukaryotes and an alternative
hypothesis on the origin of plastids. Journal of Molecular Evolution 56, 485-497.

Nozaki, H., Ohta, N., Matsuzaki, M., Misumi, O. and Kuroiwa, T. (2003b). Phylogeny of plastids
based on cladistic analysis of gene loss inferred from complete plastid genome sequences. Journal of
Molecular Evolution 57, 377-382.

Nozaki, H., Iseki, M., Hasegawa, M., Misawa, K., Nakada, T., Sasaki, N. and Watanabe, M.
(2007a). Phylogeny of primary photosynthetic eukaryotes as deduced from slowly evolving nuclear
genes. Molecular Blology and Evolution 24, 1592-1595.

Nozaki, H., Takano, H., Misumi, O., Terasawa, K., Matsuzaki, M., Maruyama, S., Nishida, K.,
Yagisawa, F., Yoshida, Y., Fujiwara, T., Takio, S., Tamura, K., Chung, S. J., Nakamura, S.,
Kuroiwa, H., Tanaka, K., Sato, N. and Kuroiwa, T. (2007b). A 100%-complete sequence reveals
unusually simple genomic features in the hot-spring red alga Cyanidioschyzon merolae. BMC Biology
5, 28.

Nozaki, H., Maruyama, S., Matsuzaki, M., Nakada, T., Kato, S. and Misawa, K. (2009).
Phylogenetic positions of Glaucophyta, green plants (Archaeplastida) and Haptophyta
(Chromalveolata) as deduced from slowly evolving nuclear genes. Molecular Phylogenetics and
Evolution 53, 872-880.

O'Kelly, C. and Floyd, G. L. (1984a). Correlations among patterns of sporangial structure and
development, life histories and ultrastructural features in the Ulvophyceae. In Systematics of the Green
Algae Systematics Association Special Volume 27. (ed. Irvine, D. E. G. and John, D. M.), pp. 121-156.
Academic Press, London.

O'Kelly, C. (1997). Ultrastructure of trophozoites, zoospores and cysts of Reclinomonas americana
Flavin & Nerad, 1993 (Protista incertae sedis: Histionidae). . European Journal of Protistology 33,
337-348.

O'Kelly, C. J. and Floyd, G. L. (1984b). Flagellar apparatus absolute orientation and the phylogeny of
the green algae. BioSystems 16, 227-251.

O'Kelly, C. J., Farmer, M. A. and Nerad, T. A. (1999). Ultrastructure of Trimastix pyriformis
(Klebs) Bernard et al.: similarities of Trimastix species with retortamonad and jakobid flagellates.
Protist 150, 149-162.

O’Kelly, C. J. and Floyd, G. L. (1983). The flagellar apparatus of Entoclada viridis motile cells, and
the taxonomic position of the resurrected family Ulvellaceae (Ulvales, Chlorophyta). Journal of
Phycology 19, 153-164.

O’Kelly, C. J. and Floyd, G. L. (1984a). Correlations among patterns of sporangial structure and
development, life histories and ultrastructural features in the Ulvophyceae In Systematics of the Green
Algae (ed. Irvine, D. E. G. and John, D. M.), pp. 121-156. Academic Press, London.

O’Kelly, C. J. and Floyd, G. L. (1984b). Flagellar apparatus absolute orientation and the phylogeny
of the green algae. BioSystems 16, 227-251.

O’Kelly, C. J. and Floyd, G. L. (1985). Absolute configuration analysis of the flagellar apparatus in
Giraudyopsis stellifer (Chrysophyceae, Sarcinochrysidales) zoospores and its significance in the
evolution of the Phaeophyceae. Phycologia 24, 263-274.

O’Kelly, C. J. (1989). The evolutionary origin of the brown algae: information from studies of motile
cell structure. In The chromophyte algae: problems and perspectives (ed. Green, J. C., Leadbeater, B.
S. C. and Diver, W. L.), pp. 255-278. Clarendon Press, Oxford.

135



O’Kelly, C. J. (1993). The jakobid flagellates: structural features of Jakoba, Reclinomonas and
Histiona and implications for the early diversification of eukaryotes. Journal of Eukaryotic
Microbiology 40, 627-636.

O’Kelly, C. J. and Wujek, D. E. (1995). Status of the Chrysamoebales (Chrysophyceae): observations
on Chrysamoeba pyrenoidifera, Rhizochromulina marina and Lagynion delicatulum. In Chrysophyte
Algae. Ecology, Phylogeny and Development (ed. Sandgren, C. D., Smol, J. P. and Kristiansen, J.), pp.
361-372. Cambridge University Press, Cambridge, UK.

O’Kelly, C. J. and Patterson, D. J. (1996). The flagellar apparatus of Cafeteria roenbergensis
Fenchel & Patterson, 1988. European Journal of Protistology 32, 100-101.

O’Kelly, C. J. and Nerad, T. A. (1998). Kinetid architecture and bicosoecid affinities of the marine
heterotrophic nanoflagellate Caecitellus parvulus (Griessman, 1913) Patterson, et al. 1993. European
Journal of Protistology 34, 369-375.

O’Kelly, C. J. and Nerad, T. A. (1999). Malawimonas jakobiformis n. gen. n. sp. Malawimonadidae
fam. nov., a Jakoba-like heterotrophic nanoflagellate with discoidal mitochondrial cristae. Journal of
Eukaryotic Microbiology 40, 100-101.

O’Kelly, C. J. and Wujek, D. E. (2001). Cell structure and asexual reproduction in Lagynion
delicatulum (Stylococcaceae, Chrysophyceae). European Journal of Phycology 36, 51-59.

O’Kelly, C. J. (2002). Glossomastix chrysoplasta n.gen. n.sp. (Pinguiophyceae), a new
coccoidal,colony-forming golden alga from southern Australia. PHycological Research 50, 67-74.
O’Kelly, C. J., Bellows, W. K. and Wysor, B. (2004). Phylogenetic position of Bolbocoleon piliferum
(Ulvophyceae, Chlorophyta) evidence from reproduction, zoospore and gamete ultrastructure, and
small subunit rRNA gene sequences. Journal of Phycology 40, 209-222.

Obornik, M., Janouskovec, J., Chrudimsky, T. and Lukes, J. (2009). Evolution of the apicoplast
and its hosts: from heterotrophy to autotrophy and back again. International Journal of Parasitology
39, 1-12.

Obornik, M., Vancova, M., Lai, D. H., Janouskovec, J., Keeling, P. J. and Lukes, J. (2010).
Morphology and ultrastructure of multiple life cycle stages of the photosynthetic relative of
Apicomplexa, Chromera velia. Protist

Oda, K., Yamato, K., Ohta, E., Nakamura, Y., Takemura, M., Nozato, N., Akashi, K., Kanegae,
T., Ogura, Y., Kohchi, T. and Ohyama, K. (1992). Gene organization deduced from the complete
sequence of liverwort Marchantia polymorpha mitochondrial DNA. Journal of Molecular Biology 223,
1-7.

Odds, F. C. (1987). Candida infections: an overview. Critical Reviews in Microbiology 15, 1-5.
Ogden, C. G. and Hedley, R. H. (1980). An Atlas of Freshwater Testate Amoebae, Oxford University
Press, Oxford, UK.

Ogden, C. G. and Meisterfeld, R. (1989). the taxonomy and systematics of some species of
Cucurbitella, Difflugia and Netzelia (Protozoa: Rhizopoda), with an evaluation of diagnostic
characters. European Journal of Protistology 25, 109-128.

Ohta, N., Matsuzaki, M., Misumi, O., Miyagishima, S. Y., Nozaki, H., Tanaka, K., Shin, 1. T.,
Kohara, Y. and Kuroiwa, T. (2003). Complete sequence and analysis of the plastid genome of the
unicellular red alga Cyanidioschyzon merolae. DNA Research 10, 67-77.

Ohyama, K., Fukuzawa, H., Kohchi, T., Shirai, H., Sano, T., Sano, S., Umesono, K., Shiki, Y.,
Takeuchi, M., Chang, Z. W., Aota, S., Inokuchi, H. and Ozeki, H. (1986). Chloroplast gene
organization deduced from complete sequence of liverwort Marchantia polymorpha chloroplast DNA.
Nature 322, 572-574.

Okamoto, N. and Inouye, L. (2005a). The Katablepharids are a distant sister group of the Cryptophyta:
a proposal for Katablephaidophyta divisio nova/ Kathablepharida phylum novum based on SSU rDNA
and beta-tubulin phylogeny. Protist 156, 163-179.

Okamoto, N. and Inouye, L. (2005b). A secondary symbiosis in progress? Science 310, 287.
Okamoto, N. and Inouye, 1. (2006). Hatena arenicola gen. et sp. nov., a katablepharid undergoing
probable plastid acquisition. Protist 157, 401-419.

Okamoto, N. and McFadden, G. L. (2008). The mother of all parasites. Future Microbiology 3, 391-
395.

Okamoto, N., Chantangsi, C., Horak, A., Leander, B. S. and Keeling, P. J. (2009). Molecular
phylogeny and description of the novel katablepharid Roombia truncata gen. et sp. nov., and
establishment of the Hacrobia taxon nov. PLoS One 4, €7080.

Olive, L. S. (1967). The Protostelida--a new order of the Mycetozoa. Mycologia 59, 1-29.

Olive, L. S. (1975). The Mycetozoans, Academic Press, New York.

Oliveira, M. C., Kurniawan, J., Bird, C. J., Rice, E. L., Murphy, C. A., Singh, R. K., Gutell, R. R.
and Ragan, M. A. (1995). A preliminary investigation of the order Bangiales (Bangiophycidae,

136



Rhodophyta) based on sequences of nuclear small-subunit ribosomal RNA genes. PHycological
Research 43, 71-79.

Olson, L. W. (1973). The meiospore of Allomyces. Protoplasma 78, 113-127.

Ormiéres, R., Baudoin, J., Brugerolle, G. and Pralavorio, R. (1976). Ultrastructure of
microsporidian stages: Octosporea muscaedomesticae Flu, parasite of Ceratitis capitata
(Wiedmann)(Diptera, Trypetidae). Journal of Protozoology 23, 320-328.

Ota, S., Vaulot, D., Le Gall, F., Yabukia, A. and Ishida, K. (2008). Partenskyella glossopodia gen.
et sp. nov., the first report of a chlorarachniophyte that lacks a pyrenoid. Protist 160, 137-150.

Ott, D. W. and Brown, R. M. (1972). Light and electron microscopical observations on mitosis in
Vaucheria litorea Hofman ex C. Ardagh. British Phycological Journal 7,361-374.

Ott, D. W. and Brown, R. M. (1974a). Developmental cytology of the genus Vaucheria. II.
Sporogenesis in V. frontinalis (L.) Christensen. British Phycological Journal 9, 333-351.

Ott, D. W. and Brown, R. M. (1974b). Developmental cytology of the genus Vaucheria 1.
Organisation of the vegetative filament. British Phycological Journal 9, 11-126.

Oudot-Le Secq, M. P., Fontaine, J. M., Rousvoal, S., Kloareg, B. and Loiseaux-De Goer, S.
(2001). The complete sequence of a brown algal mitochondrial genome, the ectocarpale Pylaiella
littoralis (L.) Kjellm. Journal of Molecular Evolution 53, 80-88.

Oudot-Le Secq, M. P., Loiseaux-de Goer, S., Stam, W. T. and Olsen, J. L. (2006). Complete
mitochondrial genomes of the three brown algae (Heterokonta: Phaeophyceae) Dictyota dichotoma,
Fucus vesiculosus and Desmarestia viridis. Current Genetics 49, 47-58.

Page, F. C. (1967a). Filamoeba nolandi n. g. n. sp., a filose amoeba. Transactions of the American
Microscopical Society 4,405-411.

Page, F. C. (1967b). Taxonomic criteria for limax amoebae, with descriptions of 3 new species of
Hartmannella and 3 of Vahlkampfia. Journal of Protozoology 14, 499-521.

Page, F. C. (1967c). Re-definition of the genus Acanthamoeba with descriptions of three species.
Journal of Protozoology 14, 709-724.

Page, F. C. (1971). Two marine species of Flabellula (Amoebida, Mayorellidae). Journal of
Protozoology 18, 37-.

Page, F. C. (1972). Rhizamoeba polyura n. g. n. sp., and uroidal structures as a taxonomic criterion for
amoebas. Transactions of the American Microscopical Society 91., 502-.

Page, F. C. (1973). Paramoeba: a common marine genus. Hydrobiologia 41, 183-188.

Page, F. C. (1975). Thecamoeba, a genus of soil predators. Journal of Protozoology 22, A54-A54.
Page, F. C. (1977). Genus Thecamoeba (Protozoa, Gymnamoebia) species distinctions, locomotive
morphology, and protozoan prey. Journal of Natural History 11, 25-63.

Page, F. C. (1978). Electron-microscopical study of Thecamoeba proteoides (Gymnamoebia),
intermediate between Thecamoebidae And Amoebidae. Protistologica 14, 77-85.

Page, F. C. and Blakey, S. M. (1979). Cell surface structure as a taxonomic character in the
Thecamoebidae (Protozoa: Gymnamoebia). Zoological Journal of the Linnean Society 66, 113-135.
Page, F. C. and Willumsen, N.B.S. (1980). A light-microscopical and electron-microscopical study of
Paraflabellula reniformis (Schmoller, 1964), type species of a genus of amebas (Amoebida,
Flabellulidae) with subpseudopodia. Protistologica 19, 567-575.

Page, F. C. (1981). A light-microscopical and electron-microscopical study of Protacanthamoeba
caledonica n. sp. type-species of Protacanthamoeba n. g. (Amoebida, Acanthamoebidae). Journal of
Protozoology 28, 70-78.

Page, F. C. and Robson, E. A. (1983). Fine structure and taxonomic position of Hydramoeba
hydroxena (Entz, 1912). Protistologica 19, 41-50.

Page, F. C. and Willumsen, N. B. S. (1983). Some observations on Gocevia placopus (Hiillsmann,
1974), an ameba with a flexible test, and on Gocevia-like organisms from Denmark, with comments on
the genera Gocevia and Hyalodiscus. Journal of Natural History 14,413-431.

Page, F. C. and Blanton, R. L. (1985). The Heterolobosea (Sarcodina: Rhizopoda), a new class
uniting the Schizopyrenida and the Acrasidae (Acrasida). Protistologica 21, 121-132.

Page, F. C. (1986). The genera and possible relationships of the family Amoebidae, with special
attention to comparative ultrastructure. Protistologica 22,301-316.

Page, F. C. (1987). The classification of “naked” amoebae (Phylum Rhizopoda). Archiv fiir
Protistenkunde 133, 199-217.

Page, F. C. (1988). 4 new key to freshwater and soil gymnamoebae, Freshwater Biological
Association, Ambleside, Cumbria, U.K.

Page, F. C. (1991). Nackte Rhizopoda. In Nackte Rhizopoda und Heliozoa (ed. Page, F. C. and
Siemensma, F. J.), pp. 3-187. Gustav Fischer, Stuttgart.

137



Pain, A., Renauld, H., Berriman, M., Murphy, L., Yeats, C. A., Weir, W., Kerhornou, A., Aslett,
M., Bishop, R., Bouchier, C., Cochet, M., Coulson, R. M., Cronin, A., de Villiers, E. P., Fraser,
A., Fosker, N., Gardner, M., Goble, A., Griffiths-Jones, S., Harris, D. E., Katzer, F., Larke, N.,
Lord, A., Maser, P., McKellar, S., Mooney, P., Morton, F., Nene, V., O'Neil, S., Price, C., Quail,
M. A., Rabbinowitsch, E., Rawlings, N. D., Rutter, S., Saunders, D., Seeger, K., Shah, T.,
Squares, R., Squares, S., Tivey, A., Walker, A. R., Woodward, J., Dobbelaere, D. A., Langsley,
G., Rajandream, M. A., McKeever, D., Shiels, B., Tait, A., Barrell, B. and Hall, N. (2005).
Genome of the host-cell transforming parasite Theileria annulata compared with T. parva. Science
309, 131-133.

Palmer, J. and Delwiche, C. (1996). Second-hand chloroplasts and the case of the disappearing
nucleus. Proceedings of the National Academy of Sciences of the USA 91, 3690-3694.

Palmer, J. D. (2003). The symbiotic birth and spread of plastids: how many times and whodunit?
Journal of Phycology 39, 4-11.

Paquin, B., Laforest, M.-J., Forget, L., Roewer, 1., Wang, Z., Longcore, J. and Lang, B. F. (1997).
The fungal mitochondrial genome project: evolution of fungal mitochondrial genomes and their gene
expression. Current Genetics 31, 380-395.

Parfrey, L. W., Barbero, E., Lasser, E., Dunthorn, M., Bhattacharya, D., Patterson, D. J. and
Katz, L. A. (2006). Evaluating support for the current classification of eukaryotic diversity. PLoS
Genetics 2, ¢220.

Parfrey, L. W., Grant, J., Tekle, Y. 1., Lasek-Nesselquist, E., Morrison, H. G., Sogin, M. L.,
Patterson, D. J. and Katz, L. A. (2010). Broadly sampled multigene analyses yield a well-resolved
eukaryotic tree of life. Systematic Biology

Park, J. S. and Simpson, A. G. B. (2010). Characterization of halotolerant Bicosoecida and Placididea
(Stramenopila) that are distinct from marine forms, and the phylogenetic pattern of salinity preference
in heterotrophic stramenopiles. Environmental Microbiology 12, 1173-1184.

