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The Tunicates

VERTEBRATES

TUNICATES

CEPHALOCHORDATES

Chordate
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Tunicata
Cordados invertebrados (de nosso proprio filo!)
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Tunicados

Pertencem ao filo chordata (juntos conosco)

Sao os invertebrados mais proximos aos
vertebrados

Possuem uma tunica de celulose, sintetizada por
uma celulose-sintase adquirida atraves da
transferéncia genética horizontal (Matthysse et al.
2003)

Nomes comuns: “esguichadores marinhos”, “mija-
mija’, “Maria mijona”, ou “mijao”.



Tunicata

Cordados invertebrados (de nosso proprio filo!)
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Appendicularia (larvaceos): neotenia?
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http://planktonchronicles.org/en/episode/larvaceans-their-houses-are-nets/




Appendicularia: construindo a casa
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Sinapomorfia dos tunicados: A
tunica

Defense against

o . predation Anchor site of
Caracteristicas da tunica ;g}gf;m" symbiotic algae
fouling % e ' Coloration
-Defesa
-Evita adhec¢do de outros organismos e 100 D’
-Pigmentada 000y g A 7 [{Aoixenogeneic

\interaction

-Espiculas calcareas dentro da tinica

A célulo sintetasa: Creditos: E. Hirose
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degenerate cellulase
s homology domain Matthysse, 2004



Celulo sintetasa em Oikopleura
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Appendicularia: reduction in cell
numbers during development

ascidian Oikopleura

CNS B epidermis

Bl notochord I} heart
endoderm [l mesenchyme
Bl muscle [ germ cell




Tunicata

Cordados invertebrados (de nosso proprio filo!)

TUNICATA
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Ascidiaceae: ascidias

Cifonsuta cebimacuspbe




Ordens de Ascidiacea

Aplousobranchia @&

Phlebobranchia |




Diversidade de ascidias

Cumulative number of species

Schenkar & Swalla (2011)



Diversidade de ascidias
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Figure 4. Ascidian global distribution (abyssal species not Included).
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Ascidiacea: Anatomia do adulto

Onral
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Fioure 24.6 A. Disgram of a solitary ascidian of the order Stolidobranchia. The tnic, body
wall, and most of the wall of the pharynx have been removed on the observer's side. Only two
of the longitudinal bars of the pharynx arc shown. (Mostly after Moaniot and Moaniot, Ocean-
ography and Manine Biology, An Annual Review, [6.) B, Molgula manhartensis, endostyle,
transverse section. There are nine distict histological regions. (Godeaux and Firket, Annales des
Sciences Naturelles, Zoologie, series 12, 10.) From Kozloff EN 1990. Invertebrates.
Sounders Publishing, p. 802
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Ascidiacea: Anatomia do adulto
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Alimentacao
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Circulacao
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Circulacao em Symplegma brakenhielmi

Cortesia de Stefania Gutierrez



Branchial siphon

Ascidiacea: Anatomia da larva
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A larva das ascidias:
um corpo tipicamente cordado

Weltere B3udiea 232¢r die Exiwicklung der
vhalahen Ascidioa
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ASO!DIAN

British Museum ,1901



Placodes and branchiomeric muscles within
chordates
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' . Anew heart for a new head: modular
muscle innovations from heart

cardiopharyngeal precursors

Midbrain

Forebrain

Olfactery pit
El4

Mammal and Bird

Teleost
— Cardiopharyngeal mesoderm and derivatives
[CIskeletal muscle MHSHF IFHF

[l First arch muscles
and right ventricle
R M Second arch muscles, left side
and base of pulmonary trunk
B Second arch muscles, right side
and base of aorta
Muscles of more posterior
pharyngeal arches

B Extraocular muscles

I First Cranial NC Stream
B Second Cranial NC Stream
Third Cranial NC Stream

;' M Hypobranchial muscles

B Venous pole of heart

\ W Left ventricle
1

Diogo 2015



Comparison of ascidian and vertebrate
embryo anatomies

Stolfi & Brown, 2015
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Nao todas as larvas tem cauda!
Desenvolvimento anuro em Molgula

M.occulta (“tail-less”, anuro)

M.oculata (“tailed”, urodelo)

Swalla



Anural development
A

larva
tunic
T amp. 3
~ " ¢ e
{ / DR e\
\5 v S -/
N el S
Molgula arenata (anural development) amp.

notochord

neural tube \

M. occulta (anural) M. oculata (urodele) Stolfi






Life cycle

Colonial species:
Internal fertilization and
brooding

Solitary species:
External fertilization




Life cycle
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Colonial species:
Internal fertilization and
brooding

Solitary species:
External fertilization




Life cycle
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Colonial species:
Internal fertilization and
brooding

Solitary species:
External fertilization




Life cycle

.)

