Neurogenesis and the evolution of segmentation
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Segmented versus non-segmented bodies
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Growth zone
Hydroides

Seaver, Thamm & Hill: Evol. Dev. (2005)



Anterior-posterior formation of structures

Platynereis
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Anterior-posterior formation of structures
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Anterior-posterior formation of structures
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"New” annelids?

"New” annelid phylogeny
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Neurogenesis in Echiura
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Hessling & Westheide: J. Morphol. (2002)




Echiura: Bonellia

Neurogenesis in Echiura
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Neurogenesis in Echiura

100 um

Hessling & Westheide: J. Morphol. (2002)



Cell proliferation in Echiura

Echiura (Bonellia): terminal growth
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Hessling : Hydrobiologia (2003)




Phascolosoma

Neurogenesis in Sipuncula
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Kristof, Wollesen & Wanninger: Curr. Biol. (2008)



Neurogenesis in Sipuncula

Phascolosoma

Kristof, Wollesen & Wanninger: Curr. Biol. (2008)



Neurogenesis in Sipuncula

Phascolosoma
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Cell proliferation in Sipuncula

Sipuncula (Themiste): Terminal growth
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Kristof, Majorova, Wollesen & Wanninger: J. Exp. Zool. (Mol. Dev. Evol.) (2011)



Cell proliferation in Sipuncula

Sipuncula (Themiste): Terminal growth

Kristof, Majorova, Wollesen & Wanninger:
J. Exp. Zool. (Mol. Dev. Evol.) (2011)




Echiurans and sipunculans are annelids?

and thus their close
relationship to/inclusion within the Annelida

Clymenella/Clymenura Maldanidae I S

Urechis caupo Echiura Echiura

3 Lumbricus Clitellata Clitellata

— Riftia pachyptila Siboglinidae ﬂ C Siboglinidae

Orbinia Orbiniidae Is

Phascolopsis gouldi Sipuncula Sipuncula

Platynereis/Nereis Nereididae I A

Aplysia/llyanassa Gastropoda

Chaetopleura/Katharina Polyplacophora (@) utg roup

Terebratalia transversa Brachiopoda
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But: plasticity in annelid neurogenesis

Brinkmann & Wanninger (2008)



But: plasticity in annelid neurogenesis
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Segmentation in arthropods
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Segmentation in arthropods

Leptestheria (Crustacea, Branchiopoda)
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Segmentation in arthropods

Leptestheria (Crustacea, Branchiopoda)
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- Neurogenesis by

Epiperipatus

Segmentation in Onychophora

Euperipatoides
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Organogenesis in basal Mollusca

Jacobs et al.:
Evol. Dev. (2000)
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Organogenesis in basal Mollusca

Polyplacophora:

Wanninger & Haszprunar: J. Morphol. (2002)



Organogenesis in basal Mollusca

development
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Friedrich, Wanninger, Briickner & Wanninger: J. Morphol. (2002)



Organogenesis in basal Mollusca

Solenogastres (Neomeniomorpha): Nematomenia banyulensis

After Pruvot: C. R. Acad. Sci. Paris. (1890)



Organogenesis in basal Mollusca

Solenogastres (Neomeniomorpha): Epimenia babai: no serial arrangement

Okusu: Biol. Bull. (2002)



Organogenesis in basal Mollusca

Solenogastres (Neomeniomorpha): Epimenia babai: no serial arrangement
no anterior-posterior progression
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Organogenesis in basal Mollusca

Solenogastres (Neomeniomorpha): Wirenia argentea: not serially
arranged




Organogenesis in basal Mollusca

Solenogastres (Neomeniomorpha): Wirenia argentea: no anterior-posterior progression

Todt & Wanninger: Front. Zool. (2010)



Organogenesis in basal Mollusca

Solenogastres (Wirenia argentea): adult seriality of commissures
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Organogenesis in basal Mollusca

Caudofoveata (Chaetodermomorpha): Chaetoderma nitidulum

Nielsen, Haszprunar, Ruthensteiner & Wanninger: Acta Zool. (2007)




Organogenesis in basal Mollusca

Caudofoveata (Chaetodermomorpha): Chaetoderma nitidulum
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Nielsen, Haszprunar, Ruthensteiner & Wanninger: Acta Zool. (2007)



Evolution of segmentation in Lophotrochozoa

* loss of apical organ (?)

* 4 serotonergic nerve cords
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Development in Brachiopoda

Novocrania anomala

Altenburger & Wanninger: (unpublished)
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Novocrania anomala

Nielsen: Acta Zool. (1991)



Development in Brachiopoda

Novocrania anomala
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Fig. I8 Diagrams of four stages of the development of the mesoderm
[.sf:ladlq“&'] and the endoderm (cross-haiched) of Cronie. The Bblack dot
indicates the position of the blastopore

Nielsen: Acta Zool. (1991)




Neurogenesis in Brachiopoda

Novocrania anomala

Altenburger & Wanninger: Evol. Dev. (2010)



Neurogenesis in Acoela

- between connectives
- Formation

Symsagittifera roscoffensis
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Evolution of segmentation

iIndependently;
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Diverse cellular mechanisms of segmentation in arthropods
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