Park, M. G., Park, J. S., Kim, M. and Yih, W. (2008). Plastid dynamics during survival of
Dinophysis caudata without its ciliate prey. Journal of Phycology 44, 1154-1163.

Parsons, M., Worthey, E. A., Ward, P. N. and Mottram, J. C. (2005). Comparative analysis of the
kinomes of three pathogenic trypanosomatids: Leishmania major, Trypanosoma brucei and
Trypanosoma cruzi. BMC Genomics 6, 127.

Patil, V., Brate, J., Shalchian-Tabrizi, K. and Jakobsen, K. S. (2009). Revisiting the phylogenetic
position of Synchroma grande. Journal of Eukaryotic Microbiology 56, 394-396.

Patron, N. J., Rogers, M. B. and Keeling, P. J. (2004). Gene replacement of fructose-1,6-
bisphosphate aldolase supports the hypothesis of a single photosynthetic ancestor of chromalveolates.
Eukaryotic Cell 3, 1169-1175.

Patron, N. J., Rogers, M. B. and Keeling, P. J. (2006). Comparative rates of evolution in
endosymbiotic nuclear genomes. BMC Evolutionary Biology 6, 46.

Patron, N. J., Inagaki, Y. and Keeling, P. J. (2007). Multiple gene phylogenies support the
monophyly of cryptomonad and haptophyte host lineages. Current Biology 17, 887-891.

Patterson, C., Williams, D. M. and Humphries, C. J. (1993a). Congruence between molecular and
morphological phylogenies. Annual Reviews in Ecology and Systematics 24, 153-188.

Patterson, D. J. (1979). On the organization and classification of the protozoon, Actinophrys sol
Ehrenberg, 1830. Microbios 26, 165-208.

Patterson, D. J. (1985a). On the organisation and affinities of the amoeba, Pompholyxophrys punicea
Archer, based on ultrastructural examination of individual cells from wild material. .Journal of
Protozoology 32, 241-246.

Patterson, D. J. (1985b). The fine structure of Opalina ranarum (Family Opalinidae).: Opalinid
phylogeny and classification. Protistologica 21, 413-428.

Patterson, D. J. and Fenchel, T. (1985). Insights into the evolution of heliozoa (Protozoa, Sarcodina)
as provided by ultrastructural studies on a new species of flagellate from the genus Pteridomonas.
Biological Journal of the Linnean Society 34, 381-403.

Patterson, D. J. (1986). The actinophryid heliozoa (Sarcodina, Actinopoda) as chromophytes. In
Chrysophytes: aspects and problems (ed. Kristiansen, J. and Andersen, R. A.), pp. 49-67. Cambridge
University Press, Cambridge, UK.

Patterson, D. J., Surek, B. and Melkonian, M. (1987). The ultrastructure of Vampyrellidium
perforans Surek and Melkonian and its taxonomic position among the naked filose amoebae. .Journal
of Protozoology 34, 63-67.

Patterson, D. J. (1988). Fine structure of the cortex of the protist Zelleriella antilliensis (Slopalinida,
Opalinidae) from Bufo marinus in Fiji. Microbios 54, 71-80.

138



Patterson, D. J. (1989). Stramenopiles: chromophytes from a protistan perspective. In The
Chromophyte Algae: Problems and perspectives (ed. Green, J. C., Leadbeater, B. S. C. and Diver, W.
L.), pp. 357-379. Clarendon Press, Oxford.

Patterson, D. J. (1990). Jakoba libera (Ruinen, 1938), a heterotrophic flagellate from deep oceanic
sediments. Journal of the Marine Biological Association of the UK 70, 381-393.

Patterson, D. J. and Fenchel, T. (1990). Massisteria marina Larsen and Patterson, 1990, a
widespread and abundant bacterivorous protist associated with marine detritus. Marine Ecology-
Progress Series 62, 11-19.

Patterson, D. J. and Larsen, J. (1991a). Nomenclatural problems with protists. In Improving the
stability of names: needs and options (ed. Hawksworth, D. L.), pp. 197-208. Koeltz Scientific Books,
Koénigstein.

Patterson, D. J. and Larsen, J. (1991b). The Biology of Free-Living Heterotrophic Flagellates,
Clarendon Press, Oxford.

Patterson, D. J. and Zélffel, M. (1991). Heterotrophic flagellates of uncertain taxonomic position. In
The Biology of Free Living Heterotrophic Flagellates (ed. Patterson, D. J. and Larsen, J.), pp. 427-475.
Clarendon Press, Oxford.

Patterson, D. J., Nygaard, K., Steinberg, G. and Turley, C. M. (1993b). Heterotrophic flagellates
and other protists associated with detritus in the mid north Atlantic. Journal of the Marine Biological
Association of the UK 73, 67-95.

Patterson, D. J. (1994). Protozoa: Evolution and Systematics. In Progress in Protozoology
(Proceedings of the IX International Congress of Protozoology, Berlin 1993) (ed. Hausmann, K., and
Hiilsmann N.), pp. 1-14. Gustav Fischer, Stuttgart.

Patterson, D. J. and Simpson, A. G. B. (1996). Heterotrophic flagellates from coastal marine and
hypersaline sediments in Western Australia. Euopean Journal of Protistology 32, 423-448.

Patterson, D. J. (1999). The diversity of eukaryotes. American Naturalist 154, S96-S124.

Patterson, D. J., Simpson, A. G. and Weerakoon, N. (1999). Free-living flagellates from anoxic
habitats and the assembly of the eukaryotic cell. Biological Bulletin 196, 381-383; discussion 383-384.
Patterson, D. J. (2000). Changing views of protistan systematics: the taxonomy of protozoa - an
overview. In An Illustrated Guide to the Protozoa, Second Edition (ed. Lee, J. J., Leedale, G. F. and
Bradbury, P.), pp. 2-9. Society of Protozoologists, Lawrence, Kansas, USA.

Pawlowski, J., Bolivar, 1., Fahrni, J. F., de Vargas, C. and Bowser, S. S. (1999). Molecular
evidence that Reticulomyxa filosa is a freshwater naked foraminifer. Journal of Eukaryotic
Microbiology 46, 612-617.

Pawlowski, J. (2000). Introduction to the molecular systematics of Foraminifera. Micropalaeontology
46, S1-S12.

Pawlowski, J., Holzmann, M., Fahrni, J. F. and Hallock, P. (2001a). Molecular identification of
algal endosymbionts in large miliolid foraminifera: 1. Chlorophytes. Journal of Eukaryotic
Microbiology 48, 362-367.

Pawlowski, J., Holzmann, M., Fahrni, J. F., Pochon, X. and Lee, J. J. (2001b). Molecular
identification of algal endosymbionts in large miliolid Foraminifera: 2. Dinoflagellates. Journal of
Eukaryotic Microbiology 48, 368-373.

Pawlowski, J. and Holzmann, M. (2003). Molecular phylogeny of Foraminifera- a review. European
Journal of Protistology 38, 1-10.

Pawlowski, J. and Burki, F. (2009). Untangling the phylogeny of amoeboid protists. Journal of
Eukaryotic Microbiology 56, 16-25.

Peacock, C. S., Seeger, K., Harris, D., Murphy, L., Ruiz, J. C., Quail, M. A., Peters, N., Adlem,
E., Tivey, A., Aslett, M., Kerhornou, A., Ivens, A., Fraser, A., Rajandream, M. A., Carver, T.,
Norbertczak, H., Chillingworth, T., Hance, Z., Jagels, K., Moule, S., Ormond, D., Rutter, S.,
Squares, R., Whitehead, S., Rabbinowitsch, E., Arrowsmith, C., White, B., Thurston, S.,
Bringaud, F., Baldauf, S. L., Faulconbridge, A., Jeffares, D., Depledge, D. P., Oyola, S. O., Hilley,
J. D., Brito, L. O., Tosi, L. R., Barrell, B., Cruz, A. K., Mottram, J. C., Smith, D. F. and
Berriman, M. (2007). Comparative genomic analysis of three Leishmania species that cause diverse
human disease. Nature Genetics 39, 839-847.

Pearlmutter, N. L. and Timpano, P. (1984). The biology of Chlamydomyxa montana - ultrastructure
of the cyst. Protoplasma 122, 68-74.

Peglar, M. T., Amaral-Zettler, L. A., Anderson, O. R., Nerad, T. A., Gilleget, P. M., Mullen, T.
E., Frasca, S., Silberman, J. D., O’Kelly, C. J. and Sogin, M. L. (2003). Two new small-subunit
ribosomal RNA gene lineages within the subclass Gymnamoebia. Journal of Eukaryotic Microbiology
50, 224-232.

139



Perasso, L., Hill, D. R. A. and Wetherbee, R. (1992). Transformation and development of the
flagellar apparatus of Cryptomonas ovata (Cryptophyceae) during cell division. Protoplasma 170, 53-
67.

Perkins, F. O. and Wolf, P. H. (1976). Fine structure of Marteilia sydneyi sp. n. Haplosporidian
pathogen of Australian oysters. Journal of Parasitology 62, 528-538.

Perkins, F. O. (1990). Phylum Haplosporidia. In Handbook of Protoctista (ed. Margulis, L., Corliss, J.
0., Melkonian, M. and Chapman, D. J.), pp. 19-29. Jones and Bartlett, Boston, Mass., USA.

Perkins, F. O. (1991). “Sporozoa” Apicomplexa, Microsporidia, Haplosporidia, Paramyxea,
Myxosporidia and Actinosporidia. In Microscopic anatomy of Invertebrates. Vol. 1 (ed. Harrison, F.
W. and Corliss, J. O.), pp. 261-331. Wiley-Liss, New York, USA.

Perkins, F. O. (1996). The structure of Perkinsus marinus (Mackin, Owen and Collier, 1950) Levine
1978 with comments on taxonomy and phylogeny of Perkinsus spp. Journal of Shellfish Research 15,
67-87.

Petersen, J., Teich, R., Becker, B., Cerff, R. and Brinkmann, H. (2006a). The GapA/B gene
duplication marks the origin of Streptophyta (charophytes and land plants). Molecular Blology and
Evolution 23, 1109-1118.

Petersen, J., Teich, R., Brinkmann, H. and Cerff, R. (2006b). A "green" phosphoribulokinase in
complex algae with red plastids: evidence for a single secondary endosymbiosis leading to
haptophytes, cryptophytes, heterokonts, and dinoflagellates. Journal of Molecular Evolution 62, 143-
157.

Peterson, K. J. and Eernisse, D. J. (2001). Animal phylogeny and the ancestry of bilaterians:
inferences from morphology and 18S rDNA gene sequences. Evolution and Development 3, 170-205.
Philippe, H., Snell, E. A., Bapteste, E., Lopez, P., Holland, P. W. H. and Casane, D. (2004).
Phylogenomics of eukaryotes: impact of missing data on large alignments. Molecular Blology and
Evolution 21, 1740-1752.

Philippe, H., Derelle, R., Lopez, P., Pick, K., Borchiellini, C., Boury-Esnault, N., Vacelet, J.,
Renard, E., Houliston, E., Queinnec, E., Da Silva, C., Wincker, P., Le Guyader, H., Leys, S.,
Jackson, D. J., Schreiber, F., Erpenbeck, D., Morgenstern, B., Worheide, G. and Manuel, M.
(2009). Phylogenomics revives traditional views on deep animal relationships. Current Biology 19,
706-712.

Phillips, N., Clahoun, S., Moustafa, A., Bhattacharya, D. and Braun, E. L. (2008). Genomic
insights into evolutionary relationships among heterokont lineages emphasizing the Phaeophyceae.
Journal of Phycology 44, 15-18.

Pickett-Heaps, J. D. (1968). Ultrastructure and differentiation in Chara fibrosa IV. Spermatogenesis.
Australian Journal of Biological Science 21, 655-690.

Pickett-Heaps, J. D. (1972). Cell division in Klebsormidium subtilissimum (formerly U. subtilissima)
and its possible phylogenetic significance. Cytobios 6, 167-183.

Pickett-Heaps, J. D. and Marchant, H. J. (1972). The phylogeny of the green algae: a new proposal.
Cytobios 6, 255-264.

Pickett-Heaps, J. D. (1975). Green algae. Structure, reproduction and evolution in selected genera,
Sinauer, Sunderland, Massachussetts, USA.

Piganeau, G., Vandepoele, K., Gourbiere, S., Van de Peer, Y. and Moreau, H. (2009). Unravelling
cis-regulatory elements in the genome of the smallest photosynthetic eukaryote: phylogenetic
footprinting in Ostreococcus. Journal of Molecular Evolution 69, 249-259.

Pinto, G., Albertano, P., Ciniglia, C., Cozzolino, S., Pollio, A., Yoon, H. S. and Bhattacharya, D.
(2003). Comparative approaches to the taxonomy of the genus Galdieria Merola (Cyanidiales,
Rhodophyta). Cryptogamie Algologie 24, 13-32.

Plancho, B. J. and Wolowski, K. (2008). Algaec commensal community in Genlisea traps. Acta
Societatis Botanicorum Poloniae 77, 77-86.

Polet, S., Berney, C., Fahrni, J. and Pawlowski, J. (2004). Small-subunit ribosomal RNA gene
sequences of Phacodarea challenge the monophyly of Haeckel's Radiolaria. Protist 155, 53-63.
Pomajbikova, K., Petrzelkova, K. J., Profousova, L., Petrasova, J., Kisidayova, S., Varadyova, Z.
and Modry, D. (2010). A survey of entodiniomorphid ciliates in chimpanzees and bonobos. American
Journal of Physical Anthropology 142, 42-48.

Pombert, J. F., Otis, C., Lemieux, C. and Turmel, M. (2004). The complete mitochondrial DNA
sequence of the green alga Pseudendoclonium akinetum (Ulvophyceae) highlights distinctive
evolutionary trends in the Chlorophyta and suggests a sister-group relationship between the
Ulvophyceae and Chlorophyceae. Molecular Blology and Evolution 21, 922-935.

Pombert, J. F., Otis, C., Lemieux, C. and Turmel, M. (2005). The chloroplast genome sequence of
the green alga Pseudendoclonium akinetum (Ulvophyceae) reveals unusual structural features and new

140



insights into the branching order of chlorophyte lineages. Molecular Blology and Evolution 22, 1903-
1918.

Pombert, J. F., Lemieux, C. and Turmel, M. (2006). The complete chloroplast DNA sequence of the
green alga Oltmannsiellopsis viridis reveals a distinctive quadripartite architecture in the chloroplast
genome of early diverging ulvophytes. BMC Biology 4, 3.

Pombert, J. F. and Keeling, P. J. (2010). The mitochondrial genome of the entomoparasitic green
alga Helicosporidium. PLoS One 5, €8954.

Ponomarenko, L. P., Stonik, I. V., Aizdaicher, N. A., Orlova, T. Y., Popovskaya, G. L.,
Pomazkina, G. V. and Stonik, V. A. (2004). Sterols of marine microalgae Pyramimonas cf. cordata
(Prasinophyta), Attheya ussurensis sp. nov. (Bacillariophyta) and a spring diatom bloom from Lake
Baikal. Comparative Biochemistry and Physiology. Part B, Biochemistry & Molecular Biology 138,
65-70.

Popper, Z. A. and Tuohy, M. G. (2010). Beyond the green: understanding the evolutionary puzzle of
plant and algal cell walls. Plant Physiology 153, 373-383.

Porter, D. (1974). Phylogenetic considerations of the Thraustochytriaceac and Labyrinthulaceae.
Verdffentlichungen des Instituts fiir Meeresforschung in Bremerhaven 19, 191-202.

Potter, D., Saunders, G. W. and Andersen, R. A. (1997). Phylogenetic relationships of the
Raphidophyceae and Xanthophyceae as inferred from nucleotide sequences of the 18S rRNA gene.
American Journal of Botany 84, 966-972.

Powell, M. J. and Gillette, L. (1987). Septal structure of the chytrid Rhizophlyctis harderi. Mycologia
79, 635-639.

Poxleitner, M. K., Carpenter, M. L., Mancuso, J. J., Wang, C. J., Dawson, S. C. and Cande, W.
Z. (2008). Evidence for karyogamy and exchange of genetic material in the binucleate intestinal
parasite Giardia intestinalis. Science 319, 1530-1533.

Preisig, H. R. and Hibberd, D. J. (1982a). Ultrastructure and taxonomy of Paraphysomonas
(Chrysophyceae) and related genera, part 1. Nordic Journal of Botany 2, 397-420.

Preisig, H. R. and Hibberd, D. J. (1982b). Ultrastructure and taxonomy of Paraphysomonas
(Chrysophyceae) and related genera, part 2. Nordic Journal of Botany 2, 601-638.

Preisig, H. R. and Hibberd, D. J. (1983). Ultrastructure and taxonomy of Paraphysomonas
(Chrysophyceae) and related genera, part 3. Nordic Journal of Botany 3, 695-723.

Preisig, H. R. (1994). Siliceous structures and silicification in flagellated protists. Protoplasma 181,
29-42.

Preisig, H. R., Anderson, O. R., Corliss, J. O., Moestrup, 9., Powell, M. J., Roberson, R. and
Wetherbee, R. (1994). Terminology and nomenclature of protist cell surface structures. Protoplasma
181, 1-28.

