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The present-day biosphereis merely a tiny slice from the general cell progression,
a visible top of iceberg in ocean of time. However, although the number of
individual cell progressionsin thistiny slice represents only a small fraction of the
whole, it is enormous. Much work is needed to describe and systematize this
diversity completely. Here, | review the diversity of individual cell progressions
with special focus of formation of cell associations. Animal individual cells
progressions are reviewed in more details. To describe the formation of animal cell
associations, a notion of a closed and orientable surface is used. In contrast to
abstract mathematical surface, the real biological surface is made up not by
dimensionless points but by three-dimensional matrix with embedded cells. So, it is
actually a closed and orientable wall, since thereis a distance between its two sides.
The thickness of the wall may have regional differences in magnitude.
Additionally, the two sides of the wall can be differently designated according to
their orientation to interior or exterior of the cell association. To avoid confusion,
one must be awarethat thewall isnot a boundary of the cell association but just its
body. The complexity of animal cell association enhances gradually at different
phylogenetic and ontogenetic stages. Vertebrata display the most sophisticated
spatio-temporal organization of the wall.

Researchers are keenly interested in the propettifidation of the diverse forms
involved in their researches and the systematicasisally considered as the most
practical tool in each scientific discipline. Thiene, while researchers deal with
individual objects, scientific texts deal rathetwgroups of individuals sharing certain
similarities. In systematics, closely related induals are usually grouped into the same
species, species - into the genus, genera - imtdamily, families - into the order,
orders - into the class, and classes - into théupiy

Historically, the principal objects of research asygktematization in biology were
originally individual living things for which the amcept of an organism has been
introduced and appropriate principles of systeratitn have been elaborated. When
the multicellular nature of known organisms hasnbesvealed by a microscope and
numerous unicellular organisms have been discoyeéhedorganism concept became
very heterogeneous while ranging from the singleteemulticellular composition. The
development of reliable systematization principfes unicellular organisms as for
multicellular organisms met a number of difficulioplems which remain unresolved.
As a consequence, numerous controversial systetife afise, but no one is adopted in
biology for now.

In systematics, the main cause for all problenthas the multicellular organism is not
an universal life pattern. There are also cells doanot associate with each other during
progressive cell propagation. In contrast to mallidar organism, the individual cell
progression is an universal life pattern and igdtoge better suited to be used as a
principal supercellular object of research andesysitization in biology. It is essentially
a four-dimensional pattern of information procegsat the supercellular level of life



organization. Different individual cell progresssodisplay a broad variability in spatio-
temporal organization which mostly depends upon thdre the cells divide
symmetrically or asymmetrically, whether the asyrrioecell divisions occur
occasionally or regularly, whether the asymmetrd! dlivision is associated with
symmetric or asymmetric kinetics of the cell progi@mn, whether the cells will be
rather randomly dispersed in space to become amton® in behavior or remain in an
association to form cell colony (primary, secondatg.), whether the cell association
grows continuously or is a steady state systemgsarah.

Once originated on the Earth, the first cell fouwhdee first individual cell progression
which in turn gave rise to the general cell progi@s The life history of the general
cell progression involves the evolution of indivadicell progressions creating their
phylogenetic diversity. Evolution of individual ¢gdrogressions in turn involves the
evolution of cells creating their diversity too.idtreasonable to distinguish between the
phylogenetic and ontogenetic cell diversity. Whertdee phylogenetic cell diversity is a
result of the genome multiplication and diversifica during life history of the general
cell progression, the ontogenetic cell diversitg iesult of differential DNA expression
during life history of some individual cell progsgsns.

It must be noted that the present-day biosphemeigly a tiny slice from the general
cell progression, a visible top of iceberg in ocedntime. However, although the

number of individual cell progressions in this tislice represents only a small fraction
of the whole, it is enormous. Much work is neededléscribe and systematize this
diversity completely.

Since the evolution of individual cell progressiomginsically involves the evolution of
cells, it is reasonable first to review the phylogec cell diversity.

Phylogenetic cell diversity and separate system of cell types

The origin of the first cell, the evolution of tleell types during the Life history on the
Earth, and the phylogenetic relations between wiffecell types within the present-day
biosphere remain the matter of speculations andléloates (see, for example, Bapteste
E and Brochier C 2004, Brown JR and Doolittle WR719Cavalier-Smith T 1998,
2001, 2002a, 2002b, Deamer DW 1997, Emelyanov V¥0320Gupta RS 1998,
Margulis L 1996, Martin W and Russell MJ 2003, We&R 1998, 2000, 2002, Woese
CRet al2000).

The phylogenetic cell diversity can be summarizecaacompact system of cell types
(Table 1). To avoid confusion, an independent ni¢naof taxonomic categories is used
in this system: individuals are grouped into thensashoot, shoots - into the sprig,
sprigs - into the twig, and twigs - into the branch



Table 1. System of phylogenetic cell types

Branch 1. Bacteria
Twig 1. Unibacteria
Sprig 1. Posibacteria
Shoot 1. Actinobacteria (5 orders of individuall gebgressions)
Shoot 2. Dictyoglomi (1 species of individual getbgressions)
Shoot 3. Firmicutes (3 classes of individual cefigressions)
Shoot 4. Thermotogae (7 genera of individual celbpessions)
Sprig 2. Archaebacteria
Shoot 1. Crenarchaeota (5 orders of individual pelgressions)
Shoot 2. Euryarchaeota (8 classes of individudlprelgressions)
Twig 2. Negibacteria
Sprig 1. Eobacteria
Shoot 1. Chloroflexi (6 orders of individual cetliggressions)
Shoot 2. Deinococci (2 families of individual cptogressions)
Sprig 2. Glycobacteria
Shoot 1. Acidobacteria (2 families of individuallqgarogressions)
Shoot 2. Aquificae (2 families of individual cellqggressions)
Shoot 3. Bacteroidetes (3 orders of individual petigressions)
Shoot 4. Chlamydiae (5 families of individual getbgressions)
Shoot 5. Chlorobi (5 genera of individual cell preggions)
Shoot 6. Chrysiogenetes (1 species of individuklpregressions)
Shoot 7. Cyanobacteria (7 orders of individual petigressions)
Shoot 8. Deferribacteres (5 genera of individudllpp@gressions)
Shoot 9. Fibrobacteres (3 species of individudlpegressions)
Shoot 10. Fusobacteria (7 genera of individual pelbressions)
Shoot 11. Gemmatimonadetes (1 species of individelhprogressions)
Shoot 12. Lentisphaerae (2 genera of individudlprelgressions)
Shoot 13. Nitrospirae (4 genera of individual gethgressions)
Shoot 14. Planctomycetes (6 genera of individuthlpzegressions)
Shoot 15. Proteobacteria (5 classes of individallprogressions)
Shoot 16. Spirochaetes (3 families of individudl peogressions)
Shoot 17. Thermodesulfobacteria (3 genera of iddii cell progressions)
Shoot 18. Verrucomicrobia (2 orders of individuall progressions)
Branch 2. Karyota
Twig 1. Unikonta
Sprig 1. Amoebozoa
Shoot 1. Acanthamoebida (2 genera of individudlp@lgressions)
Shoot 2. Entamoebida (2 genera of individual cedgpessions)
Shoot 3. Lobosea (2 orders of individual cell pesgions)
Shoot 4. Mycetozoa (5 to 8 orders of individual pebgressions)
Shoot 5. Pelobionta (2 families of individual getbgressions)
Sprig 2. Opisthokonta
Shoot 1. Animalia (21 to 38 phyla of individual lgetogressions)
Shoot 2. Choanoflagellata (3 families of individaall progressions)
Shoot 3. Fungi (4 to 5 phyla of individual cell gressions)
Shoot 4. Microsporidia (20 to 22 families of indlvial cell progressions)
Shoot 5. Nucleariida (2 genera of individual cetgressions)
Twig 2. Bikonta
Sprig 1. Cabozoa
Subsprig 1. Rhizaria
Shoot 1. Acantharea (3 orders of individual cefigressions)
Shoot 2. Athalamea (2 genera of individual cellgpessions)
Shoot 3. Cercozoa (3 to 9 orders of individual pefigressions)
Shoot 4. Foraminifera (6 to 8 orders of individaall progressions)
Shoot 5. Haplosporidia (4 genera of individual petigressions)



Shoot 6.
Shoot 7.
Shoot 8.
Subsprig 2.
Shoot 1.
Shoot 2.
Shoot 3.
Shoot 4.
Shoot 5.
Shoot 6.
Shoot 7.

Paramyxea (2 genera of individual celppzesions)
Plasmodiophorida (7 genera of individedll grogressions)
Polycystinea (6 families of individuallgalogressions)
Excavata

Diplomonadida (2 families of individuallgaogressions)
Euglenozoa (7 to 9 orders of individudl megressions)
Heterolobosea (2 orders of individual petigressions)
Jakobidae (3 genera of individual celppessions)
Malawimonadida (2 species of individudll peogressions)
Oxymonadida (3 families of individual galbgressions)
Parabasalida (3 orders of individual peiressions)

Sprig 2. Corticata
Subsprig 1. Alveolata

Shoot 1.
Shoot 2.
Shoot 3.
Shoot 4.
Shoot 5.
Subsprig 2.
Shoot 1.
Shoot 2.
Shoot 3.

Apicomplexa (5 to 9 orders of individuall progressions)
Ciliophora (9 classes of individual cebgressions)
Dinoflagellata (11 to 13 orders of indiadicell progressions)
Ellobiopsida (2 species of individual gethgressions)
Perkinsea (2 genera of individual celgpessions)

Plantae

Glaucophyta (5 families of individual galbgressions)
Rhodophyta (2 classes of individual cedbpessions)
Viridiplantae (3 phyla of individual cellogressions)

Subsprig 3. Chromista

Shoot 1.
Shoot 2.
Shoot 3.
Shoot 4.
Shoot 5.
Shoot 6.
Shoot 7.
Shoot 8.
Shoot 9.

Shoot 10.
Shoot 11.
Shoot 12.
Shoot 13.
Shoot 14.
Shoot 15.
Shoot 16.
Shoot 17.
Shoot 18.
Shoot 19.
Shoot 20.
Shoot 21.
Shoot 22.
Shoot 23.
Shoot 24.
Shoot 25.

Actinophryida (2 genera of individual qaibgressions)
Bacillariophyta (3 classes of individuall progressions)
Bicosoecida (5 genera of individual cedigressions)
Blastocystis (6 species of individual petigressions)
Bolidophyta (2 species of individual ggtbgressions)
Centroheliozoa (3 families of individuallg@rogressions)
Chrysomerophyta (1 species of individe#llfrogressions)
Chrysophyta (6 to 9 orders of individugl progressions)
Cryptophyta (2 to 4 families of individeall progressions)
Developayella (1 species of individudll megressions)
Dictyochophyta (2 orders of individudl peogressions)
Eustigmatophyta (5 genera of individedll grogressions)
Haptophyta (4 to 5 orders of individuell progressions)
Hyphochytriomyceta (2 species of indiaidtell progressions)
Labyrinthulida (2 families of individuzg!l progressions)
Oikomonada (1 species of individual pedigressions)
Oomyceta (6 to 8 orders of individual pebgressions)
Opalinida (4 genera of individual cetigmessions)
Pelagophyta (7 genera of individual pedressions)
Phaeophyta (11 to 14 orders of individed|progressions)
Phaeothamniophyta (2 orders of individe#llprogressions)
Pinguiophyta (4 genera of individual petigressions)
Placididea (2 genera of individual cetigressions)
Raphidophyta (5 genera of individual padigressions)
Xanthophyta (4 orders of individual gethgressions)

Bikonta incertae sedes:
Shoot Apusomonadida (2 genera of individual cedigoessions)




Differences between prokaryotic and eukaryoticscellth respect to spatio-temporal
organization, as first defined in the 1930s by @ratnd more fully developed in the
1960s by Stanier and Van Niel, are of so profoungdrtance and significance that
systematists still prefer to claim the prokaryotéagyota dichotomy as the most basic
in cellular world (Cavalier-Smith T 1998, Marguliset al 2000, Vellai T and Vida G
1999). So, cells are usually grouped into two mamxa: Bacteria (unnecessary
synonym: Prokaryota) and Karyota (unnecessary syndeukaryota). In system of cell
types, these taxa can be ranked as branches. Whacich emerges first, Bacteria or
Karyota, is unclear (Bapteste E and Brochier C 20Whether the first cell was a
bacterium or a karyote is also not clear (BaptEsé@d Brochier C 2004).

Differences between bacterial cells with a singdd smembrane and cells with two
concentric cell membranes are usually weighed highan others if one wishes to
divide Bacteria into separate groups (Cavalier-8riit1998, 2002a, Gupta RS 1998,
2000). Therefore, bacterial cells are sometimesgd into taxa Unibacteria (synonym
Monodermata) and Negibacteria (synonym Didermataghvcan be ranked as twigs in
separate system of cell types. Which bacterial temgerges first, Unibacteria or
Negibacteria, is unclear.

Among Unibacteria, differences in cell membrane position give reason to recognize
two large groups: Posibacteria and Archaebact&mvdlier-Smith T 1998, 2002a).
These taxa can be ranked as sprigs in separa@rsgsicell types. Posibacteria usually
exhibit Gram-positive staining which suggest thenaaof the taxon. Archaebacteria are
unique with regard to the composition of the cemiorane which is built rather by
isoprenoid ether lipids than by acyl ester lipiileey are also unusual in metabolism
(Schéfer Get al 1999). Some are known to be able to produce methEme others are
sulfate reducers. Many Archaebacteria live in emgeenvironments. Some prefer
habitats like geysers whose temperature exceedsothloiling water or like black
smokers with very salty, acid, or alkaline hot wa®thers prefer cold habitats like
glaciers. These extreme hostile conditions are walusoday but may have been
prevalent on the early Earth. The question whether earliest bacterium was a
posibacterium, an archaebacterium or a common tordesm which they both evolved
independently is unclear at present. PosibactedaNegibacteria are sometimes joined
in a clade Eubacteria. On the contrary, Archaebiactend Karyota are joined in a clade
Neomura. Posibacteria involve four taxa which canrénked as shoots in separate
system of cell types, Archaebacteria - only two.

Negibacteria are characterized by secondary cethbngne and, therefore, mostly
exhibit Gram-negative staining which suggest the@af the taxon (Cavalier-Smith T
1998, 2002a). Differences in the composition ofdh&er cell membrane allow to divide
Negibacteria into two separate groups: Eobacteria@ycobacteria. These taxa can be
ranked as sprigs in separate system of cell typdsobacteria, both leaflets of the outer
cell membrane are built by phospholipids. In Glyactieria, the outer leaflet of the outer
cell membrane is built rather by lipopolysacchasid&ince lipopolysaccharide synthesis
Is immensely more complex than phospholipid synshasd is unlikely to evolve first,

it is suggested that Eobacteria are more ance@@aalier-Smith T 1998, 2002a).
Eobacteria involve two taxa which can be rankedlasots in separate system of cell
types. Glycobacteria are more diverse and contBhshoots some of which tend to



group with each other (for example, Bacteroidetesl &hlorobi, Chlamydiae,
Lentisphaerae and Verrucomicrobia, FibrobacteresAamdobacteria).

At current stage, the knowledge of bacterial caledsity in the biosphere is likely still
incomplete and the list of bacterial cell typesdemo lengthen (Curtis TEt al 2002,
Hugenholtz Pet al 1998, Rossell6-Mora R and Amann R 2001, Ward BB220
Whitman WBet al 1998, Zinder SH and Dworkin M 2001). Thereforee gystem of
bacterial cell types may change drastically in feitu

Among Karyota, the fundamental difference betweareatrally uniciliate and biciliate
cells gives reason to distinguish two large grougsikonta and Bikonta (Cavalier-
Smith T 2002b, 2003). It is argued that the commocestor of Unikonta probably had
only a single centriole and cilium per kinetid. some bicentriolar Unikonta, the
anterior cilium remains anterior in successive gelherations and does not transform
into a posterior one. On the contrary, a major esthalerived character of all Bikonta is
just a ciliary transformation in which the anter@lium and its associated roots are
always the first formed but, in the next cell gextiens, they undergo often marked
changes in structure and function to become a sporaling posterior organelles. Taxa
Unikonta and Bikonta can be ranked as twigs in isgpasystem of cell types. Which
karyotic twig emerges first is unclear.

Among Unikonta, two large groups can be recogniZedoebozoa and Opisthokonta
(Cavalier-Smith T 2002b, 2003). These taxa canab&ed as sprigs in separate system
of cell types. Amoebozoa ancestrally had an anteadum. On the contrary,
Opisthokonta ancestrally had a single posteriouroilwith a bicentriolar kinetid. This
contrasting ciliary orientation may reflect a primalivergence in feeding mode of the
first karyotes. It suggests that Amoebozoa and B&amay be sister clades, jointly
called Anterokonta. Amoebozoa involve five taxa ethican be ranked as shoots in
separate system of cell types, Opisthokonta -falso

Bikonta also may be divided into two large grou@abozoa and Corticata (Cavalier-
Smith T 2002b, 2003). In contrast to Cabozoa, Catdi have a relatively rigid cell
cortex, often supported by microtubules, some atlvioriginate as ciliary roots made
of distinctive bands of aggregated microtubulest lack evenly radiating single
microtubules resembling aster. Cabozoa involveaka which can be ranked as shoots
in separate system of cell types. Among Cabozoa, smbsprigs, Rhizaria (8 shoots)
and Excavata (7 shoots) can be recognized. Catara more diverse and contains 33
shoots which may be grouped in three subsprigsedata (5 shoots), Plantae (3
shoots), and Chromista (25 shoots). The positioonef bikont shoot, Apusomonadida,
is unclear.

Although extremely successful due to the numbenditidual cell progression species,
Animalia, Fungi, and Viridiplantae represent notrenthan only three of 59 karyotic
cell types with a rank of a shoot.

In comparison with Bacteria, the knowledge of kaigyoell diversity in the biosphere is
more complete, although many cell types are sbidirly studied. Moreover, as last two
decades show, Karyota seem to be much less diverserms of spatio-temporal



organization of the cells than previously thoughd @he list of their cell types rather
shortens than lengthens (Cavalier-Smith T 1998,2B0®003, Corlis JO 2002,
Patterson DJ 1999, Taylor FIJR 2003). Therefore fuhee research will undoubtedly
change the system of karyotic cell types as well.

Diversity of individual cell progressions and formation of cell associations

Since the spatio-temporal organization of individoall progressions is much more
variable than that of cells, it is not surprisinghat the diversity of individual cell

progression types is enormous. This diversity ddpeagreatly on the phylogenetic cell
type (Table 1).

Here, the diversity of individual cell progressioissreviewed with special focus on
formation of cell associations. Therefore, morergion is paid to phylogenetic cell
types by which the formation of cell associatioketa place during the life history of
individual cell progressions.

A. Bacteria

In Bacteria, most individual cell progressions @hnaracterized by dispersion of cells in
environment.

However, it is now recognized that dispersed b&dteells are often found in close
association with surfaces and interfaces formirgséoaggregates known as biofilms
(Branda Set al 2005, Crespi BJ 2001, Davey ME and O'Toole GA 2000the nature,
the biofilm usually houses a mixture of cells begmg to different individual cell
progression species. Single-species biofilms atieeraartificial products created for
research purposes. The biofiims are as diversdas ¢onstituent cells. The biofilm
offers its member cells several benefits. Its fdrama and maintenance critically
depends upon production of substances for extenairices of cells (Branda & al
2005). Under different environmental conditionsge thery same substances play
different roles within biofilm.

Some dispersed bacterial cells have a relativelgstemt habitat, but others are
subjected to environmental conditions that freglyecttange and the cell must alternate
between two or many structural and functional st@avorkin M 2001).

Additionally, in some bacterial individual cell messions with disperse cell
arrangement, cells can closely aggregate into sisapémporary cell associations.

This modus is characteristic for proteobacteri@eorMyxococcales which dispersed
cells live in the soil and feed on other bactebad DN et al 2000, Dworkin M 2001,
Raven PHet al 1999, Zinder SH and Dworkin M 2001). In superpositof different
growing individual cell progressions, the cells aibu stay together in loose
associations in which the digestive enzymes settgtendividual cells are pooled, thus
increasing the efficiency of feeding. When nutrgerdre exhausted, further cell
propagation is ceased and cells glide toward angreggtion centers producing
numerous mounds of cells. In each mound, cellstjgitly into a fruiting body, within



which any cells differentiate into spores. A fragi body is a chimerical association

containing cells from different individual cell geessions. It can contain more or less
elaborate stalk. The majority of the cells diehe process of forming fruiting bodies.

Also in fruiting body, only spores survive and bewdispersed in environment. When
the conditions are more favorable, the spore gextesto continue expansion of

individual cell progression. The same individuall geogression repeatedly takes part
in formation of the fruiting bodies.

Numerous bacterial individual cell progressions @raracterized by formation of cell
associations (Dworkin M 2001, Zinder SH and Dworkin2001). Bacterial primary

cell colony may be formed as a cell pair, roséetipha, flat square, cuboid packet,
clump, or sphaera. Secondary cell colony ranges fsimple branching colony of

hyphae to the three-dimensional mycelium.

Cell associations in form of a multinucleoid plastumn are also known.
Unibacteria: Posibacteria: Thermotogae

In variety of Thermotogae, the progressive cellppigation is accompanied by the
formation of cell pairs, hyphae, and sphaerae (H&and Hannig M 2003). In genus
Thermosiphpthe hypha can contain up to 12 cells surrounde@ heath. In genus
Fervidobacteriumthe primary cell colony is either a short hyphamall sphaera of up
to 7 cells, or a large irregular aggregate of upQaells.

Unibacteria: Posibacteria: Firmicutes

In variety of generaRacillus, Clostridium Desulfotomaculum, Sporolactobacillus
Sporosarcina Thermoactinomycesetc.), the cell can change from symmetric to
asymmetric cell division if conditions become hles{{Angert ER 2005, Dworkin M
2001, Errington J 2003, Zinder SH and Dworkin M 2P00During asymmetric cell
division, both chromatids adopt a novel configunatstretching from the one pole of
the cell to the other. The cell division machinasgembles at both poles of the cell, but
cytokinesis occurs at only one pole. A portion aeahromatid is first trapped by the
division septum and becomes then packaged interttadler cell, a forespore. Daughter
cells remain attached to each other forming apzetl The larger daughter cell, unlucky
designated as mother cell, then fully encloseddhespore which differentiates into an
endospore. Since the matrix of the larger cell $aart on endospore formation, the
endospore has two concentric cell membranes. Tmditton can be a prerequisite of a
negibacterial cell type origin. If the maturatio the endospore is complete, the
remnant matrix of the larger cell eventually lysasd dies. The endospore is
extraordinarily resistant to most external extrerftemperature, desiccation, chemical
agents, radiation, physical disruption, etc.) aad emain metabolically quiescent for a
considerable period of time.

In generaAnaerobacter Epulopiscium and Metabacterium(Angert ER 2005, Angert
ER et al 1996, Angert ER and Losick RM 1998), the cell ugdes asymmetric cell
division first after it contains three or more cmatids. Then, it divides at both poles so
that two smaller cells a formed. They both becomguéfied by the larger cell within



which they propagate progressively producing midtfprespores. Il\naerobacteiand
Metabacterium all forespores become mature endospores withen"thother” cell
before they become released Hpulopiscium the forespores remain rather active than
dormant when they become released.

In genusArthromitus (Angert ER 2005), the progressive cell propagatiesults in
formation of a long hypha attached to host ileurmctecell within the hypha is able to
undergo asymmetric cell division if environmentahditions become unfavorable. The
smaller cell usually divides ones producing two niiteal cells which either are
immediately released or become encased in a conspure coat.

In generaStreptococcuandLactobacillus cells are held together in hyphae (Zinder SH
and Dworkin M 2001).

In genusSarcing the progressive propagation of coccoid cellsltesao formation of
cuboid packets which in turn are held together fogva long packet chains (Zinder SH
and Dworkin M 2001).