Colonial species:
Internal fertilization and
brooding

Solitary species:
External fertilization




Life cycle




Life cycle




Life cycle

Animation credits: Eva Ma




Life cycle

Animation credits: Eva Ma and Dawn Vaughn




Life cycle

Animation credits: Eva Ma and Dawn Vaughn




Life cycle

Animation credits: Eva Ma and Dawn Vaughn




Life cycle
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Animation credits: Eva Ma and Dawn Vaughn




Life cycle

Colonial species: Sexual
and asexual reproduction

Solitary species:
Sexual reproduction only

Animation credits: Eva Ma




Ascidiacea: diversificacao de uma vida seéssil










Evolutionary patterns:
Deuterostome cleavage patterns
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Ancestral mode of cleavage was likely

holoblastic
(Chea, et al., 2005)
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4. Rotational cleavage
Mammals, nematodes

2. Discoidal cleavage
Fish, reptiles, birds
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Bilateral symmetry in the egg of the
‘ascidian tunicate Styela partita

(A) (B)
Ectoderm
Neural — i
ectoderm
Notochord ! Muscle
Endoderm Mesenchyme
Anterior Posterior
Vegetal pole Vegetal pole

View from vegetal pole

CEVELOPMENTAL XX OO, Eighin Eanon, Figwrs 834 © 2000 S Asaonciaion, v



Gastrulation In the tunicate

(A)

Muscle 3
Invaginating
endoderm

(B)

(C)

CEVELOPMENTAL B OOY. Eighin Enwn, Figars 543 © 2000 S Asannciaien, W



Desenvolvimento invariante
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Desenvolvimento invariante

Molgula occidentalis Ciona intestinalis




Notocorda se forma por movimentos de
convergencia e extensao

4
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CEVELOPMENTAL B OOY. Sy Favan, Figars 845 © 2000 Smmms Asanciaion,




Desenvolvimento em mosaico ou
determinativo (Experimentos clasicos)

Chabry 1887 Conklin 1905



Cytoplasmic rearrangement in the
fertilized egg of Styela partita

Animal pole

Yellow cortical Oocyte Nuclear
cytoplasm nucleus material

Gray
cytoplasm

A B
(A) 7 (B)

Chorion Yellow Sperm

Vegetal pole cytoplasm  pronucleus

DEVELOPMENTAL BSOLOGY, Eqghan Ko, Figurs £33 (Fert 1) © 2000 Smms Asaocision, ¥



Cytoplasmic rearrangement in the
fertilized eqgg of Styela partita

Clear
cytoplasm

Yellow Sperm Yolk Yellow
cytoplasm pronucleus material crescent

DEVELOPMENTAL SOLOGY, Eghan Kdnion, Figurs .33 (Pant 3) © 2000 S Asaociaitn, W



Ascidian embryology: a long history
_—4.!—-—-1' -

étyé/a partita Conklin 1905



Ascidian Development (Conklin 1905)




Ascidian Development (Conklin 1905) cont.
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Cytoplasmic
segregation in the egg
of styelids

(A) (B) Yellow crescent

(D) % PPie Lo hpang bawdr | sibonviry
Styela partita T e Boltenia villosa

CEVELOPMENTAL BIOX OO Y. Egin ESrwon, Figars 838 © 2000 Gammms Asarnision. ¥



A larva de ascidia

Four-dimensional Ascidian Body Atlas
Hotta et al. 2007



Vesiculas sensorials nas larvas

M. occidentalis

otolith

C. intestinalis



| arva de Ciona intestinalis




A cresta neural

a Vertebrate neural crest development

Neural plate
border

Premigratory
neural crest

Migratory
neural crest

v,
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* Jaw cartiage, jaw muscie

» Sympathetic gangla

* NC reguQtes rycgenesis

« NC affects neural patterning

+ Muscular pharyngeal arches,
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18 2R « Vartebral column
genome .
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+ NC specsfication network
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Neural crest like cells In ascidians

f Dorsal views
Neural plate

@ Neural plate borders

@ Pigment cell lineage
@® BTN lineag:
Gastrula staae (st. 12) Neurula staae (st. 15) &

Ciona intestinalis larva —

Proximal process .