Prochnik, S. E., Umen, J., Nedelcu, A. M., Hallmann, A., Miller, S. M., Nishii, I., Ferris, P., Kuo,
A., Mitros, T., Fritz-Laylin, L. K., Hellsten, U., Chapman, J., Simakov, O., Rensing, S. A., Terry,
A., Pangilinan, J., Kapitonov, V., Jurka, J., Salamov, A., Shapiro, H., Schmutz, J., Grimwood, J.,
Lindquist, E., Lucas, S., Grigoriev, I. V., Schmitt, R., Kirk, D. and Rokhsar, D. S. (2010).
Genomic analysis of organismal complexity in the multicellular green alga Volvox carteri. Science 329,
223-226.

Proctor, E. M. and Gregory, M. A. (1972). The ultrastructure of axenically cultivated trophozoites of
Entamoeba histolytica with particular reference to an observed variation in structural pattern. Annals
of Tropical Medicine and Parasitology 66, 335-338.

Proseus, T. E. and Boyer, J. S. (2008). Calcium pectate chemistry causes growth to be stored in
Chara corallina: a test of the pectate cycle. Plant, Cell & Environment 31, 1147-1155.

Pueschel, C. and Stein, M. J. R. (1983). Ultrastructure of a freshwater brown alga from western
Canada. Journal of Phycology 19, 209-221.

Pueschel, C. M. and Magne, F. (1987). Pit plugs and other ultrastructural features of systematic value
in Rhodochaete parvula (Rhodophyta, Rhodochaetales). Cryptogamie Algologie 8, 201-209.

Pueschel, C. M. (1990). Cell structure. In Biology of the Red Algae (ed. Cole, K. M. and Sheath, R.
G.), pp. 7-41. Cambridge University Press, Cambridge, UK.

Pueschel, C. M. (1994). Systematic significance of the absence of pit-plug cap membranes in the
Batrachospermales (Rhodophyta). Journal of Phycology 30, 310-315.

Pussard, M. and Pons, R. (1976a). Study of genus Leptomyxa and Gephyramoeba (Protozoa,
Sarcodina). 1. Leptomyxa reticulata Goodey, 1915. Protistologica 12, 151-168.

Pussard, M. and Pons, R. (1976b). Study of genus Leptomyxa and Gephyramoeba (Protozoa,
Sarcodina). 2. Leptomyxa flabellata Goodey, 1915. Protistologica 12,307-319.

Pussard, M. and Pons, R. (1976c). Study of genus Leptomyxa and Gephyramoeba (Protozoa,
Sarcodina). 3. Gephyramoeba delicatula Goodey, 1915. Protistologica 12, 351-383.

141



Putnam, N. H., Srivastava, M., Hellsten, U., Dirks, B., Chapman, J., Salamov, A., Terry, A.,
Shapiro, H., Lindquist, E., Kapitonov, V. V., Jurka, J., Genikhovich, G., Grigoriev, 1. V., Lucas,
S. M., Steele, R. E., Finnerty, J. R., Technau, U., Martindale, M. Q. and Rokhsar, D. S. (2007).
Sea anemone genome reveals ancestral eumetazoan gene repertoire and genomic organization. Science
317, 86-94.

Qian, Q. and Keeling, P. J. (2001). Diplonemid glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) and prokaryote-to-eukaryote lateral gene transfer. Protist 152, 193-201.

Radek, R. and Herth, W. (1999). Ultrastructural investigation of the spore-forming protist
Nephridiophaga blattellae in the Malpighian tubules of the German cockroach Blattella germanica.
Parasitology Research 85,216-231.

Radek, R., Klein, G. and Storch, V. (2002). The spore of the unicellular organism Nephridiophaga
blattellae: ultrastructure and substances of the spore wall. Acta Protozoologica 41, 169-181.

Radek, R. and Nitsch, G. (2007). Ectobiotic spirochetes of flagellates from the termite Mastotermes
darwiniensis: attachment and cyst formation. European Journal of Protistology 43, 281-294.

Ragan, M. A., Goggins, C. L., Cawthorn, R. J., Cerenius, L., Jamieson, A. V. C., Plourde, S. M.,
Rand, T. C., Soderhall, K. and Gutell, R. R. (1998). A novel clade of protistan parasites near the
animal-fungal divergence. Proceedings of the National Academy of Sciences of the USA 93.

Raikov, I. B. and Mignot, J.-P. (1991). Fine structural study of mitosis in the testacean Arcella
vulgaris Ehrbg. European Journal of Protistology 26, 340-349.

Raper, K. B., Worley, A. C. and Kurzynski, T. A. (1978). Copromyxella- new genus of Acrasidae.
American Journal of Botany 65, 1011-1026.

Raubeson, L. A. and Jansen, R. K. (1993). Chloroplast DNA evidence on the ancient evolutionary
split in vascular land plants. Science 255, 1697-1699.

Raven, J. A. (2003). Carboxysomes and peptidoglycan walls of cyanelles: possible physiological
functions. European Journal of Phycology 38, 47-53.

Reeb, V. C., Peglar, M. T., Yoon, H. S., Bai, J. R., Wu, M., Shiu, P., Grafenberg, J. L., Reyes-
Prieto, A., Rummele, S. E., Gross, J. and Bhattacharya, D. (2009). Interrelationships of
chromalveolates within a broadly sampled tree of photosynthetic protists. Molecular Phylogenetics and
Evolution 53, 202-211.

Reece, K. S., Siddall, M. E., Stokes, N. A. and Burreson, E. M. (2004). Molecular phylogeny of the
Haplosporidia based on two independent gene sequences. Journal of Parasitology 90, 1111-1122.
Reichard, M. V., Van Den Bussche, R. A., Meinkoth, J. H., Hoover, J. P. and Kocan, A. A. (2005).
A new species of Cytauxzoon from Pallas' cats caught in Mongolia and comments on the systematics
and taxonomy of piroplasmids. J. Parasitol. 91, 420-426.

Reichle, R. E., Alexander, J.V. (1965). Multiperforate septations, Woronin bodies, and septal plugs in
Fusarium. Journal of Cell Biology 24, 489-496.

Reinfelder, J. R., Kraepiel, A. M. and Morel, F. M. (2000). Unicellular C4 photosynthesis in a
marine diatom. Nature 407, 996-999.

Remington, D. L., Whetten, R. W., Liu, B. H. and O'Malley, D. M. (1999). Construction of an
AFLP genetic map with nearly complete genome coverage in Pinus taeda. Theoretical and Applied
Genetics 98, 1279-1292.

Rensing, S. A., Lang, D., Zimmer, A. D., Terry, A., Salamov, A., Shapiro, H., Nishiyama, T.,
Perroud, P. F., Lindquist, E. A., Kamisugi, Y., Tanahashi, T., Sakakibara, K., Fujita, T., Oishi,
K., Shin, I. T., Kuroki, Y., Toyoda, A., Suzuki, Y., Hashimoto, S., Yamaguchi, K., Sugano, S.,
Kohara, Y., Fujiyama, A., Anterola, A., Aoki, S., Ashton, N., Barbazuk, W. B., Barker, E.,
Bennetzen, J. L., Blankenship, R., Cho, S. H., Dutcher, S. K., Estelle, M., Fawcett, J. A.,
Gundlach, H., Hanada, K., Heyl, A., Hicks, K. A., Hughes, J., Lohr, M., Mayer, K., Melkozernov,
A., Murata, T., Nelson, D. R., Pils, B., Prigge, M., Reiss, B., Renner, T., Rombauts, S., Rushton,
P. J., Sanderfoot, A., Schween, G., Shiu, S. H., Stueber, K., Theodoulou, F. L., Tu, H., Van de
Peer, Y., Verrier, P. J., Waters, E., Wood, A., Yang, L., Cove, D., Cuming, A. C., Hasebe, M.,
Lucas, S., Mishler, B. D., Reski, R., Grigoriev, 1. V., Quatrano, R. S. and Boore, J. L. (2008). The
Physcomitrella genome reveals evolutionary insights into the conquest of land by plants. Science 319,
64-69.

Renzaglia, K. S. and Duckett, J. G. (1988). Different developmental processes underlie similar
spermatozoid architecture in mosses, lievrworts and hornworts. Journal of the Hattori Botanical
Laboratory 44, 31-90.

Reschetjnak, B. (1966). Deep sea phaeodarian radiolaria of the northwest Pacific. Fauna SSSR. New
Series 94, 1-208.

142



Reyes-Prieto, A., Hackett, J. D., Soares, M. B., Bonaldo, M. F. and Bhattacharya, D. (2006).
Cyanobacterial contribution to algal nuclear genomes is primarily limited to plastid functions. Current
Biology 16, 2320-2325.

Reyes-Prieto, A. and Bhattacharya, D. (2007). Phylogeny of nuclear-encoded plastid-targeted
proteins supports an early divergence of glaucophytes within Plantae. Molecular Blology and
Evolution 24, 2358-2361.

Reyes-Prieto, A., Weber, A. P. and Bhattacharya, D. (2007). The origin and establishment of the
plastid in algae and plants. Annual Reviews in Genetics 41, 147-168.

Reyes-Prieto, A., Moustafa, A. and Bhattacharya, D. (2008). Multiple genes of apparent algal origin
suggest ciliates may once have been photosynthetic. Current Biology 18, 956-962.

Reyes-Prieto, A., Yoon, H. S., Moustafa, A., Yang, E. C., Andersen, R. A., Boo, S. M., Nakayama,
T., Ishida, K. and Bhattacharya, D. (2010). Differential gene retention in plastids of common recent
origin. Molecular Blology and Evolution 27, 1530-1537.

Rice, D. W. and Palmer, J. D. (2006). An exceptional horizontal gene transfer in plastids: gene
replacement by a distant bacterial paralog and evidence that haptophyte and cryptophyte plastids are
sisters. BMC Biology 4, 31.

Riisberg, 1., Orr, R. J., Kluge, R., Shalchian-Tabrizi, K., Bowers, H. A., Patil, V., Edvardsen, B.
and Jakobsen, K. S. (2009). Seven gene phylogeny of heterokonts. Protist 160, 191-204.

Rindi, F., Lopez-Bautista, J. M., Sherwood, A. R. and Guiry, M. D. (2006). Morphology and
phylogenetic position of Spongiochrysis hawaiiensis gen. et sp. nov., the first known terrestrial
member of the order Cladophorales (Ulvophyceae, Chlorophyta). International Journal of Systematic
and Evolutionary Microbiology 56, 913-922.

Ringo, D. L. (1967). Flagellar motion and fine structure of the flagellar apparatus in Chlamydomonas.
Journal of Cell Biology 33, 543-571.

Robbens, S., Derelle, E., Ferraz, C., Wuyts, J., Moreau, H. and Van de Peer, Y. (2007). The
complete chloroplast and mitochondrial DNA sequence of Ostreococcus tauri: organelle genomes of
the smallest eukaryote are examples of compaction. Molecular Blology and Evolution 24, 956-968.
Roberts, K. R., Stewart, K. D. and Mattox, K. R. (1981). The flagellar apparatus of Chilomonas
paramecium (Cryptophyceae) and its comparison with certain zooflagellates. Journal of Phycology 17,
159-167.

Roberts, K. R. (1984). The flagellar apparatus in Batophora and Trentepohlia and its phylogenetic
significance. In Systematics of the Green Algae (ed. Irvine, D. E. G. and John, D. M.), pp. 331-342.
Academic Press, London.

Robertson, H. M. (2009). The choanoflagellate Monosiga brevicollis karyotype revealed by the
genome sequence: telomere-linked helicase genes resemble those of some fungi. Chromosome
Research 17, 873-882.

Robinson, B. S., De Jonckheere, J. F. and Dobson, P. J. (2007). Two new Tetramitus species
(Heterolobosea, Vahlkampfiidae) from cold aquatic environments. European Journal of Protistology
43, 1-7.

Robinson, D. G. and Preston, R. D. (1971). Studies on the fine structure of Glaucocystis
nostochinearum Itzigs. I. Wall structure. Journal of Experimental Botany 22, 635-643.

Rodolfi, L., Chini Zittelli, G., Bassi, N., Padovani, G., Biondi, N., Bonini, G. and Tredici, M. R.
(2009). Microalgae for oil: strain selection, induction of lipid synthesis and outdoor mass cultivation in
a low-cost photobioreactor. Biotechnology and Bioengineering 102, 100-112.

Rodriguez, R. J., White, J. F., Jr., Arnold, A. E. and Redman, R. S. (2009). Fungal endophytes:
diversity and functional roles. New Phytologist 182, 314-330.

Rodriguez-Ezpeleta, N., Brinkmann, H., Burey, S. C., Roure, B., Burger, G., Loffelhardt, W.,
Bohnert, H. J., Philippe, H. and Lang, B. F. (2005). Monophyly of primary photosynthetic
eukaryotes: green plants, red algae, and glaucophytes. Current Biology 15, 1325-1330.
Rodriguez-Ezpeleta, N., Brinkmann, H., Burger, G., Roger, A. J., Gray, M. W., Philippe, H. and
Lang, B. F. (2007a). Toward resolving the eukaryotic tree: the phylogenetic positions of jakobids and
cercozoans. Current Biology 17, 1420-1425.

Rodriguez-Ezpeleta, N., Philippe, H., Brinkmann, H., Becker, B. and Melkonian, M. (2007b).
Phylogenetic analyses of nuclear, mitochondrial, and plastid multigene data sets support the placement
of Mesostigma in the Streptophyta. Molecular Blology and Evolution 24, 723-731.

Roger, A. J. and Simpson, A. G. B. (2009). Evolution: revisiting the root of the eukaryote tree.
Current Biology 19, R165-167.

Rogers, C. E., Mattox, K. R. and Stewart, K. D. (1980). The zoospore of Chlorokybus atmophyticus,
a charophyte with sarcinoid growth habit. American Journal of Botany 67, 774-783.

143



Rogers, C. E., Domozych, D. S., Stewart, K. D. and Mattox, K. R. (1981). The flagellar apparatus of
Mesostigma viride (Prasinophyceae): multilayered structures in a scaly green flagellate. Plant
Systematics and Evolution 138, 100-101.

Rogers, M. B., Gilson, P. R., Su, V., McFadden, G. I. and Keeling, P. J. (2007a). The complete
chloroplast genome of the chlorarachniophyte Bigelowiella natans: evidence for independent origins of
chlorarachniophyte and euglenid secondary endosymbionts. Molecular Blology and Evolution 24, 54-
62.

Rogers, M. B., Watkins, R. F., Harper, J. T., Durnford, D. G., Gray, M. W. and Keeling, P. J.
(2007b). A complex and punctate distribution of three eukaryotic genes derived by lateral gene
transfer. BMC Evolutionary Biology 7, 89.

Rogerson, A. and Patterson, D. J. (2002). The naked ramicristate amoebae (Gymnamoebae). In The
Hllustrated Guide to the Protozoa, Vol. 2 (ed. Leedale, G. F. and Bradbury, P.), pp. 1023-1053. Society
of Protozoologists, Lawrence, Kansas.

Romeralo, M., Escalante, R., Sastre, L. and Lado, C. (2007). Molecular systematics of dictyostelids:
5.8S ribosomal DNA and internal transcribed spacer region analyses. Eukaryotic Cell 6, 110-116.
Romeralo, M., Spiegel, F. W. and Baldauf, S. L. (2010). A fully resolved phylogeny of the social
amoebas (Dictyostelia) based on combined SSU and ITS rDNA sequences. Protist 161, 539-548.

Roos, U.-P. (1975). Fine structure of an organelle associated with nucleus and cytoplasmic
microtubules in the cellular slime mould Polysphondylium violaceum. Journal of Cell Science 18, 315-
326.

Ropstorf, P., Hiilsmann, N. and Hausmann, K. (1993). Karyological investigations on the
vampyrellid filose ameba Lateromyxa gallica Hillsmann, 1993. European Journal of Protistology 29,
100-101.

Ropstorf, P., Hiilsmann, N. and Haussmann, K. (1994). Comparative fine structural investigations
of interphase and mitotic nuclei of vampyrellid filose amoebae. Journal of Eukaryotic Microbiology
41, 18-30.

Rosenblum, E. B., Stajich, J. E., Maddox, N. and Eisen, M. B. (2008). Global gene expression
profiles for life stages of the deadly amphibian pathogen Batrachochytrium dendrobatidis. Proceedings
of the National Academy of Sciences of the USA 105, 17034-17039.

Round, F. E., Crawford, R. M. and Mann, D. G. (1990). The Diatoms. Biology and Morphology of
the Genera, Cambridge University Press, Cambridge.

Rousseau, F., Burrowes, R., Peters, A. F., Kuhlenkamp, R. and deReviers, B. (2001). Une
phylogénie générale des Phacophyceae basée sur les ADNrn résout les premiéres divergences. Comptes
Rendus de I’Académie des Sciences - Series Il - Sciences de la Vie. 324, 305-319.

Rowan, R., Whitney, S. M., Fowler, A. and Yellowlees, D. (1996). Rubisco in marine symbiotic
dinoflagellates: form II enzymes in eukaryotic oxygenic phototrophs encoded by a nuclear multigene
family. Plant Cell 8, 539-553.

Roxstrom-Lindquist, K., Jerlstrom-Hultqvist, J., Jorgensen, A., Troell, K., Svard, S. G. and
Andersson, J. O. (2010). Large genomic differences between the morphologically indistinguishable
diplomonads Spironucleus barkhanus and Spironucleus salmonicida. BMC Genomics 11, 258.

Roy, J., Faktorova, D., Benada, O., Lukes, J. and Burger, G. (2007a). Description of Rhynchopus
euleeides n. sp. (Diplonemea), a free-living marine euglenozoan. Journal of Eukaryotic Microbiology
54, 137-145.