Unibacteria: Posibacteria: Actinobacteria

In Actinobacteria (Angert ER 2005, Dworkin M 20(Raven PHet al 1999, Wosten
HAB and Willey JM 2000), when the founder cell presgively propagates, the
progeny cells remain tightly associated in a prynall colony, forming a short hypha
which then branches giving rise to a growing seeopnctell colony where hyphae
become more and more intricately interwoven. InugeBtreptomycesthe secondary
cell colony is distinguished by a marked tendenoward radial spreading and
branching and resembles the fungal mycelium. hegipenetrates into the substrate or
travels along its surface. After a number of hafrsubstrate growth, the colony begins
to develop vertically forming aerial hyphae. Whemditions in environment become
unfavorable, any cells in aerial hyphae differdstiato spores, which can survive even
in extremely hostile conditions. Whereas other scadf the colony die rather by
apoptosis, the spores are dispersed in environrganh spore monitors its environment
and, if conditions are favorable, germinates ar@pagates forming new primary and
secondary cell colony respectively. So, spores ritrie to distribution of the
individual cell progression in the environment.cilslony, each cell can become a new
founder cell.

Negibacteria: Eobacteria: Deinococci

In Deinococcaceae (Murray RGE 1999), the cells mayeld together in pairs and in
tetrads.

In genusThermus(Williams RAD and Da Costa MS 1999), the cells haedd together
in short or long hyphae. Unusual rotund forms ef phimary cell colony are sometimes
seen in liquid cultures. The "aggregation” type, édgample, consists of several cells
bound together by the external layer of the cellebmpe. This layer encloses not only
the cells but also a large intercellular space.vésicular” type is seen as developing
from an extended bleb on the surface of a sindle ce



Negibacteria: Eobacteria: Chloroflexi

In Chloroflexi (Hanada S and Pierson BK 2002), ¢béls are mostly held together in a
hypha with gliding maotility. In genu€hloronemathe hyphae are often spirally twisted
and thickly sheathed. In gen@scillochloris the hypha may be surrounded by a thin
layer of slime.

Negibacteria: Glycobacteria: Aquificae

In genera such a&quifex HydrogenobacterHydrogenobaculumHydrogenothermuys
Thermocrinis the cells may be held together in cell pairs (&tuR and Eder W 2002).
Additionally, large aggregates, containing up t@wtb100 cells, may be formed in
generaAquifex Hydrogenothermysand Thermocrinis Within a permanent flow of
medium under exposure to air, ftinevitro colony of the genu$hermocrinisgrows in
streamer-like cell masses predominantly composéohgf hyphae.

Negibacteria: Glycobacteria: Bacteroidetes

In genusFlexibacter (Dworkin M 2001), the rod-shaped cell grows andlengoes
progressive cell propagation producing long, thlikadhyphae. The hyphae then
fragments into shorter hyphae which continue tomgamd fragment. Alternatively, the
hyphae can fragment into rod-shaped cells.

Negibacteria: Glycobacteria: Chlorobi

In Chlorobi (Overmann J 2000), the cells may diviigebinary and ternary fission. In
genusChloroherpetonthe cell is a long filament, highly flexible, antbtile by gliding.

In genusChlorobium long chains of almost spherical cells may be frm growing

in vitro culture during stationary phase. Strains withigiidrmorphology can form coils
of C-shaped cells. In gentelodictyon ternary fission leads to the formation of large
three-dimensional nets.

Negibacteria: Glycobacteria: Planctomycetes

In Planctomycetes (Ward KWt al 2004), rosettes or aggregates are formed by many
spherical cells joined together at the distal tbpsheir stalks. In genuksosphaerathe

cell colony is a hypha that moves by gliding.

Negibacteria: Glycobacteria: Cyanobacteria

In Cyanobacteria, the formation of cell associaia®m abundant (Dworkin M 2001,
Meeks JC and Elhai J 2002, Raven &l 1999, Van den Hoek €t al 1995).

In some orders, the typical primary body plan isypha. In orders Oscillatoriales and
Stigonematales, hypha is rather a long chain wginakdiameter throughout the whole
length. In order Nostocales, the hypha may be edhghort trichome tapered from one
end to other as in family Rivulariaceae or a lohgic as much as a meter in length as
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in family Nostocaceae. In the hypha, cells ofteovshsigns of differentiation. In
nostocaceal genusnabaenafor instance, cells take on a distinctive charaat regular
intervals along the hypha and become able to imratp atmospheric nitrogen into
organic molecules. These few specialized cellsnapee larger than other cells in a
hypha and have an especially thickened cell wath&intain anaerobic conditions, since
nitrogen fixation can not occur in the presencehaf oxygen. They perform nitrogen
fixation for their neighbors and share the prodwats them. Generally, the hypha may
break into fragments which separate and develapnetv hyphae. Additionally, some
cells in the hypha can differentiate into sporealled akinetes, which survive
unfavorable environmental conditions and give ts@&ew hyphae contributing to the
distribution of the individual cell progressiontime environment (Moore Bt al 2004).
Hyphae may be dispersed in space or held togeth&rsecondary cell colony within a
thin gelatinous matrix.

In order Pleurocapsales (Angert ER 2005, Dworkir2001, Montejano G and Leodn-
Tejera H 2002), the cell termed a baeocyte isaliytiphototactic and motile by gliding
until it becomes covered by a thick, fibrous sheaththis point, the baeocyte tends to
become attached to any surface and then undergoggsepsive DNA replication
increasing in size. In some species of gddesnocarpathe size increase is as much as
1000-fold. When the maximum size has been reacties, bacterial multinucleoid
plasmodium undergoes multiple fissions within thedus sheath which then ruptures,
releasing the numerous small baeocytes. In geDasmocarpella the growing
plasmodium becomes rather ovoid and pyriform andetgoes asymmetric binary
fission. The smaller portion remains attached gooitiginal site and continues growth.
The larger portion undergoes subsequent divisionfotm the baeocytes. In genus
Pleurocapsa the growing initial plasmodium gives rise to theanching colony of
plasmodia attached to each other. Each plasmodamundergo multiple divisions to
produce baeocytes.

In order Chroococcales, the primary cell colony rbayeither an irregular lump or a
more or less accurate sphaera.

Cyanobacterial hyphae and sphaerae can contral gbsition in the water column to
obtain the optimum amount of light and nutrients.

Negibacteria: Glycobacteria: Proteobacteria

In variety of genera, the cells may be held togeiheell pair, rosette, or hypha (Angert
ER 2005, Dworkin M 2001, Hanson RS and Hanson T8 1Yurkov VV and Beatty
JT 1998, Zinder SH and Dworkin M 2001).

In genusCaulobacter(Dworkin M 2001, Zinder SH and Dworkin M 2001) etliree-

swimming, non-growing, flagellate cell attaches ttee substratum, takes off the
flagellum, and changes to the stalked sessile st#ge¢hen grows and divides
asymmetrically producing two cells attached to eatiter. The bottom daughter cell,
unlucky designated as mother cell, remains statieti sessile. It will then grow to be
replaced by the next cell pair. The top daughtdrpreduces flagellum, detaches from
its sister, and become free-swimming and non-grgwilh will then attach to the
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substratum to transform into new stalked cell, thastributing to the distribution of
individual cell progression in space. Many stalketls may be held together in a cell
colony in form of a rosette.

In genusBdellovibrio (Angert ER 2005, Dworkin M 2001), the free-swimgimon-
growing, flagellate cell attaches to any negibaatgrey cell and penetrates its outer
membrane by rapid rotation. It sheds the flagelamd enters the periplasm of the prey
cell. It then grows but does not divide so thabrgl curved multinucleoid plasmodium
is formed. Once the prey cell cytoplasm is consyntieel plasmodium ceases growth
and fragments into flagellate cells. These cekntlyse the prey cell and swim off, each
ready for the next encounter with a new susceplibt cell.

In genus Rhodomicrobium(Dworkin M 2001), the free-swimming, non-growing,
flagellate cell sheds its flagellum, becomes a ikgsstalked cell, and begins to
propagate progressively in the presence of optiemalironmental conditions. The
progeny cells remain in connection to each otheniiog a branching colony of hyphae.
Alternatively, the colony produces both the freemming, non-growing, flagellate
cells and spores.

Growing in vitro colonies of the genuBscherichiaexhibit a complex structure with
some areas undergoing cell death and reproducgorg bimited to a small number of
cells at the colony edge (Crespi BJ 2001).

Unibacteria: Archaebacteria: Crenarchaeota

In variety of genera, cell association occurs imfaf cell pair, short hypha, or grape-
like aggregate (Huber H and Stetter KO 2002). Inugdyrodictium cell association
grows as a three-dimensional network of cells amttaeellular hollow tubules,
cannulae, which interconnect the cells. In liquittures, the network forms flakes of up
to 10 mm in diameter, visible by the naked eydjrmyrwhite balls about 1 mm in size.

Unibacteria: Archaebacteria: Euryarchaeota

In variety of genera, cell association occurs mf@ cell pair, tetrad, cluster, aggregate,
or hypha (Bertoldo C and Antranikian G 2003, BoAitd and Boone DR 2004, Garcia
JL et al 2001, Whitman WBet al 1999, Whitman WB and Jeanthon C 2002). Hyphae
differ in length.

These examples surely testify to the ability of tBaa to exploit intercellular
interactions and communication to facilitate thedaptation to changing environmental
parameters.

B. Karyota

In Karyota, numerous individual cell progressiome aharacterized by dispersion of
cells in environment.
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Likewise, in some karyotic individual cell progresss with disperse cell arrangement,
cells can aggregate into simplest temporary assocgas well.

One example are individual cell progressions of riingcetozoal order Dictyosteliida
(Cavender JC 1990, Dao D#tl al 2000, Raven Pldt al 1999). Two monogenomic cells
fuse and build a giant zygote which digests alldtieer monogenomic cells adjacent to
it. When it has eaten all of them, it encysts ftgel thick wall and undergoes meiosis.
Tetrads progressively propagate producing fouraditr cell progressions and then
monogenomic cells are liberated from the cyst. Fremogenomic cells propagate
further to continue expansion of the individuall ggbgression which superposes with
others. When food supply is exhausted, tens of sdwods of cells from different
individual cell progressions join together to fomoving streams of cells that converge
at a central point. Here they pile atop one anathgroduce a conical mound called a
tight aggregate. Subsequently, a tip arises attdpeof this mound, and the tight
aggregate bends over to produce the migrating witigthe tip of the front. The slug,
also called a grex or a pseudoplasmodium, is us@at 4 mm long and is encased in a
slimy sheath. Moving with its anterior tip slighttgised, it migrates to leave dark and
moist environment. When reaching an illuminatecaatbe slug ceases migration and
transforms into fruiting body composed of a tubuttalk and a spore case. Within
fruiting body, cells differentiate either into s¢atells or into spore cells. Whereas the
spore cells disperse in environment where theyprapagate further after a period of
dormancy, the stalk cells inevitably die. After m@mation, spore can take part in
growth of the individual cell progression. The sanmelividual cell progression
repeatedly takes part in formation of the fruitbnagies.

With some differences in how it occurs, this paitef transitory cell association
appears also among the heteroloboseal order Aerg8thnton RL 1990). In this
respect, the karyotic Dictyostelida and Acrasiégsemble bacterial Myxococcales.
Long treated together as cellular slime molds, yoistelida and Acrasida are now
recognized to be quite unrelated to each othehodlgh very similar, their patterns of
temporal cell association seem to evolve separately

In contrast to Bacteria, there are much more karyotlividual cell progressions which
are characterized by association of the cells.

Although hypha and sphaera remain typical body pfahe primary cell colony also in
Karyota, they are often more complex as in Bact&S@me Karyota also appear to be
very much better at organized division of laborcell association. Also in Karyota,
hyphae and sphaerae can form secondary cell celoH@ewever, karyotic secondary
cell colonies are usually much more sophisticaethd@acteria. Some colonies sustain
growth perpetually, others generally have a deteatei period of growth after which
they maintain steady state mass.

Hyphae and sphaerae often have plasmodial charather nuclei flow freely in
plasmodium. According to the mode of formation, tiypes of plasmodia are usually
distinguished: a coencyte and a syncytium. A coenisyformed if karyokinesis is not
accompanied by cytokinesis during progressive pedpagation. On the contrary, a
syncytium is formed if some uninucleate cells ftegether.
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Unikonta: Amoebozoa: Entamoebida

In few species of genusntamoebaimmature cyst contains 1, 2, or 4 nuclei. When
mature, cyst contains 8 or even 16 nuclei.

Unikonta: Amoebozoa: Lobosea

Lobosea (Goodkov A\et al 1999, Smirnov AV and Goodkov AV 1999) are actually
plasmodia that move by means of so-called amoebwmgement and do not have
constant body form. The locomotive form is the megiresentative characteristic. The
diversity of locomotive forms is broad, but notiamted.

In genusChaosof the order Euamoebida, there are from two t@isshhundred nuclei
per plasmodium. The plasmodium body is polypodahvgitrong tendency to adopt
elongated form in continuous rapid locomotion. Hindity to cyst formation has been
reported forChaos illinoisensenly.

In order Leptomyxida, multinucleate plasmodia w&ho several hundred nuclei are
common. Within the plasmodium, nuclei propagate ufiameously. When fully
extended, the plasmodium may be 3 mm or more igtherCysts produced by local
condensation of cytoplasm are also multinucleatgo Pplasmodia merge to form a
chimerical plasmodium.

In genusPhreatamoebathe flattened plasmodium with a single broad deeodium

bearing numerous subpseudopodia contains up toudeinPlasmodia range in size
from 11 to 160 mm and vary in shape from elongébeldterally expanded. Their form
is irregular and changes continuously but slowlyucldi propagation is usually
synchronous, although asynchronous propagation dwmesir rarely. Plasmodium
fragmentation occurs independently from nuclei pggiion. Cysts are spherical. By
budding, the plasmodium produces flagellate uneatel cells which swim away. The
flagellate cell may also crawl across a substrdtyrmeans of temporary pseudopodia.

Unikonta: Amoebozoa: Mycetozoa

In Myxogastria (Frederick L 1990, Novozhilov Y&t al 2000, Raven PHet al 1999,
Sujatha Aet al 2005), the zygote gives rise to a multinucleassiplodium. Nuclei flow
freely in the plasmodium and divide synchronoudbpw once every 24 hours. The
plasmodium creeps along and phagocytizes decayiatgrial. Different plasmodia
usually fuse to build a chimerical plasmodium whhells by further growth and
becomes increasingly meshed. Cytoplasm exhibitssgionous streaming. The
plasmodium may become very large, with millions mafclei, but ultimately, when
conditions are adverse, it forms a series of sinathps, each of which becomes a
fruiting body. Within the sporangium of the fruigrbody, the digenomic nuclei may
either become a digenomic spores or undergo meilfsise meiosis occurs, tetrads
become immediately isolated into spores which ardéd released and dispersed in
environment. Inside the spore, the cell differeesaeither into an amoebae-like cell or
into a flagellated cell. Under favorable conditiorspore germinates and liberates

14



mature cell. Free-living cell can repeatedly trafiecentiate, but only cells of the same
differentiation type can fuse to form new zygote.

Unikonta: Amoebozoa: Pelobionta

In genusPelomyxa(Whatley JM and Chapman-Andresen C 1990), more ¢hdozen
of species have been described in the past, but oidekem seem either to represent
different stages of the life history of the sameagsPelomyxa polustrier to be color
variants of these stages resulting from the typ&oodl. The life history begins with a
small binucleate amoeboid cell. Its nuclei are déarghe cell grows to a plasmodium
which can contain up to 1000 or more nuclei. Inspladium, nuclei propagate
simultaneously and synchronously. While a mitofpparatus is lacking, the nucleus
simply pinches apart into two nuclei by divisionurihg the active feeding and growth
phase, the plasmodium obtains an elongated andl almpe and a well-developed
posterior, villous uroid. Later, during the sta@goy phase, the plasmodium becomes
spheroidal and lacks an uroid. It can either redgdctly to the active stage or undergo
plasmotomy to produce cysts. Cysts with two ordheavelops are also multinucleate.
Large plasmodia are fragile and often fragment ibyady or multiple division. In early
spring, the plasmotomy gives rise to small binuel@anoeboid cells.

Bikonta: Cabozoa: (Rhizaria): Acantharea

In most Acantharea (Febvre J 1990), the biflagellegll develops usually into an
uninucleate amoeboid which then propagate withoytokinesis producing a

multinucleate plasmodium. The plasmodium may adternbetween amoeboid and
radiolarian forms. A radiolarian has an elaborabeenalized skeleton composed of long
spines which are distributed very regularly. Thedorction of biflagellate cells may

take place in an oval cyst after complete remodetih plasmodium. These cells are
then shed, but their fate remains unknown.

In genusHaliommatidium the single nucleus does not divide during feeaind growth
phase, but increases in size by progressive potipadion. During encystment,
depolyploidization occurs, abruptly restoring nucte a more normal size. This
progressive karyokinesis is followed by fragmetatof the cytoplasm. After a series
of transformation, oval flagellate cells are shed.

Bikonta: Cabozoa: (Rhizaria): Cercozoa

In Chlorarachniophyceae (Hibberd DJ 1990, Van derekdC et al 1995), naked
amoeboid uninucleate cells are united via filopadta net-like plasmodium. Each cell
can transform itself into coccoid resting staggduce uniflagellate zoospore. It has
been suggested that resting stages appear tod&oaiilve rise directly to the amoeboid
cells and also to zoospores via tetrads. Ultimatidg zoospores appear to give rise
directly to amoeboid cells.

In cercomonadid genu€ercomonas(Mylnikov AP and Karpov SA 2004, Van den

Hoek C et al 1995), the progressive cell propagation can berapanied by the
production of more or less flattened plasmodiumhvget of flagella and contractile
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vacuoles. Plasmodium is usually of coencytic oriiut syncytial origin is possible too.
The number of nuclei in a plasmodium may reachdrOfiore. The mature plasmodium
produces extensions, fragments, and disintegraties uninucleate biflagellate cells
which can propagate further. The single cell caerahte between actively swimming
stage and slightly moving trophic (amoeboid) stdigean also encyst.

In genusMassisteria the plasmodium stage is present, but cysts drkenoovn.

In genusSpongomonasbiflagellate cells are embedded in common geadasnmatrix.
The cell association is usually a sphaera but, soms, it extremely elongates into a
thread-shaped mass which tends to be intricateledu Flagella protrude to the outside
of the cell association giving it a bristly appeara.

In generaCladomonasand Rhipidodendron biflagellate cells are embedded in a fan-
shaped gelatinous matrix built of dichotomouslyniotang gelatinous tubes which are
united laterally and sometimes fuse lengthwisethie matrix, each tube contains a
single cell at its anterior end.

In desmothoracid genulathrulina, stalked cells surrounded by homogenous chitinous
envelope with numerous regularly arranged operingyg be associated.

In Phaeodarea (Cachorefl al 1990), the karyokinesis and cytokinesis are delase@
that the progressive DNA multiplication leads taee tformation of an uninucleate
plasmodium. Up to 2000 chromosomes may be presernihd single nucleus. The
plasmodium may possess an internal silica skeletith tubular spines. Later, the
plasmodium undergoes reductional karyokinesis mioduhundreds of multinucleate
plasmodia each of which develops two flagella.

Bikonta: Cabozoa: (Rhizaria): Foraminifera

In genusPatelling the zygote propagates without cytokinesis urttibécomes a
plasmodium with four digenomic nuclei which therdargo meiosis. When meiosis is
complete, cytokinesis occurs and all the tetradgsraleased from the common test.
They live independently, but, soon or later, twonaore cells of two mating types
aggregate. In the aggregate, cells propagate withgiokinesis until they become
plasmodia each with four monogenomic nuclei. Thie, plasmodia leave their tests,
round out, and cytokinesis takes place producingiagenomic cells of two mating
types. Whereas most of them pair and fuse to foygotes, remaining monokaryotic
cells will be later digested by zygotes which beeamieased and live independently.

In genusRotaliella (Lee JJ 1990), the zygote gives rise to a plasamodvith four
digenomic nuclei. Whereas three of these nucleiareraondensed and later undergo
meiosis producing twelve tetrads, the fourth nugldaes not. Instead of this, it swells,
forms nucleolus, becomes active but later will diéhen released from the test, tetrads
live independently. After a period of growth, edetrad propagates without cytokinesis
and becomes a plasmodium with many monogenomicenidlhen the cytokinesis
occurs, monogenomic cells remain in a common fésey pair and fuse to form
zygotes which become released.
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In genusSorites the digenomic plasmodium contains hundreds ofenuSome of them
become active somatic nuclei. In mature digenontésrpodium, all nuclei undergo
meiosis at the same time but tetrads from the Somatlei then degenerate.

In genusRosalina the digenomic plasmodium matures and producesy netnads
which then are released. Each tetrad developsvitssbiell and growth to monogenomic
plasmodium. Mature monogenomic plasmodium undergogskinesis leading to
formation of gametes. In some species, gameteftagdliate and swim before fusing to
form zygotes.

Generally, the plasmodium is usually surrounded doy elaborated calcareous or
agglutinated test which in turn is surrounded biyetwork of reticulate pseudopodia.
The digenomic plasmodium is usually much larger amerall size then the

corresponding multinucleate plasmodium.

In genus Syringammina(Tendal JS 1990), there is a plasmodium enclosgeda b
branched tube system made of a transparent, cdikerdrganic substance. Besides
numerous nuclei, the cytoplasm contains huge nusnifdsarite crystals, granullae. The
test of plasmodium consists of foreign materiabhtelgether by cement-like substance.
There are reasons to suppose that plasmodium esokatyotic with a differentiation
between somatic and generative nuclei.

Bikonta: Cabozoa: (Rhizaria): Haplosporidia

Haplosporidia are symbiotrophs in invertebrate atén{Perkins FO 1990). Their life
history is poorly studied. Prior to sporulationg teymbiotroph exists in host as an
unwalled multinucleate plasmodium and contains dgmrosomes as the only unusual
organelle. Karyokinesis occurs within a persistantlear envelope. Sporulation is first
seen by deposition of a thin wall around the pladioma which then becomes a sporont.
Further nuclear multiplication and increase in pladium size is followed by multiple
and irregular subdivision into uninucleate sporetsa It has been suggested that
meiosis may occur prior to sporoblasts formatiaaird?of sporoblasts then fuse to form
binucleate sporoblasts followed by karyogamy. Zggotindergo a complex series of
events to become spores. Upon degeneration oftisssie, these spores are liberated
into the aqueous environment of the host. The& imunknown.

Bikonta: Cabozoa: (Rhizaria): Paramyxea

Paramyxea are parasites of marine invertebrate asi(Desportes | and Perkins FO
1990). The young primary cell is amoeboid. It depsl between the host cells and
continuously enlarges. The first karyokinesis prtutwo unequal nuclei. The smaller
nucleus becomes surrounded by a thin layer of tasop and divides to produce two
equal nuclei. These nuclei then undergo propagaifoducing a plasmodium with a
variable number of small nuclei. Propagation isoageanied by sporulation which is
characterized by formation of propagules. The pgafe consists of several spores
enclosed inside one another that arise by a pramfeisgernal cleavage. At this stage,
the plasmodium can be considered as a sporont. Witbased number of nuclei, there
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is increased differentiation of sporonts. In matgmoronts, some nuclei may be
products of meiosis.

Bikonta: Cabozoa: (Rhizaria): Plasmodiophorida

Plasmodiophorida are symbiotrophs of plants, fuegt. (Dylewski DP 1990). The
biflagellate cell infects the host cell and devslapto the spherical multinucleate
plasmodium. At the cessation of nuclei propagaticeavage by furrowing occurs
correlated closely with the meiosis. The karyogdray also been claimed to occur. The
cleavage results in production of spores which ggein biflagellate cells infecting
new hosts.