" Stolfi et al., 2015

ur-olfactorean

Modelo da evolucao _ intercalation/ ’ Neural plate borders
da cresta neural em reduction | heterochrony & Pioment cell progenttors
vertebrados: ' I @ Neuronal progenitors

@ Muiltipotent progenitors (NCCs)

tunicate vertebrate



Metamorphosis

Four-dimensional Ascidian Body Atlas
Hotta et al. 2007



Metamorphosis




Metamorphosis




Metamorphosis




Metamorphosis




Metamorphosis




Metamorphosis




The juvenile




Metamorfose

Stolfi & Brown, 2015

Larva Juvenile/adult
Anterior hypophysis # Ciliated duct
Anterior Posterior hypophysis \ - Subneural gland

Cerebral ganglion —» Cerebral ganglion
Sensory vesicle ——p» Sensory vesicle —» Lost

Neural tube Middle P Visceral ganglion —9 Lost

y Dorsal hollow .
Posterior — e > Lot Kardong




Plasticidad en los linajes celulares de las ascidias

N
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EMBRYONIC PLURI-
POTENT STEM CELL

PROGENITOR
STEM CELLS

REPROGRAMMING
ITRANSDIFFERENTIATION

Brown & Swalla, Dev Biol. 2012






Modos de vida nas ascidians




Colonial ascidian development

FIGURE 2.18 Urochordate-ascidian life cycle. The life cycle of colonlal ascidans includes 3 sexual (left) and an asexval (right)
phase. In the sexual phase, the tunicate farva develops from a fertilized egg. This larva ks plankeonic and persists for a few hours or fow
days 4t most. It soon settles on 2 solid substrate and undergoes metamarphosis into a sessile kuvenite that srows inta adulthaad The

Kardong, 2006
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Colonial ascidian model species: Botryllus

Asexual reproduction and blastogenesis







Camadas germinativas:

Body Musculature

MESENDODERM Mouth

MESODERM  Anus

ECTODERM
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b G
Gonad 2 / . \9
. - -
k-4 o @ N »
Ectodermal

Vasculature



Regeneracion dggiuerpo Completo (14 dias)




Regeneracion de Cuerpo Completo (14 dias)

Brown, FD, Keeling, E, et al., 2009



1. Comparison of solitary and W oo
colonial ascidian larvae: > -

Botrylloides violaceus (Berrill 1947)

Mc. Henry 2005



Colonial Ascidian Development

Big yolky eggs

*Slow development: takes
weeks instead of hours

From Scott, 1946

Aplidinm constellatum

Slide courtesy: G. and C. Lambert
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Modularity in ascidian development

A. Solitary Ascidians

Hatching Settlement

EmbryogenesisY Competence
[ AN

O >~

Adult Differentiation

B. Colonial Ascidians

Embryogenesis/Larval Brooding Competence A\ k ::;J;-j:
.

Adult Differentiation

C. Adult Differentiation within the Larval Head/Trunk

Solitary Form Oozoid Colonial Forms

(partially differentiated)

udiment of Adult Gut
(undifferentiated epithelia)
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Tipos de gemacion en ascidias

Brown & Swalla, Dev Biol. 2012






Interés comercial

» Alimentacao: preservada em MISO ou
salgada (vinagre e molho de soya)

* Producao papel (material forte, alto mddulo
de elasticidade: alto ‘“Young modulus’)

* Neve marinha (ciclo de carbono e
alimentacao de animais bénticos;
alimentacao para anguila em cultivo)



;Y se comen!?

arket Seattle, WA (Photo G. Lambert)




Invasiones e impacto

Georgia Arrow, Puget
*Sound (Photo G. Lambert)

o 1

¢, A8

hada (Photo'C. Carver & A. M

k’enya (Photo T. McClanahan) " E(;ward Islaé’d.'

(Photo N. MacNair).




Asecidias l:jmom

Ashley Coutts, Cawthron Inst., Nelson, New Zealand

,kén‘fa (Photo T. McClanahan)



Ascadias Cenaimn, Ecuador







Photosymbiosis in ascidians

Larva of Lissoclinum timorense 0

Vertical transmission Horizontal transmission
:f N,ng distance

Slide courtesy: L. Hirose Non host-specfic

It is the only example of
strict photosymbiosis in
the chordates




Distribution pattern of photosymbionts in the host colonies

Colony Surface |§om|mgn_ Tunic Cloacal cavity +
Cloacal cavity Tunic (intracellular)
Didemnum candidum  Didemnum molle Trididemnum miniatum . .
;-“i nnum cyclops, T. clinides. Lissochnum punclatum
!"MWII' e traf T. nubifum,
L. patefla Lo ' T. sofidum

Slide courtesy: L. Hiros&plosoma spp. Slide courtesy: L. Hiros




Two modes of the transmission in the hosts
bearing Prochloron in cloacal cavity.
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Slide courtesy: L. Hirose Slide courtesy: L. Hiros




Two modes of the transmission in the hosts
~ bearing Prochloron in cloacal cavity.

Didemnum molle
Lissoclinum bistratum
Trididemnum cyclops

Slide courtesy: L. Hirose Slide courtesy: L. Hiros




Larva of Lissoclinum timorense: Posterior half of
the trunk is densely covered with Prochloron cells.