Roy, J., Faktorova, D., Lukes, J. and Burger, G. (2007b). Unusual mitochondrial genome structures
throughout the Euglenozoa. Protist 158, 385-396.

Ruiz-Trillo, I., Inagaki, Y., Davis, L. A., Sperstad, S., Landfald, B. and Roger, A. J. (2004).
Capsaspora owczarzaki is an independent opisthokont lineage. Current Biology 14, R946-947.
Ruiz-Trillo, L., Lane, C. E., Archibald, J. M. and Roger, A. J. (2006). Insights into the evolutionary
origin and genome architecture of the unicellular opisthokonts Capsaspora owczarzaki and
Sphaeroforma arctica. Journal of Eukaryotic Microbiology 53, 379-384.

Ruiz-Trillo, L., Roger, A. J., Burger, G., Gray, M. W. and Lang, B. F. (2008). A phylogenomic
investigation into the origin of Metazoa. Molecular Blology and Evolution 25, 664-672.

Ruppert, E. E. and Smith, P. R. (1988). The functional organisation of filtration nephridia. Biological
Reviews of the Cambridge Philosophical Society 63, 231-258.

Ruthmann, A., Behrendt, G. and Wahl, R. (1986). The ventral epithelium of Trichoplax adhaerens
(Placozoa): cytoskeletal structures, cell contacts and endocytosis. Zoomorphology 106, 100-101.

Ryall, K., Harper, J. T. and Keeling, P. J. (2003). Plastid-derived Type II fatty acid biosynthetic
enzymes in chromists. Gene 313, 139-148.

144



Sadakane, K., Murakami, R. and Yamaoka, L. (1996). Cytochemical and ultrastructural studies of
the scales of the amoeba Cochliopodium bilimbosum (Testacea). European Journal of Protistology 32,
311-315.

Saffo, M. B., McCoy, A. M., Rieken, C. and Slamovits, C. H. (2010). Nephromyces, a beneficial
apicomplexan symbiont in marine animals. Proceedings of the National Academy of Sciences of the
US4 107, 16190-16195.

Saifullah, S. M. and Ahmed, W. (2007). Epiphytic algal biomass on pneumatophores of mangroves
of Karachi, Indus Delta. Pakistani Journal of Botany 39,2097-2102.

Saito, H., Furuya, K. and Lirdwitayaprasit, T. (2006). Photoautotrophic growth of Noctiluca
scintillans with the endosymbiont Pedinomonas noctilucae. Plankton and Benthos Research 1,97-101.
Sakaguchi, M., Suzaki, T., Kahn, S. M. M. K. and Hausmann, K. (2002). Food capture by
kinetocysts in the heliozoon Raphidiophrys contractilis. European Journal of Protistology 37, 453-
458.

Sakaguchi, M., Nakayama, T., Hashimoto, T. and Inouye, I. (2005). Phylogeny of the Centrohelida
inferred from SSU rRNA, tubulins and actin genes. Journal of Molecular Evolution 61, 765-775.
Sakaguchi, M., Inagaki, Y. and Hashimoto, T. (2007). Centrohelida is still searching for a
phylogenetic home: analyses of seven Raphidiophrys contractilis genes. Gene 405, 47-54.

Sakayama, H. (2008). Taxonomy of Nitella (Charales, Charophyceae) based on comparative
morphology of oospores and multiple DNA marker phylogeny using cultured material. PHycological
Research 56, 202-215.

Saldarriaga, J. F., McEwan, M. L., Fast, N. M., Taylor, F. J. R. and Keeling, P. J. (2003). Multiple
protein phylogenies show that Oxyrrhis marina and Perkinsus marinus are early branches of the
dinoflagellate lineage. International Journal of Systematic and Evolutionary Microbiology 53, 355-
365.

Salisbury, J. L., Swanson, J. A., Floyd, G. L., Hall, R. and Maihle, N. J. (1981). Ultrastructure of
the flagellar apparatus of the green alga Tetraselmis subcordiformis with special consideration given to
the function of the rhizoplast and rhizanchora. Protoplasma 107, 1-11.

Sanchez Puerta, M. V. and Delwiche, C. (2008). A hypothesis for plastid evolution in
chromalveolates. Journal of Phycology 44, 1097-1107.

Sanchez-Puerta, M. V. and Delwiche, C. F. (2008). A hypothesis for plastid evolution in
chromalveolates. Journal of Phycology 44, 1097-1107.

Sato, H., Al-Adhami, B. H., Une, Y. and Kamiya, H. (2007). Trypanosoma (Herpetosoma) kuseli sp.
n. (Protozoa: Kinetoplastida) in Siberian flying squirrels (Pteromys volans). Parasitology Research
101, 453-461.

Saunders, G. W., Potter, D., Paskind, M. P. and Andersen, R. A. (1995). Cladistic analyses of
combined traditional and molecular data sets reveal an algal lineage. Proceedings of the National
Academy of Sciences of the USA 92, 244-248.

Saunders, G. W. and Bailey, J. C. (1997). Phylogenesis of pit-plug associated features in the
Rhodophyta: inferences from molecular systematic data. Canadian Journal of Botany 75, 1436-1447.
Saunders, G. W. and Kraft, G. T. (1997). A molecular perspective on red algal evolution: focus on
the Florideophyceae. Plant Systematics and Evolution 11 (Supplement), 115-138.

Saunders, G. W., Potter, D. and Andersen, R. A. (1997). Phylogenetic affinities of the
Sarcinochrysidales and Chrysomeridales (Heterokonta) based on analyses of molecular and combined
data. Journal of Phycology 33, 310-318.

Saunders, G. W., Chiovitti, A. and Kraft, G. T. (2004). Small-subunit rRNA gene sequences from
representatives of selected families of the Gigartinales and Rhodymeniales (Rhodophyta). 3.
Recognising the Gigartinales sensu stricto. Canadian Journal of Botany 82, 43-74.

Saunders, G. W. and Hommersand, M. H. (2004). Assessing red algal supraordinal diversity and
taxonomy in the context of contemporary systematic data. American Journal of Botany 91, 1494-1507.
Saunders, G. W. (2005). Applying DNA barcoding to red macroalgae: a preliminary appraisal holds
promise for future applications. Phil. Trans. R. Soc. Lond. Ser. B. Biol. Sci. 360, 1879-1888.

Sawyer, T. K. (1975). Marine amoebae from surface waters of Chincoteague Bay, Virginia: two new
genera and nine new species within the families Mayorellidae, Flabellulidae and Stereomyxidae.
Transactions of the American Microscopical Society 94, 71-92.

Sayre, R. M. (1973). Theratromyxa weberi - amoeba predatory on plant-parasitic nematodes. Journal
of Nematology 5, 258-264.

Sayre, R. M. and Wergin, W. P. (1989). Morphology and fine structure of the trophozoites of
Theratromyxa weberi (Protozoa, Vampyrellidae), predacious on soil nematodes. Canadian Journal of
Microbiology 35, 589-602.

145



Schaap, P., Van Lookeren Campagne, M. M., Van Driel, R., Spek, W., Van Haastert, P. J. and
Pinas, J. (1986). Postaggregative differentiation induction by cyclic AMP in Dictyostelium:
intracellular transduction pathway and requirement for additional stimuli. Developmental Biology 118,
52-63.

Schaap, P., Winckler, T., Nelson, M., Alvarez-Curto, E., Elgie, B., Hagiwara, H., Cavender, J.,
Milano-Curto, A., Rozen, D. E., Dingermann, T., Mutzel, R. and Baldauf, S. L. (2006). Molecular
phylogeny and evolution of morphology in the social amoebas. Science 314, 661-663.

Schaap, P. (2007). Evolution of size and pattern in the social amoebas. Bioessays 29, 635-644.
Schaeffer, A. A. (1926). Taxonomy of the amebas, with descriptions of thirty-nine new marine and
freshwater species. Papers from the Department of Marine Biology of the Carnegie Institution of
Washington 24, 1-116.

Schaffer, R. L. (1975). The major groups of Basidiomycetes. Mycologia 66, 1-18.

Scharer, L., Knoflach, D., Vizoso, D. B., Rieger, G. and Peintner, U. (2007). Thraustochytrids as
novel parasitic protists of marine free-living flatworms: Thraustochytrium caudivorum sp. nov.
parasitizes Macrostomum lignano. Marine Biology 152, 1095-1104.

Schierwater, B., Dellaporta, S. and DeSalle, R. (2002). Is the evolution of Cnox-2 Hox/ParaHox
genes ‘multicoloured’ and ‘polygenealogical’? Molecular Phylogenetics and Evolution 24, 374-378.
Schlegel, M. and Eisler, K. (1996). Evolution of ciliates. In Ciliates: Cells as Organisms (ed.
Hausmann, K. and Bradbury, P. C.), pp. 73-94. Gustav Fischer, Berlin.

Schmidt, B., Kies, L. and Weber, A. (1979). Die Pigmente von Cyanophora paradoxa, Gloeochaete
wittrockiana, und Glaucocystis nostochinearum. Archiv fiir Protistenkunde 122, 213-224.

Schnepf, E. (1965). Struktur der Zellwénde und Cellulosefibrillen bei Glaucocystis. Planta 67, 100-
101.

Schnepf, E. and Schweikert, M. (1996). Pirsonia, phagotrophic nanoflagellate incertae sedis, feeding
on marine diatoms: attachment, fine structure and taxonomy. Archiv fiir Protistenkunde 147, 361-371.
Schnepf, E. and Kiihn, S. (2000). Food uptake and fine structure of Cryothecomonas longipes sp.
nov.//a marine nanoflagellate incertae sedis feeding phagotrophically on lasrge diatoms. Helgoland
Marine Research 54, 18-32.

Schiissler, A., Schwarzott, D. and Walker, C. (2001). A new fungal phylum, the Glomeromycota:
phylogeny and evolution. Mycological Research 105, 1413-1421.

Schuster, F. L. (1965). Ultrastructure and morphogenesis of solitary stages of true slime molds.
Protistologica 1, 49-62.

Schuster, F. L., Goldstein, S. and Hershenov, B. (1968). Ultrastructure of a flagellate, Isonema
nigricans nov. gen. nov. sp. from a polluted marine habitat. Protistologica 4, 141-149.

Schuster, F. L. (1976). Fine structure of schizont stage of testate marine ameba, Trichosphaerium sp.
Journal of Protozoology 23, 86-93.

Schwartz, J. A., Curtis, N. E. and Pierce, S. K. (2010). Using algal transcriptome sequences to
identify transferred genes in the sea slug, Elysia chlorotica. Evolutionary Biology 37,29-37.
Schweikert, M. and Schnepf, E. (1997). Light and electron microscopical observations on Pirsonia
punctigerae spec. nov., a nanoflagellate feeding on the marine centric diatom Thalassiosira punctigera.
European Journal of Protistology 33, 168-177.

Scott, J. L., Yokoyama, A., Hara, Y. and West, J. A. (2009). Neorhodella cyanea, a new genus in
the Rhodellophyceae (Rhodophyta). Phycologia 48, 136-136.

Seckbach, J. (1999). The Cyanidiophyceae: hot spring acidophilic algae. In Enigmatic
microorganisms and life in extreme environments (ed. Seckbach, J.), pp. 427-435. Kluwer, Dordrecht,
The Netherlands.

Seif, E., Leigh, J., Liu, Y., Roewer, 1., Forget, L. and Lang, B. F. (2005). Comparative
mitochondrial genomics in zygomycetes: bacteria-like RNase P RNAs, mobile elements and a close
source of the group I intron invasion in angiosperms. Nucleic Acids Research 33, 734-744.

Sekiguchi, H., Moriya, M., Nakayama, T. and Inouye, I. (2002). Vestigial chloroplasts in
heterotrophic stramenopiles Pteridomonas danica and Ciliophrys infusonium (Dictyochophyceae).
Protist 153, 157-167.

Sekiguchi, H., Kawachi, M., Nakayama, T. and Inouye, I. (2003). A taxonomic re-evaluation of the
Pedinellales (Dictyochopyceae), based on morphological, behavioural and molecular data. Phycologia
42, 165-182.

Shadwick, L. L., Spiegel, F. W., Shadwick, J. D., Brown, M. W. and Silberman, J. D. (2009).
Eumycetozoa = Amoebozoa?: SSUrDNA phylogeny of protosteloid slime molds and its significance
for the amoebozoan supergroup. PLoS One 4, e6754.

Shalchian-Tabrizi, K., Eikrem, W., Klaveness, D., Vaulot, D., Minge, M. A., Le Gall, F., Romari,
K., Throndsen, J., Botnen, A., Massana, R., Thomsen, H. A. and Jakobsen, K. S. (2006).

146



Telonemia, a new protist phylum with affinity to chromist lineages. Proceedings of the Royal Society
of London Series B-Biological Sciences 273, 1833-1842.

Shalchian-Tabrizi, K., Kauserud, H., Massana, R., Klaveness, D. and Jakobsen, K. S. (2007).
Analysis of environmental 18S ribosomal RNA sequences reveals unknown diversity of the
cosmopolitan phylum Telonemia. Protist 158, 173-180.

Shalchian-Tabrizi, K., Minge, M. A., Espelund, M., Orr, R., Ruden, T., Jakobsen, K. S. and
Cavalier-Smith, T. (2008). Multigene phylogeny of choanozoa and the origin of animals. PLoS One 3,
€2098.

Sheehan, R. and Banner, F. T. (1973). Trichosphaerium — an extraordinary testate rhizopod from
coastal waters. Estuarine and Coastal Marine Science 1, 245-260.

Shimonaga, T., Konishi, M., Oyama, Y., Fujiwara, S., Satoh, A., Fujita, N., Colleoni, C., Buleon,
A., Putaux, J. L., Ball, S. G., Yokoyama, A., Hara, Y., Nakamura, Y. and Tsuzuki, M. (2008).
Variation in storage alpha-glucans of the Porphyridiales (Rhodophyta). Plant Cell Physiology 49, 103-
116.

Siboni, N., Rasoulouniriana, D., Ben-Dov, E., Kramarsky-Winter, E., Sivan, A., Loya, Y., Hoegh-
Guldberg, O. and Kushmaro, A. (2010). Stramenopile microorganisms associated with the massive
coral Favia sp. Journal of Eukaryotic Microbiology 57, 236-244.

Siddall, M. E., Stokes, N. A. and Burreson, E. M. (1995). Molecular phylogenetic evidence that the
phylum Haplosporidia has an alveolate ancestry. Molecular Blology and Evolution 12, 573-581.
Siddall, M. E., Reece, K. S., Graves, J. E. and Burreson, E. M. (1997). “Total evidence” refutes the
inclusion of Perkinsus species in the Apicomplexa. Parasitology 115, 165-176.

Siddiqui, W. A. and Rudzinska, M. A. (1965). The fine structure of axenically-grown trophozoites of
Entamoeba invadens with special reference to the nucleus and helical ribonucleoprotein bodies.
Journal of Protozoology 12, 448-459.

Silberman, J., Clark, C. G., Diamond, L. S. and Sogin, M. L. (1999). Phylogeny of the genera
Entamoeba and Endolimax as deduced from small-subunit ribosomal RNA sequences. Molecular
Blology and Evolution 16, 1740-1751.

Silberman, J., Collins, A. G., Gershwin, L. A., Johnson, P. J. and Roger, A. J. (2004). Ellobiopsids
of the genus Thalassomyces are Alveolates. Journal of Eukaryotic Microbiology 51, 246-252.
Silberman, J. D., Sogin, M. L., Leipe, D. D. and Clark, C. G. (1996). Human parasite finds
taxonomic home. Nature 380, 398.

Silberman, J. D., Simpson, A. G., Kulda, J., Cepicka, 1., Hampl, V., Johnson, P. J. and Roger, A.
J. (2002). Retortamonad flagellates are closely related to diplomonads--implications for the history of
mitochondrial function in eukaryote evolution. Molecular Blology and Evolution 19, 777-786.

Silva, E. O., Diniz, J. A., Lainson, R., DaMatta, R. A. and de Souza, W. (2006). Ultrastructural
study of the gametocytes and merogonic stages of Fallisia audaciosa (Haemosporina: Garniidae) that
infect neutrophils of the lizard Plica umbra (Reptilia: Iguanidae). Protist 157, 13-19.

Silva, P. C., Mattox, K. R. and Blackwell, W. H. (1972). The generic name Hormidium as applied to
green algae. Taxon 21, 639-645.

Silva, P. C. (1980). Names of classes and families of living algae. Regnum Vegetabile 103, 1-156.
Silva, P. C. (1996). Taxonomic and nomenclatural notes. In Catalogue of the benthic marine algae of
the Indian Ocean (ed. Silva, P. C., Basson, P. W. and Moe, R. L.), pp. 910-937. University of
California Press, Berkeley, California, USA.

Simon, N., Cras, A. L., Foulon, E. and Lemée, R. (2009). Diversity and evolution of marine
phytoplankton. Comptes rendus Biologies 332, 159-170.

Simpson, A. G. and Patterson, D. J. (2001). On core jakobids and excavate taxa: the ultrastructure of
Jakoba incarcerata. Journal of Eukaryotic Microbiology 48, 480-492.

Simpson, A. G. and Roger, A. J. (2002). Eukaryotic evolution: getting to the root of the problem.
Current Biology 12, R691-693.

Simpson, A. G., Gill, E. E., Callahan, H. A., Litaker, R. W. and Roger, A. J. (2004). Early
evolution within kinetoplastids (Euglenozoa), and the late emergence of trypanosomatids. Protist 155,
407-422.