Bikonta: Cabozoa: (Rhizaria): Polycystinea

In Polycystinea (Cachonet al 1990), the karyokinesis and cytokinesis are delasge
that the progressive DNA multiplication leads tae tformation of an uninucleate
plasmodium. During this growth phase, the nucleuseases progressively in size
becoming huge in some genera (for examflkalassicolld. The plasmodium is
characterized by regularly perforated internalcailiskeleton with radial axopods
emerging among fine, ramified pseudopods. Later,plasmodium undergoes division
by binary fission, multiple fission, or budding. @ion of the nucleus differs from
typical mitosis in several respects. Multiple fessi is thought to involve
depolyploidization, since the number of chromosordesreases at each successive
division until small biflagellate spores are forme@dch only with few chromosomes.
Spores are formed inside the original central ci@pJiney may be released directly into
the surrounding water after the capsule bursts. ddmsule formation may be also
associated with the development of the special gysharian stage. Triggered by an
unknown cause, the capsule flattens, widens, argtiens into long tubes that give rise
to small capsules from which the spores are themdied.

In genusCollozoum for example, there are large associations oflethghlasmodia
which are held together by a gelatinous matrix.

Bikonta: Cabozoa: (Excavata): Diplomonadida

In orderGiardia (Adam RD 2001, Svard Sé&t al 2003, Vickerman K 1990a, Yu L&t

al 2002), the trophozoite is a plasmodium which castawo digenomic nuclei. The

trophozoite can be considered a bizygote. Withia phasmodium, nuclei replicate
synchronously and the fundamental task of the ay&sis is to make sure that the
nuclei are distributed to the daughter plasmodiaueately. Upon induction of

encystation, the trophozoite quickly becomes rodrated both nuclei replicate. Late in
encystation, the karyokinesis occurs and four nuelglicate, generating plasmodium
with four digenomic nuclei each of which is teti@gl If released from the cyst, the
plasmodium becomes an excyzoite which undergoesetthie cytokinesis and four
trophozoites are formed. The cytokinesis in theyeaite is reminiscent of meiosis and
syngamy. However, whether it is an ancestral oivdgve form of them is still not

clear.
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Bikonta: Cabozoa: (Excavata): Euglenozoa

Euglenozoa can give rise to very dense populatansing water blooms (Van den
Hoek Cet al 1995). Cells loss their flagella, surround thewsglin a thick envelope of
mucilage, and cover the surface of the water willoating skin (for example, euglenid
genusEuglena.

In genusColacium(Walne PL and Kivic PA 1990), cell associatiormade up of two
to eight stalked cells enclosed in mucilaginousedopes. Cells may redevelop flagella,
swim away from colony, settle elsewhere eventuatiytheir anterior ends, and secrete
new stalks to form new colonies.

In genusCephalothamniunof the order Kinetoplastida (Vickerman K 1990yl are
clustered at the end of a common secreted stalkhwkiattached to the copepod host.
Flagellated cells are attached to the stalk by {hesterior ends.

Bikonta: Cabozoa: (Excavata): Oxymonadida

In some Oxymonadida, cell associations in form ghatinucleate plasmodium may
occur.

Bikonta: Cabozoa: (Excavata): Parabasalida

In Calonymphyda (Dolan MEt al 2000, Dyer BD 1990b), nuclei propagation leads to
formation of a plasmodium. In plasmodium, the numifeparabasal bodies, axostyles,
and cilia seems to be multiplied in proportion te thumber of nuclei. In genus
Metacoronymphfor example, the plasmodium may contain as may@G00 nuclei.
The plasmodium frequently divides symmetricallyasymmetrically producing smaller
plasmodia.

Bikonta: Corticata: (Alveolata): Apicomplexa
Apicomplexa are parasites of animals (Vivier E &es$portes | 1990).

In class Gregarinia, the spherical mature gamostocpntains numerous spindle-
shaped young sporocysts each of which is occupigdabzygote. The zygote

immediately undergoes meiosis and tetrads therdeliene time so that the mature
sporocyst contains eight sporozoites. When reledsath the gamontocyst, each
sporocyst can infect a new host and liberate spaex If the single sporozoite enters a
host cell, it propagates producing many merozotBesne of the merozoites transform
into gamonts. Two gamonts pair, join together, badome surrounded by a common
cyst wall forming a young gamontocyst within whisbth gamonts propagate without
cytokinesis producing two multinucleate plasmodirmeach plasmodium, nuclei travel
to the periphery where the cytokinesis occurs prody numerous gametes. The
remainders of plasmodia perish. Within the commamagntocyst, gametes pair and
fuse to produce zygotes each of which become sodex by separate cyst wall
forming new sporocyst.
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Bikonta: Corticata: (Alveolata): Ciliophora

Traditionally, Ciliophora are treated as a singddled (Dovgal IV 2002, Fokin St al
2001, Lynn DH and Small EB 1990, Orias E 1998). Batually, they are motile
multinucleate plasmodia. The plasmodium typicakg la large number of characteristic
cilia which are arranged in longitudinal rows oirals. Coordinated beating of cilia
provides motility to plasmodium. Cilia often fuse torm structures specialized for
feeding or locomotion. Food enters through gulled @asses in specialized vacuoles.
Waste products empty via cytoproct. Plasmodium lhsueleases tough but flexible
outer pellicle.

In genus Paramecium for instance, the zygote progressively propagatghout
cytokinesis producing a plasmodium with four digemonuclei. Cytokinesis yields two
dikaryotic plasmodia. In each of them, one nucleiferentiates into a large
macronucleus which swells, forms nucleolus, andesdke plasmodium metabolically
active. The other nucleus undergoes mitosis to twandigenomic nuclei, micronuclei,
which remain condensed and inactive. The trikacypkasmodium can move as a whole
by numerous cilia. It contains some differently gpbzed regions. Plasmodium can
divides by transverse fission. It can also encygdilisperse in environment. When the
time is ripe, micronuclei undergo meiosis to pragluronogenomic nuclei, of which all
but one degenerate. The macronucleus degeneratesRemaining monogenomic
nucleus divides once more to produce two nucleie @hthem remains stationary but
the other becomes migratory. The nuclei pair ase to form a new digenomic nucleus
and the cell becomes a zygote. Often, the produdaifothe stationary and migratory
nuclei is accompanied by conjugation of two trikaiy plasmodia whereby they form a
cytoplasmic bridge and can exchange the migratagien Each migratory nucleus
crosses the cytoplasmic bridge, pairs and fuse& witstationary nucleus of the
conjugation partner. Both plasmodia become zyguteieh then separate from each
other.

In Tetrahymena vorgxhe plasmodium alternates between two forms: estome and
macrostome. The microstome feeds on bacteria. Beplef the bacterial population
can stimulate the microstome to differentiate iatmacrostome which begins ingesting
other ciliates or even its siblings. The presenteampropriate bacteria population
stimulates the macrostome to dedifferentiate backhe microstome. In a cyst, the
plasmodium can undergo progressive division yigdseveral offspring cells called
tomites.

In Karyorelictea, the plasmodium contains two tagnenacronuclei.

In any genera@xytrichg Euplotes Blepharisma etc.), two plasmodia may become
united by their dorsal regions forming the so @hliiwublet. It is usually interpreted as
the result of an abortive transverse fission, sitiee doublet undergoes a series of
transformations necessary for return to the norsiagjlets. However, the doublets
appear repeatedly and the successive series otittwesformations is always the same,
suggesting that the doublet stage is not simplyeaor of nature but rather an
adaptation. In contrast to creeping singlets, thebtets ofOxytricha bifariacan swim
and search for possible new spaces to colonizectizgdih R and Erra F 2003).
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In some genera, zygote produces a stalked sedasenpdium. By conjugation, one
partner is usually resorbed by other. In any fewiega such asCarchesium
Zoothamnium(Song Wet al 2002), the zygote produces a stalked plasmodiumhwh
gives rise to a branched colony of plasmodia wittommmon contractile stalk. In this
sessile colony, plasmodia are small microzooidsesofithem can however differentiate
into a large macrozooids which are then releasddrto new colonies. The number of
plasmodia in the colony may be over 100. Zygoteshm produced both by autogamy
and conjugation.

In genusStephanopogqrithe plasmodium contains 2-16 nuclei. Howeveis minclear
whetherStephanopogohelongs to Ciliophora (Corlis JO 1990Db).

Bikonta: Corticata: (Alveolata): Dinoflagellata

Traditionally, Dinoflagellata are treated as a Bncelled (Raven Plét al 1999, Taylor
FJR 1990, Van den Hoek & al 1995). But what is thought to be a single celltaors
up to 100 typical DNA amounts and may be actuallplasmodium with unique
"multinucleate” dinokaryon. In dinokaryon, the cmatin is permanently condensed
during all stages of plasmodium life history. lfetldinokaryon divides, its envelope
remains intact during all stages of division an@ tbntirely extranuclear spindle
apparatus must pass through tunnels in envelopattech chromosomes. After
dinokaryon division is complete, the plasmodium iediately undergoes cytokinesis
yielding two schizonts.

The zygote is a digenomic plasmodium with a chinardinokaryon. It may be either
biflagellate and motile or non-flagellated and noatile. The non-motile zygote is
thick-walled, remains dormant during winter, anddemgoes meiosis first during
germination. Meiosis products are monogenomic ptakan which then propagate
producing many schizonts. At an unknown triggehizmnts may become gametes
which pair and fuse to form new zygotes.

In genusPheopolykrikosof order Gymnodiniales, the schizont grows to asplodium
bearing many dinokarya and several sets of flagelid flagellar furrows. This large
plasmodium then fragments into dinospores each bfclw contains only one
dinokaryon.

In genusGloeodiniumof order Phytodiniales, the non-motile schizonts anited into
colony by thick, stratified sheaths of mucilage.

In few genera such d3inoclonium Dinothrix, andHaplozoon schizonts remain in a
filamentous colony, if they do not separate afieidihg. The colony can even branch.

Bikonta: Corticata: (Chromista): Actinophryida
In genusActinosphaeriun{Febvre-Chevalier C 1990, Mikrjukov KA and PatterdDJ

2001), the zygote progressively propagates withodokinesis until it becomes a
spherical multinucleate plasmodium with numerousndér retractile pseudopodia
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arranged radially. Soon or later, the plasmodiutracts all pseudopodia and releases a
gelatinous envelope. After some nuclei disappe@ie plasmodium undergoes
cytokinesis to form a number of digenomic cellstiWi the envelope, each digenomic
cell becomes surrounded by separate cell wall anded one time so that each cyst
contains two digenomic cells. Each digenomic caetlergoes meiosis during which all
but one monogenomic nucleus degenerate and théemmimes a gamete. Within each
cyst, both gametes fuse to form a new zygote.

In genusActinophrys the zygote sometimes gives rise to a sphaerazéleassociation
which however disintegrates later. Dispersed inrenment, free living cells frequently
alternate between various cell body forms accongubhy dramatic change in behavior
so that these forms have been for a long timeddeas a tens of different species
scattered within a dozen of distinct genera. Softhese cell body forms are actually
multinucleate plasmodia producing resting sporexnSor later, the free living cell
settles and encysts. Within the cyst, the binasgidin produces two cells which undergo
meiosis. After each meiotic division, one offsprimgcleus degenerates so that the cyst
contains only two tetrads. One tetrad differenfidatéo male gamete with pseudopodia
oriented towards the other tetrad which becomemnale gamete. Fertilization results
in an encysted zygote (Febvre-Chevalier C 1990).

Bikonta: Corticata: (Chromista): Bacillariophyta

In genusStephanopyxigvVan den Hoek &t al 1995), the zygote gives rise to the cell
colony. As soon as the cell colony consists of@,dr 32 cells, it breaks. The division
type is unique: one daughter cell is the same aszthe mother cell while the other is
smaller. It is shorter and narrower by about twilee thickness of the girdle. Thus, the
average cell size decreases with each successine af cell division. When the cells
have decreased in size to between 0.4 and 0.2wofdhginal, maximum diameter, they
become meiocytes and will undergo meiosis to forametes if environmental
conditions are suitable. Some cells, however, ooetio divide until their progeny cells
become too small and die. Smaller meiocytes uspatiguce male gametes, and larger
meiocytes usually produce female gametes. The eygaiells and its expansion is
accompanied by a concomitant growth of the zygaad. vt this stage, the zygote is
called an auxospore. After karyokinesis, one ofdaeghter nuclei degenerate, the other
moves across to the other side of the auxosporeparfdrms a second karyokinesis,
after which the new initial fristule is formed.

In some genera such &haetocerosMelosira Rhizosolenia Skeletonemaetc., the
usual primary body plan is a hypha of indefinitagth (Round FE and Crawford RM
1990). There is however no evidence of cell intéoacin hypha. Cells remain
equivalent to each other and each cell can giestosiew hypha.

In genusLicmophora for example, bilateral-symmetric cells form bramg primary
cell colony (Raven Plét al 1999, Round FE and Crawford RM 1990).

Cell aggregates which are formed when Bacillarieéglyoom are a primary source of
marine snow (Thornton DCO 2002).
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Bikonta: Corticata: (Chromista): Bicosoecida

Bicosoecida are poorly studied and little is knaaout their life history. But some of
them are known that cells live in loose associatioyer BD 1990a).

Bikonta: Corticata: (Chromista): Centroheliozoa

In genusRaphidiophrys cells are often held together by cytoplasmic psses. Each
cell has a thick gelatinous coat with minute spines

Bikonta: Corticata: (Chromista): Chrysophyta

In variety of genera (Kristiansen J 1990, RaveneRldl 1999, Van den Hoek €t al
1995), cell associations occur during the lifedmgtof individual cell progression.

In genusHydrurus cells are loosely arranged in a gelatinous maffrhe hypha-like
primary cell colony with apical growth may be up36 cm long. By branching and
fragmentation of hyphae or by formation of flageth spores, hyphae of the same
individual cell progression become dispersed inremment.

In genusCyclonexis wheel-like primary cell colony is composed of tt020 wedge-
shaped cells. Young cell colony is funnel-shaped.

GenusDinobryonis known for bush-like colonies of hyphae. The aggforms typical
cyst. Tetrad propagates forming a colony. In cojaach cell is surrounded by a vase-
shaped case, a lorica, drawn out at its base. drfeaImay be hyaline or cellulose. The
elongated cell body is attached to the base oldtthea with its attenuated posterior tip.
In colony, daughter cells remain attached to theelinmargin of aperture of parent
loricae and there secrete new loricae. Each callbe@ome a spherical cyst. Male and
female colonies are similar. Also gametes are amil

In generaMonasandOchromonassphaera contains 20 to 50 biflagellate cells.

In genusUroglena sphaera is composed of ovoid cells arranged oiphmsy of a
gelatinous mass. In sphaera, cells may be connedtbdone another by gelatinous
processes running inward and meeting at a point. Sghaera divides by bipartition.
Cysts are spherical.

In genusChrysocapsa primary cell colony is a sphaera. Within sphaeral|s are
distributed rather without order. They are embeddedmucilage envelope.

In genusChrysosphaerathe sphaera is regular.

In genusSynura the zygote forms a cyst enclosed in a siliceoall. Whe germination

of the cyst is accompanied by meiosis. Flagellateatls propagate and each forms a
spherical or ellipsoidal colony. In this sphaenagid cells held together by a gelatinous
matrix are arranged radially. The sphaera is cavédre tile-shaped siliceous scales
having minute spines. Each cell can become a gheryst. The sphaera can also

23



fragment. Sphaerae of the same individual cell lgsgjon are dispersed in space. Male
and female sphaerae are similar. Male gametes swifemale sphaerae and fertilize

eggs.

GenusAnthophysaorm colonies of sphaerae. In this secondary aglbny, sphaerae
occur at tips of bush-shaped gelatinous matrix.

Bikonta: Corticata: (Chromista): Cryptophyta

Cryptophyta are usually motile biflagellate cellbigh continue to swim even during
the division. In some species, however, non-matiés tend to form colonies invested
in multiple mucilaginous sheaths (Gillott M 1990).

Bikonta: Corticata: (Chromista): Dictyochophyta

In genusCiliophrys (Febvre-Chevalier C 1990), cell propagation resuit a rather
irregular cell association containing sometimesrdv@) cells. Cells are first spherical
with extremely fine radiating pseudopodia, but sarells can become flagellated and
swim away. Two or more cells often fuse togethefiotsn a multinucleate plasmodium.
Also the plasmodium can produce one or more flagadl cells which are capable of
pulling the whole mass slowly as they swim.

Bikonta: Corticata: (Chromista): Haptophyta

In genusPleurochrysis(Green JGet al 1990, Van den Hoek €t al 1995), the zygotic
cell progression is dispersed in space, but tetrawll progressions consists of
branching hyphae which clone themselves by prodanatf zooids. Some zooids can
become gametes.

In genuslsochrysis(Green JCGet al 1990, Van den Hoek €t al 1995), young cells are
non-motile, hemispherical, and form cuboidal mas&aisler cells are spherical and
surrounded by concentric layers of mucilage. Sametj the mucilage is secreted only
on one side. In this case, a branched stalk camuié up, consisting of curved
transverse layers. For a long period, this typeeatif colony has been even treated as a
separate species namehdrysotila

In some Haptophyta (Green &al 1990, Raven Plét al 1999, Van den Hoek €t al
1995), there is a bloom-forming stage. In geRhaeocystisfor example, it develops in
mid-April or in May in the North Sea. The cellsstiform small spherical colonies. In
the sphaera, cells are held together by a gelainmatrix. Each initial primary sphaera
gives rise to large lobed secondary colony. Numereecondary colonies aggregate
forming massive blooms. Storms often whip bloonte soapy foams.

Bikonta: Corticata: (Chromista): Hyphochytriomyceta
In Hyphochytriomyceta (Fuller MS 1990), when thagillate cell stops swimming, it

rounds and encysts. In gen@hizidiomyces the spore germination followed by
progressive nucleus propagation results in devedmpnof a growing spherical
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plasmodium with rhizoids. In genudyphochytrium the spore germination includes
emergence of the germ tube. The nucleus movesettighof the tube and propagates
progressively. Concomitant with an increasing di@mnef the germ tube, a swollen area
develops. Tubes extend from the swollen area. Nuatee into these tubes followed

by a swelling of their tips. Thus, the polycenthabit of the hyphae colony is

established and maintained.

Bikonta: Corticata: (Chromista): Labyrinthulida

Traditionally, Labyrinthulida have been groupedhwthe slime molds, but are now
recognized to be distinct from them. It has alsenbdiscovered that they have an
organelle, a bothrosome, that is capable of segeiitoplasm outside their cells (Porter
D 1990). Ectoplasm projections expand to form avodt over which the cell can
travel. The Labyrinthulida appear to be uniquehis ability. The ectoplasmic network
absorbs nutrients and attaches the cell to surfaces

In genusLabyrinthula spindle-shaped trophic cell progressively propag@roducing
cells that form colony which can increases indédiyi within the common ectoplasmic
network. Cells exhibit gliding motility within theetwork. Enlarged cells undergo
meiosis and release biflagellate zoospores.

In genusLabyrinthuloides trophic cell progressively propagates to prodoeks that
separate from each other or may be held togeth#évinvihe parent wall to form a
spherical colony, a sorus. The ectoplasmic netvdads not surround the developing
sorus, but emanates from the basal side. Withinstitas, spores are produced and,
when released, move apart by gliding on their iithligl ectoplasmic networks.

In genusThraustochytriumtrophic cell grows by enlargement and progressivelear
division to spherical multinucleate plasmodium. dPessive cleavage of the
plasmodium produces spores which are released dspldiion of plasmodium wall.
The spores develop into biflagellate zoospores.

In genus Schizochytrium trophic cell divides by two successive divisiotos form
cluster of four cells. Each cell propagates prodgica sorus releasing several
biflagellate zoospores.

Bikonta: Corticata: (Chromista): Oomyceta

In most Oomyceta (Dick MW 1990, Raven BHal 1999), large colonies of hyphae are
formed during the life history of individual cellrggression. For example, in genus
Saprolegnia the zygotes become free first after long peribdlarmancy. Each free
zygote germinates and progressively propagatesirigran short hypha with a tube-like
spore case, a sporangium, at the tip. Release@sspoe free-swimming biflagellate
cells which first migrate before they encyst. hé is ripe, the spore germinates and
propagates building a hypha that increasingly drasdorming a large bush-like colony
of hyphae. Hyphae release cellulose wall. In thergg sporangia are built at tips of
hyphae and release numerous spores for furtheribdigsbn of the individual cell
progression in space. Secondary cell colonies fiérdnt individual cell progressions
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usually superpose each other. At some hyphae, ajgecd sporangia, oogonia and
antheridia, are built. In oogonia, cells undergoiasis and tetrads immediately
differentiate into large eggs. In antheridia, cellsdergo meiosis without cytokinesis
and become plasmodia each with four monogenomitenu€oming together with an
oogonium, the antheridium forms tubes through whietnogenomic nuclei can enter
oogonium and fertilize eggs. Newly formed zygotesdme thick-walled oospores.

Bikonta: Corticata: (Chromista): Opalinida

Opalinida are symbionts in the posterior end oésltye tract of vertebrate hosts (Corlis
JO 1990a). In genu@palina the zygote encysts and leaves the host gut wadést The
new host is usually a tadpole approaching a mefanosis. In the new host, the
zygocyst gives rise to a rounded multinucleate mtadium with many rows of cilia.
This feeding stage, a trophont, grows to largedted plasmodium with flexible, leaf-
like body which often exhibits a shape resemblingcalene triangle. In response to
changes in host preceding its breeding seasonpldsmodium begins a series of
divisions without intervening growth, a palintom$mall plasmodia transform into
infective cysts which leaves the host gut to besstgd by newly hatched tadpoles. In
their guts, plasmodia excyst and undergo divisiaitn \meiosis producing micro- and
macrogametes bearing many flagella. The gametes tae digenomic zygotes round
up and transform into zygocysts.

Bikonta: Corticata: (Chromista): Pelagophyta

In genusChrysonephogBoddy Set al 1999), the cell association occurs in form of a
hypha provided with an external wall consistingra€rofibrills. Hyphae are embedded

in a mucilaginous envelope which favors their aggten. Inside the hypha, the cells

may differentiate into flagellate zoospores.

Bikonta: Corticata: (Chromista): Phaeophyta

Phaeophyta dwell almost exclusively in marine aastal environment. There are only a
few rare freshwater brown algae.

Most individual cell progression species of Phagtgliorm large colonies of hyphae
(Clayton MN 1990, Raven Pkt al 1999, Van den Hoek €t al 1995). The complexity
of the colonies varies enormously from macroscdpanched hyphae to foliose plants
many meters long.

In genus Laminaria, for example, the zygote propagates forming a iocuilular
sporophyte. The sporophyte body develops from #alirhypha to a massive three-
dimensional colony of tightly connected hyphae, edpk The kelp is covered by a
gelatinous sheath and consists of a root-like lasldattached to the firm substrate, a
stem-like stalk, a stipe, and numerous leaf-likdbk branching from the stipe. In kelp,
cellular connections occur not only between cdlla particular hypha but also between
cells of neighboring hyphae. In cortical regionsgyplie fuse and filamentous
organization of the secondary cell colony is notrenevident. Hyphae also show signs
of differentiation. At the surface of the kelp, seimyphae develop into sporangia where
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cells undergo meiosis. Tetrads differentiate imospores, free-swimming biflagellate
cells. After a period of migration, each zoosporeeg rise to a multicellular
gametophyte which develops from an initial hyphaatemall bush-like colony of
hyphae. Although all zoospores look similar, thengtophyte becomes either a female
or a male. In gametophyte, cells at the tips ofagpdifferentiate into gametes. Female
gametophyte produces large eggs, male gametopligge-swimming sperm. If sperm
fertilize eggs and zygotes propagate, new sporeshyivergrowth the maternal
gametophyte.

In some genera, sporophyte and gametophyte are guiilar in appearance to each
other. But mostly, the sporophyte is much largethasgametophyte.