0.5 mm
t——

Slide courtesy: L. Hirose




Two modes of the transmission in the hosts
bearing Prochloron in cloacal cavity.

Didemnum molle ,
Lissoclinum bistratum Diplosoma spp.

Trididemnum cyclops

Slide courtesy: L. Hirose Slide courtesy: L. Hirose




Diplosoma embryo has a
special organ to catch
Prochloron cells in the
cloacal cavity.

The organ is packed in the
pouch in the larval trunk.

f Embryo of D. simile

o
Larva of D. simile

Slide courtesy: L. Hirose




Trididemnum parocyclops Uim(t TMOrense

Diplosoma simile

Dvcdemnum molle
Didemnum poediiomarpho






Tunicata

Cordados invertebrados (de nosso proprio filo!)

TUNICATA

APPENDE UL ARA SEOLUDDARANCHEA APLOLUSCERANC A M LOORANC A

ECHINO-
DERMATA

TUMBCATE ANCESTOR
ot Soeve ot \
Pt agn dhondabe urve

Dinthk sevde Of 2alan s0Mary O Ol SN \
Sorndt sl Sulwe \

&

d‘
" HEMICHORDATA
" PIRCHOOE FIOM
- PTERDERANC A
- : . MARRMANGDAL

h - ——

EPHALO-
CHORDATA

CLRACTORES ANCESROS
ad frvnnd wowvn

ATy e et
ptage. Chordate bvva
Pl OF Deattal sodnay b
Gt o b

ot P8

ondoary o oyt ond gland

CHOROATE ANCESTOS

Lad Rrewin de e

el d() SmSopese

DRUTEROSTOME ANCESPOW
woem Mg

it deyclopenent (or deect 1)

e pimns s TH
PO thiefie Lrve
beveivg sodtary st
dony rensd 1ube ¥ Ineod L paagic lorva of uskenom 1o0m, meetmorpbons i THY
A | Sorthe woldory 0N
or Ay Ty vy ghored AT R OOScImE pro- oot hond dru e

34 vts Modified from Stolfi & Brown, 2015

Y0 2000 | pegraeet Collt)



Thaliacea: salpas, doliolidos, e pirosomas




Thaliacea: doliolidos

Gl sit
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FIGURE 29-28 Tunicats: Doliolida. A, The dobiolid niurse {nszooid) is a colory of polymorphic 200ids. The
nurse herself developed from a fertitized egg and subsequent tadpole larva (D), but the ather members of the
colony arose by budding from the nurse’s stokon. The undifforentisted buds migrate from the stolon of the nusse
and then lodge in her trailing spur, which may reach S0 ¢m or more in Jength. Once attached 1o the sput, the
buds differentiate into trophozooids (E). which are specialized for feeding the colony (the nurwe’s digestive
system degeneratas), of pharozooids (B), which eventually break free of the spur and jet away undes their own
pawer. Buds attached to the pharozooids gitfereatiate into the sexually reproductive gonozookds ().
fertilization & probably intornal in the gonozoaids, but & free-swimming tadpole (D) 5 relessed 1o
metamorphose into a young rurse in the plankton, thus complieting the life cycle



Thaliacea: salpas

Prarynx Allwam

: | G4# Aria!
Mutcie bands | G bar Eohon
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Buccal sphon
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Oaroom
with siglon
Of DERSIOXOOATS

%ﬁﬂ%ﬁfﬁ; FIGURE 29-29 Tunicata: Solpida. Sab organezation and iife
eyche. A, An oozoold of Cyticsalps tralling its stolon of
ditfetentiating buds and blastorooids. The stolon mb »
predetermined ponts and deploys clustery, o d_nmx of
blastorooxts, which twim away from the ooz0owd and other
members of the parent cofony. Each blastozooid () bears
a ungle egg that s fertilized nternally and develops "n a
special brood sax, complete with @ placental connection to

the deciiatony system of the blastozooid. The growing embryo
withembongd o oeually occuples the antire volume of the blastazooid-
rvolops withen A nurse’s body () and then breaks free as a yourg oozooid, thus

it e
blasIornoe! rarse completing the hife Cy¢

http://planktonchronicles.org/en/episode/salps-exploding-populations



Thaliacea: pirosomas
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FIGURE 29-27 Tunicata: Pyrosomeda, A, Adult colony of Ayrosoma atanticum. B, Longitudinal section of

A showing zoowds, the common cloaca, and the exhaust aperture. Artows indicate the path of water flow

through the colony. € Enlargement of one 2ooid from B. D, Spawnod gametes. E, Lecithotrophic 0oz00id

(cyathozaold) and its four pracocious buds (blastozooids). £ Young colony composed of four zooids
https://www.youtube.com/watch?v=u6Sul6l_AJA Ruppert