Simpson, A. G., Inagaki, Y. and Roger, A. J. (2006a). Comprehensive multigene phylogenies of
excavate protists reveal the evolutionary positions of "primitive" eukaryotes. Molecular Blology and
Evolution 23, 615-625.

Simpson, A. G., Stevens, J. R. and Lukes, J. (2006b). The evolution and diversity of kinetoplastid
flagellates. Trends in Parasitology 22, 168-174.

Simpson, A. G., Perley, T. A. and Lara, E. (2008). Lateral transfer of the gene for a widely used
marker, alpha-tubulin, indicated by a multi-protein study of the phylogenetic position of Andalucia
(Excavata). Molecular Phylogenetics and Evolution 47, 366-377.

147



Simpson, A. G. B. and Patterson, D. J. (1996). Ultrastructure and identification of the predatory
flagellate Colpodella pugnax Cienkowski (Apicomplexa) with a description of Colpodella turpis n. sp.,
and a review of the genus. Systematic Parasitology 33, 187-198.

Simpson, A. G. B. (1997). The identity and composition of the Euglenozoa. Archiv fiir Protistenkunde
148, 318-328.

Simpson, A. G. B., Bernard, C., Fenchel, T. and Patterson, D. J. (1997a). The organisation of
Mastigamoeba schizophrenia n. sp.: more evidence of ultrastructural idiosyncrasy and simplicity in
pelobiont protests. European Journal of Protistology 33, 87-98.

Simpson, A. G. B, van den, H. J., Bernard, C., Burton, H. R. and Patterson, D. J. (1997b). The
ultrastructure and systematic positin of the euglenozoon Postgaardi mariagerensis, Fenchel et al.
Archiv fiir Protistenkunde 147, 213-225.

Simpson, A. G. B. and Patterson, D. J. (1999). The ultrastructure of Carpediemonas membranifera
(Eukaryota), with reference to the excavate hypothesis. European Journal of Protistology 35, 353-370.
Simpson, A. G. B., Bernard, C. and Patterson, D. J. (2000). The ultrastructure of Trimastix marina
Kent, 1880 (Eukaryota), an excavate flagellate. European Journal of Protistology 36, 229-252.
Simpson, A. G. B., Lukes, J. and Roger, A. J. (2002a). The evolutionary history of kinetoplastids and
their kinetoplasts. Molecular Blology and Evolution 19,2071-2083.

Simpson, A. G. B., MacQuarrie, E. K. and Roger, A. J. (2002b). Early origin of canonical introns.
Nature 419, 270.

Simpson, A. G. B., Radek, R., Dacks, J. B. and O’Kelly, C. J. (2002c). How oxymonads lost their
groove: an ultrastructural comparison of Monocercomonoides and excavate taxa. Journal of Eukaryotic
Microbiology 49, 239-248.

Simpson, A. G. B., Roger, A. J., Silberman, J. D., Leipe, D. D., Edgcomb, V. P., Jermiin, L. S.,
Patterson, D. J. and Sogin, M. L. (2002d). Evolutionary history of "early-diverging" eukaryotes: The
excavate taxon Carpediemonas is a close relative of Giardia. Molecular Blology and Evolution 19,
1782-1791.

Simpson, A. G. B. (2003). Cytoskeletal organization, phylogenetic affinities and systematics in the
contentious taxon Excavata (Eukaryota). International Journal of Systematic and Evolutionary
Microbiology 53, 1759-17717.

Simpson, A. G. B. and Roger, A. J. (2004a). The real 'kingdoms' of eukaryotes. Current Biology 14,
R693-696.

Simpson, A. G. B. and Roger, A. J. (2004b). Protein phylogenies robustly resolve the deep-level
relationships within Euglenozoa. Molecular Phylogenetics and Evolution 30,201-212.

Simpson, A. G. B., Inagaki, Y. and Roger, A. J. (2005). Comprehensive multi-gene phylogenies of
excavate protists reveal the evolutionary positions of ‘primitive’ eukaryotes. Molecular Blology and
Evolution 24,

Sims, G. P., Rogerson, A. and Aitken, R. (1999). Primary and secondary structure of the small-
subunit ribosomal RNA of the naked, marine amoeba Vannella anglica: phylogenetic implications.
Journal of Molecular Evolution 48, 740-749.

Skovgaard, A. and Daugbjerg, N. (2008). Identity and systematic position of Paradinium poucheti
and other Paradinium-like parasites of marine copepods based on morphology and nuclear-encoded
SSU rDNA. Protist 159, 401-413.

Slamovits, C. H., Williams, B. A. P. and Keeling, P. J. (2004). Transfer of Nosema locustae
(Microsporidia) to Antonospora locustae n. comb. based on molecular and ultrastructural data. Journal
of Eukaryotic Microbiology 51,207-213.

Slamovits, C. H. and Keeling, P. J. (2006). A high density of ancient spliceosomal introns in
oxymonad excavates. BMC Evolutionary Biology 6, 34.

Slamovits, C. H., Saldarriaga, J. F., Larocque, A. and Keeling, P. J. (2007). The highly reduced
and fragmented mitochondrial genome of the early-branching dinoflagellate Oxyrrhis marina shares
characteristics with both apicomplexan and dinoflagellate mitochondrial genomes. Journal of
Molecular Biology 372, 356-368.

Slamovits, C. H. and Keeling, P. J. (2008). Plastid-derived genes in the nonphotosynthetic alveolate
Oxyrrhis marina. Molecular Blology and Evolution 25, 1297-1306.

Slamovits, C. H. and Keeling, P. J. (2009). Evolution of ultrasmall spliceosomal introns in highly
reduced nuclear genomes. Molecular Blology and Evolution 26, 1699-1705.

Slaven, B. E., Meller, J., Porollo, A., Sesterhenn, T., Smulian, A. G. and Cushion, M. T. (2006).
Draft assembly and annotation of the Preumocystis carinii genome. Journal of Eukaryotic
Microbiology 53 Suppl 1, S89-91.

Sluiman, H. J. (1983). The flagellar apparatus of the zoospore of the filamentous green alga
Coleochaete pulvinata: absolute orientation and phylogenetic significance. Protoplasma 115, 160-175.

148



Sluiman, H. J. (1985). A cladistic evaluation of the lower and higher green plants (Viridiplantae).
Plant Systematics and Evolution 149, 217-232.

Sluiman, H. J., Guihal, C. and Mudimu, O. (2008). Assessing phylogenetic affinities and species
delimitations in Klebsormidiales (Streptophyta): nuclear-encoded rDNA phylogenies and its secondary
structure models in Klebsormidium, Hormidiella and Entransia. Journal of Phycology 44, 183-195.
Small, E. B. and Lynn, D. H. (1981). A new macrosystem for the phylum Ciliophora Doflein, 1901.
BioSystems 14, 387-401.

Smirnov, A., Nassonova, E., Berney, C., Fahrni, J., Bolivar, I. and Pawlowski, J. (2005a).
Molecular phylogeny and classification of the lobose amoebae. Protist 156, 129-142.

Smirnov, A., Nassonova, E., Fahrni, J. and Pawlowski, J. (2009). Rhizamoeba neglecta n. sp.
(Amoebozoa, Tubulinea) from the bottom sediments of freshwater Lake Leshevoe (Valamo Island,
North-Western Russia), with notes on the phylogeny of the order Leptomyxida. Furopean Journal of
Protistology 45, 251-259.

Smirnov, A. V. (1996). Stygamoeba regulata n. sp. (Rhizopoda) - A marine amoeba with an unusual
combination of light-microscopical and ultrastructural features. Archiv fiir Protistenkunde 146, 299-
307.

Smirnov, A. V. (1997). Two new species of marine amoebae: Hartmannella lobifera n. sp. and
Korotnevella nivo n. sp. (Lobosea, Gymnamoebia). Archiv fiir Protistenkunde 147, 283-292.

Smirnov, A. V. and Goodkov, A. V. (1997). Description of a large, multinucleate lobose amoeba
Chaos glabrum n. sp. (Lobosea, Amoebidae), with notes on the diagnosis of the genus Chaos. Acta
Protozoologica 36, 227-233.

Smirnov, A. V. (1999a). An illustrated survey of Gymnamoebae isolated from anaerobic sediments of
the Niva Bay (@resundet) (Rhizopoda, Lobosea). Ophelia 50, 113-148.

Smirnov, A. V. (1999b). Korotnevella diskophora n. sp. (Gymnamoebia, Paramoebidae) — a small
freshwater amoeba with peculiar scales. Protistology 1, 30-33.

Smirnov, A. V. (1999c). Re-description of Thecamoeba munda Schaeffer 1926 (Gymnamoebia,
Thecamoebidae), isolated from the Baltic Sea. European Journal of Protistology 35, 66-69.

Smirnov, A. V. and Goodkov, A. V. (1999). An illustrated list of basic morphotypes of
Gymnamoebia (Rhizopoda, Lobosea). Protistology 1, 20-29.

Smirnov, A. V. (2001). Vannella ebro n. sp. Lobosea, Gymnamoebia), isolated from cyanobacterial
mats in Spain. European Journal of Protistology 37, 100-101.

Smirnov, A. V., Nassonova, E., Berney, C., Fahrni, J., Bolivar, I. and Pawlowski, J. (2005b).
Molecular phylogeny and classification of the lobose amoebae. Protist 156, 129-142.

Smirnov, A. V., Nassonova, E. S., Chao, E. and Cavalier-Smith, T. (2007). Phylogeny, evolution,
and taxonomy of vannellid amoebae. Protist 158, 295-324.

Smith, D. R. and Lee, R. W. (2009). The mitochondrial and plastid genomes of Volvox carteri:
bloated molecules rich in repetitive DNA. BMC Genomics 10, 132.

Smith, E. F. and Sale, W. S. (1992). Regulation of dynein-driven microtubule sliding by the radial
spokes in flagella. Science 257, 1557-1559.

Smith, H. B. (1999). Interorganellar communication and the onus of being eukaryotic. Plant Cell 11,
1605-1608.

Smith, R. M. K. and Patterson, D. J. (1986). Analyses of heliozoan interrelationships: an example of
the potentials and limitations of ultrastructural approaches to the study of protistan phylogeny.
Proceedings of the Royal Society of London Series B-Biological Sciences 227, 325-366.

Soma, A., Onodera, A., Sugahara, J., Kanai, A., Yachie, N., Tomita, M., Kawamura, F. and
Sekine, Y. (2007). Permuted tRNA genes expressed via a circular RNA intermediate in
Cyanidioschyzon merolae. Science 318, 450-453.

Song, J., Xu, Q., Olsen, R., Loomis, W. F., Shaulsky, G., Kuspa, A. and Sucgang, R. (2005).
Comparing the Dictyostelium and Entamoeba genomes reveals an ancient split in the Conosa lineage.
PLoS Computational Biology 1, e71.

Sorhannus, U. (2001). A "total evidence" analysis of the phylogenetic relationships among the
photosynthetic Stramenopiles. Cladistics 17, 227-241.

Spanggaard, B., Skouboe, P., Rossen, L. and Taylor, J. W. (1996). Phylogenetic relationship of the
intercellular fish pathogen Ichthyophonus hoferi, and fungi, choanoflagellates, and the rosette agent.
Marine Biology 126, 109-115.

Spiegel, F. W. and Olive, L. S. (1978). New evidence for validity of Copromyxa protea. Mycologia
70, 843-847.

Spiegel, F. W. (1981a). Phylogenetic significance of the flagellar apparatus in protostelids
(Eumycetozoa). BioSystems 14, 491-499.

149



Spiegel, F. W. (1981b). Phylogenetic significance of the flagellar apparatus of Ceratiomyxa
Sfruticulosa. Journal of the Elisha Mitchell Science Society 97, 183-189.

Spiegel, F. W. (1981c). Flagellar apparatus structure and swimming behaviour in flagellated
protostelids. Journal of Cell Biology 91, A50-A50.

Spiegel, F. W. (1982). The ultrastructure of the trophic cells of the protostelid Planoprotostelium
aurantium. Protoplasma 113, 165-177.

Spiegel, F. W. and Feldman, J. (1985). Obligate amoebae of the protostelids: significance for the
concept of Eumycetozoa. BioSystems 18, 377-386.

Spiegel, F. W., Feldman, J. and Bennett, W. E. (1986). Ultrastructure and development of the
amoebo-flagellate cells of the protostelid Protosporangium articulatum. Protoplasma 132, 115-128.
Spiegel, F. W. and Feldman, J. (1988). The trophic cells of Clastostelium recurvatum, a third
member of the myxomycete-like protostelids. Mycologia 80, 525-535.

Spiegel, F. W. and J., F. (1988). Fruiting body development in the mycetozoan Echinostelium
bisporum. Canadian Journal of Botany 67, 1285-1293.

Spiegel, F. W. (1990). Phylum Plasmodial Slime moulds; Class Protostelida. In Handbook of
Protoctista (ed. Margulis, L., Corliss, J. O., Melkonian, M. and D.J., C.), pp. 484-497. Jones &
Bartlett, Boston, MA., USA.

Spiegel, F. W. (1991). A proposed phylogeny of the flagellated protostelids. BioSystems 25, 113-120.
Spiegel, F. W., Lee, S. B. and Rusk, S. A. (1995). Eumycetozoans and molecular systematics.
Canadian Journal of Botany 73, S738-S746.

Spirek, M., Benko, Z., Carnecka, M., Rumpf, C., Cipak, L., Batova, M., Marova, 1., Nam, M.,
Kim, D. U., Park, H. O., Hayles, J., Hoe, K. L., Nurse, P. and Gregan, J. (2010). S. pombe genome
deletion project: An update. Cell Cycle 9,

Sprague, V. (1979). Classification of the Haplosporidia. Marine Fisheries Reviews 41, 40-44.
Stechmann, A. and Cavalier-Smith, T. (2002). Rooting the eukaryote tree using a derived gene
fusion. Science 297, 89-91.

Stechmann, A. and Cavalier-Smith, T. (2003). The root of the eukaryote tree pinpointed. Current
Biology 13, R665-666.

Stechmann, A., Baumgartner, M., Silberman, J. D. and Roger, A. J. (2006). The glycolytic
pathway of Trimastix pyriformis is an evolutionary mosaic. BMC Evolutionary Biology 6, 101.
Steenkamp, E. T., Wright, J. and Baldauf, S. L. (2005). The protistan origins of animals and fungi.
Molecular Blology and Evolution 8,2005.

Steinkotter, J., Bhattacharya, D., Semmelroth, I., Bibeau, C. and Melkonian, M. (1994).
Prasinophytes form independent lineages within the Chlorophyta- evidence from ribosomal RNA
sequence comparison. Journal of Phycology 30, 340-345.

Stelter, K., EI-Sayed, N. M. and Seeber, F. (2007). The expression of a plant-type ferredoxin redox
system provides molecular evidence for a plastid in the early dinoflagellate Perkinsus marinus. Protist
158, 119-130.

Stenzel, D. J., Boreham, P. F. and Mcdougall, R. (1991). Ultrastructure of Blastocystis hominis in
human stool samples. International Journal of Parasitology 21, 807-812.

Stibbs, H. H., Owczarzark, A., Bayne, C. J. and DeWan, P. (1979). Schistosome sporocyst-killing
amoebae isolated from Biomphalaria glabrata. Journal of Invertebrate Pathology 33, 159-170.

Stiller, J. W., Duffield, E. C. S. and Hall, B. D. (1998). Amitochondriate amoebae and the evolution
of DNA-dependent RNA polymerase II. Proceedings of the National Academy of Sciences of the USA
95, 11769-11774.

Stiller, J. W., Riley, J. and Hall, B. D. (2001). Are red algae plants? A critical evaluation of three key
molecular data sets. Journal of Molecular Evolution 52, 527-539.

Stiller, J. W., Reel, D. C. and Johnson, J. C. (2003). A single origin of plastids revisited: convergent
evolution in organellar genome content. Journal of Phycology 39, 95-105.

Stirewalt, V. L. and Bryant, D. A. (1989). Molecular cloning and nucleotide sequence of the petG
gene of the cyanelle genome of Cyanophora paradoxa. Nucleic Acids Research 17, 10095.

Stothard, D. R., Schroeder-Diedrich, J. M., Awwad, M. H., Gast, R. J., Ledee, D. R., Rodriguez-
Zaragoza, S., Dean, C. L., Fuerst, P. A. and Byers, T. J. (1998). The evolutionary history of the
genus Acanthamoeba and the identification of eight new 18S rRNA gene sequence types. Journal of
Eukaryotic Microbiology 45, 45-54.

Struder-Kypke, M. C., Wright, A. D., Fokin, S. I. and Lynn, D. H. (2000). Phylogenetic
relationships of the genus Paramecium inferred from small subunit rRNA gene sequences. Molecular
Phylogenetics and Evolution 14, 122-130.

150



Struder-Kypke, M. C., Kornilova, O. A. and Lynn, D. H. (2007). Phylogeny of trichostome ciliates
(Ciliophora, Litostomatea) endosymbiotic in the Yakut horse (Equus caballus). European Journal of
Protistology 43, 319-328.

Striider-Kypke, M. C. and Hausmann, K. (1998). Ultrastructure of the Heterotrophic flagellates
Cyathobodo sp., Rhipidodendron huxleyi Kent, 1880, Spongomonas sacculus Kent, 1880 and
Spongomonas sp. European Journal of Protistology 34, 376-390.

Sturm, N. R., Maslov, D. A., Grisard, E. C. and Campbell, D. A. (2001). Diplonema spp. possess
spliced leader RNA genes similar to the Kinetoplastida. Journal of Eukaryotic Microbiology 48, 325-
331.