GenusFucushas no free-living gametophyte at all. The zygsti#oating. Upon landing
in an acceptable habitat, zygote will develop ik&dp which tips often contain gas
bladders and conceptacles which have either oogwréetheridia producing eggs and
sperm respectively.

In some genera, kelps are especially huge. For pbeanm generaNereocystisor
Macrocystis kelp is of about 50-100 m long and grows in deeysgter anchored to the
bottom by their holdfasts. Kelps of gen8argassunsometimes break off from their
holdfasts and form floating masses. They stay afhyaproducing gas-filled bladders
which act like buoys.

Bikonta: Corticata: (Chromista): Xanthophyta

In Xanthophyta (Van den Hoek & al 1995), formation of cell associations during life
history of individual cell progressions is abundant

In order Tribonematales, cells form a long hyphall Gody is cylindrical or fusiform
swelled at the center. Cell wall consists of twatpaverlapping at the midregion.
Individual cell progression grows either by fragration of hyphae or by production of
some kind of spores. Spores may be flagellatedfiedswimming zoospores, or they
may be non-flagellated aplanospores.

In order Vaucheriales (Gavrilova OV and Rudanova FB9, Gavrilova OVet al
2000), the zygote forms a cyst with a thick walbddmecomes a hypnozygote. After
germination, the zygote produces a tubular hyph&iwis a multinucleate plasmodium
with no internal partitioning into cells. Hyphaeahch irregularly. The hypha clone
itself by fragmentation or by either aplanosporegamspores. Round aplanospores are
formed at the tip of sporangium. After maturatiandeep green aplanospore, which
demonstrates dense packing of nuclei and chlonsplisreleased from the sporangium.
The amount of nuclei in mature aplanospore is aBO00. All nuclei are involved in
the process of karyokinesis. All nuclei divide sitaoeously. Individual mitotic stages
coincide in time. Mitotic spindle is completely skd. Nuclear envelope remains intact
until the late telophase. The germination of apfmaoe occurs without a lag period
immediately after release from the sporangium. Toeation of germination time
varies. At the end of germination, all nuclei andlocoplasts migrate from the
aplanospore towards the vegetative branch. Vegetttallome is formed as a result of
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the aplanospore germination. Thallome consiste@foranching tubular flaments with
no septae. The thallome exhibits tip, or apicabwgh. A site of expansion in tip-
growing cells is associated with dome-shaped apgethe filament, which results in
characteristic tubular morphology. Apical growth aharacterized by the highly
determined localization and movement of organebaswell as by polarization of the
synthesis and secretion of cell wall precursorsioslie takes place immediately before
the formation of gametes. Each antheridium prodmegserous spermatozoids. On the
contrary, the ripe oogonium contains only one greglg ready for fertilization.

In order Botryidiales, the multinucleate plasmodiisnusually a sphaera with numerous
branching extensions which function as rhizoidarnchor in soil. The plasmodium can
divide up into a large number of zooids, which lgrerated from the plasmodium when
the environment is flooded with water. If the plashum begins to dry, it retracts into
the rhizoids and form thick-walled resting spofBse spore germinates with production
of zooid.

In order Mischococcales, elongate cylindrical pladia are often bent and are attached
by a short stalk (for example, gen@phiocytiun). The uppermost part of the
plasmodium wall opens like a lid to liberate thergs. The emerging spores often settle
on the rim of the parent plasmodium wall and tlggmv up into new plasmodia.

Bikonta: Corticata: (Plantae): Glaucophyta

Glaucophyta are rare in nature (Kies L and KremerI®90). In some species, cells
tend to form colonies (for examplé&loeochaete wittrockiana In other species,
karyokinesis produces multinucleate plasmodium Wwhilivides by infurrowing of the
plasma membrane (for exampl&aucocystis nostochinearym

Bikonta: Corticata: (Plantae): Rhodophyta

In Rhodophyta (Gabrielson P®t al 1990, Raven Plgt al 1999, Van den Hoek €t al
1995), formation of cell associations during lifstbry of individual cell progressions is
abundant.

Class Bangiophyceae

In order Porphyridiales, individual cells are emibed in a common mass of mucilage
forming either a spherical (gen®srphyridium or filamentous (genu€hroodactylom
colony. Gametes and zygote are unknown.

In genusErythrotrichia of order Erythropeltidales, the zygote grows iato upright,
unbranched filamentous cell colony, a sporophytacivis anchored to the substratum
by short rhizoids. The upper cell acts as a spdrelwescapes the colony and then
gives rise directly to a new colony, thus effectiig distribution of individual cell
progression in space. Mature sporophyte producaspores. Each meiospore grows
into tiny filamentous gametophyte with three cellhe apical cell of this dwarf
gametophyte swells, cuts off a male gamete, ansdbrbecan oogonium. In other
Erythropeltidales, the cell colony is either a tivigde or a disc.
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In the only known species of order Rhodochaetddsmdochaete parvulahe zygote
develops into single digenomic carpospore whichrakeased from the maternal
gametophyte and gives rise to a digenomic multitall sporophyte. The sporophyte
grows as a branched colony of hyphae. Young spgtegtan clone itself by production
of digenomic spores. Mature sporophyte developsosperangia within which
monogenomic meiospores are produced. Each meiogpowes into a multicellular
gametophyte which looks alike the sporophyte. Inumea gametophyte, the female
gametangium is almost indistinguishable from sumthing cells and differentiates into
egg. Tiny male gametangia are cut off from othdlsdey curved lateral walls and
produces male gametes. They however are not ftdagdlland, if released from the
gametophyte, are rather carried by water currenfimdl and fertilize eggs.

In genusPorphyra of order Bangiales, the zygote propagates witlhi@ maternal
oogonium producing a number of 4, 8, 16, or 32 mlgeic carpospores. At this stage,
the maternal oogonium is called a carpogonium. &rpres are usually released by the
breaking of the carpogonium wall. Each carpospavesgrise to a branched colony of
hyphae, a sporophyte, which for a long period ofetihas been treated as a separate
genus Conchocelis The sporophyte produces a special type of sp@ang
conchosporangia, within which the cells differetgianto digenomic conchospores.
During conchospore germination, meiosis takes pdexktetrads become arranged in a
row in the four-celled, uniseriate germling whichbsequently gives rise to single
multicellular leaf-like gametophyte. The leaf isnalst always one cell thick. It is
irregularly folded. Its base is anchored to the ss@bum by rhizoids. Young
gametophyte can clone itself by production of spang the upper margin of the
sheet. Mature gametophyte usually develops botle mmall female gametangia, but
some completely male gametophytes do occur. Thalemametangium resembles
surrounding cells and differentiates into an egige Epermatangium, on the contrary,
changes producing a new wall layer and progressmeipagates producing up to 128
tiny male gametes. They however are not flagellated, if released from the male
gametophyte, are rather carried by water curremt$ind and fertilize eggs. After
fertilization, zygotes are still retained on thetemaal gametophyte and develop into the
carpogonia.

Class Florideophyceae

Generally, the zygote propagates producing a nalitiar carposporophyte which
develops from an initial hypha to the bush-likeoryl of hyphae. The carposporophyte
produces carpospores, releases them and die. géenination, each carpospore
develops into a multicellular tetrasporophyte whicbduces tetrasporangia where cells
undergo meiosis with subsequent differentiation tetrads into tetraspores. Each
tetraspore develops into a multicellular gametophyft either female or male types.
Both the tetrasporophyte and gametophyte can clissef by digenomic and
monogenomic spores respectively. Female gametoingthices carpogonia with eggs
that are retained on the gametophyte. Sperm argagetlated and, if released from the
male gametophyte, are rather carried by water otgr® find and fertilize eggs. After
fertilization, zygotes are still retained on thetemaal gametophyte and develop into the
carposporophytes.
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In some Rhodophyta, cell associations are coralbeereting a hard shell of calcium
carbonate crystals around themselves.

Bikonta: Corticata: (Plantae): Viridiplantae
Phylum Chlorophyta (green algae)
Class Chlorophyceae

Numerous individual cell progression species ofo@iphyceae are characterized by
association of the cells (Melkonian M 1990, Ravéhe®al 1999, Van den Hoek €t al
1995). However, the zygote does not propagate fiterh gerves as a resting spore which
remains dormant during a period of potentially dgimg environmental changes such
as desiccation. After germination, it immediatelydargoes meiosis. Each tetrad then
produces cell association by progressive propagalibere is a wide variety of shapes
and forms of cell associations, including hyphag siphaerae.

In order Oedogoniales (Raven RiHal 1999, Van den Hoek €t al 1995), the zygote
undergoes meiosis which is preceded by a periatbohancy. The meiosis produces
four meiospores. Two meiospores give rise to nstibroad female hyphae, the other
two to thinner male hyphae. Hyphae clone themsdbygsroduction of zoospores. The
zoospore swims around before attaching itself éostibstratum and growing into a new
hypha. Female hypha can form large swollen cell€hvgive rise to oogonium mother
cell, while the male hypha produces small discq@drangia arranged in stacks. Each
male sporangium forms a male spore which beconeagetl, swims and, if attracted to
any female hypha, attaches itself to it. The sasmafe hypha attracts many male
spores which then stimulate the oogonium mothds ¢eldevelop oogonia. Then, each
male spore develops into dwarf antheridium whiclodpces two flagellate male
gametes. The newly formed zygotes remain enclosthihvihe oogonia for a long time.

In order Chlorosarcinales (Van den HoekeCal 1995), the colony is a more or less
cubical group or packet of cells.

Order Sphaeropleales

In order Sphaeropleales (Van den HoekeC al 1995), the zygote becomes a
hypnozygote which then gives rise to a filamentootony consisting of elongate,
cylindrical multinucleate hyphae. Each hypha comaia number of ring-like
accumulations of cytoplasm separated by large Jasudcach ring harbors several
nuclei. The colony can fragment by dissociationhgbhae. Gametes are produced
within the hyphae. The hypha produces either a nsamll biflagellate male gametes or
a smaller number of eggs. Fertilization and hypgory formation occur within the
female hypha.

In genusHydrodictyon(Raven PHet al 1999, Van den Hoek €t al 1995), the zygote

develops into a spherical resting stage, the hyyyuie. After a period of dormancy,
the hypnozygote germinates, undergoes meiosis, r@hebses four biflagellate

30



zoospores. Each zoospore forms an irregularly shapeltinucleate plasmodium

bearing pointed projections. This stage is calleghodyeder. The contents of the
polyeder divide up into zooids which are then diésgled into a vesicle. When the
vesicle is extruded from the polyeder, the zooidtepthemselves into a more or less
spherical net-like colony. Within this initial calg, each cell in turn becomes a
multinucleate cylindrical plasmodium which may antup to 20000 small biflagellate

zooids. The zooids exhibit only a few transientpwvadsive movements and soon
become associated laterally to produce a youngtdauget-like colony which is then

liberated through the disintegration and dispersibthe mother plasmodium wall and
matures to the large colony of cylindrical plasn@odihe zooid can also be liberated
individually. In this case, it swims around freetllen comes to rest, loses its flagella,
and transforms into hypnospore. The germinatiohypihospore results in the zoospore
which then gives rise to the polyeder and so oronSor late, the formation of

biflagellate gametes is triggered which immediatetydergo syngamy to form new
zygotes.

In genusPediastrum(Van den Hoek @t al 1995), the zygote gives rise to hypnozygote
from which zoospores emerge on germination. Eacisjaare gives rise to the polyeder
which in turn produces the initial colony. This @oy is circular, flat and radially
organized. It is usually one cell thick. The caltsund the colony margin bear born-like
projections. Each of these cells becomes a mulgate plasmodium which produces
biflagellate zooids. These are always dischargegetteer into a vesicle which is then
extruded from the mother plasmodium.

In order Chaetophorales (Raven Bthal 1999, Van den Hoek €t al 1995), elongated,
cylindrical cells form a hypha (for example, getwr®nemg. Primary hypha can gives
rise to a branched (for example, gen&tageoclonium Draparnaldia) or solid (for
example, genuSchizomeriscolony of hyphae. Each cell can produce a quadeflate
zoospore.

Order Chlamidomonadales

In family Volvocaceae (Desnitski AG 2000, Kirk DI0@3, Kirk DL and Nishii | 2001,
Nozaki H and Krienitz L 2001), usual form of thellcassociations in tetradic cell
progression is a sphaera (Ravendtdl 1999, Van den Hoek €t al 1995). In sphaera,
cells are connected by fine cytoplasmic bridgessmlodesmata, which may be
important in coordinating the development and berawf the cell association.
Sphaerae are usually of precise geometric shape.

In genusGonium for example, the cell association is a concavasmm made of 4 to 32
cells. Their flagella beat independently, but sitlcey are all oriented in the same
direction, they are able to propel the sphaerautiindahe water. However, cells remain
equivalent to each other. In gerdandoring the sphaera consists of 8, 16, or 32 cells
attaching closely to each other in a gelatinousrimmathe sphaera of gendiudorina
contains 16 to 32 cells, of genBkodorina- 64 to 128 cells.

Most elaborated is the sphaera of geWos/ox The cells live in temporally shallow
ponds that fill with spring rains but dry out inettiheart of the summer. Just shortly
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before the pond dries up, zygotes are producedaHong time, they remain however
dormant to survive the heat and drought of latersamand the cold of winter. When
rain fills the pond in spring, each zygote brea&smhncy and immediately undergoes
meiosis. Each tetrad progressively propagates, ealsecells remain associated in a
hollow sphaera. In sphaera, the cells are conndeyedlasmodesmata and are also
imprisoned in a rigid honeycomb of chambers walleith cellulose. Within the
sphaera, there is some division of labor amongs.ceéMost cells are small and
biflagellate. The beating of flagella is coordirthte propel the body along like a rolling
ball. Any few cells differentiate into large goradwhich are usually confined to one
end of the sphaera, where they give rise to newatoire sphaerae. New sphaerae are
initially sheltered inside the large parent, whileir cells are oriented with flagella
interiorly and they must therefore turn themselglst side out. If this is done, they are
released from the parent sphaera and swim awayedtber, the cells of parent sphaera
commit suicide, whereas juvenile sphaerae grow,ureatand produce the next
generation of juvenile sphaerae. This event repaatsy times until the pond is about to
dry up. Gonidia undergo modified pattern of spezsion and differentiate into eggs or
sperm. The sperm are to be released and swim mpntanotile eggs. After fertilization,
large number of new zygotes is produced. Thus ricpkar individual cell progression
lives only one year.

Interestingly, in genu€hlamidomonagVan den Hoek Gt al 1995), the sphaera is
formed only if free-living monogenomic cells becorgametes and are ready for
syngamy. When these cells are brought togethererg gharacteristic phenomenon
occurs, a clumping. The gametes unite into grougy quickly. Each clump begins
with association of two cells of different matingpés via their flagella. Other gametes
also attach themselves to this pair producing mplu

Class Ulvophycea

In Ulvophycea (Floyd GL and O'Kelly CJ 1990, Rawi et al 1999, Van den Hoek C
et al 1995), the zygote usually propagate forming acplayte.

In order Dasycladales (Floyd GL and O'Kelly CJ 1,9R@ven PHet al 1999, Van den
Hoek Cet al 1995), the zygote germinates immediately and griowgsthe uninucleate
plasmodium. For instance, in gen@isetabularia(Dumais Jet al 2000, Mandoli DF
1998), the plasmodium consists of three parts:ad-like rhizoid, a tiny stalk, and a
flattened umbrella-like cap. In young sporophyte tucleus resides within the rhizoid
and expands enormously developing into the giaotems. In mature sporophyte, the
giant nucleus gradually decreases in size and gondsrmeiosis. Subsequent rounds of
karyokinesis lead to production of up to 20000 tinuclei which are transported to the
cap by cytoplasmic streaming and become concedtratethe rays, gametangia.
Cleavage of the gametangia produces cysts, eathansingle monogenomic nucleus.
The contents of the sporophyte are almost wholgdugp during formation of cysts so
that it subsequently disappears. The cyst usuatjyires a period of dormancy before it
germinates. In the meantime, it becomes a multeaiel plasmodium. Upon
germination, the cyst content divides up into nuwsrbiflagellate gametes which then
become set free through an opening in the cyst wall
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In order Cladophorales (Floyd GL and O'Kelly CJ Q9%Raven PHet al 1999,
Shepherd VAet al 2004, Van den Hoek @t al 1995), the sporophyte is first a
multinucleate plasmodium which then gives rise taah-like colony of plasmodia. In
mature sporophyte, each plasmodium can swell som@tesrid its content divides into
monogenomic quadriflagellate meiospores which tehthrough a pore at the upper
end of the plasmodium. Each meiospore developsdatoetophyte. Sporophyte and
gametophyte look alike and can be distinguished @yl the size of the cell or by
nucleus. Also their development follows essentiallgntical pathways. Gametophytes
produce biflagellate gametes of both mating typéschvare similar to each other in
appearance.

In order Caulerpales (Van den Hoeke€al 1995), the zygote attaches itself to the
substratum and grows slowly into a tiny brancheasmplodium which initially contains
one single enormous nucleus. This nucleus therdevimany times to give a large
number of small nuclei. The plasmodium subsequerdfn cleave up into
multiflagellate, multinucleate zoospores. Probalityg meiosis takes place during this
process, since about half of the zoospores grow nmile gametophytes and half into
female gametophytes. The sporophyte may itself btfd gametophytes directly.
Gametophytes are also plasmodia. They can havebbleslike (for example, genus
Derbesig, bush-like (for example, genwryopsig, or leaf-like (for example, genus
Caulerpg appearance. Mature gametophytes develop gamatpragiucing biflagellate
gametes. Male and female gametes look differently.

In order Ulotrichales (Van den Hoek & al 1995), the quadriflagellate zygote swims
down, attaches itself to the substratum, and besoimenobile. It germinates only
short-day conditions, when it swells up into thegéastalked cell. Its contents divide up
to give 4-16 quadriflagellate zoospores. Durings tprocess, the meiosis probably
occurs. Each zoospore swims down, attaches itselie substratum, and gives rise to
an unbranched hypha. All cells in the hypha are &bdivide. The hypha clone itself by
production of quadriflagellate zoospores. From 2@a@oospores are produced per cell.
They are initially discharged into the vesicle dhdn released from the parent cell. In
long days, the hyphae produce biflagellate gametbgch are smaller than the
zoospores. The same hypha produces gametes d@rtieeraating type. Gametes fuse to
form quadriflagellate zygotes.

In order Acrosiphoniales (Van den Hoeke€ al 1995), the zygote develops into the
large stalked cell within which the meiosis occarsl quadriflagellate zoospores are
produced. Each zoospore gives rise to the multzaiel hypha which then produces
either unbranched (for example, orddrosporg or branched (for example, genus
Acrosiphonia hyphae colony attached to the substratum by akwvéizoids. Each

hypha can divide its content into many quadriflsgel zoospores each of which gives
rise to new colony of multinucleate hyphae. Malglme produce male gametes which
are smaller than female gametes produced by fehypleae. Gametes are biflagellate.

Order Ulvales

In genusMonostroma(Van den Hoek &t al 1995), the zygote develops into the large
stalked cell which then bores into the calcaredus| ©of cirripeds and takes on an
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irregular outline with a number of protrusions.ths condition, it spends a summer.
Germination of the zygote produces quadriflagellab®spores which are released
through a discharge tube. Each meiospore attatsedsto the substratum and grows to
form first a discoid and then a hollow sphericdl celony. This colony ruptures at its
upper end and becomes sac-shaped. The sac splitgyiaes rise to a leaf-like
gametophyte, only one layer of cells thick. Thef lgaows up to 20 cm high and is
irregularly undulate and folded. The female gamieytg produces rather larger gametes
than the male gametophyte. In both cases, gametdsfiagellate.

In genusUlva (Dion Pet al 1998, Malta E&t al 1999, Raven PHét al 1999, Van den
Hoek Cet al 1995), the zygote germinates immediately and gnassto the massive
three-dimensional colony of tightly connected hyghahich is called a sea lettuce
because of its leafy appearance. This leafy spgtepis two cells thick but can be a
meter long. It can be free-floating or attachedht® substratum. Cells in the marginal
part of the sporophyte undergo meiosis producinguanbers of quadriflagellate
meiospores. Half of the meiospores grow into maleetophytes, while the other half
grow into male gametophytes. Mating type deternmmatoccurs during meiosis.
Gametophytes are similar to the sporophyte in dgveént and appearance.
Gametophyte produces biflagellate gametes of tywegy

Class Trebouxiophyceae

In order Prasiolales (Van den Hoeke€al 1995), the zygote is first binucleate. It is
uniflagellate and can swim around for some time¢eA& few days, a karyogamy occurs
within the zygote which then comes to rest, gerteiaand gives rise to a leaf-like
colony of hyphae. The leaf is only one cell thidhe sporophyte clone itself by
digenomic aplanospores. Regions of the sporophytbere the formation of
aplanospores occurs, become two- or four-layeredhdture sporophyte, meiosis takes
place in the upper parts. Tetrads progressivelypggate producing gametophytes
which remain attached to the sporophyte. Half ef gametophytes are male, the other
half is female. The mature gametophyte completehsists of gametes which generally
become discharged together in large numbers, samediusly. The male gametes are
small motile biflagellate cells, while the femala@ngetes are large and non-motile. If any
male gametes touch egg, it becomes absorbed sa tiratlagellate, binucleate zygote
is produced.

Phylum Streptophyta
Class Zygnemophyceae

In order Zygnematales (Graham EEal 2000, Hoshaw RVét al 1990, Raven Pldt al
1999, Van den Hoek €t al 1995), almost all individual cell progression dpsedive in
freshwater environment making up the filamentousppgton growing on and around
the larger aquatic plants. The zygote of geBpsogyrag for example, is a resting spore
which withstands winter and undergoes meiosis anlgpring. Each tetrad produces a
hypha which cells divide in one plane producing-eménd chain of cells. The hypha
can be anchored to objects in the water by a rthizell. The hyphae usually fragment
to distribute the tetradic cell progression in spathe gametes are non-motile. To
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produce new zygote, two hyphae of different matyues line up beside one another
aligning neighboring cells which then produce cgajiion tubes. The cells from one
hypha can move over into the other hypha or, ateraely, cells from both hyphae can
move into the conjugation tube. In either case,c#lés of two mating types meet and
fuse together producing zygotes which then develupsresting spores.

In order Desmidiales (Hoshaw RWt al 1990, Raven PHet al 1999), only few
individual cell progression species form cell asstbons. Like Zygnematales, their
zygotes are resting spores, their tetradic celgmssion grows as long hyphae, and
their zygotes are produced by conjugation.

Class Chlorokybophyceae

In Chlorokybophyceae (Graham LéE al 2000, Van den Hoek €t al 1995), cells are
grouped into more or less cubical packet and areedded in a common gelatinous
matrix. Many packets in turn form a large mucilagia colony. Within the colony,
biflagellate zoospores are formed.

Class Klebsormidiophyceae

In Klebsormidiophyceae (Graham L& al 2000, Van den Hoek @t al 1995), cell
propagation leads to formation of a non-branchigghla which dissociates easily into
fragments containing one to a few cells. Eachisalble to transform into a biflagellate
zoospore which can swim away and develop into almgyha after settling. Formation
of gametes and their fusion to zygote have not beeamented.

Class Charophyceae

In order Charales (stoneworts and brittleworts)afam LEet al 2000, Raven Pldt al
1999, Van den Hoek @t al 1995), the mature zygote sinks into the sedimants
becomes dormant for a short or long period of tibxaring germination, meiosis takes
places producing a quadrinucleate cell which therdés into a small outer uninucleate
cell and a larger inner trinucleate cell. All thneeclei of the inner cell subsequently
degenerate. The outer cell gives rise to a multitzel gametophyte which develops to a
colony of hyphae. It consists of a series of sdedal'giant cells" up to several
centimeters in length with branches coming off @des composed of smaller cells. The
gametophyte is anchored in mud or silt by transitideizoid cell. Growth occurs at the
apex. Oogonia and antheridia grow at the nodesofiom is oblong and consists of a
central cell surrounded by five tubular, spiralcedls. A crown of smaller cells sits atop
these cells where they come together. Antheridisirapherical. Mature male gametes
are biflagellate.

In order Coleochaetales (Graham &&al 2000, Raven Pldt al 1999, Van den Hoek C
et al 1995), the zygote undergoes meiosis after a pefiadrmancy. Tetrads propagate
to produce 8 to 32 cells which then become biflagelzoospores. When released, the
zoospores swim away and each begins life as agullltiar gametophyte. It is a tiny
discoid or a cushion-like colony of hyphae. Gambtde can produce free-swimming
biflagellate zoospores which leave the parent golonbegin new colonies. Colonies
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may be found in freshwater habitat either growindarger aquatic plants or attached to
rocks or soil. In each gametophyte, cells can diffgate either into a large non-motile
eggs in oogonia or into smaller free-swimming lg#late sperm in antheridia. Each
antheridium produces only one single sperm whiaob®s surrounded by other cells.
Newly formed zygotes are usually retained on thetemal sporophyte. The
surrounding cells propagate to produce a layertefils tissue which envelops the
zygote and may provide nourishment until zoospevém away.

Phylum Cormophyta (land plants)

Cormophyta are also called Embryophyta, since tbhang sporophyte begins its
development within the tissue of its parent gamieytg

In Marchantiophyta (liverworts) (Graham L&t al 2000, Raven PHet al 1999), the
zygote develops into a multicellular sporophyte ahhis a massive three-dimensional
colony of tightly connected hyphae. This colonyc@nposed of foot, short stalk, and
capsule. Monogenomic spores produced within thewapare disseminated by wind.
After germination, each spore develops into a roellular gametophyte which is much
larger than a sporophyte. It is flat and lobed. Tmee-dimensional growth is highly
organized. Cell differentiation produces a variefyspecialized cell types. The lower
surface of the gametophyte bears numerous rhizbals|ike projections, which anchor
it and absorb nutrients from the soil. On the sagiper surface of the gametophyte,
there are gemmae caps or archegonia and anthg@dramae caps contain spores to
distribute tetradic cell progression in space. &ginia are umbrella-headed stalks
where eggs are produced. Antheridia are disk-heat#tks where flagellated sperm are
produced. Sperm swim to the vicinity of the eggsaitontinuous film of water and
fertilize those producing zygotes.

In Bryophyta (mosses) (Gilbert SF 2000, Raven BH al 1999), the zygote
progressively propagates producing a multicellafarophyte which is a massive three-
dimensional colony of tightly connected hyphae. Tony consists of a foot, a stalk,
and a capsule. Meiosis within the capsule yield®iegenomic spores of two distinct
types: female or male. They are released and ealgntgerminate, each progressively
propagating to form either female or male multigelf gametophyte. Also in
Bryophyta, the gametophyte, rather than the spotephs the more conspicuous.
Development of a gametophyte begins with an inliigdha which first gives rise to a
colony of hyphae, a protonema, anchored to soithoid. Three days of favorable
growing conditions produce upright shoots coveredh weafy structures. The
development of the gametophyte illustrates thesttem from a filamentous to a highly
organized three-dimensional growth type. The gapistie can fragment to distribute
tetradic cell progression in space. The shoots éedregonia or antheridia at their tips.
Female gametophyte develops archegonia where disyddéerentiate into eggs. Male
gametophyte develops antheridia where any celkerdifitiate into flagellated sperm
which however need external water to reach egghdmically attracted to the entrance
into an archegonium, sperm fertilize the eggs tmlpce new zygotes. The embryonic
sporophyte develops within the archegonium, anchiature sporophyte stays attached
to the mother gametophyte. At first, the sporophgtgreen and photosynthetic. At
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maturity, it is brown, not more photosynthetic, amsl nourished by mother
gametophyte.

In Pteridophyta (ferns) (Gilbert SF 2000, Raven RH al 1999), the zygote
progressively propagates producing a massive ttireensional colony of tightly
connected hyphae. Young sporophyte develops abeming rhizome from which
fronds project. Fronds are variable in size angeh&learly all fronds first appear as a
fiddlehead which unrolls as it grows. Fronds areosdarily subdivided into leaflets.
They may have evolved by uneven branching. Theogbyte ranges in size from low-
growing moos-like forms to tall trees. Sporophyevelops vascular tissue to conduct
water and minerals up from the soil and to transpaganic nutrients from one part to
another. Within sporangia located in sori on unidersf leaflets, meiosis yields tetrads
differentiating into spores. They are released disperse mostly by wind. After
germination, each spore progressively propagatésrio a multicellular gametophyte
which grows and develops both archegonia and adtaeFlagellated sperm use water
to swim from antheridia to archegonia and to feileggs. The embryonic sporophyte
develops within the archegonium, and the matureogiyte stays attached to the
mother gametophyte. It remains photosynthetic @t ®utgrows the space.

In gymnosperm Spermatophyta (seed ferns, cycadsfec® and others) (Gilbert SF
2000, Raven PHet al 1999), the sporophyte develops roots, stem, aandee Roots
anchor a sporophyte in soil and give support. Neuenroot hairs absorb water and
minerals from the soil. Stem forms main axis, alevith lateral branches, produces
leaves and arrays them to be exposed to as muchigbinas possible. Leaves are
adapted to maximize photosynthetic activity. Leatlest bear sporangia are called
sporophylls. They are arranged on cones. The spgteproduces cones of two types:
female seed cones and male pollen cones. Each aicaleseed cone has two ovules
surrounded by an integument and with one openingnatend. In sporangium within
the ovule, the cell undergoes meiosis producing fetiads which directly differentiate
into female spores. One female spore developsaimulticellular female gametophyte
with 2 to 6 archegonia, each containing a singigdagg. Each scale of pollen cone has
two or more sporangia on underside. Within the apgium, each cell undergoes
meiosis and produces four tetrads which immediatifierentiate into male spores.
Each male spore develops into an immature male iggmge, a pollen grain,
consisting of two or three cells. Thus, gametophye diminutive, reduced to a mere
few cells. Pollen grains remain on the sporophyte dnly a short time. They are
released and carried by wind to female seed cohesenthey land and germinate. After
germination, the pollen grain matures to producéergametes and to develop a pollen
tube that grows into the female gametophyte. Pdli&e growth is quite slow, up to a
year. After fertilization, ovule matures and becsna seed composed of embryo,
reserve food, and coat. Seed cone opens to redeass. Under appropriate conditions,
seed germinates and produce young sporophyte.

In angiosperm Spermatophyta (flowering plants) f&it SF 2000, Raven PEt al
1999), the sporophyte develops roots, stem, ancg$ednce the sporophyte becomes
mature, it initiates the development of flowers.eTilower contains highly modified
leaves arranged in rings. The first ring becomesmgyrsepals which enclose the flower
before it opens. The second ring becomes largealodful petals. Sepals and petals are
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sterile. The third ring becomes a pollen-producstgmens. Stamen is a slender stalk
with an anther at the tip. Anther is a modified rgpiyll and contains male sporangia
where cells undergo meiosis and tetrads differantrdo male spores. Each male spore
develops into a mature male gametophyte, a poltaim.gThe pollen grain contains of
three cells two of which are sperm. The fourth mfidgeaves within the flower becomes
carpels which fuse to form a pistil. Carpel is adified sporophyll and consists of the
stigma, the style, and the ovary. The ovary costaime or more ovules attached by a
placenta to the ovary wall. The ovule has one ar dwter layers of cells, integuments,
which enclose the female sporangium where the waillergoes meiosis and tetrads
differentiate into female spores. The largest afsth spores undergoes three mitotic
divisions to produce a female gametophyte which seven-celled embryo sac with
eight nuclei. The cell with two nuclei is callecdentral cell. One of uninucleate cells is
the egg. If released, pollen grains can be traresfetio the carpels by various agencies
such as wind, water, or animals. After any polleairg lands on the stigma of the
carpel, it takes up water and the pollen tube eeerghe pollen tube grows down,
passes between cells of stigma and style, entersotlule through opening and
discharges both sperm. One sperm fertilizes tha@ggoduce zygote which propagates
forming an embryo and a suspensor. The suspensaron embryo and transfers
nutrients to it from the sporophyte. Another spearnmites with central cell to form
digenomic triploid cell which gives rise to the esgerm (Berger F 2003, Olsen OA
2001). The endosperm develops into nutritive tis3ine ovule develops into seed, the
ovary develops into a fruit. Different kinds of itremploy different kinds of dispersal
mechanisms for dissemination of seeds. Under fa®m@onditions, seed germinates to
produce young sporophyte.

Unikonta: Opisthokonta: Fungi

Most Fungi form cell associations (Raven BHal 1999). Typical form of the primary
cell colony is a hypha which is actually a tubegdhplasmodium enclosed by a rigid
chitinous wall. Some hyphae have cross walls, septh pores which allow cytoplasm
and organelles to pass freely. Fungal hyphae amrosuopic, but the radially-
expanding secondary cell colony, a mycelium, camdrg large rivaling the mass of the
largest plants and animals. Fungi are non-motileeyTmove to a food source by
growing toward it. Fungal growth is mainly confinea the tips of the hyphae. Some
mycelia can grow up to a kilometer a day. When oh¢he hyphae contacts a food
supply, the entire secondary cell colony mobiliaad relocates resources to exploit the
new food. If all food is depleted, production ofosgs is triggered. Another form of
distribution of the individual cell progression space is fragmentation of a mycelium.
Colonies of different individual cell progressionsuperpose each other and
communicate chemically via pheromones especiaity po mating.

Phylum Chytridiomycota

Chytridiomycota are poorly studied. Some are kntovhave zygotic meiosis. Some are
unicellular, some produce solitary hyphae, and rsthoduce mycelia. They have
flagellated gametes. In genédlomyces(Barr DJS 1990, Raven Peét al 1999), for

example, the zygote propagates and produces thenahgc sporophyte. The
sporophyte grows by branching and clones itselbimguction of digenomic zoospores.
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Each mature sporophyte develops sporangia whiconbeceleased and after a period
of dormancy produce monogenomic zoospores by nweiddier germination, each

monogenomic zoospore produces gametophyte. Thereng@metophyte produces
gametes of both types, male and female. By syngayametes produce biflagellate
zygote which, however, losses both flagellae arginseto propagate.

Phylum Zygomycota

A zygospore is a chimerical plasmodium containinguanber of monogenomic nuclei
of two mating types (Raven Pét al 1999). It has a period of dormancy before nuclei
pair and fuse. Then, digenomic nuclei immediatetylergo meiosis and zygospore
germinates. Germination involves development of onenore sporangiophores with
sporangia at their tips. Sporangia release monagengpores each of them gives rise
to its own mycelium. With little cellular differeiation among mycelium, hyphae
specialize for various functions. Stolons are hantal hyphae that exist on the surface
of the food. Rhizoids are hyphae that grow into tbed and carry out digestion.
Sporangiophores are stalks that bear sporangiaevdpares are produced. If released,
spores are dispersed by air current and give ns@ew mycelia contributing to
distribution of the tetradic cell progression irasep. Sometimes, two hyphae of different
mating types are chemically attracted and grow tdweach other. Ends of hyphae swell
as nuclei enter. Cross walls without pores develmhind each end, forming
multinucleate gametangia. Both gametangia mergearsingle chimerical plasmodium
which develops a thick wall forming a zygospore.eTiygospore remains attached
between both parental hyphae during period of doona

Phylum Ascomycota

If a plasmodial ascogonium receives nuclei fromlasmpodial antheridium through a
cytoplasmic bridge, it becomes a single chimergabmodium containing numerous
nuclei of two mating types (Borkovich KAt al 2004, Coppin Eet al 1997, Kronstad
JW and Staben C 1997, Raven &t&al 1999, Saupe SJ 2000). Within this plasmodium,
nuclei of two mating types pair but do not fuseeylexist side-by-side and propagate
synchronously. Plasmodium develops a compact colohychimerical plasmodial
hyphae surrounded by an ascocarp. Walled-off tijpsome hyphae become large
dikaryotic cells. After its monogenomic nuclei fusiee cell becomes a meiocyte where
the digenomic nucleus undergoes meiosis and eacd thhen undergoes one mitotic
division. The cell becomes an ascus, a finger-gshggasmodium containing eight
monogenomic nuclei. Within ascus, each nucleusrhesasurrounded by a separate cell
wall and differentiates into an ascospore. Ascusllsvand bursts, expelling ascospores.
At the time they are released, the thick-walledoapores are resistant to adverse
environments. Given the right conditions, the agoos germinates and develops a
mycelium. In mycelium, some aerial hyphae can difféiate into conidiophores which
tips contain conidiospores. Conidiospores contaltot distribution of the tetradic cell
progression in space. If two hyphae of differentintatypes are attracted to each other,
they differentiate into an ascogonium and an ardhen respectively and form a
cytoplasmic bridge through which all the nuclei tife antheridium enter the
ascogonium.
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In subphylum Saccharomycotina (yeast), cells areliys dispersed in space, but, in
response to nitrogen limitation and abundant fetatda carbon source, cells of the
zygotic cell progression can undergo transitiofiileonentous growth (Lengeler KBt

al 2000, Wittenberg C and La Valle R 2003). The féamtous growth represents a
dramatic change in the normal pattern of cell growt which the cells become
elongated, switch to unipolar budding pattern, nenphysically attached to each other,
and invade the growth substrate. Related transitiditamentous growth occurs also in
tetradic cell progressions but rather in nutriedt-renvironment. In the tetradic cell
progression, cells essentially represent gametat dre short-lived in nature. An
elaborate pattern of axial budding has evolvechase cells and is thought to promote
rapid mating. Thus, while the role of transitionfi@mentous growth in zygotic cell
progression may be to forage for nutrients, the moltetradic cell progression may be
to forage for mating partners.

Phylum Basidiomycota

A dikaryotic zygote gives rise to a mycelium. Inphye, septa separate dikaryotic
regions from each other (Casselton LA and Olesni®y1998, Hibbett DS and Binder
M 2001, Kronstad JW and Staben C 1997, Kies U 2B@@en PHet al 1999). In
apical region of the hypha, nuclei propagate syobusly whereby one of the nuclei
divides in the main axis of the hypha, while thbestdivides into a hyphal branch, a
clamp. Septa are formed across each of the mipiiadles so that the new subapical
region and the clamp become monokaryotic. If thexagf the backward growing clamp
fuses with the new subapical region, dikaryotic diban is reestablished. The
mycelium continues its existence for years, perleesn hundreds of years. Production
of conidiospores is rare. Conidiospores may beaseld either passively or forcibly.
Also fragmentation of the mycelium can take plaGzcasionally, the mycelium
develops one or more basidiocarps. Basidiocardrisittng body such as mushroom or
puffball composed of tightly packed hyphae whosdledaoff ends become club-like
basidia. If walled-off by a complete septum, thel ehthe hypha becomes a large cell
where both nuclei fuse and digenomic nucleus urmergneiosis. The cell becomes a
basidium by forming four projections each of whigchtains its own monogenomic
nucleus and develops into a basidiospore. Alsodipores may be released either
passively or forcibly. After germination, each luagspore forms its own mycelium.
Monogenomic mycelium is short-living. If two hyphaé different mating types are
attracted to each other, their apical regions fagether producing a dikaryotic zygote.
Rapidly growing new dikaryotic mycelium remainsaatied to parental monokaryotic
mycelia.

Unikonta: Opisthokonta: Microsporidia

Microsporidia are parasites which hosts are reptatge of almost all invertebrate
animal phyla (Canning EU 1990). Karyokinesis oftproduces a spherical or
filamentous plasmodium. Nuclei may be isolated airgul in a dikaryon arrangement.
The nuclear envelope remains intact during karyeds Plasmodium may divide by
simultaneous fission into smaller multinucleatespiladia or dikaryotic cells. The
plasmodium development culminates in karyogamy peody digenomic nuclei which
immediately undergo meiosis. Monogenomic nucleippgate until the plasmodium
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becomes a sporont producing spores. Spores arby ligaracteristic with a polar tube
which is everted in the hatching process and alltives passage of the sporoplasm
through it so that the host cell is infected bycmation.

Unikonta: Opisthokonta: Nucleariida

In Nucleariida, multinucleate plasmodium, with gigr pointed fine radiating
pseudopodia, actively moves varying in form andpshe&Sometimes, it becomes a
spherical. Number of nuclei per plasmodium rangemf4 to 80. Nuclear envelope
remains intact by karyokinesis.

Unikonta: Opisthokonta: Choanoflagellata

Although considered the closest relatives of AnimaChoanoflagellata are not yet
thoroughly studied (Buck KR 1990, Maldonado M 20Biklsen C 2001). It is even not
known whether they are monogenomic or digenomi@ ¢é&ll typically has a funnel-
shaped contractile collar of cilia surrounding lagie flagellum. Often, cells remain in
hypha-like or sphaera-like association and shown#dd degree of differentiation. In
hypha-like association, cells are usually clustexednd of a simple or branching stalk.
Sphaera-like associations, such as of g&nsaeroecahave collars on the outer side
of the sphaera, but others, such as of gddiaphanoeca have collars facing the
interior of the sphaera. Of special note is a sEhaé genusProterospongia which
external cells are typically flagellated and c#iét but internal cells are non-motile.
Proterospongianay be the direct ancestors of Porifera.

Unikonta: Opisthokonta: Animalia

The evolution of individual cell progressions of iAlia clearly involved the
development of considerable diversification of €&lithin the cell association.

In Animalia (Gilbert SF 2000, Nielsen C 2001), thayote propagates by cleavage so
that the cells become more and more smaller. Ttiencell association grows and
develops in a large variety of ways, forming artiahibody with a species-specific
primary body plan. This initial body usually clonigself giving rise to an expanding
population of primary cell colonies that often remattached to each other, forming a
larger cell association with a species-specifioadary body plan. The secondary cell
colony may show differentiation of primary cell onles. Soon or later, the onset of
meiosis is triggered. The tetrads may propagateifay an association of monogenomic
cells, but this case is extremely rare. Mostly, te¢rads do not propagate but
differentiate into eggs or sperm. The egg usuadlyetbps only from one of the tetrads,
while the other three become polar bodies and rakbgenerate.

Each primary cell colony may frequently change franfree-swimming stage to a
sessile stage. In addition to the settlement, thiange may include more or less
dramatic transformation of the primary body plarheTcloning and formation of
secondary cell colony may occur from both the Begmming stage and sessile stage.
In some species, the free-swimming stage is réstrito the initial primary cell colony
which soon or later settles and irreversibly transis into the sessile stage.
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Similarly, each secondary cell colony may frequemthange from a free-swimming
stage to a sessile stage and this change may éciadre or less dramatic
transformation of the secondary body plan.

Generally, most specialized cells can de-diffeegatinto primordial cells or even re-
differentiate into other cell types.

Formation of animal body plans

While the morphological diversity of animal cell sasiations seems to be
overwhelming, the underlying body plans are newdeds governed by rather few
general principles.

The primary body plan is always a sphaera or itsvdve. The sphaera which can be

topologically described as the simplest closedasafwith two sides and no boundary

lines, can give rise to more complex closed surfam# as solenoid or even to a system
of solenoids, some embedded in another.

The secondary body plan is a series of primary bpliyns. However, the serial
arrangement may become not more evident.

In contrast to the abstract mathematical surfdoe réal biological surface is made up
not by dimensionless points but by three-dimendiaomatrix with embedded cells. So,
although the biological surface, like the mathep@tsurface, is with two sides and no
boundary lines, it is actually a wall, since thesea distance between its two sides so
that these two sides enclose a space with a volumeother words, whereas a
mathematical surface has no thickness, the bicdbgiarface does have. The thickness
of the wall may have regional differences in magphét Additionally, the two sides of
the wall can be differently designated accordingtheir orientation to interior or
exterior of the body.

Thus, it is very important to recognize that thealgtion of the animal body plan can
be generally given in terms of a closed and orldetavall, without boundary lines and
with two distinguishable sides. That side of thdlwich is oriented into the exterior
of the body is here designated as an outside,ratdmhich is oriented in the interior of
the body is an inside. One must be aware thatghees which seems to be the interior
of the body at the first glance, is actually théeewr.

Within the wall, some cells may become polarizelflsca&ranged in cell layers. Some
cell layers may be described as the closed surfdméstheir local orientation may
greatly deviate from the direction of the wall origtion, giving rise to the internal
complexity of the wall. Additionally, other cellyars may not be described as closed
surfaces at all. So, the underlying principleswface topology remain valid only at the
wall level but not at the level of separate cefels.
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The complexity of the primary and secondary bod&nmnhances gradually at different
ontogenetic and phylogenetic stages, providingghtsinto the most basic directions of
animal evolution.

A. Sphaera as a primary body plan

In early part of animal phylogenesis, the primaody plan corresponds to the three
sphaera types: a morula, blastula, and gastrula.

Similar to many other Karyota, ancestral Animaliergvable to form a small spherical
cell association, the morula, within which the atiéid cells were held together by a
semi-fluid extracellular matrix. The morula was laut polarity and rolled throughout

the water. In extant animal phyla, the morula taireed only as a transitory stage during
development of the initial primary cell colony.

The next sphaera derivative, the blastula, evolvbdn the outermost cells came into
close contact to each other forming junctions betweells so that the innermost
compartment of the wall was isolated more or lesapetely from the exterior. This
division of the wall into an innermost and outerinasmpartment had the advantage of
a regulated interior, providing the cell assocmatigth a higher degree of independence
from environment. The blastula then evolved a prete direction of swimming,
establishing an anterior-posterior polarity of thedy which was associated with a
division of labor between cells of the outermosmpartment of the wall. At the
anterior pole, the cells with longer cilia formdtetmost ancestral sensory organ, the
apical organ. Around the posterior pole, the mateaaced blastula evolved a ring of
compound cilia to enhance the power of swimmingisTiing, usually called the
archaeotroch, was also capable to capture larger particles and transfer them to the
leeward side at the posterior pole where the ¢edisthe cilia at all. Although distinct
parts may be distinguished in the blastula watkmains an integumental.

The gastrula came into existence when the wallhef blastula posteriorly to the
archaeotroch bent inwards, forming a sac with mardess expanded cavity, the
archenteron, which then functioned as a primitiastgal space. The archenteron offered
the possibility of the retaining, absorbing, angediting larger food particles, enhancing
thus the food uptake. Although the archenteron &ion is achieved by drastic change
of a local curvature of the wall, it remains unmig@ted. However, in contrast to the
morula and blastula, two main regions of the wilé integumental wall and gastral
wall, are to be distinguished in the gastrula.