Suda, S., Watanabe, M. M. and Inouye, I. (1989). Evidence for sexual reproduction in the primitive
green alga Nephroselmis olivacea (Prasinophyceae). Journal of Phycology 25, 596-600.

Sudzuki, M. (1979). Psammonobiont Rhizopoda and Actinopoda from marine beaches of Japan. Acta
Protozoologica 18, 293-304.

Sumathi, J. C., Raghukumar, S., Kasbekar, D. P. and Raghukumar, C. (2006). Molecular
evidence of fungal signatures in the marine protist Corallochytrium limacisporum and its implications
in the evolution of animals and fungi. Protist 157, 363-376.

Surek, B. and Melkonian, M. (1980). The filose amoeba Vampyrellidium perforans nov. sp.
(Vampyrellidae, Aconchulinida) — axenic culture, feeding behaviour and host range specificity. Archiv
fiir Protistenkunde 123, 166-191.

Sutak, R., Slapeta, J., San Roman, M., Camadro, J. M. and Lesuisse, E. (2010). Non-reductive iron
uptake mechanism in the marine alveolate Chromera velia. Plant Physiology

Suutari, M., Majaneva, M., Fewer, D. P., Voirin, B., Aiello, A., Friedl, T., Chiarello, A. G. and
Blomster, J. (2010). Molecular evidence for a diverse green algal community growing in the hair of
sloths and a specific association with Trichophilus welckeri (Chlorophyta, Ulvophyceae). BMC
Evolutionary Biology 10, 86.

Suzuki, K. and Miyagishima, S. Y. (2010). Eukaryotic and eubacterial contributions to the
establishment of plastid proteome estimated by large-scale phylogenetic analyses. Molecular Blology
and Evolution 27, 581-590.

Swale, E. M. F. and Belcher, J. H. (1974). Gyromitus disomatus Skuja- a free-living colourless
flagellate. Archiv fiir Protistenkunde 116, 211-220.

Swann, E. C,, Frieders, E. M. and McLaughlin, D. J. (2001). Urediniomycetes. In The Mycota VII.
Systematics and Evolution. Part B (ed. McLaughlin, D. J., McLaughlin, E. G. and Lemke, P. A.), pp.
37-56. Springer-Verlag, Berlin.

Swanson, A. R., Spiegel, F. W. and Cavender, J. C. (2002). Taxonomy, slime moulds, and the
questions we ask. Mycologia 94, 968-979.

Sym, S. D. and Pienaar, R. N. (1993). The class Prasinophyceae. In Progress in Phycological
Research (ed. Round, F. E. and D.J., C.), pp. 281-376. BioPress Ltd., London, UK.

Tabita, F. R., Hanson, T. E., Satagopan, S., Witte, B. H. and Kreel, N. E. (2008a). Phylogenetic
and evolutionary relationships of RubisCO and the RubisCO-like proteins and the functional lessons
provided by diverse molecular forms. Philosophical transactions of the Royal Society of London.
Series B, Biological sciences 363, 2629-2640.

Tabita, F. R., Satagopan, S., Hanson, T. E., Kreel, N. E. and Scott, S. S. (2008b). Distinct form I,
I1, 111, and IV Rubisco proteins from the three kingdoms of life provide clues about Rubisco evolution
and structure/function relationships. Journal of Experimental Botany 59, 1515-1524.

Tait, K., Joint, L., Daykin, M., Milton, D. L., Williams, P. and Camara, M. (2005). Disruption of
quorum sensing in seawater abolishes attraction of zoospores of the green alga Ulva to bacterial
biofilms. Environmental Microbiology 7, 229-240.

Takahashi, F., Okabe, Y., Nakada, T., Sekimoto, H., Ito, M., Kataoka, H. and Nozaki, H. (2007a).
Origins of the secondary plastids of Euglenophyta and Chlorarachniophyta as revealed by an analysis
of the plastid-targeting, nuclear-encoded gene psbO. Journal of Phycology 43, 1302-1309.

Takahashi, F., Yamagata, D., Ishikawa, M., Fukamatsu, Y., Ogura, Y., Kasahara, M., Kiyosue,
T., Kikuyama, M., Wada, M. and Kataoka, H. (2007b). AUREOCHROME, a photoreceptor
required for photomorphogenesis in stramenopiles. Proceedings of the National Academy of Sciences
of the USA 104, 19625-19630.

Takano, H. and Takechi, K. (2010). Plastid peptidoglycan. Biochimica Biophysica Acta 1800, 144-
151.

Takishita, K., Koike, K., Maruyama, T. and Ogata, T. (2002). Molecular evidence for plastid
robbery (Kleptoplastidy) in Dinophysis, a dinoflagellate causing diarrhetic shellfish poisoning. Protist
153, 293-302.

151



Takishita, K., Inagaki, Y., Tsuchiya, M., Sakaguchi, M. and Maruyama, T. (2005). A close
relationship between Cercozoa and Foraminifera supported by phylogenetic analyses based on
combined amino acid sequences of three cytoskeletal proteins (actin, alpha-tubulin, and beta-tubulin).
Gene 362, 153-160.

Takishita, K., Kawachi, M., Noel, M. H., Matsumoto, T., Kakizoe, N., Watanabe, M. M., Inouye,
L., Ishida, K., Hashimoto, T. and Inagaki, Y. (2008). Origins of plastids and glyceraldehyde-3-
phosphate dehydrogenase genes in the green-colored dinoflagellate Lepidodinium chlorophorum. Gene
410, 26-36.

Takishita, K., Yamaguchi, H., Maruyama, T. and Inagaki, Y. (2009). A hypothesis for the
evolution of nuclear-encoded, plastid-targeted glyceraldehyde-3-phosphate dehydrogenase genes in
"chromalveolate" members. PLoS One 4, e4737.

Tambor, J. H., Ribichich, K. F. and Gomes, S. L. (2008). The mitochondrial view of Blastocladiella
emersonii. Gene 424, 33-39.

Tamura, M., Shimada, S. and Horiguchi, T. (2005). Galeidiniium rugatum gen. et sp nov
(Dinophyceae), a new coccoid dinoflagellate with a diatom endosymbiont. Journal of Phycology 41,
658-671.

Tanabe, Y., O'Donnell, K., Saikawa, M. and Sugiyama, J. (2000). Molecular phylogeny of parasitic
Zygomycota (Dimargaritales, zoopagales) based on nuclear small subunit ribosomal DNA sequences.
Molecular Phylogenetics and Evolution 16,253-262.

Tanabe, Y., Saikawa, M., Watanabe, M. M. and Sugiyama, J. (2004). Molecular phylogeny of
Zygomycota based on EF1-alpha and RPB1 sequences: limitations and utility of alternative markers to
rDNA. Molecular Phylogenetics and Evolution 30, 438-449.

Tanabe, Y., Watanabe, M. M. and Sugiyama, J. (2005). Evolutionary relationships among basal
fungi (Chytridiomycota and Zygomycota): Insights from molecular phylogenetics. Journal of General
and Applied Microbiology 51, 267-276.

Tappan, H. (1980). The palacobiology of plant protists., Freeman, San Francisco, USA.

Tappan, H. and Loeblich, A. R. (1988). Foraminiferal evolution, diversification and extinction.
Journal of Palaeontology 62, 695-714.

Taylor, F. J. R. (1976). Flagellate phylogeny: a study in conflicts. Journal of Protozoology 23, 28-40.
Taylor, F. J. R. (1990). Ebridians. In Handbook of Protoctista (ed. Margulis, L., Corliss, J. O.,
Melkonian, M. and Chapman, D. J.), pp. 720-721. Jones and Bartlett, Boston, Mass., USA.

Taylor, F. J. R., Hoppernath, M. and Saldarriaga, J. F. (2008). Dinoflagellate diversity and
distribution. Biodiversity Conservation 17, 407-418.

Taylor, J. W. and Fuller, M. S. (1980). Microtubules, organelle movement, and cross-wall formation
at the sporangial-rhizoidal interface in the fungus Chytridium confervae. Protoplasma 104, 100-101.
Teal, T. H., Guillemette, T., Chapman, M. and Margulis, L. (1998). Acronema sippewissettensis
gen. nov. sp. nov., microbial mat bicosoecid (Bicosoecales = Bicosoecida). European Journal of
Protistology 34, 402-414.

Tehler, A., Little, D. P. and Farris, J. S. (2003). The full-length phylogenetic tree from 1551
ribosomal sequences of chitinous fungi. Mycological Research 107, 901-916.

Teich, R., Grauvogel, C. and Petersen, J. (2007). Intron distribution in Plantae: 500 million years of
stasis during land plant evolution. Gene 394, 96-104.

Tekle, Y. L., Grant, J., Cole, J. C., Nerad, T. A., Anderson, O. R., Patterson, D. J. and Katz, L. A.
(2007). A multigene analysis of Corallomyxa tenera sp. nov. suggests its membership in a clade that
includes Gromia, Haplosporidia and Foraminifera. Protist 158, 457-472.

Tekle, Y. L., Grant, J., Anderson, O. R., Nerad, T. A., Cole, J. C., Patterson, D. J. and Katz, L. A.
(2008). Phylogenetic placement of diverse amoebae inferred from multigene analyses and assessment
of clade stability within 'Amoebozoa' upon removal of varying rate classes of SSU-rDNA. Molecular
Phylogenetics and Evolution 47, 339-352.

Teles-Grilo, M. L., Tato-Costa, J., Duarte, S. M., Maia, A., Casal, G. and Azevedo, C. (2007). Is
there a plastid in Perkinsus atlanticus (Phylum Perkinsozoa)? European Journal of Protistology 43,
163-167.

Templeton, T. J., Enomoto, S., Chen, W. J., Huang, C. G., Lancto, C. A., Abrahamsen, M. S. and
Zhu, G. (2010). A genome-sequence survey for Ascogregarina taiwanensis supports evolutionary
affiliation but metabolic diversity between a Gregarine and Cryptosporidium. Molecular Blology and
Evolution 27, 235-248.

Tengs, T., Dahlberg, O. J., Shalchian-Tabrizi, K., Klaveness, D., Rudi, K., Delwiche, C. F. and
Jakobsen, K. S. (2000). Phylogenetic analyses indicate that the 19'Hexanoyloxy-fucoxanthin-
containing dinoflagellates have tertiary plastids of haptophyte origin. Molecular Blology and Evolution
17, 718-729.

152



Terauchi, M., Kato, A., Nagasato, C. and Motomura, T. (2010). Research note: Analysis of
expressed sequence tags from the chrysophycean alga Ochromonas danica (Heterokontophyta).
PHycological Research 58,217-221.

Thompson, A. (1973). The flagella of Cyanophora paraxdoxa Korsch. Journal of South African
Botany 39, 35-39.

Thompson, R. C., Olson, M. E., Zhu, G., Enomoto, S., Abrahamsen, M. S. and Hijjawi, N. S.
(2005). Cryptosporidium and cryptosporidiosis. Advances in Parasitology 59, 77-158.

Thomsen, H. A. (1978). Identity between the heliozoan Pinaciophora fluviatilis and Potamodiscus
kalbei with the description of 8 new Pinaciophora species. Protistologica 14, 100-101.

Thomsen, H. A. (1986). A survey of the smallest eukaryotic organisms of the marine phytoplankton.
Canadian Bulletin of Fisheries and Aquatic Science 214, 121-158.

Thomsen, H. A., Buck, K. R., Bolt, P. A. and Garrison, D. L. (1991). Fine structure and biology of
Cryothecomonas gen. nov. (Protista incertae sedis) from the ice biota. Canadian Journal of Zoology
69,

Thomsen, H. A., Hillfors, G., Hillfors, S. and Ikivalko, J. (1993). New observations on the
heterotrophic protist genus Thaumatomastix (Thaumatomastigaceae, Protista incertae sedis), with
particular emphasis on material from the Baltic Sea. Annales Botanica Fennici 30, 87-108.

Thomsen, H. A. and Larsen, J. (1993). The ultrastructure of Commation gen. nov. (Stramenopiles
incertae sedis), a genus of heterotrophic nanoplanktonic flagellates from Antarctic waters. European
Journal of Protistology 29, 462-477.

Thomsen, H. A. and Ikivalko, J. (1997). Species of Thaumatomastix (Thaumatomastigidae, Protista
incertae sedis) from Arctic sea ice biota (North East Water polynya, NE Greenland). Journal of Marine
Systems 10, 263-277.

Tikhonenkov, D. V., Mazei, Y. A. and Mylnikov, A. P. (2006). Species diversity of heterotrophic
flagellates in White Sea littoral sites. Furopean Journal of Protistology 42, 191-200.

Timme, R. E. and Delwiche, C. F. (2010). Uncovering the evolutionary origin of plant molecular
processes: comparison of Coleochaete (Coleochaetales) and Spirogyra (Zygnematales) transcriptomes.
BMC Plant Biology 10, 96.

Timmins, M., Thomas-Hall, S. R., Darling, A., Zhang, E., Hankamer, B., Marx, U. C. and
Schenk, P. M. (2009). Phylogenetic and molecular analysis of hydrogen-producing green algae.
Journal of Experimental Botany 60, 1691-1702.

Tong, S. M. (1995). Developayella elegans nov. gen., nov. spec., a new type of heterotrophic flagellate
from marine plankton. European Journal of Protistology 31, 24-31.

Tong, S. M., Vers, N. and Patterson, D. J. (1997). Heterotrophic flagellates, centrohelid heliozoa and
filose amoebae from marine and freshwater sites in the Antarctic. Polar Biology 18, 91-106.

Tong, S. M., Nygiard, K., Bernard, C., Vers, N. and Patterson, D. J. (1998). Heterotrophic
flagellates from the water column in Port Jackson, Sydney, Australia. European Journal of
Protistology 34, 162-194.

Tovar, J., Fischer, A. and Clark, C. G. (1999). The mitosome, a novel organelle related to
mitochondria in the amitochondrial parasite Entamoeba histolytica. Molecular Microbiology 32, 1013-
1021.

Tovar, J., Leon-Avila, G., Sanchez, L. B., Sutak, R., Tachezy, J., van der Giezen, M., Hernandez,
M., Muller, M. and Lucocq, J. M. (2003). Mitochondrial remnant organelles of Giardia function in
iron-sulphur protein maturation. Nature 426, 172-176.

Tremouillaux-Guiller, J. and Huss, V. A. (2007). A cryptic intracellular green alga in Ginkgo biloba:
ribosomal DNA markers reveal worldwide distribution. Planta 226, 553-557.

Triemer, R. E. and Ott, D. W. (1990). Ultrastructure of Diplonema ambulator Larsen & Patterson,
(Euglenozoa) and its relationship to Isonema. European Journal of Protistology 25, 316-320.

Triemer, R. E. and Farmer, M. A. (1991). An ultrastructural comparison of the mitotic apparatus,
feeding apparatus, flagellar apparatus and cytoskeleton in euglenoids and kinetoplastids. Protoplasma
164, 91-104.

Tsui, C. K., Marshall, W., Yokoyama, R., Honda, D., Lippmeier, J. C., Craven, K. D., Peterson,
P. D. and Berbee, M. L. (2009). Labyrinthulomycetes phylogeny and its implications for the
evolutionary loss of chloroplasts and gain of ectoplasmic gliding. Molecular Phylogenetics and
Evolution 50, 129-140.

Turmel, M., Lemieux, C., Burger, G., Lang, B. F., Otis, C., Plante, I. and Gray, M. W. (1999a).
The complete mitochondrial DNA sequences of Nephroselmis olivacea and Pedinomonas minor: two
radically different evolutionary patterns within green algae. The Plant Cell 11, 1717-1729.

153



Turmel, M., Otis, C. and Lemieux, C. (1999b). The complete chloroplast DNA sequence of the green
alga Nephroselmis olivacea: insights into the architecture of ancestral chloroplast genomes.
Proceedings of the National Academy of Sciences of the USA 96, 10248-10253.

Turmel, M., Otis, C. and Lemieux, C. (2002a). The chloroplast and mitochondrial genome sequences
of the charophyte Chaetosphaeridium globosum: insights into the timing of the events that restructured
organelle DNAs within the green algal lineage that led to land plants. Proceedings of the National
Academy of Sciences of the USA 99, 11275-11280.

Turmel, M., Otis, C. and Lemieux, C. (2002b). The complete mitochondrial DNA sequence of
Mesostigma viride identifies this green alga as the earliest green plant divergence and predicts a highly
compact mitochondrial genome in the ancestor of all green plants. Molecular Blology and Evolution
19, 24-38.

Turmel, M., Otis, C. and Lemieux, C. (2003). The mitochondrial genome of Chara vulgaris: insights
into the mitochondrial DNA architecture of the last common ancestor of green algae and land plants.
Plant Cell 15, 1888-1903.

Turmel, M., Otis, C. and Lemieux, C. (2006). The chloroplast genome sequence of Chara vulgaris
sheds new light into the closest green algal relatives of land plants. Molecular Blology and Evolution
23, 1324-1338.

Turmel, M., Otis, C. and Lemieux, C. (2009). The chloroplast genomes of the green algae
Pedinomonas minor, Parachlorella kessleri, and Oocystis solitaria reveal a shared ancestry between
the Pedinomonadales and Chlorellales. Molecular Blology and Evolution 26,2317-2331.

Turner, F. R. (1968). An ultrastructural study of plant spermatogenesis. Spermatogenesis in Nitella.
Cell Biology 37, 370-393.