In Porifera (Amano S and Hori | 1996, 2001, BawdkirG et al 2002, 2003, Bonasoro
F et al 2001, Boury-Esnault Nt al 2003, Degnan BMet al 2005, Gallissian MF and
Vacelet J 1992, Hill MS and Hill AL 2002, Leys SB9B, 2003, Leys SP and Degnan
BM 2001, 2002, Manconi R and Pronzato R 1991, Mrel€ 1998, 2001, Reiswig HM
and Miller TL 1998, Uriz MJet al 2001, Woollacott RM 1993), the cleavage usually
leads to direct formation of the blastula with thaterior-posterior polarity. The
innermost compartment of the wall is filled by seftaid matrix with loosely arranged
cells. In some species, it is completely cell-fieethe outermost compartment, the cells
are arranged in an epithelium-like layer and becapeally ciliated, except the
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posterior pole. Sometimes, cilia are first orientatb the cell-free interior and the
blastula must turn inside out through an openingveen cells. The blastula is a free-
swimming stage of the initial primary cell coloriyswims by beating of cilia, but soon
or later settles with anterior pole against thessabum and irreversibly transforms into
a sac-shaped sessile stage, a sponge, with andedgaavity, the atrium, which opens
upward. The margin of the atrial opening is a baupdetween two distinct parts of the
integumental wall, the feeding wall and atrial wallhich attach each other by their
inside surfaces so closely that the double-wallgine of the sac is not more evident.
In the sponge wall, the innermost compartment liedfi by the primordial cells,
archaeocytes, which produce the semi-fluid mata, mesohyl, and spicules.
Sometimes, archaeocytes must differentiate inteerspecialized sclerocytes to be able
to produce spicules. Archaeocytes also differemtiato flattened cells, a pinacocytes,
some of them contain contractile fibers. Pinacocyterange into a non-sealed
epithelium-like bilayer, composing the outermosigartment of the feeding wall, and
into a monolayer, forming numerous water canalsingthrough both walls. Further,
archaeocytes differentiate into characteristicsgethe choanocytes, with a funnel- or
tube-shaped collar of long villi surrounding a lengilium. Choanocytes are usually
arranged into well-defined epithelium-like layeongposing the outermost compartment
of the atrial wall. The undulating movement of ttileum propels water away from the
cell body, thus inducing water current between vilfo the collar. The water currents
induced by all choanocytes create flow of wateotlgh canals. The water enters canals
through numerous pores in the feeding wall anddsdtirough numerous pores in the
atrial wall and then through atrial opening. Fooarticles are captured both by
pinacocytes and by choanocytes. They engulf foeticpes from the water, digest them
in vacuoles, or pass them to archaeocytes whidsiat nutrients from cell to cell. The
wall of the sponge is loosely organized. The cefictions occur only occasionally
between the archaeocytes, when some of them artaggther to produce spicules, for
example. At the sessile stage, the initial primeeil colony clone itself by fission or
budding, giving rise to an expanding sessile seagndell colony, respectively. Very
often, the formation of secondary cell colony pext® without any sign of fission or
budding so that the initial sponge develops ingr@ving massive sponge colony of a
sycon or leucon type, with an intricate net of coonnwater canals and numerous
choanocyte chambers. In any cases, special restages, gemmulae, contribute to
distribution of individual cell progression in sgadGemmulae can survive extremely
unfavorable conditions that cause the rest of pomge colony to die. Archaeocytes and
choanocytes can undergo meiosis producing gameges and sperm are produced at
different times. Eggs develop either from archagexwr from choanocytes which lose
their collars and move into the matrix. Sperm depdkom choanocytes only. In the
sponge colony, the whole choanocyte chamber caonniedransformed into sperm
which is shed into the chamber lumen and expeliech fthe colony through common
water canals. When single sperm enters anothergspah becomes trapped by an
archaeocyte and transported to an egg in the m@tri@rm a zygote. Development of
new initial primary cell colonies takes place iresithe maternal sponge in almost all
Porifera species.

In Cnidaria (Ball EEet al 2002, Barneah @t al 2002, Blackstone NWét al 2004,

Cartwright P 2003, Dahan M and Benayahua Y 1998y[®K and Turner JR 2003,
Freeman G 2005, Gréger H and Schmid V 2001, Get#érodriguez C and Lasker HR
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2004, Isomura Mt al 2003, Kossevitch |4t al 2001, Lasker HRet al 2003, Martin VJ
2000, Nielsen C 1998, 2001, Weis V&t al 2002, Yamashita ket al 2003), the
cleavage usually leads to the formation of the tblaswhich then elongates and
becomes a flat, pear-shaped planula. Cells aretbgkther by semi-fluid extracellular
matrix. The innermost compartment of the wall mawntain loosely arranged cells or
may be completely cell-free. In the outermost cortmpant, cells are apically ciliated.
At the anterior pole, cells develop longer ciliaddarecome sensory, forming an apical
organ. The planula is the free-swimming stage efitiitial primary cell colony. At the
posterior pole, the wall often bends inwards tomfothe more or less expanded
archenteron, making the planula planktotrophic. plenula usually settles with the
anterior pole, attaches to the substratum, andrbesoa flat primordial disk. All
specialized cells become rather absorbed and edjelsy primordial cells which
propagate and begin to produce a gelatinous tostloaotilaginous, hyaline matrix, the
mesoglea. The primordial disk expands in a vargtyays. The lover side develops
into a pedal disk. At the upper side, a circuldd fof the wall usually stretches upwards
forming a sac-shaped polyp with an expanded cawttich then functions as a new
gastral space. A ring of tentacles with extensiointhe gastral space surrounds the sac
opening. The next circular fold extends from the spening into the gastral space.
Longitudinal folds, mesenteries, may extend ragligMlthough the relation of the new
gastral space to the archenteron is uncertairtwtbenain regions of the polyp wall, the
integumental wall and gastral wall, may be cleatigtinguished. Their innermost
compartments fuse to a thin sheath which, howeway, locally swell and even contain
cells. Cells of the outermost compartment are amchto the basement membrane and
form an uninterrupted sealed layer within which themordial interstitial cells
differentiate mostly into the tall cells, a myoéygliocytes, containing muscle fibers at
the base. The fibers interconnect longitudinallyha integumental wall and circularly
in the gastral wall. Thus, there are two antaganistuscle layers in the polyp.
Numerous sensory, nervous, secretory and otheradiged cells are scattered between
myoepitheliocytes. Most characteristic are howeu@docytes. A cnidocyte contains
nematocyst, a fluid-filled capsule with a long sfiy coiled hollow thread. When the
trigger of the cnidocyte is touched, the nematocystlischarged. Some threads trap
pray or predator, some have spines to penetratenggt paralyzing toxins. Nervous
cells interconnect to form a neural plexus whi@ngmits impulses in several directions
at once, resulting in multiple firing of nematocy#t body parts not directly stimulated.
Both nerve and muscle fibers enable polyp for dioeal movement. The polyp can
contract or extend. Tentacles can extend to gresyp [n the gastral wall, cells secrete
digestive juices. In the integumental wall, cebis secrete an external cuticle. Although
sedentary, polyp is not completely sessile in nspsties. Some can glide from place to
place on the pedal disc. Others can crawl on tthe sf the body or even walk on the
tentacles. By fission or budding, the initial polgpves rise to a growing number of
polyps which often remain attached to each othdrfarm an expanding secondary cell
colony. In some species, the colony of polyps mayehclosed in a hard, chitinous
covering. In the colony, polyps may differ struetly and functionally. Primordial cells
can undergo meiosis producing gametes. Both egis@arm are usually shed freely in
the water. In some species, polyp fragmentation lsang forth specialized free-
swimming stages, medusae, which then produce apmdie gametes. In any species,
the free-swimming planula develops direct into thedusa. The medusae are able to
clone themselves too.
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In Ctenophora (Henry JQ and Martindale MQ 2004 |9¢ie C 1998, 2001, Sullivan LJ
and Gifford DJ 2004), the cleavage leads to then&tion of a blastula which then
becomes a very delicate sac-shaped free-swimmidg Wwah an expanded archenteron
and a pair of tentacles. Thus, two main regionthefwall, the integumental wall and
gastral wall, may be clearly distinguished. Thecgpas innermost compartment of the
wall, contains predominantly a gelatinous hyaliretnm, a mesoglea, and a few smooth
muscle cells and mesenchymal cells. The smooth Imusgls are very large and
branched. In the outermost compartment of the vibk, cells are arranged in an
epithelium. Between both compartments, there i®ressgicuous basement membrane.
Externally, the body typically looks as a spherigabvoid, but may become extremely
flattened in the tentacular plane. In the integuialemvall, the epithelium is first
monolayered but, later, it becomes separated iexéernal layer of ciliated cells, with
sensory and secretory cells scattered between taednan internal layer of nerve and
muscle cells. A dome-shaped cap with specializets®g cells protrudes from the
anterior pole. In some species, however, thesesgpslls are situated rather in a small
anterior cavity. Below the anterior cap or cavitiyere is usually a concentration of
nerve cells in the integumental epithelium. Theegoumental wall may form folds or
lappets. Eight meridional rows of large fused cilea comb plates, are the only
locomotory organs of the body so that the typicalgakly swimming of the body is
largely at the mercy of the prevailing water cutsefhe presence of combs is just the
most distinctive feature of the phylum, givingmame. The tentacles are cylindrical and
often have numerous side branches. The tentadasascular and can be retracted into
the sheaths. The tentacular epithelium bears vharacteristic cells, a colloblasts,
which are formed continuously from undifferentiaieterstitial cells of the basement
growth zone. Apically, the colloblast has numergtanules which release sticky mucus
substance by contact with a prey. The opening @ftichenteron is a narrow slit which
leads through a large flattened pharynx into aeragmall stomach. The pharyngeal
plane is transverse to the tentacular plane, esiad the so called biradial symmetry
of the body. A narrow aboral extension of the stomi@ads to a pair of canals with an
extremely precise branching pattern so that, intechdto the main aboral canal, there
are usually a pair of transverse canals, two plyggghcanals, two tentacular canals, and
eight meridional canals along comb plates. Therghaspithelium is composed of both
ciliated and phagocytic cells. Digestion beginsraoéllularly but is completed always
intracellularly. The free-swimming body grows caonipusly. In few species, it settles
and becomes sessile. The cloning and formatiorecbrsdary cell colony have never
been observed. However, Ctenophora are known asdiavsubstantial capacity for
regeneration. They are able to regenerate lost gace used to capture prey, a tentacle
is usually lost and subsequently regenerated. Tieey regenerate the whole body even
from a small fragment. Gametes are produced indioeral canals and shed through
numerous tiny pores in the comb plates. Each baally produces both eggs and
sperm, but in separate canals. The egg is usuatigerted with three clusters of nurse
cells through intercellular bridges.

B. Sphaera-in-sphaera as a primary body plan

The opening of the archenteron may close part@llgompletely forming a solenoid or
sphaera-in-sphaera, respectively. Since the sadoanation may be achieved by the
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partial closure of the archenteron and by trangitoterruption of the wall, the solenoid
at the first glance seems to be more ancestralaoyirnody plan than the sphaera-in-
sphaera. But, in the ontogenesis of many extamhanphyla, rather the sphaera-in-
sphaera formation precedes the solenoid formatiomay even precede the gastrula
formation as the ontogenesis of some Cnidaria shéwditionally, one of the most
basal animal phyla, Placozoa, possibly retainedstiieaera-in-sphaera as a primary
body plan. Taken together, these facts suggesthbaphaera-in-sphaera may be more
ancestral primary body plan than the solenoid.

The phylum Placozoa comprises only one known inldizi cell progression species,
Trichoplax adhaerenswhich life history has never been studied in aayural habitat
and is known very fragmentary (Ender A and SchiggwB 2003, Maruyama YK 2004,
Thiemann M and Ruthmann A 1991). Zygote formatiow gropagation were not
observed. The best known stage, kept alive in uariaboratories, is a sphaera which is
so extremely flattened that it looks as a doubl#esladisk creeping on substratum in
warm water. Therefore, two main regions of the wk lower wall and upper wall, are
usually distinguished. Their inside surfaces at@a&th other so closely that the double-
walled nature of the disk is not more evident. Tirermost compartment of the wall is
filled by a gelatinous matrix with a meshwork ofrsshaped fibre cell. The fibre cells
are tetraploid, contain actin filaments, and aerdfore responsible for the sometimes
quite rapid changes of the body shape. In the owst compartment of the wall, the
ciliated cells are arranged in an epithelium-likeydr. At the lower wall facing
substratum, the ciliated cells are rather tallsce#tween which some secretory cells are
scattered. At the upper wall, the layer contaias ¢iliated cells and spectacular cells
with inclusions originating from degenerating cellie body clones itself by fission,
by budding, or by formation of secondary free-swimgnstages, the swarmers. The
swarmer consists of two concentric walls surrougdircentral lumen and is therefore a
sphaera-in-sphaera. When the swarmer settlesensogt one side and stretches out so
that the lower and upper walls become establislyadrier and outer walls respectively.
Meiosis was not observed. Eggs seem to be formethenlower wall and become
surrounded by fibre cells which function as nursadisc In culture, eggs form
fertilization membrane and start to divide, but pnegeny cells soon disappear.

C. Solenoid as a primary body plan

The blastula may transform into either gastrulespinaera-in-sphaera which both can
convert into each other and both can give risénéosoblenoid. So, there is a variety of
ontogenetic ways of solenoid formation which phyoetic interrelationships remain
unclear. If the gastrula is a preceding stage,stilenoid may be formed either by a
partial closure of the archenteron opening leawng openings or by the formation of
an additional invagination which then fuses witlchemteron to produce the second
opening. If the sphaera-in-sphaera is a precedagesthe solenoid formation requires
the establishment of two new openings.

The tube between two openings of the solenoid fanstas a gastral tube, the gut,
which lumen represents the exterior in relatioth®body. It may extend and branch in
complex ways without affecting the solenoidal tagy of the wall. The food particles

pass the gut lumen only in one direction from opening, the mouth, to the other, the
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anus. The origin of different gut regions dependatfly on the way by which the
solenoid is formed and varies between the mostphyl

In addition to the anterior-posterior polarity, teelenoid developed a dorsal-ventral
polarity and became bilateral symmetric. Howevee must be aware that the anterior-
posterior axis may deviate from the ancestral ¢astgon depending on the way of
solenoid formation.

Generally, the innermost compartment of the wathams filled predominantly by the
semi-fluid matrix with only few cells. Some of tleesells arrange in a pair of branched
canals which open into a posterior cavity, the cdoalhe branches terminate with
specialized cells which function as a protonephridine outermost compartment of the
wall remains predominantly the myoepithelium. Nuoer sensory, nervous, secretory
and other specialized cells are mostly scatteredidmn myoepitheliocytes, but may
form local concentrations as well. Both compartraesftthe wall are usually separated
by a basement membrane. The two main regions oivétle the integumental wall and
gastral wall, become more elaborated and develmiaty of specialized regions. The
apical organ usually persists, but its locationahes greatly on the way of solenoid
formation. Numerous ciliary bands are formed, Ingirtrelation to the archaeotroch is
not clear.

A large number of extant animal phyla retaineddbkenoid as a primary body plan of
the initial body.

In Rotifera (Birky CW 2004, Fontaneto & al 2003, Gilbert JJ 2003, Gomez A and
Carvalho GR 2000, Nielsen C 2001, Schroder T 2@@8ra Met al 2004, Wallace RL
2002, Welch DBM and Meselson MS 2001, Welch JeMal 2004), the initial free-
swimming body is solenoid-shaped. The innermostpaotment of the wall contains
predominantly semi-fluid matrix but also a pairbsénched canals which open into the
cloaca. The branches terminate with specializeld,atle flame cells, functioning as a
protonephridia. The outermost compartment of thd wwathe myoepithelium which
becomes plasmodial in many regions. The integurhewdé#l develops a variety of
structures such as ciliary rings, ridges, pits,ilfsg and bristles. The wheel-shaped
anterior region with one or more ciliary discs,@ana, becomes the most distinctive
feature of the phylum, giving its name. Cuticuldates encircle the body forming a
protective lorica. The posterior aspect of the btygycally narrows forming a retractile
foot. Food particles captured by the corona anesparted through the ciliated buccal
tube to the muscular pharynx, a mastax, which castaard chitinous jaws and chews
ceaselessly. The particles are crushed and matepulzefore being passed into the
ciliated oesophagus, where the preliminary digesticcurs, and then into the stomach
which may be either cellular with cilia or plasmaldwithout cilia. There is usually a
pair of gastric glands, but some few species have §land pairs and one unpaired
elongated gland. Short ciliated intestinal tube ngpento the cloaca. As a species-
specific number of cells or nuclei is reached, ¢ak division becomes restricted to the
highly determined subset of the cells within theemrmost compartment of the wall and
is used by the initial body to clone itself, dey@ig an expanding population of new
bodies. The life span of the body is usually arodntb 2 weeks. In some species,
bodies of homogenous or heterogeneous age remairfré@e-swimming secondary cell
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colony embedded in a common gelatinous matrix. Bloghsolitary and colonial bodies

may settle down and become sessile, attachingetsuhstratum by foot. Sessile bodies
actively sway from side to side and contract fredlye The population continues to

expand until deteriorating conditions stimulate dimset of the meiosis within the subset
of dividing cells, producing tetrads. Some of thane actually eggs and wait to be
fertilized, but other tetrads propagate and eaclreldps into a monogenomic dwarf

male with vestigial, non-feeding gut. In the mat®st cells differentiate into sperm and
oversized copulatory organ. Fertilization produeedormant zygote which is highly

resistant and may remain quiescent for months arsydn most species, however, the
meiosis, male development, and fertilization hawven been observed, since the
population survives unfavorable condition ratherchyptobiosis and may remain in this

stage for months, years, or even a century. Thevezg requires 10 minutes to several
hours. Thus, some Rotifera species retain the amosstral type of the life history of

the individual cell progression, being able to facell associations not only within the

zygotic cell progression but also within the tetcazkll progressions.

In Cycliophora (Kristensen RM 2002, Obst M and Fufc2003), which comprise only
one known individual cell progression speci8gmbion pandorathe free-swimming
stage of the initial body, a chordoid, is solensidped. In the wall, the thin innermost
region is filled with semi-fluid matrix and is cdtee. The outermost compartment is a
myoepithelium. The chordoid usually settles on bhistle surrounding mouth of the
lobster, becomes eventually attached to it, antstoaims into a sessile feeding stage of
the initial body. From the attachment disc, a sktatk develops. At the stalk, there is a
main trunk with a U-shaped gut which mouth and dreuslose to each other and are
directed upwards. Around the mouth, a circular fe¥ghands into a bell-shaped buccal
funnel with a ciliated margin. The gut has wellidetl oesophagus, stomach and
rectum regions. The buccal funnel and gut contigud¢generate and are replaced by
internal budding. The sessile body clones itselspacial stage, a pandora, with a
miniature sessile body is continuously producedpeacial brood chamber, escapes and
immediately attaches nearby so a large populatideenling stages arises. Triggered by
the imminent molting of the lobster host, the barfyeither male or female type is
developed by internal budding. The significantlyadler male body is a simple sac
without buccal funnel and gut. It breaks free, meduo produce two stores of sperm
and two copulatory organs, and then attaches tsdbsile body which is in the process
of producing a female body. In the female bodyyanie tetrad differentiates into the
egg. After its single egg is fertilized, the femblady eventually breaks free and settles
nearby. The zygote develops into the chordoid witla female body which
progressively degenerates allowing the chordoiestmpe and swim to new host.

In Micrognathozoa (Kristensen RM 2002, Kristensév &1d Funch P 2000, Sorensen
MV 2003), which comprise only one known individueéll progression species,
Limnognathia maerskithe initial free-swimming body is solenoid-shapbkdt the gut

has only a temporary anus of interdigitating integatal and gastral cells. The
innermost compartment of the wall is filled by sdinid matrix with few muscle cells

and contains two pairs of protonephridia. The ontst compartment is a mono- or
multiciliated epithelium. At the dorsal and latesatle of the body, the integumental
myoepitheliocytes produce intracellular skeletalt@s. At the ventral side, cells bear
compound cilia and are the chief locomotory ordaaryngeal cells secrete cuticular
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jaws which are similar to those of Rotifera. Thenthg, meiosis, fertilization, and
development have not been observed, but there ammenous indices that
Micrognathozoa may be similar to Rotifera alsohis respect.

In Gnathostomulida (Herlyn H and Ehlers U 1997,I&&a C 2001), the gut is blind, but
some species have a temporary, periodically funatjoanus of interdigitating
integumental and gastral cells. The innermost cotmant of the wall contains muscle
cells. There are also 2-5 pairs of protonephridiae outermost compartment is a
monociliated epithelium. Pharynx is equipped byicuar jaws similar to those of
Rotifera and Micrognathozoa. During the body lifistbry, the onset of meiosis is
triggered many times so that the juvenile stagesrradte with adult stages, reliving
periods of maturity over and over again. The bodydpces gametes of both types but
in separate regions. Fertilization occurs intesnalith production of a single large
zygote which then breaks directly through integutalewall to escape from the body.
Remarkably, the cleavage exhibits a spiral pattern.

In Kamptozoa (Entoprocta) (Nielsen C 1998, 20010220 Wasson K 1998), the free-
swimming stage of the initial body, a trochophdsesolenoid-shaped. The innermost
compartment of the wall is filled by semi-fluid miatwith a few cells arranged in a pair
of branching canals. Each canal usually has thmseches terminated with a
multiciliated cells functioning as a protonephridiBhe outermost compartment is a
ciliated myoepithelium. The body is named a tro¢twp for the wheel-like appearance
of the two main bands of compound cilia: a largetgroch which girdles the body
around the middle and a smaller metatroch whighssbelow the mouth and parallel to
the prototroch. In most species, the trochophore éndarge retractable frontal organ
with concentrations of sensory, nervous, and segrekells. Between both openings of
the U-shaped gut, there can be also a foot witketipairs of sacs filled by an adhesive
secretion. The trochophore usually swims only feurk before it settles and, when it is
ready to settle, it usually creeps on the substratumn the foot and tests it with the
frontal organ. When a suitable spot has been fothed{rochophore settles on the foot
which sacs turn inside out and give off their cahtd@he hyposphere is retracted so that
it envelopes the body completely forming a closetiia. The body becomes attached
to the substratum with the ring-shaped zone. Mbthetrochophore organs disappear,
but the gut persists and rotates about 180°. Theedsed ventral side with the mouth
above the anus becomes surrounded by tentacle bhes, the atrium opens exposing
short tentacles. The body stretches upwards. To®mreattached to the substratum
develops into a shorter or longer cylindrical stadrying the main trunk. Tentacles
carry characteristic bands of cells with longeriacilThere are numerous lateral
concentrations of sensory cells. At the bottomhef &trium, nervous cells concentrate
into a dumbbell-shaped ganglion which connects witine nervous net of the body.
Within the innermost compartment of the wall, thelx reestablish a new pair of
branching protonephridial canals which open atlib#om of the atrium. The sessile
body secretes a thin chitinous cuticle which is @esvr quite thick at the stiff portion of
the stalk. The initial body clones itself givingsei to an expanding secondary cell
colony. At maturity, additional paired canals deyeln the innermost compartment of
the wall and open at the bottom of the atrium. Ezantal usually connected with one or
two sacs within which gametes are produced. Eggs ratained, sperm is shed.
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Fertilized eggs become attached exteriorly to ttreura surface where developing
trochophores are retained for a period. The cleaisagpiral.

In Priapulida (Lemburg C 1998, Nielsen C 2001), itligal free-swimming body is a
solenoid-shaped. From exterior, it looks as angdted cylinder which anterior part
becomes a large introvert, carrying many ringspecglized spines. In some species,
there are tentacles around the mouth. The spasioesmost compartment of the wall
is filled by semi-fluid matrix and contains musciells, erythrocytes and amoebocytes.
There is also a pair of canals with humerous pepbndial branches. Canals open
lateral to the anus. The outermost compartmentefwall is a myoepithelium. The
integumental epithelium secretes a chitinous aitérid spines. The pharynx contains
circles of cuticular teeth. The free-swimming iaitibody may develop caudal
appendages to anchor the sediment. The growthcmmgEanied by periodic molting.
Adult stages show a male-female dimorphism, protueither eggs or sperm. Gametes
are produced in the innermost compartment of th# ared shed through common
protonephridial canals.

In Kinorhyncha (Neuhaus B and Higgins RP 2002, $¢irl C 2001), the initial free-
swimming body is solenoid-shaped. From exteriolpitks as an elongated cylinder
tapering towards the posterior end. The anterior @iathe body is an introvert with a
retractable mouth cone. Small stylets surround tfwth. The median part of the
introvert carries many rings of specialized spinBise mouth cone can be retracted
inside the introvert which in turn can be retraciatb the trunk. The innermost
compartment of the wall contains muscles and amnges. A pair of protonephridia is
present. The outermost compartment of the wall risepithelium which may be
plasmodial. The integumental epithelium secretagleuand spines and the growth
involves a number of molts during which time a auéeristic segmental arrangement of
cuticular plates, spines, and muscles is acquifdtere is usually a male-female
dimorphism of adult stages. Gametes are produc#tkeimnermost compartment of the
wall and shed through paired pores situated onetimeinal segment.

In Loricifera (Heiner | and Kristensen RM 2005, $tensen RM 2002, Nielsen C 2001),
the initial free-swimming body is solenoid-shap#d.anterior part houses an introvert
with a mouth surrounded by stylets. A specializgstesn of hardened cuticular plates
and spines, a lorica, surrounding the body, gives ghylum its name. There is a
varying number of molts. The adult stages show k+female dimorphism.

In Nematoda (Hodgkin J 2002, Nielsen C 2001), tlastbla develops the archenteron
with an elongated opening. The lateral opening lipsome pressed together and fuse,
living a large mouth. Later, the small anus is fednand the body becomes solenoid-
shaped and starts to curve. The innermost compattofethe wall contains muscle
cells and a few excretory cells. The outermost amgicontains epithelial or
myoepithelial cells and a few sensory, nervous,seuletory cells. Some regions of the
wall become plasmodial. The epithelium secretesiek telastic collagenous cuticle
which surrounds the body and also lines the bucaeity, pharynx, and rectum. The
cuticle hardens and must be molted four times tonfiegrowth. As a species-specific
number of cells or nuclei is reached, the cellslon becomes restricted to the highly
determined subset of the cells within the innerncosapartment of the wall and is used

51



by the initial body to clone itself, developing arpanding population of new bodies.
The body is able to save itself by cryptobiosisewlts environment becomes hostile. If
meiosis is triggered, it occurs within a subsetliofding cells. The body first produces
sperm and then turns to production of eggs. Faatilbn is internal with copulation.

In Nematomorpha (Bohall Rt al 1997, Nielsen C 2001, Schmidt-Rhaesa A 2002), the
nematode-like solenoid-shaped body externally laskan extremely elongated slender
cylinder. It is specialized for parasitic lifestyl&he nutrient uptake occurs through
integumental wall and the rudimentary intestinensolved in the food storage only.
Some species lack the mouth, and the pharynx ifowit lumen. The body is
surrounded by cuticle which must be molted sevimats to permit growth. The adult
stage is non-feeding. It leaves the host, prodanddays gametes, and dies.

In Gastrotricha (Nielsen C 2001, Weiss MJ 2001¢, itlitial free-swimming body is
solenoid-shaped. It is elongated and flattened. imhermost compartment of the wall
contains a pair of branching canals. Most braneregerminated by specialized cells,
solenocytes, functioning as protonephridia. Theswwabst compartment of the wall is
myoepithelial and mostly plasmodial. The integuraémiall is covered by scales and
bristles or by cilia which are often grouped in éarand stripes. The adhesive tubules
project from the surface of the body, providing siterm attachment to the substratum.
The gut is roughly triangular in cross-section. Toed is sucked into the mouth by
pumping pharynx which in some species has a parooés which vent excess water.
The cloning is by release of thin-shelled digenoroalls giving rise to rapidly
expanding population of free-swimming bodies. Ié timeiosis is triggered, the body
may produce gametes of both types but not at thee dame. Fertilization is internal
with copulation. The zygote is thick-shelled andrdant. It can remain viable and
survives for a long period of time in hostile elmviment.

D. Solenoid-in-solenoid as a primary body plan

There is a variety of ways to transform the soldnoto the solenoid-in-solenoid. The
more or less spacious lumen of the internal sotereicoelom, which is topologically

equivalent to the exterior of the body is filled thyid. The internal solenoid is usually

coiled around the gut, occupying space betweemtegumental and gastral walls. The
wall thus becomes divided into three main regidhs: integumental wall, the gastral
wall, and the coelomic wall. The portion of the lomeic wall which attached to the

integumental wall is usually called a parietal walhile that which attaches the gastral
wall is called a visceral wall. The coelomic wadldomes a principal place of gamete
production. The single internal solenoid tends itodeé so that more than one internal
solenoid is present. However, more typically, a bamof paired or unpaired bladders
develops in space between the integumental andabastll and then gives rise to the
internal solenoid-like bladder associations.

In Bryozoa (Ectoprocta) (Bayer MM and Todd CD 198iageman SJ 2003, Hughes
RN et al 2004, Nielsen C 1998, 2001, 2002a, 2002b, Temkih &nd Bortolami SB
2004, Wendt DE and Woollacott RM 1999), the freéaswing stage of the initial
body, a cyphonautes, has a well-developed gut spthnktotrophic. The integumental
wall at the posterior pole develops a half-circufatd which extends anterior-

52



posteriorly, surrounding an expanded vestibule. Thghaped ridge of ciliated cells
divides the vestibule into an anterior inhalant angosterior exhalant chamber. The
body soon becomes laterally compressed. The integtahepithelium of the episphere
usually secretes two triangular valves. The epilthelof the exhalant chamber develops
a large, complicated adhesive sac. The cyphonaatespend weeks in the plankton,
but whether it can clone itself has not been regbrBut, when the time is ripe, the
cyphonautes creeps on the substratum, exploresljtvehen a suitable spot has been
found, the sac with adhesive secretion turns insugtegiving off its content and the
cyphonautes becomes attached to the substratumr. #dttling, the sac expands over
the substratum and the cyphonautes becomes dons@ye compressed by muscle
contraction. The shells are released and the egis@xpands over the upper side of the
body and fuses with the sac border so enclosingsdicialized cells which then
degenerate. The body becomes a primordial diskwtiien expands in a variety of
patterns to give rise to a sessile stage of the/,badcystid. Cells arrange into two
concentric monolayers separated by a common basemanbrane. At the upper side,
a polyp-like bud, a polypide, develops. First, tiwgaginations grow and fuse forming
an U-shaped gut so that both monolayers becomenadishaped. The internal
solenoid is coiled around the new gut. Both armsghefgut are directed upwards, the
mouth and anus lie close to each other. Then, gerigdith a circle of tentacles, a
lophophore, develops around the mouth. The loph@phseually develops two lateral
extensions which run in the direction of the anogtsat the tentacle crown becomes
horseshoe-shaped. The lumen of the interior saflertbe coelom, expands and sends
extensions into tentacles. Thus, three main regodribe wall, the integumental wall,
gastral wall, and coelomic wall, may be clearly tidguished. The innermost
compartment of the wall is reduced. The outermostgartment is the myoepithelium.
Numerous sensory, nervous, secretory and otherasiged cells are scattered between
myoepitheliocytes. At the posterior side of the thouwervous cells concentrate into a
ganglion with lateral extensions following the |la@pimore base. The ganglion connects
with a fine nervous net. Tentacles carry charagtierbands of cells with longer cilia.
Myoepitheliocytes of the oesophagus can shorterwiden thereby contracting or
expanding the oesophagus space. There is ofterzardiwith teeth at the entrance into
the stomach. Waste products accumulate in the aktlse stomach, the whole polypide
degenerates, and the cystid forms periodicallyva paypide. The coelom is crossed by
muscular folds by which the polypide can be rewddnto the cystid which then closes.
Whereas the cystid has a sometimes quite thicknohi$ cuticle with calcified layers,
the polypide cuticle is rather thin. The initialssé¢e body clones itself by budding so
that a large secondary cell colony arises whickrofhows a specialization of bodies.
There are a large numbers of budding patterns alahy forms. The colony largely
dies off in winter and regenerates in the followsugnmer. Masses of cells surrounded
by chitinous cuticle can remain dormant for sommmeti withstand unfavorable
conditions, and then germinate to regenerate coldnyvisceral coelomic wall,
primordial cells can undergo meiosis producing dgasiewvhich then float in the
coelomic fluid. Eggs can be shed into the water dmet mostly retained in special
chambers. Sperm are usually shed through trangitorys at the tips of the tentacles.
Free-swimming sperm can be captured by tentacldsfenilize the eggs. The new
cyphonautes develops mainly in a brood chambemim @f a bewildering variety of
ways.
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In Phoronida (Bartolomaeus T 2001, Nielsen C 12881, 2002a, Santagata S 2002,
2004), the developing free-swimming stage of thainbody, the actinotrocha, is first
solenoid-shaped. Then, some cells enter the speeén the integumental and gastral
walls and arrange anterior-posteriorly into a segéethree bladders which wound into
internal solenoids around the gut. The lumina @sthsolenoids are referred to as a
protocoel, mesocoel, and metacoel, respectivelg. mMietacoel communicates with the
exterior through pores. When tentacles developromaextensions of the mesocoel
enter them. Bands of longer and more closely $ietdevelop along the lateral faces of
the tentacles and become feeding and locomotorgnoad the actinotrocha. Later, a
band of large compound cilia develops around thesamnd functions as the main
locomotory organ. Just anterior to the anus, thdiameinvagination of the integumental
wall develops into a pair of protonephridial canedeh with several branches equipped
by solenocytes. The common part of the protonepirchnals soon disappears. The
protonephridial pores are situated near the pofethe metacoel. In the advanced
actinotrocha, solenocytes form clusters and drhe ihbnermost compartment of the
wall. Gradually, the actinotrocha develops a coogtéd nervous plexus with an
additional sensory organ which is protruded wheae #ttinotrocha is testing the
substrate for settling. If the actinotrocha is daltoube ready for settling, a long tubular
invagination of the ventral part of the integumémtall, a metasomal sac, develops and
occupies much of the space around the gut. Atirsgttthe actinotrocha rapidly
transforms. The metasomal sac everts, pulling tihéngo an U-shaped. Contractions in
the body bring the mouth and anus close to eackr @hd make them both directed
upwards. The body stretches up, both arms of thexvemely elongate and run close
to each other. Most cilia and tentacles are eitbgorbed or cast off and then ingested
by the developing sessile body. The main part efglotocoel is lost but it persists,
though as a small uncharacteristic lumen. The nwedosends extension in new
tentacles which grow from small frontal knobs ag¢ thase of old tentacles forming
usually a horseshoe-shaped row of tentacles, ajdpire. The lophophore bears from
ten to several hundreds of tentacles. The armbseofaphophore can be spirally coiled.
The metacoelic wall forms numerous mesenteries lwisigspend the gut. A well-
defined plexus of blood canals develop within tlastgal and metacoelic wall. Two or
three longitudinal blood canals run along the guiicl is surrounded by a blood
chambers, the lacunae. In tentacles, small blinddlcanals are formed in folds of the
frontal side of the mesocoelic wall. The terminedtpnephridial canals breaks off and
become resorbed and ingested, the canals now emlyblAt a later stage, mesocoelic
epithelium forms a pair of large funnels which gaomnection with the protonephridial
ducts to form metanephridial canals. The integualemiall produces cylindrical
chitinous tube covered by mud or sand. The inggsile body clones itself by budding,
forming a small secondary cell colony. Gametes educed within the visceral
metacoelic wall near the stomach region. Eggs aually retained in the mesocoelic
extensions in the tentacles. The sperm becomessattin elaborate spermatophores
which are shed through metanephridial canals aodt fin the water. If they are
engulfed by lophophores of another specimen, mpstns enter the mesocoel to
fertilize eggs.

In Brachiopoda (Luter C 2000, Nielsen C 1998, 202002a), the developing free-

swimming stage of the initial body is first gastghaped. Then, some cells enter the
space between the integumental and gastral waksally to the gastral cavity and

54



arrange anterior-posteriorly into a series of coetobladders, three or four on each
side. The gastral cavity finally closes. Dorsatlystach coelomic pair, the integumental
epithelium forms a pair of thickenings with bundlek chaetae. Whether the free-
swimming stage can clone itself has not been redort settling, the body attaches
with the posterior pole, where the stalk develdgge mouth and anus break through,
and the gut elaborates. The horseshoe-shaped lopleomevelops and becomes
intricately coiled and wound. Within the innermasimpartment of the wall, some cells
secrete hyaline matrix and spicules. Two shell eslbecome secreted from special
areas of dorsal integumental wall. These areasneikfraan upper and a lower mantle
fold and valves soon enclose completely the wholdyband the lophophore. Special
muscles open and close the valves. Valves are lysuaéqual in size. The stalk
protrudes through slit between the posterior edgfeshe valves. The first pair of
coelomic bladders disappears. The second pair alevedxtensions to the lophophore.
The third pair becomes a spacious body coelom wéectus elaborate extensions into
the mantle folds and into the stalk. The fourthr s not been followed through the
transformation. Neural concentration, blood andamephridial canals become more or
less developed. The juvenile sessile stage grodsratures to become an adult sessile
stage. Gametes are produced within the wall ofbibedy coelom. There is usually a
male-female dimorphism at maturity. Eggs can bewsped free or retained in the
lophophore. The sperm is usually shed through teanephridial canals.

In Sipunculida (Nielsen C 1998, 2001), the cleavsgspiral and the free-swimming
stage of the initial body is first a trochophoreieththen develops a pair of coelomic
bladders. Later, the bladders fuse completely smdimg the gut and tentacles develop
from the rim of the mouth. In most species, thechophore develop additional
structures and becomes a pelagosphaera which ys$zallan extended ciliated lower
lip with a buccal organ and a lip gland and a agii@aterminal organ with sensory and
secretory cells. The coelom sends extensions in tdrmgacles, and a pair of
metanephridial canals is developed. The pelagosphsea very long-living free-
swimming stage, up to one year, and is adaptelbfgy range dispersal by currents, but
whether it can clone itself has not been reportedisually does not settle, but
transforms into a free-living juvenile stage whitlen grows and matures to become a
free-living adult stage. The coelom extremely exjsaand develops numerous canals
extending into the integumental wall. Its anteqart with extensions in the tentacles
becomes pinched off. The gut becomes U-shapedaant ftwisted loops suspended in
the posterior part of the coelom. The slender @ntgart of the body, the introvert, can
be retracted by longitudinal muscular folds of tbeelomic wall and everted by
contraction of circular muscles. The mouth is temhito the introvert, the anus is
situated at the base of introvert. Metanephridén ddecome suspended in the coelom.
Nephridiopores are situated near the anus. SmhHlicomplexes, the urns, regularly
detach from the coelomic epithelium and swim aroumthe coelomic fluid. They trap
and remove particulate debris, and secrete muctessponse to pathogens. Frequently,
they travel to the metanephridial funnels and dogllected waste products for
excretion. The integumental wall secretes a stiff ®ery tough cuticle. The free-living
body is able to regenerate lost parts of its téesaentrovert, trunk, or gut. In some few
species, it is also able to clone itself by bregkimo a large anterior portion and a
smaller posterior portion, each capable of regrgwime missing part. Gametes are
produced in the visceral coelomic wall and releastaithe coelom where they mature.
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Ripe eggs and sperm are selectively collected itameghridial canals and shed into
see.

In Annelida (Fischer A and Fischer U 1995, GiangeaA 1997, Gibson GD and Smith
HL 2004, Halanych KMet al 2002, Henderson SY and Strathmann RR 2000, HaBisen
1993, Hardege JD and Bartels-Hardege HD 1995, amciMet al 2002, Miller MCM

et al 2003, Nicolaidou A 2003, Nielsen C 1998, 2001,neerB 2000, 2001, 2003,
Quast B and Bartolomaeus T 2001, Shankland M aage€®8d=C 2000, Walters L&t al
1997), the cleavage is spiral and the initial s@@mming body is a primitive
trochophore which usually does not settle but, wkien time is ripe, undergoes a
cloning by internal budding which involves a rapiddition of new segments, forming a
free-living secondary cell colony. The gut strelmait so that the colony becomes a
segmented worm with a common gastral tube. In sagiment, a gut is surrounded by a
pair of coelomic bladders. Thus, three main regiointhe wall, the integumental wall,
gastral wall, and coelomic wall, may be clearly tidguished. The innermost
compartment of the wall contains muscle layersleays of blood canals, and paired
protonephridial canals which open into the corresiimg coeloms. The outermost
compartment is a layer of ciliated epithelium, botany cells are actually
myoepitheliocytes. At each segment, the integunhevdll develops a variety of paired
structures such as appendages, ganglia, and mbtahaep Appendages which are
thought to be a homologues of the lophophore deviglito branched parapodia. Some
branches may function as gills. In some species,apppendages at the first segment
rather form a ring of tentacles around the moutrany other species, they develop into
two bundles of numerous slender feather-like giliansverse and paired longitudinal
nerves connect paired ganglia into a closed nersgstem. Metanephridia are shown to
be a modified protonephridial canals. The integuiaerepithelium secretes a
collagenous cuticle. Some cells secrete chitinoistlés, chaetae that project from the
body. Additionally, the worm may secrete and inhabtalcareous tube attached to firm
substrata. The integumental muscle layers are lystiedular. The gut may have a pair
of lateral branching diverticula in each segmerite Toelomic epithelium produces a
fluid in which many cells float. In coelomic epithean, some cells become
chlorogogen. In the coelomic wall, muscle layers &ngitudinal and arranged in
bundles which usually are very thick in the patietaelomic wall. In some species,
segments show signs of differentiation. Some setgnemay even fuse to form
specialized regions. Budding or fragmentation letm$ormation of new free-living
secondary cell colonies. Budding can occurs at esgment. Also gametes can be
produced in each segment in the visceral coelonait, Wwut in some species the gamete
production is restricted to few segments. Gametesusually released into coelom for
maturation and storage and then exit via metanejhcanal.

In Mollusca (Chaparro ORt al 2002, Eyster LS 1995, Fishera GR and Dimock RV
2002, Gibson GD 2003, Gros @ al 1997, Hickman CS 1995, Hohenlohe PA 2002,
Kay MC and Emlet RB 2002, Nielsen C 1998, 2001,eRag 2000, Reynolds PD 2002,
Ruthensteiner Bet al 2001, Von Boletzky S 2003, Zardus JD 2002, Zardidsand
Morse MP 1998), the cleavage is spiral and the-$r@ienming body, a veliger, has
essentially the same topology as the trochophou¢, usually develops additional
structures such as shells, velar lobes, and fottarisforms without settling, forming a
free-living juvenile stage which then grows and une$ to become a free-living adult
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stage. A large area of dorsal integumental walntma fleshy mantle which usually
expands in folds covering the body laterally andi@ing more or less spacious mantle
cavity. The mantle may secrete calcareous spicauieme or more calcareous shells.
The form of the shell is highly variable. The poatcarea of the ventral integumental
wall forms the foot. The ciliated gills, the cteridare thought to be a homologues of
the lophophore. The gut is usually U-shaped. Inftber of the buccal cavity, the
specialized gland secretes a rasp-like band okehied, toothed chitinous cuticle, a
radula. In the stomach, mineral particles move fitbm stomach lumen into intestine,
whereas food particles move into extremely expardigdrticula for absorption and
intracellular digestion. There are two or even muags of coeloms and metanephridial
canals which likely are rudiments of additional reegts, suggesting that ancestral
Mollusca were able to form secondary cell colonyifiternal budding but this ability
became rudimentary later. Gametes are producdtkicdelomic wall and usually exit
via metanephridial canals into the mantle cavity.

In Nemertea (Henry JQ and Martindale MQ 1996, JbasléJ et al 2004, Maslakova
SA et al 2004, Nielsen C 1998, 2001, Senz W 1997, Turkeevill 2002), the cleavage
is spiral but the gastrula rather develops inteebnet-shaped free-swimming stage of
the initial body, a pilidium, sometimes with eaagtlike lateral lobes on each side.
Without to reach the trochophore stage, the pitiditmmediately starts to form the
secondary cell colony by internal budding, prodgce long worm with a poorly
established segmentation pattern. In some spdbiegilidium even reaches the stage
with unpaired and paired bladders which howevendbdevelop an internal solenoid
but undergo rather an aberrant development, forthiago called embryonic disks. The
worm has a straight gut with a number of pairsatédal branching diverticula. Above
the mouth, there is a long tubular proboscis whitdy be retracted into a spacious
unpaired coelom and may be everted for the caputiitee prey or for defense. When
everted, it may be lost and the regeneration cfva proboscis is very rapid. Branches
of paired protonephridial canals are arranged be@adong the worm body. The worm
is extremely fragile, and usually disintegratesoiritagments which then rapidly
regenerate the whole worm body. In space betweemtegumental and gastral wall,
small bladders are arranged serially along the bmdither side. At maturity, these
bladders swell due to gamete production. Gamesedeased through tiny canals in
the integumental wall.

In Platyhelminthes (D'Souza T& al 2004, Hoshi Met al 2003, Nielsen C 1998, 2001),
the cleavage is spiral and the developing init@dyobegins to form a trochophore and
even develops a pair of protonephridial canalsasdt of projecting lobes with ciliary
bands at margins. But later, it enlarges axiallythet expense of these lobes, which
shrink and gradually disappear, and becomes alifiieg- body that is dorso-ventrally
flattened to varying degrees and anterior-postigrielongated. The body has no gut,
but some species develop a branched gastral catitgh may be a homologue of the
digestive diverticula. The body clones itself bysion and a large population of bodies
is formed. In parasitic species, the initial bogyable to form secondary cell colony by
adding of new segments so that a long segmentenh ugformed which is extremely
fragile and disintegrates into fragments. Gametes farmed in the innermost
compartment of the wall within which a very complsystem of specialized sacs,
canals, and copulatory organs develops. The f&tibn is always internal.
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In Arthropoda (Akam M 2000, Guerao & al 2004, Mgller OSet al 2004, Nielsen C
2001, Olmstead AW and LeBlanc GA 2001, Vieira RRR Rieger PJ 2004, Vogt &

al 2004, Zrzavy J and Stys P 1997), the initial soigrshaped body usually undergoes
cloning by internal budding, forming a free-livirsgcondary cell colony which is a
linear series of repeating segments with a commun3pgmentation usually manifests
itself both externally and internally. However, tegns of segmentation may be
eliminated during later development. Whereas allhsmts ancestrally were similar in
structure and function, they mostly differentiatennodern species. Similar segments
are usually organized in specialized regions, #ggmata. Primitively, each segment
bears a pair of appendages which are thought thobeologues of the lophophore.
There is however a tendency to lose appendagesdoone segments. In addition to a
flexible cuticle, an appendage is covered by aalineeries of hard circular articles.
Specialized muscles within the wall of the appedagy move the articles separately.
Appendages may be frequently branched. There &riaty of specialized appendages
adapted for reception, feeding, food manipulatisaspiration, locomotion, and
copulation. Just the ability to modify endlesslg thasic appendage form is a key to the
overwhelming success of Arthropoda due to the nurobéndividual cell progression
species. Each segment has a pair of small coelbladders associated with a pair of
metanephridial canals, but most of coeloms soontevate or coalesce with the
spacious innermost compartment of the wall whiahnisicky called a haemocoel, since
it is filled by blood and contains a plexus of kdocanals. Only few metanephridial
canals persist in marine species. In terrestrigci®s, the excretion occurs through
tubular diverticula of the gut, the Malpighian tldsi Generally, since the cuticle
hardens and must be molted to permit growth, therjile secondary cell colony passes
through a series of intermediate stages, instarsl reaching the adult size and the
ability to initiate meiosis. Gametes are producedthie wall of the few remaining
coeloms and shed through their modified metanefahridnals. Fertilization may occur
both externally and internally. There is a largdetst of developmental patterns.

For example, in crustacean Arthropoda such as peéniia (Harvey Ret al 2003,
Watanabe Het al 2004), the hatching stage is a free-swimming naspivhich is
actually a secondary cell colony. The only signssefimentation are three pairs of
appendages which are used in swimming and fee&ualgsequent molts transform the
nauplius into a cypris with a bivalved mantle, tagapace, and more segments with or
without appendages. The cypris swims for a weekwar in the plankton and then
settles with a preoral region to the substraturmdtzes over the substratum using first
appendages and, when it finds a suitable sidegtsscian adhesive to attach itself
permanently and become a sessile colony. The preegion may form a flexible
muscular stalk. The setose appendages becomeeatiaptvards and are used to filter
particulate food or capture prey. The carapaceoseslthe mantle cavity and the body.
Within the carapace, the calcareous valves grow thieé body but do not molt, whereas
the rest of the exoskeleton does.