Tyler, B. M., Tripathy, S., Zhang, X., Dehal, P., Jiang, R. H., Aerts, A., Arredondo, F. D., Baxter,
L., Bensasson, D., Beynon, J. L., Chapman, J., Damasceno, C. M., Dorrance, A. E., Dou, D.,
Dickerman, A. W., Dubchak, I. L., Garbelotto, M., Gijzen, M., Gordon, S. G., Govers, F.,
Grunwald, N. J., Huang, W., Ivors, K. L., Jones, R. W., Kamoun, S., Krampis, K., Lamour, K.
H., Lee, M. K., McDonald, W. H., Medina, M., Meijer, H. J., Nordberg, E. K., Maclean, D. J.,
Ospina-Giraldo, M. D., Morris, P. F., Phuntumart, V., Putnam, N. H., Rash, S., Rose, J. K.,
Sakihama, Y., Salamov, A. A., Savidor, A., Scheuring, C. F., Smith, B. M., Sobral, B. W., Terry,
A., Torto-Alalibo, T. A., Win, J., Xu, Z., Zhang, H., Grigoriev, 1. V., Rokhsar, D. S. and Boore, J.
L. (2006). Phytophthora genome sequences uncover evolutionary origins and mechanisms of
pathogenesis. Science 313, 1261-1266.

Ueda, M., Graf, R., MacWilliams, H. K., Schliwa, M. and Euteneuer, U. (1997). Centrosome
positioning and directionality of cell movements. Proceedings of the National Academy of Sciences of
the US4 94, 9674-9678.

Ustinova, 1., Kienitz, L. and Huss, V. A. R. (2000). Hyaloraphidium curvatum is not a green alga, but
a lower fungus; Amoebidium parasiticum is not a fungus, but a member of the DRIPs. Protist 151, 253-
262.

Validivia, R. H. and Heitman, J. (2007). Endosymbiosis: the evil within. Current Biology 17, R408-
410.

Van de Peer, Y., Rensing, S. A., Maier, U.-G. and de Wachter, R. (1996a). Substitution rate
calibration of small subunit ribosomal RNA identifies chlorarachniophyte endosymbionts as remnants
of green algae. Proceedings of the National Academy of Sciences of the USA 93, 7732-7736.

Van de Peer, Y., Van der Auwera, G. and De Wachter, R. (1996b). The evolution of stramenopiles
and alveolates as derived by "substitution rate calibration" of small ribosomal subunit RNA. Journal of
Molecular Evolution 42,201-210.

Van de Peer, Y., Baldauf, S. L., Doolittle, W. F. and Meyer, A. A. (2000). An updated and
comprehensive phylogeny of the rRNA crown eukaryotes based on rate calibrated evolutionary
distances. Journal of Molecular Evolution 51, 565-576.

Van den Hoek, C., Mann, D. G. and Jahns, H. M. (1995). Algae. An introduction to Phycology,
Cambridge University Press, Cambridge.

Van der Auwera, G., de Baere, R., Van de Peer, Y., de Rijk, P., van den Broeck, 1. and de
Wachter, R. (1995). The phylogeny of the Hyphochytridiomycota as deduced from the ribosomal
RNA sequences of Hyphochytridium catenoides. Molecular Blology and Evolution 12, 671-678.

Van der Auwera, G. and de Wachter, R. (1997). Structure of the large subunit rRNA from a diatom,
and comparison between small and large subunit ribosomal RNA for studying stramenopile evolution.
Journal of Eukaryotic Microbiology 45, 521-527.

Van Lenning, K., Latasa, M., Estrada, M., Sdez, A. G., Medlin, L., Probert, I., Véron, B. and
Young, J. (2003). Pigment signatures and phylogenetic relationships of the Pavlovophyceae
(Haptophyta). Journal of Phycology 39, 379-389.

154



van Rijssel, M., de Boer, M. K., Tyl, M. R. and Gieskes, W. W. C. (2008). Evidence for inhibition
of bacterial luminescence by allelochemicals from Fibrocapsa japonica

(Raphidophyceae), and the role of light and microalgal growth rate. Hydrobiologia 596, 289-299.

Van Valkenburg, S. D. (1971a). Observations on the fine structure of Dictyocha fibula Ehrenberg. 1.
The skeleton. Journal of Phycology 7, 113-118.

Van Valkenburg, S. D. (1971b). Observations onthe fine structure of Dictyocha fibula Ehrenberg. I1.
The protoplast. Journal of Phycology 7, 118-132.

Vavra, J. and Small, E. B. (1969). Scanning electron microscopy of gregarines (Protozoa, Sporozoa)
and its contribution to the theory of gregarine movement. Journal of Protozoology 16, 745-757.
Vavra, J. and Larsson, J. I. R. (1999). Structure of the microspoidia. In The Microsporidia and
Microsporidiosis (ed. Wittner, M., Weiss, L.M.), pp. 7-84. ASM, Washington DC, USA.

Verhagen, F. J. M., Zélffel, M., Brugerolle, G. and Patterson, D. J. (1994). Adriamonas
peritocrescens gen. nov., sp. nov., a new free-living soil flagellate (Protista, Pseudodendromonadida,
incertae sedis). European Journal of Protistology 30, 100-101.

Vernon, D., Gutell, R. R., Cannone, J. J., Rumpf, R. W. and Birky, C. W. (2001). Accelerated
evolution of functional plastid rRNA and elongation factor genes due to reduced protein synthetic load
after the loss of photosynthesis in the chlorophyte alga Polytoma. Molecular Blology and Evolution 18,
1810-1822.

Vesk, M. and Moestrup, . (1987). The flagellar root-system in Heterosigma akashiwo
(Raphidophyceae). Protoplasma 137, 15-28.

Vickerman, K., Darbyshire, J. F. and Ogden, C. G. (1974). Apusomonas proboscidea, an unusual
phagotrophic flagellate from soil. Archiv fiir Protistenkunde 116, 254-269.

Vickerman, K. (1976). The diversity of the kinetoplastid flagellates. In Biology of the Kinetoplastida
(ed. Lumsden, W. H. R. and Evans, D. A.), pp. 1-34. Academic Press, London, UK.

Vickerman, K. and Preston, T. (1976). Comparative cell biology of the kinetoplastid flagellates. In
Biology of the Kinetoplastida (ed. Lumsden, H. R. and Evans, D. A.), pp. 35-130. Academic Press,
London, UK.

Vickerman, K. (1990). Phylum Zoomastigina, class Kinetoplastida. In Handbook of Protoctista (ed.
Margulis, L., Corliss, J. O., Melkonian, M. and Chapman, D. J.), pp. 215-238. Jones and Bartlett,
Boston, Mass., USA.

Vickerman, K., LeRay, D., Hoef-Emden, K. and De Jonckheere, J. (2002). The soil flagellate
Proleptomonas faecicola: cell organisation and phylogeny suggest that the only described free-living
trypanosomatid is not a kinetoplastid but has cercomonad affinities. Protist 153, 9-24.

Vickerman, K., Appleton, P. L., Clarke, K. J. and Moreira, D. (2005). Aurigamonas solis n. gen., n.
sp., a soil-dwelling predator with unusual helioflagellate organisation and belonging to a novel clade
within the Cercozoa. Protist 156, 335-354.

Vierkotten, L., Simon, A. and Becker, B. (2004). Preparation and characterization obtained from the
prasinophyte Scherffelia dubia (Chlorophyta). Journal of Phycology 40, 1106-1111.

Villalba, A., Reece, K. S., Ordas, M. C., Casas, S. M. and Figueras, A. (2004). Perkinosis in
molluscs: a review. Aquatic Living Resources 17, 411-432.

Vinckier, D., Porchet, E., Vivier, E., Vavra, J. and Torpier, G. (1993). A freeze-fracture study of
the microsporidia (Protozoa: Microspora). II. The extrusion apparatus: polar filament, polaroplast,
posterior vacuole. European Journal of Biochemistry 29, 370-380.

Vivares, C. P. and Metenier, G. (2000). Towards the minimal eukaryotic parasitic genome. Current
Opinion in Microbiology 3, 463-467.

Vivesvara, G. S., Schuster, F. L. and Martinez, A. J. (1993). Balamuthia mandrillaris n. g., n. sp.,
agent of amoebic meningoencephalitis in humans and other animals. Journal of Eukaryotic
Microbiology 4, 504-514.

von der Heyden, S., Chao, E. E., Vickerman, K. and Cavalier-Smith, T. (2004). Ribosomal RNA
phylogeny of bodonid and diplonemid flagellates and the evolution of euglenozoa. Journal of
Eukaryotic Microbiology 51, 402-416.

Vars, N. (1988). Discocelis saleuta gen. nov. et sp. nov. (Protista incertae sedis)- a new heterotrophic
marine flagellate. European Journal of Protistology 23, 297-308.

Vers, N. (1992a). Heterotrophic amoebae, flagellates and heliozoa from the Tvarminne area, Gulf of
Finland, in 1988-1990. Ophelia 36, 1-109.

Vers, N. (1992b). Ultrastructure and autecology of the marine heterotrophic flagellate Leucocryptos
marina (Braarud) Butcher 1967 (Katablepharidaceae/Kathablepharidae), with a discussion of the
genera Leucocryptos and Katablepharis/Kathablepharis. European Journal of Protistology 28, 28.
Wainright, P. O., Hinkle, G., Sogin, M. L. and Stickel, S. K. (1993). Monophyletic origins of the
Metazoa: an evolutionary link with the fungi. Science 260, 340-342.

155



Walker, G., Simpson, A. G. B., Edgcomb, V., Sogin, M. L. and Patterson, D. J. (2001).
Ultrastructural identities of Mastigamoeba punctachora, Mastigamoeba simplex and Mastigella
commutans and assessment of hypotheses of relatedness of the pelobionts (Protista). European Journal
of Protistology 37, 25-49.

Walker, G., Silberman, J. D., Karpov, S. A., Preisfeld, A., Foster, P., Frolov, A. O., Novozhilov,
Y. and Sogin, M. L. (2003). An ultrastructural and molecular study of Hyperamoeba dachnaya, n.sp.,
and its relationship to the mycetozoan slime moulds. European Journal of Protistology 39, 319-336.
Walker, G., Dacks, J. B. and Embley, T. M. (2006). Ultrastructural description of Breviata
anathema, n. gen., n. sp., the organism previously studied as "Mastigamoeba invertens". Journal of
Eukaryotic Microbiology 53, 65-78.

Walkusz, W. and Rolbiecki, L. (2007). Epibionts (Paracineta) and parasites (Ellobiopsis) on
copepods from Spitsbergen (Kongsfjorden area). Oceanologia 49, 369-380.

Waller, R. F., McConville, M. J. and McFadden, G. 1. (2004). More plastids in human parasites?
Trends in Parasitology 20, 54-57.

Walochnik, J., Michel, R. and Aspock, H. (2004). A molecular biological approach to the
phylogenetic position of the genus Hyperamoeba. Journal of Eukaryotic Microbiology 51, 433-440.
Walochnik, J., Wylezich, C. and Michel, R. (2010). The genus Sappinia: history, phylogeny and
medical relevance. Experimental Parasitology 126, 4-13.

Wang, B. and Qiu, Y. (2006). Phylogenetic distribution and evolution of mycorrhizas in land plants.
Mycorrhiza 16, 299-363.

Wang, H., Xu, Z., Gao, L. and Hao, B. (2009). A fungal phylogeny based on 82 complete genomes
using the composition vector method. BMC Evolutionary Biology 9, 195.

Wang, Y. and Morse, D. (2006). Rampant polyuridylylation of plastid gene transcripts in the
dinoflagellate Lingulodinium. Nucleic Acids Research 34, 613-619.

Watanabe, S. and Floyd, G. L. (1996). Considerations on the systematics of coccoid green algae and
related organisms based on the ultrastructure of swarmers. In Cytology, genetics and molecular biology
of Algae (ed. Chaudhry, B. R. and Agrawal, S. B.), pp. SPB Academic Publishers, Amsterdam, The
Netherlands.

Weatherby, K., Murray, S., Carter, D. and Slapeta, J. (2010 in press). Surface and flagella
morphology of the motile form of Chromera velia revealed by field-emission scanning electron
microscopy. Protist

Weatherly, D. B., Boehlke, C. and Tarleton, R. L. (2009). Chromosome level assembly of the hybrid
Trypanosoma cruzi genome. BMC Genomics 10, 255.

Wei, C. J., Tian, X. F., Adam, R. D. and Lu, S. Q. (2010). Giardia lamblia: Intracellular localization
of alpha8-giardin. Experimental Parasitology

Wenderoth, K., Marquardt, J., Fraunholz, M., Van de Peer, Y., Wastl, R. and Maier, U. G.
(1999). The taxonomic position of Chlamydomyxa labyrinthuloides. European Journal of Phycology
34,97-108.

West, J. A., Zuccarello, G. C., Scott, J. L., Westi, K. A. and Karsten, U. (2007). Rhodaphanes
brevistipitata gen. et sp nov., a new member of the Stylonematophyceae (Rhodophyta). Phycologia 46,
440-449.

West, J. A. and Zuccarello, G. C. (2009). Taxonomic deflation: molecular evidence places
Membranella nitens in taxonomic synonymy with Smithora naiadum (Erythropeltidales,
Compsopogonophyceae, Rhodophyta). Phycologia 48, 543-546.

Westphal, S., Soll, J. and Vothknecht, U. C. (2003). Evolution of chloroplast vesicle transport. Plant
Cell Physiology 44, 217-222.

Wetherbee, R. and Quirk, H. M. (1982). The fine structure and cytology of the association between
the parasitic red alga Holmsella australis and its red algal host Gracilaria purcellata. Protoplasma 110,
153-165.

Wetmore, C. M. (1973). Multiperforate septa in lichens. New Phytologist 72, 535-538.

Whatley, J. M. and Chapman-Andresen, C. (1990). Phylum Karyoblastea. In Handbook of
Protoctista (ed. Margulis, L., Corliss, J.O., Melkonian, M., Chapman, D. J.), pp. 167-185. Jones and
Bartlett Publishers, Boston.

Wheeler, G. L., Miranda-Saavedra, D. and Barton, G. J. (2008). Genome analysis of the unicellular
green alga Chlamydomonas reinhardtii Indicates an ancient evolutionary origin for key pattern
recognition and cell-signaling protein families. Genetics 179, 193-197.

Whisler, H. C. (1990). Incertae sedis Ellobiopsida. In Handbook of Protoctista (ed. Margulis, L.,
Corliss, J. O., Melkonian, M. and Chapman, D. J.), pp. 715-719. Jones and Bartlett, Boston.

White, M. M., James, T. Y., O'Donnell, K., Cafaro, M. J., Tanabe, Y. and Sugiyama, J. (2006).
Phylogeny of the Zygomycota based on nuclear ribosomal sequence data. Mycologia 98, 872-884.

156



Whitton, B. A. (1973). Interactions with other organisms. In The Biology of Blue-Green Algae (ed.
Carr, N. G. and Whitton, B. A.), pp. 415-433.

Wilcox, L. W. and Floyd, G. L. (1988). Ultrastructure of the gamete of Pediastrum duplex
(Chlorophyceae). Journal of Phycology 24, 140-146.

Williams, B. A., Hirt, R. P., Lucocq, J. M. and Embley, T. M. (2002). A mitochondrial remnant in
the microsporidian Trachipleistophora hominis. Nature 418, 865-869.

Williams, B. A. and Keeling, P. J. (2003). Cryptic organelles in parasitic protists and fungi. Advances
in Parasitology 54, 9-68.

Williams, B. A., Slamovits, C. H., Patron, N. J., Fast, N. M. and Keeling, P. J. (2005). A high
frequency of overlapping gene expression in compacted eukaryotic genomes. Proceedings of the
National Academy of Sciences of the USA 102, 10936-10941.

Williams, B. A. P. and Keeling, P. J. (2005). Microsporidian mitochondrial proteins: expression in
Antonospora locustae spores and identification of genes coding for two further proteins. Journal of
Eukaryotic Microbiology 52, 271-276.

Willison, J. H. M. and Brown, R. M. (1978). Cell wall structure and deposition in Glaucocystis.
Journal of Cell Biology 77, 103-119.

Wilson, R. J. M., Gardner, M. J., Feagin, J. E. and Williamson, D. H. (1991). Have malaria
parasites three genomes? Parasitology Today 7, 136-138.

Wilson, R. J. M., Denny, P. W., Preiser, P. R., Rangachari, K., Roberts, K., Roy, A., Whyte, A.,
Strath, M., Moore, D. J., Moore, P. W. and Williamson, D. H. (1996). Complete gene map of the
plastid-like DNA of the malaria parasite Plasmodium falciparum. Journal of Molecular Biology 261,
155-172.

Wolff, G., Burger, G., Lang, B. F. and Kuck, U. (1993). Mitochondrial genes in the colourless alga
Prototheca wickerhamii resemble plant genes in their exons but fungal genes in their introns. Nucleic
Acids Research 21, 719-726.

Wolff, G., Plante, 1., Lang, B. F., Kuck, U. and Burger, G. (1994). Complete sequence of the
mitochondrial DNA of the chlorophyte alga Prototheca wickerhamii. Gene content and genome
organization. Journal of Molecular Biology 237, 75-86.

Wolters, J. (1991). The troublesome parasites- molecular and morphological evidence that
Apicomplexa belong to the dinoflagellate-ciliate clade. BioSystems 25, 75-83.