In other Arthropoda, the development may deviataty from ancestral pattern and
contain instars differing from each other dramadltyca
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In Onychophora (Bartolomaeus T and Ruhberg H 1888jer Get al 2004, Nielsen C
2001), the archenteron of the gastrula becomes @m®@d, but a new wide opening,
called mouth-anus, soon opens in the same aretheAtosterior region of the anus, a
pair of compact cell bands emerges in the spaceeleet the integumental and gastral
walls, grow forwards along the sides of mouth-ararsj form a row of coelomic
bladders on each side. The lateral lips of moutlsdunse creating a solenoid-shaped
body. Each coelomic bladder divides into a dorsdl&entral part. Each ventral bladder
differentiates into the metanephridial canal witthigk-walled funnel and a thin-walled
sacculus. Most dorsal bladders collapse and thallsvbecome incorporated into the
innermost compartments of the integumental andrgastalls. Remaining dorsal
bladders fuse and become a place of gamete producdametes are shed through
modified metanephridial canals. The body is clearfyee-living secondary cell colony.
There are numerous indices that Onychophora museée as a specialized, terrestrial
offshoot from the early aquatic Panarthropoda.

In Tardigrada (Hohberg K and Greven H 2005, NelSgd 2002, Nielsen C 2001,
Suzuki AC 2003), the development of the primary\o@ian is poorly studied. The
formation of a solenoid-shaped body with four paifscoelomic bladders in space
between integumental and gastral walls has beeartezh But, the origin of the
coelomic walls is uncertain and their fate has lbe¢n documented. The segmented
body is rather a free-living secondary cell colo8ince Tardigrada retain such ancestral
features as the constancy of cell number in sorg®me and the ability to go into
cryptobiosis, they must be seen as a very earghofit of Panarthropoda.

In Chaetognatha (Nielsen C 2001), the blastula Idpgethe archenteron with two
primordial cells situated at the bottom. They sdetach from the wall, move into the
archenteron, and divide once. The antero-laterab pe the archenteron wall form a
pair of folds which grow towards the archenteroerapg carrying primordial cells at
the tips. The anterior part of the archenteron theomes divided into one median and
two lateral sacs. As the archenteron opening cJassss become bladders. But a new
opening breaks through from an anterior invagimatio the median sac. The anterior
parts of the lateral bladders become pinched dfé Body elongates and curves, and all
cavities and lumina disappear. The gastral cawtgomes flat and its wall is bordered
by the lateral masses, which meet along the midiinthe posterior end of the body.
The newly hatched initial body is completely contpdut the gastral cavity and two
pairs of coeloms soon become re-established. Whdheaanterior coelomic bladders
fuse together, the posterior bladders form a meagiasenterium and become quite thin-
walled laterally. Finally, each posterior bladdewrélops a transverse fold which divides
lateral part of the coelom into an anterior andoatg@rior cavity, each with one of the
primordial cells. The anus breaks through at tlellef transverse folds and the body
becomes a modified solenoid-in-solenoid. The inmstmcompartment of the wall
consists of muscles. The outermost compartmenhefinitegumental wall is mostly a
multilayered epithelium which consists of an outgyer of polygonal cells covering
two or more layers of interdigitating cells. Theitbplium secretes cuticle, teeth, and
spines. It rests on a basement membrane which atenform fins. The mouth opens
into a pharynx, which leads to a tubular intestind further to a shot rectum. In some
species, anterior part of the intestine has a pdirdiverticula. The outermost
compartment of the coelomic wall is a myoepithelidgach primordial cell enters the
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space between the integumental and coelomic watlsgaves rise to an elongate mass
within which the gametogenesis occurs at the nigtueiggs in the anterior masses,
sperm in posterior masses, respectively. The eggstared in paired canals which open
at the level of the anus and function as seminatptacle. Sperm are shed into the
coelom where they mature.

In Echinodermata (Byrne Mt al 2003, Chen BY and Chen CP 1992, Chiadt&l
1993, Emlet RB 1995, Gosselin P and Jangoux M 1B88& MW 2002, Henry Jét al
1991, Komatsu Met al 2000, Lacalli TC 2000, Lacalli TC and West JE 2000
McEdward LR and Janies DA 1997, Nakanet-hl 2002, 2003, 2004, Nielsen C 1998,
2001, Selvakumaraswamy P and Byrne M 2000, Sumyta & al 2001, Tominaga H
et al 2004), the blastula develops an expanded arclmmtdihree pairs of coelomic
bladders are pinched off from the gastral wall itite space between the integumental
and gastral walls. The secondary invagination efitiiegumental wall fuses with the
archenteron to form the gut. The early free-swingrstage, a dipleurula, later develops
in any direction of specialization depending onceg® The late free-swimming stage
swims, but soon or later settles to bottom, andetgues remarkable transformation,
converting it into the juvenile stage. The transfation is characterized by changing of
one coelomic compartment into an unique systemistmg of a perioesophageal ring
and five radial canals, establishing pentamericraginy. The pentamery which in itself
is secondary can be recognized in all juvenile addlt stages of Echinodermata, but
the free-swimming stage is always bilateral symmetAmong Echinodermata,
Crinoidea (sea lilies and feather stars) retain rii@st ancestral appearance of the
juvenile and adult stages: the late free-swimmitages transforms into a sessile stage
that possess a stalk in sea lilies, the oral serfaith a mouth at center is oriented
upward, the branched arms encircle the mouth, thesgU-shaped so that the anus is
also oral but displaced to periphery. The free-awing stages of some few species of
Asteroidea (sea stars) (Boschtlal 1989, Knott KEet al 2003, Vickery MSet al 2002)
and Ophiuroidea (brittle stars) (Balser EJ 1998 known to be able to clone
themselves by budding, usually from the posteriart pf the body, in some cases
producing feeding stages and in other cases pnogugie-feeding stages that then
complete early development and form feeding stagesently, the spontaneous cloning
of free-swimming stages has been detected in Haloitiea (sea cucumbers) and
Echinoidea (sea urchins and sand dollars) too &E#&4 and Palmer AR 2003). The
cloning of free-swimming stages may be thereforameient ability of Echinodermata.
Adult stages of Echinodermata are known to possmsssiderable regenerative
capacities as well as the ability to clone themselby fission or budding (Thorndyke
MC et al2001, Wilkie IC 2001).

In Pterobranchia (Lester SM 1988, Mayer G and Bamtaeus T 2003, Nielsen C
2001), the elongated free-swimming stage of thigainbody has two pairs of flattened
bladders laterally to the gut. The lumina of thddadders are referred to as the
mesocoel and metacoel. After a short period ofémenming, the initial body starts to
test the substratum creeping on the ventral siden] it settles with the ventral
depression and secretes a thin surrounding cutille.organs disappear and the
transformation involves the development of the ikestage rather from a compact
mass of cells. At the upper side, a collar conggstf one to nine pairs of the feather-
shaped tentacles is developed. In the interiomrapact mass of cells arrange into a
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bladder which becomes a globular stomach and awaectum. An invagination from
the ventral integumental wall develops betweenatdas and fuses with stomach. The
new gut is U-shaped, the anus is situated a slsiente behind the ring of tentacles.
After a few days, the cuticle breaks open and #ssite stage starts feeding and growth.
The lower side stretches into a narrow stalk. Tpeeu side, the proboscis, becomes a
flat shield with a narrow neck used in creeping aadreting the tube. In the proboscis,
there is an impaired protocoel which opens to thierer through a pair of dorsal
canals. A pair of collar mesocoels surrounding pharynx send extensions into the
tentacles. The mesocoels communicate with theiextiarough a pair of dorsal canals
which open postero-laterally. The major part of the is suspended in mesenteria
formed by the median walls of the paired metacoelexders. The metacoels extend
into the stalk region where the septum between tb@mbe lacking. Thus, three main
regions of the wall, the integumental wall, gastnalll, and coelomic wall, may be
clearly distinguished. The innermost compartmenthef wall contains muscle layers
and a plexus of blood canals and lacunae. One btao@l near the protocoel has
specialized cells, podocytes, and is believed ta lsée for filtration of primary urine.
The outermost compartment of the wall is a monakyenyoepithelium. A dorsal
extension of the pharynx, a stomochord, runs amtgribetween the pharynx and
protocoel. The stomochord consists of vacuolatéld emd is either compact or has a
lumen. The pharynx has a pair of gill slits. Théeumaterial contains keratin and
collagen. The secondary cell colony is sometimete gxtensive aggregations of tubes
housing solitary sessile stages with lively clonthgmselves by budding. However, the
bodies are not completely sessile. They can mowenar in the tubes and may even
leave the aggregation and start to build a newibreenditions become too hostile.
Gametes develop within the metacoelic wall. They slted directly into the exterior
through short canals. Fertilized eggs are usuajodited in the tubes where the early
development takes place.

In Enteropneusta (Cameron CB 2002a, 2002b, NeRimmhd Yushin VV 2004, Nielsen

C 1998, 2001, Ruppert B al 1999, Tagawa Kt al 2001, Urata M and Yamaguchi M

2004), the early free-swimming stage, a tornarés binpaired protocoelic bladder and
paired mesocoelic and metacoelic bladders whichirorraries between species. The
tornaria usually swims for several months, incregisn size, but whether it can clone
itself has not been reported. The innermost companrt of the wall becomes spacious
and is filled by a gelatinous matrix. In full-grovtornaria, the wall of the buccal cavity
forms a narrow dorsal invagination, a stomochottte pharynx develops two or three
pairs of gill pockets. At transformation, the phatyextremely stretches anterior-
posteriorly so that the hindgut becomes pulled acls. The gill pockets become
situated in the anterior part of the metacoeliaaegf the body where the gill slits

break through. Additional gill slits develop in eries behind the first few. The newly
formed gill slits are oval, but soon become U-slilaghge to the development of a dorsal
outgrowth, the tongue bar. The number of gill shitsreases with growth to near 200 in
some species. Each slit opens laterally into aaratwhich in turn opens to the exterior
via the pore so that two rows of pores are seetherdorsal integumental wall. The
metacoelic wall finally grows around the atria af@ms the musculature. The

strengthened basement membrane develops betweaeltHayers. The oesophageal
wall forms folds restricting the lumen. Posteriar the oesophagus, the gut forms
numerous paired diverticula within which the phagosis and intracellular digestion
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occurs. The anus is terminal. The protocoelic Wallelops a thick layers of muscles so
that the most anterior part of the body becomealmost spherical to elongate conical
proboscis. There is a small canal connecting thépoel with the exterior. One of the
blood canals within the protocoelic wall contaimglpcytes. The proboscis is supported
by the strengthened basement membrane of the dmssahl wall and stomochord. A
pair of canals connects paired mesocoel with therex, opening in invaginations of
the integumental wall which develop in associatwith the atria of the first gills.
Dorsal to buccal cavity, the integumental wall degs an unpaired bladder, a collar
cord, by regular infolding in some species or tiglodelamination in others. The lumen
of the collar cord usually obliterates partly ongaetely, and persists in a few species
only. Lateral to each row of atria, a row of sniddidders develops in space between the
integumental and metacoelic walls, forming roundddes or flat wings. At maturity,
these bladders swell due to the gamete productidrbalge into the metacoel. Gametes
are shed through tiny canals in the integumentdl. vir@ertilization usually occurs
externally.

In Tunicata (Urochordata) (Chadwick-Furman NE andis&man IL 2003, Jeffery WR
and Swalla BJ 1992, Lacalli TC 1999, MannetLal 2004, McHenry MJ and Patek SN
2004, Nielsen C 2001, Satoh N 1994, Tarjuelo | @andon X 2004, Young CM and
Vazquez E 1995), the gastrula has an elongate@medon. A longitudinal strip of the
gastral wall then becomes internalized. Some @lithis strip interdigitate to form a
median row of disk-shaped cells, a urochord, wihiebomes surrounded by a basement
membrane. Near the urochord, a strip of the integuat wall folds forming an
elongated neural cavity which expands encompagbti@gpening of the archenteron.
Then, the longitudinal lips of the neural cavityadually fuse together so that a neuro-
gastral lumen becomes internalized. The body begnsurve, the neural lumen
separates from the gastral one and elongates. ddhertow consists of a globular trunk
and a slim tail which becomes very pronounced amdr@es the trunk. The rather
voluminous gut may have a lumen, but has neithartmoor anus. The anterior part of
the neural tube becomes divided longitudinally witle left part separated from the
main neural tube. Three frontal adhesive papillee the attachment organs used in
settling. They contain sensory and secretory céllst behind the adhesive papillae, a
shallow dorsal invagination develops into an orghan. In the pharynx, a ventral
longitudinal groove develops into an endostyler Baintegumental invaginations fuses
dorsally forming an atrium with a median anal siphBetween the atrium and pharynx,
two or three gill openings break through on eacle.siThe tail contains the posterior
part of the main neural tube, the urochord, andlateral bands of muscle cells which
are arranged in 2 or 4 rows. The posterior pathefneural tube becomes a spinal cord
consisting of four longitudinal rows of cells inmating muscle cells. The urochord
becomes a stack of coin-shaped cells and is swealby a strengthened basement
membrane. A matrix lenses secreted between uroghoslls fuse into a central rod.
The urochordal cells become more and more flat amange into the monolayered
bladder with a rod in the lumen. The only tracéhef original gut is a row of cells along
the ventral side of the urochord. The tail wallrsées a thin tunic with a cellulose-like
tunicin. The tadpole-like body hatches, swims foshort period, then settles and
transforms into a barrel-shaped sessile stageeofritial body. At settling, the body
attaches by adhesive papillae, the cuticle is shed,the tail becomes retracted. The
cellular material of the tail and of the main neudrde becomes resorbed. The separate
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left part of the neural tube persists and becomesrebral ganglion. The gut rotates so
that the oral siphon finally points away from thabstratum. In the innermost
compartment of the wall, primordial cells secretsemi-fluid matrix and the body
swells. The pharynx expands into a spacious brahbasket with a high number of gill
slits. The water is sacked in through the mouthctwHorms an incurrent siphon. The
food particles are caught by a fine mucous filter secreted continuously by the cells
of the endostyle and transported to the oesophddues filtered water passes through
gill slits into the both lateral atria and out thgh middorsal excurrent siphon. A narrow
oesophagus leads into a stomach with various digesliverticula and glands. An
intestine opens in the left atrium. Extensions fribie endostyle can form two epicardial
bladders with more or less expanded lumina whiehirgterpreted as a mesocoel. There
is a plexus of blood canals and lacunae surroutjedasement membrane without
cellular covering. Only around a large lacuna sé@daventral to the posterior part of the
pharynx, cells arrange into a pericardial chambérckv develops into a heart with
circular musculature. The heartbeat and the doraif blood flow reverse periodically.
Blood canals traverse the pharyngeal wall betwéengill slits. In blood, primordial
cells, usually called haemoblasts, give rise tobddlod cells such as lymphocytes,
leukocytes, vacuolated cells, pigment cells, anghrecytes. Nephrocytes accumulate
waste products and transport them to the speaane of the tunic. The thick tunic is
secreted by integumental wall which sends extessisith blood canals in it. The
budding can take place not only in the sessileestag also precociously in the free-
swimming stage. The buds develop through a largeben of different types. The
budding usually gives rise to the growing secondaaty colony. Also special dormant
stages contribute to distribution of the individaall progression in space. In secondary
cell colony, bodies of three consecutive generatiare connected to each other by a
stalk and have a common plexus of blood canalsu@iting haemoblasts can undergo
meiosis and the developing eggs move through pletxudood canals from older to
younger bodies as they grow and mature. Some atinglhaemoblasts can concentrate
in the interior of any bodies. They usually formeoor more compact cell masses in
space between the integumental and atrial wallgitrer side. When the cell mass
receives an egg derived from the preceding gewoaratpart of this cell mass
differentiates into an egg envelop, forming an &dlicle and a follicle stalk, whereas
the remainder differentiates to produce sperm. Whencell mass receives no egg, it
differentiates as a whole to produce sperm. Gamatesisually shed from the atrial
siphons. The fertilization and the rapid developmeually take place in seawater, but
sometimes also in special brood chambers situatéteiatrium.

In Cephalochordata (Gemballae$ al 2003, Holland LZ 2002, Holland PWH 2000,
Nielsen C 2001), the gastrula elongates during d@hehenteron formation. The
archenteron opening narrows, the dorsal side ofgdmgrula becomes flattened, the
dorso-median gastral wall thickens, and the overtayntegumental wall forms the so
called neural plate which becomes overgrown byilagbdateral folds. Posteriorly these
folds continue around the archenteron opening.félils soon fuse leaving an anterior
opening so that the neuro-gastral canal is forrhleavever, a neural cord with a narrow
cavity, a neurocoel, soon separates from the atefean One medio-dorsal longitudinal
plate of the archenteron wall folds up forming thetochord, and two lateral
longitudinal plates form grooves within which thegmentation begins. Each groove
breaks up into a row of bladders which are thd 8rgns of the secondary body plan.
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The bladders differentiate first at the anteriod,eand new bladders become added
anterior-posteriorly. The developing anterior bladdhave a lumen which arises as a
small diverticulum in open connection with the amsteron, while the following
bladders are more compact. By the time two paiblafiders have formed, the body
hatches and swims by movement of cilia, continuhgy formation and differentiation
of bladders. At the stage of about 7-8 pairs, #fiednterior diverticulum remains small
but the right becomes larger so that the bladdettsearight side become situated a little
more posteriorly than those of the left side arellifadders of the two sides alternate.
Each bladder divides into a dorsal and ventral déadWhereas dorsal bladders, a
somites, retain separate lumina, the ventral bladseon fuse to a pair of longitudinal
bladders which in turn fuse together to one coetdmadder surrounding the gut except
mid-dorsally. The median part of each somite bemehick muscular wall which
extends dorsally around the neural bladder andraigntaround the coelomic bladder,
giving rise to the myomere of that body segmentotAar part of the somite remains a
thin wall which lateral portion attaches to theeguimental wall, forming with the
muscular wall a cavity called a myocoel, and megdation develops extension with a
sclerocoel, separating the muscular wall from tbchord. At the stage of about 17
somites, an invagination forms on the left sidethed anterior integumental wall and
fuses with the archenteron wall. Just behind thv@ynérmed mouth, the pre-oral pit, a
pit of Hatschek, is formed. At the same time, thst fgill slit breaks through on the
right side near the ventral midline well behind theuth. Additional gill slits develop in

a series behind the first fill slit. This serieswgly moves to the left side, while a new
series of gill slits develops on the right sideeTill slits soon become U-shaped by the
development of tongue bars. Each vertical slit beeodivided into a row of gill pores
by the development of transverse synapticles. Tystesn becomes supported by a
skeleton formed by a thickened basement membrame.gill slits divide the coelom
into a number of narrow spaces. Much later, a phidongitudinal dorso-lateral
integumental folds grow outward above the gillssliflex downward covering the
branchial basket, and finally fuse at the ventrallime leaving only a posterior atrial
opening, some distance in front of the anus, argathus the atrium. These folds
contain coelomic compartments which are origingdyts of the coelom. The cilia of
the gill pores create the water current which etiter spacious pharynx through the
large mouth and buccal cavity, passes through ilh@ayes to the atrium and leaves
through the atrial opening. The mouth is surrounbgd ring of slender tentacle-like
cirri. The buccal cavity has a series of ciliatedayes making up the so called wheel
organ. The buccal cavity is separated from theyrhaby a transverse muscular velum
with an aperture of adjustable diameter in the eremdlong the pharynx, there is a
ciliated ventral endostyle, producing mucus wittin@, and a dorsal groove. Captured
food particles are transported posteriorly to tesophagus and then to the intestine
with an anterior digestive diverticulum and a shedtum. A row of nephridial canals is
found on each side in the branchial region. Eatialcapens in the atrium at the base of
the tongue bar. The nephridium is a cell of unigtte the cyrtopodocyte, consisting of
one part forming a usual podocytic lining of a Wocanal and another part which
resembles a protonephridial solenocyte. At the alomsgion of the body, there is a
longitudinal series of small bladders know as abirxes. The septa between adjacent
boxes represent the fin rays. The neural cordri®ended by a cells arranged in sheath.
The notochord is composed of large, vacuolatek-ldis myoepitheliocytes arranged
in a stiff longitudinal column which is surroundbg a thick sheath of cells. In space
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between the integumental and atrial walls, theee taro mid-lateral rows of small
bladders. At maturity, these bladders swell duthéogamete production and bulge into
the atrium. There is a male-female dimorphism. Gamare shed into the atrium
through ruptures. Fertilization usually occurs exadly.

In Vertebrata (Gilbert SF 2000, Shimeld SM and aiodl PWH 2000), the ontogenesis
is usually complicated through large amounts ofkyar by species-specific
extraembryonic structures so that the stages optimeary and secondary body plan
formation are hard to discern. The ontogenesisnbkes that of Cephalochordata, but
has many important differences. The neurocoel gh@mchordata is not closed and is
actually a dorsal atrium with an anterior openi@m the contrary, the neurocoel of
Vertebrata is closed and just the anterior porobrthe neural bladder becomes the
brain. The spacious ventral atrium of Cephalocharda completely developed and
connects with pharyngeal lumen through gill sl the contrary, the ventral atrium of
Vertebrata is vestigial and presented merely byia @f narrow posterior ducts. The
lateral portions of the integumental wall do notiridoute to the formation of the ventral
atrium as in Cephalochordata but develop into theadled neural crest and placodes.
Just the neural crest and placodes contribute @ofdhmation of many structures
considered to be novelties of Vertebrata, includhmgbranchial skeleton, cranium, and
numerous cranial ganglia.

When the secondary body plan of Vertebrata is éskedal, the wall generally involves:

poorly segmented integumental wall,

poorly segmented gastral wall arranged as a congugn

segmented chordal wall arranged as a chain of conepardal bladders,

poorly segmented atrial wall arranged as a paatiodl ducts,

poorly segmented neural wall arranged as an eledgatural bladder,

poorly segmented coelomic wall arranged as a cdelbladder,

poorly segmented meningeal wall arranged as a rgeairbladder,

segmented somitic wall arranged as paired chaigsmpact somitic bladders,
segmented germinal wall arranged as paired chéiosnopact germinal bladders.

Generally, Vertebrata display the most sophistitafatio-temporal organization of the
wall. In some Vertebrata, the wall integrity is mained by complex interactions
between asymmetric cell progressions of differgpés.

Conclusions

In contrast to multicellular organism, the indivadwcell progression is an universal life
pattern and is therefore better suited to be used principal supercellular object of
research and systematization in biology.

The present-day biosphere is merely a tiny slicenfthe general cell progression, a
visible top of iceberg in ocean of time. Howevdthaugh the number of individual cell
progressions in this tiny slice represents onlynaalk fraction of the whole, it is
enormous. Much work is needed to describe andmgdiee this diversity completely.

65



The evolution of individual cell progressions insically involves the evolution of cells
which phylogenetic diversity in biosphere can bensiarized in a compact system of
cell types.

The spatio-temporal organization of individual galbgressions is much more variable
than that of cells. Therefore, it is not surprigynthat the diversity of individual cell
progression types is enormous. This diversity ddpeagreatly on the phylogenetic cell
type. Above, the diversity of individual cell pr@gsions was reviewed with special
focus on formation of cell associations. Therefonegre attention was paid to
phylogenetic cell types by which the formation efl @association takes place during the
life history of individual cell progressions.

Animal individual cells progressions were reviewadmore details. To describe the
formation of animal cell associations, a notionaotlosed and orientable surface was
used. In contrast to abstract mathematical surtaeereal biological surface is made up
not by dimensionless points but by three-dimengiorarix with embedded cells. So, it
is actually a closed and orientable wall, sincedghsg a distance between its two sides.
The thickness of the wall may have regional diffiees in magnitude. Additionally, the
two sides of the wall can be differently designatedording to their orientation to
interior or exterior of the cell association. Tooal/ confusion, one must be aware that
the wall is not a boundary of the cell associabahjust its body.

The complexity of animal cell association enhangeslually at different phylogenetic
and ontogenetic stages. Vertebrata display the mophisticated spatio-temporal
organization of the wall.
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