Wood, V., Gwilliam, R., Rajandream, M. A., Lyne, M., Lyne, R., Stewart, A., Sgouros, J., Peat,
N., Hayles, J., Baker, S., Basham, D., Bowman, S., Brooks, K., Brown, D., Brown, S.,
Chillingworth, T., Churcher, C., Collins, M., Connor, R., Cronin, A., Davis, P., Feltwell, T.,
Fraser, A., Gentles, S., Goble, A., Hamlin, N., Harris, D., Hidalgo, J., Hodgson, G., Holroyd, S.,
Hornsby, T., Howarth, S., Huckle, E. J., Hunt, S., Jagels, K., James, K., Jones, L., Jones, M.,
Leather, S., McDonald, S., McLean, J., Mooney, P., Moule, S., Mungall, K., Murphy, L., Niblett,
D., Odell, C., Oliver, K., O'Neil, S., Pearson, D., Quail, M. A., Rabbinowitsch, E., Rutherford, K.,
Rutter, S., Saunders, D., Seeger, K., Sharp, S., Skelton, J., Simmonds, M., Squares, R., Squares,
S., Stevens, K., Taylor, K., Taylor, R. G., Tivey, A., Walsh, S., Warren, T., Whitehead, S.,
Woodward, J., Volckaert, G., Aert, R., Robben, J., Grymonprez, B., Weltjens, 1., Vanstreels, E.,
Rieger, M., Schafer, M., Muller-Auer, S., Gabel, C., Fuchs, M., Dusterhoft, A., Fritzc, C., Holzer,
E., Moestl, D., Hilbert, H., Borzym, K., Langer, L., Beck, A., Lehrach, H., Reinhardt, R., Pohl, T.
M., Eger, P., Zimmermann, W., Wedler, H., Wambutt, R., Purnelle, B., Goffeau, A., Cadieu, E.,
Dreano, S., Gloux, S., Lelaure, V., Mottier, S., Galibert, F., Aves, S. J., Xiang, Z., Hunt, C.,
Moore, K., Hurst, S. M., Lucas, M., Rochet, M., Gaillardin, C., Tallada, V. A., Garzon, A.,
Thode, G., Daga, R. R., Cruzado, L., Jimenez, J., Sanchez, M., del Rey, F., Benito, J., Dominguez,
A., Revuelta, J. L., Moreno, S., Armstrong, J., Forsburg, S. L., Cerutti, L., Lowe, T., McCombie,
W. R., Paulsen, 1., Potashkin, J., Shpakovski, G. V., Ussery, D., Barrell, B. G. and Nurse, P.
(2002). The genome sequence of Schizosaccharomyces pombe. Nature 415, 871-880.

Woodcock, H. M. (1916). Observations on coprozoic flagellates. Philosophical transactions of the
Royal Society of London. Series B, Biological sciences 207, 375-412.

Wool, S. H. and Held, A. A. (1976). Polyphosphate granules in encysted zoospores of Rozella
allomycis. Archives of Microbiology 108, 145-148.

Worden, A. Z., Lee, J. H., Mock, T., Rouze, P., Simmons, M. P., Aerts, A. L., Allen, A. E.,
Cuvelier, M. L., Derelle, E., Everett, M. V., Foulon, E., Grimwood, J., Gundlach, H., Henrissat,
B., Napoli, C., McDonald, S. M., Parker, M. S., Rombauts, S., Salamov, A., Von Dassow, P.,
Badger, J. H., Coutinho, P. M., Demir, E., Dubchak, 1., Gentemann, C., Eikrem, W., Gready, J.
E., John, U., Lanier, W., Lindquist, E. A., Lucas, S., Mayer, K. F., Moreau, H., Not, F., Otillar,
R., Panaud, O., Pangilinan, J., Paulsen, 1., Piegu, B., Poliakov, A., Robbens, S., Schmutz, J.,
Toulza, E., Wyss, T., Zelensky, A., Zhou, K., Armbrust, E. V., Bhattacharya, D., Goodenough, U.

157



W., Van de Peer, Y. and Grigoriev, I. V. (2009). Green evolution and dynamic adaptations revealed
by genomes of the marine picoeukaryotes Micromonas. Science 324, 268-272.

Worley, A. C., Raper, K. B. and Hohl, M. (1979). Fonticula alba - a new cellular slime mold
(Acrasiomycetes). Mycologia 71, 746-760.

Wright, A. D. and Lynn, D. H. (1995). Phylogeny of the fish parasite Ichthyophthirius and its
relatives Ophryoglena and Tetrahymena (Ciliophora, Hymenostomatia) inferred from 18S ribosomal
RNA sequences. Molecular Blology and Evolution 12, 285-290.

Wright, M., Moisand, A. and Mir, L. (1979). The structure of the flagellar apparatus of the swarm
cells of Physarum polycephalum. Protoplasma 100, 231-250.

Wright, M., Mir, L. and Moisand, A. (1980a). The structure of the pro-flagellar apparatus of the
amoebae of Physarum polycephalum: relationship to the flagellar apparatus. Protoplasma 103, 69-81.
Wright, M., Moisand, A. and Mir, L. (1980b). Centriole maturation in the amoebae of Physarum
polycephalum. Protoplasma 105, 149-160.

Wright, M., Albertini, C., Planques, V., Salles, I., Ducommun, B., Gely, C., Akhavan-Niaki, H.,
Mir, L., Moisand, A. and Oustrin, M.-L. (1988). Microtubule cytoskeleton and morphogenesis in the
amoebae of the myxomycete Physarum polycephalum. Biology of the Cell 63, 239-248.

Wujek, D. E. and Timpano, P. (1986). Rufusia (Porphyridiales, Phragmonemataceae), a new red alga
from sloth hair. Brenesia 25/26, 163-168.

Wujek, D. E. and O’Kelly, C. J. (1991). Radiophrys turrisfenestrata n. sp.Rhizopoda,
(Pompholyxophryidae) from New Zealand. Archiv fiir Protistenkunde 140, 101-108.

Wylezich, C., Meisterfeld, R., Meisterfeld, S. and Schlegel, M. (2002). Phylogenetic analyses of
small subunit ribosomal RNA coding regions reveal a monophyletic lineage of euglyphid testate
amoebae (Order Euglyphida). Journal of Eukaryotic Microbiology 49, 108-118.

Wylezich, C., Radek, R. and Schlegel, M. (2004). Phylogenctische Analyse der 18S rRNA
identifiziert den parasitschen Protisten Nephridiophaga blattellae (Nephridiophagidae) als Vertreter
der Zygomycota (Fungi). Denisia 13, 435-442.

Wylezich, C., Mylnikov, A. P., Weitere, M. and Arndt, H. (2007). Distribution and phylogenetic
relationships of freshwater Thaumatomonads with a description of the new species Thaumatomonas
coloniensis n. sp. Journal of Eukaryotic Microbiology 54, 347-357.

Xu, P., Widmer, G., Wang, Y., Ozaki, L. S., Alves, J. M., Serrano, M. G., Puiu, D., Manque, P.,
Akiyoshi, D., Mackey, A. J., Pearson, W. R., Dear, P. H., Bankier, A. T., Peterson, D. L.,
Abrahamsen, M. S., Kapur, V., Tzipori, S. and Buck, G. A. (2004). The genome of
Cryptosporidium hominis. Nature 431, 1107-1112.

Yabuki, A., Inagaki, Y. and Ishida, K. (2010). Palpitomonas bilix gen. et sp. nov.: A novel deep-
branching heterotroph possibly related to Archaeplastida or Hacrobia. Protist 161, 523-538.
Yamaguchi, H., Nakayama, T., Murakami, A. and Inouye, I. (2010). Phylogeny and taxonomy of
the Raphidophyceae (Heterokontophyta) and Chlorinimonas sublosa gen. et sp. nov., a new marine
sand-dwelling raphidophyte. Journal of Plant Research 123, 333-342.

Yaman, M. and Radek, R. (2005). Helicosporidium infection of the great European spruce bark
beetle, Dendroctonus micans (Coleoptera: Scolytidae). European Journal of Protistology 41, 203-207.
Yaman, M. and Radek, R. (2007). Infection of the predator beetle Rhizophagus grandis Gyll.
(Coleoptera, Rhizophagidae) with the insect pathogenic alga Helicosporidium sp. (Chlorophyta:
Trebouxiophyceae). Biological Control 41, 384-388.

Yamaoka, 1., Kawamura, N., Mizuno, M. and Nagatani, Y. (1984). Scale formation in an ameba,
Cochliopodium sp. Journal of Protozoology 31,267-272.

Yamasaki, Y., Nagasoe, S., Matsubara, T., Shikata, T., Shimasaki, Y., Oshima, Y. and Honjo, T.
(2007). Allelopathic interactions between the bacillariophyte Skeletonema costatum and the radiophyte
Heterosigma akashiwo. Marine Ecology-Progress Series 339, 83-92.

Yokoyama, A., Scott, J. L., Zuccarello, G. C., Kajikawa, M., Hara, Y. and West, J. A. (2009).
Corynoplastis japonica gen. et sp nov and Dixoniellales ord. nov (Rhodellophyceae, Rhodophyta)
based on morphological and molecular evidence. PHycological Research 57,278-289.

Yoon, H. S., Hackett, J. D. and Bhattacharya, D. (2002a). A single origin of the peridinin- and
fucoxanthin-containing plastids in dinoflagellates through tertiary endosymbiosis. Proceedings of the
National Academy of Sciences of the USA 99, 11724-11729.

Yoon, H. S., Hackett, J. D., Pinto, G. and Bhattacharya, D. (2002b). The single, ancient origin of
chromist plastids. Proceedings of the National Academy of Sciences of the USA 99, 15507-15512.
Yoon, H. S., Hackett, J. D., van Dolah, F. M., Nosenko, T., Lidie, K. L. and Bhattacharya, D.
(2005). Tertiary endosymbiosis diven genome evolution in dinoflagellate algae. Molecular Blology and
Evolution 22, 1299-1308.

158



Yoon, H. S., Ciniglia, C., Wu, M., Comeron, J. M., Pinto, G., Pollio, A. and Bhattacharya, D.
(2006a). Establishment of endolithic populations of extremophilic Cyanidiales (Rhodophyta). BMC
Evolutionary Biology 6, 78.

Yoon, H. S., Miiller, K. M., Sheath, R. G., Ott, F. D. and Bhattacharya, D. (2006b). Defining the
major lineages of red algae (Rhodophyta). Journal of Phycology 42, 482-492.

Yoshida, M., Noél, M.-H., Nakayama, T., Naganuma, T. and Inouye, I. (2006). A haptophyte
bearing siliceous scales: Ultrastructure and phylogenetic position of Hyalolithus neolepis gen. et sp nov
(Prymnesiophyceae, Haptophyta). Protist 157, 213-234.

Yoshida, M., Nakayama, T. and Inouye, 1. (2009). Nuclearia thermophila sp. nov. (Nucleariidae), a
new nucleariid species isolated from Yunoko Lake in Nikko (Japan). European Journal of Protistology
45, 147-155.

Yoshii, Y., Takaichi, S., Maoka, T. and Inouye, I. (2003). Photosynthetic pigment composition in the
primitive green alga Mesostigma viride (Prasinophyceae) phylogenetic and evolutionary implications.
Journal of Phycology 39, 570-576.

Young, N. D., Crosbie, P. B., Adams, M. B., Nowak, B. F. and Morrison, R. N. (2007).
Neoparamoeba perurans n. sp., an agent of amoebic gill disease of Atlantic salmon (Salmo salar).
International Journal of Parasitology 37, 1469-1481.

Yu, J., Hu, S., Wang, J., Wong, G. K,, Li, S., Liu, B., Deng, Y., Dai, L., Zhou, Y., Zhang, X., Cao,
M., Liu, J., Sun, J., Tang, J., Chen, Y., Huang, X., Lin, W., Ye, C., Tong, W., Cong, L., Geng, J.,
Han, Y., Li, L., Li, W., Hu, G, Li, J., Liu, Z., Qi, Q., Li, T., Wang, X., Lu, H., Wu, T., Zhu, M.,
Ni, P., Han, H., Dong, W., Ren, X., Feng, X., Cui, P., Li, X., Wang, H., Xu, X., Zhai, W., Xu, Z.,
Zhang, J., He, S., Xu, J., Zhang, K., Zheng, X., Dong, J., Zeng, W., Tao, L., Ye, J., Tan, J., Chen,
X., He, J., Liu, D., Tian, W., Tian, C., Xia, H., Bao, Q., Li, G., Gao, H., Cao, T., Zhao, W., Li, P.,
Chen, W., Zhang, Y., Hu, J., Liu, S., Yang, J., Zhang, G., Xiong, Y., Li, Z., Mao, L., Zhou, C.,
Zhu, Z., Chen, R., Hao, B., Zheng, W., Chen, S., Guo, W., Tao, M., Zhu, L., Yuan, L. and Yang,
H. (2002). A draft sequence of the rice genome (Oryza sativa L. ssp. indica). Science 296, 79-92.
Yuan, Z., Zhang, C. and Lin, F. (2010). Role of diverse non-systemic fungal endophytes in plant
performance and response to stress: progress and approaches. Journal of Plant Growth Regulation 39,
116-126.

Yuasa, T., Takahashi, O., Honda, D. and Mayama, S. (2005). Phylogenetic analyses of the
polycystine Radiolaria based on the 18s rDNA sequences of the Spumellarida and the Nassellarida.
European Journal of Protistology 41, 287-298.

Yubuki, N., Inagaki, Y., Nakayama, T. and Inouye, I. (2007). Ultrastructure and ribosomal RNA
phylogeny of the free-living heterotrophic flagellate Dysnectes brevis n. gen., n. sp., a new member of
the Fornicata. Journal of Eukaryotic Microbiology 54, 191-200.

Yubuki, N. and Leander, B. S. (2008). Ultrastructure and molecular phylogeny of Stephanopogon
minuta: an enigmatic microeukaryote from marine interstitial environments. European Journal of
Protistology 44, 241-253.

Yubuki, N., Edgcomb, V. P., Bernhard, J. M. and Leander, B. S. (2009). Ultrastructure and
molecular phylogeny of Calkinsia aureus: cellular identity of a novel clade of deep-sea euglenozoans
with epibiotic bacteria. BMC Microbiology 9, 16.

Yubuki, N., Leander, B. S. and Silberman, J. D. (2010). Ultrastructure and molecular phylogenetic
position of a novel phagotrophic stramenopile from low oxygen environments: Rictus lutensis gen. et
sp. nov. (Bicosoecida, incertae sedis). Protist 161, 264-278.

Zhang, H. and Lin, S. (2003). Complex gene structure of the form II rubisco in the dinoflagellate
Prorocentrum minimum (Dinohyceae). Journal of Phycology 39, 1160-1171.

Zhang, J., Huss, V. A., Sun, X., Chang, K. and Pang, D. (2008). Morphology and phylogenetic
position of a trebouxiophycean green alga (Chlorophyta) growing on the rubber tree, Hevea
brasiliensis, with the description of a new genus and species. European Journal of Phycology 43, 185-
193.

Zhu, G., Keithly, J. S. and Philippe, H. (2001). What is the phylogenetic position of
Cryptosporidium? International Journal of Systematic and Evolutionary Microbiology 50, 1673-1681.
Zierdt, C. H. (1986). Cytochrome- free mitochondria of an anaerobic protozoan- Blastocystis hominis.
Journal of Protozoology 33, 67-69.

Zimmer, S. L., Fei, Z. and Stern, D. B. (2008). Genome-based analysis of Chlamydomonas
reinhardtii exoribonucleases and poly(A) polymerases predicts unexpected organellar and exosomal
features. Genetics 179, 125-136.

Zimmermann, B., Moestrup, 9. and Hillfors, G. (1984). Chrysophyte or heliozoan: ultrastructural
studies on a cultured species of Pseudopedinella (Pedinellales ord. nov.), with comments on species
taxonomy. Protistologica 20, 591-612.

159



Zlatogursky, V. V. (2010). Three new freshwater species of centrohelid heliozoans: Acanthocystis
crescenta sp nov., A. kirilli sp nov., and Choanocystis minima sp nov. European Journal of
Protistology 46, 159-163.

Zolffel, M. (1990). Taxonomie der Gattung Cercomonas Dujardin 1841, unter besonderer
Beriicksichtigung der Morphologie und Ultrastruktur von Cercomonas agilis Moroff 1904.,
Diplomarbeit dem Fachbereich Biologie der Freien Universitdt Berlin.

Zondervan, 1. (2007). The effects of light, macronutrients, trace metals and CO2 on the production of
calcium carbonate and organic carbon in coccolithophores—A review. Deep-Sea Research II 54, 524-
537.

Zrzav'y, J., Mihulka, S., Kepka, P., Besdek, A. and Tietz, D. (1998). Phylogeny of the Metazoa
based on morphological and 18S ribosomal DNA evidence. Cladistics 14, 249-285.

Zuccarello, G. C., West, J. A. and Kikuchi, N. (2008). Phylogenetic relationships within the
Stylonematales (Stylonematophyceae, Rhodohyta): biogeographic patterns do not apply to Stylonema
alsidii. Journal of Phycology 44, 384-393.

Zuccarello, G. C., Kikuchi, N. and West, J. A. (2010). Molecular phylogeny of the crustose
Erythropeltidales (Compsopogonophyceae, Rhodophyta): new genera Pseudoerythrocladia  and
Madagascaria and the evolution of upright habit. Journal of Phycology 46, 363-373.

Zwillenberg, L. O. (1953). Theratromyxa weberi, a new proteomyxan organism from the soil. Antonie
van Leeuwenhoek 19, 101-116.

160



