Bilateria:
Xenacoelomorpha a
Chaetognatha




Bilateria

dve telni osy: antero-
posteriorni a dorso-
ventralni

Hox komplex

trubicovita travici
soustava

obvykle mnohobicCikate
bunky epitelu

célom, cévni soustava,
protonefridie




Hypothetical Urbilaterian

Vznik bilaterality

stredching of blasiopore
(Aamphistomy)
‘Ganiraea’

shift of blastopore

Plonula®
translocation and closure

ot blastopore
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Acoela: ustni otvor nevznika
z blastoporu (jako u mnoha
protostomii a vSech
deuterostomii)

gen bra neni spojeny s
vyvojem ustniho otvoru (fitni
otvor chybi), ale s
gonoporem

ustni otvor zahavcu a
acelomorf ~ ustni otvor
bilaterii, fitni otvor vznika
nezavisle (endoderm +
gonodukt)

Vznik bilaterality

Bilateria

Nephrozoa
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Acoela Ambulacraria Chordata

N\

* Formation ofa
» Evolution of the anus (7?)

Cnidaria Protostomia

new mouth

* Evolution of axial relationships of the Bilateria

¢ Saparation of mouth devalopment from the blastopore

* Asymetric growth of descendants of micromere over
dorsal surface

* Evolution of the gonopore




Larval gut

Travici trubice

Porifera

Placozoa

Cnidaria
Xenacoelomorpha

A4 y 4
| l Echinodermata
r I I O V O r Hemichordata
Deuterostomia Cephalochordata

Urochordata
Biateria Craniata
Chaetognatha
Bryoczoa
Entoprocta
Cycliophora
Annehda
Mollusca
Protostomia Nemertea

e ustni otvor o

Phoronida
Gastrotricha

acelomorf odpovida i

Micrognathozoa

Y 4 Y 4 P’a“‘l"a‘ Rotifera
ustnimu otvoru ona

Kinorhyncha
Nematoda

Zzahavcu a nefrozoi

Onychophora
Arthropoda

brachy. ury +
goosecoia)

Probstomia
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Evoluce
Al zivotniho cyklu

of benthic adult stages (Jagersten 1972; Arendt et. al, 20

ancestor

B Holopelagi inal addition of benthic
adult benthic g ( i (Miglsen

intercalation of
times in each lineage (Raff 2008)
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benthic deposit-feeding adult
benthic deposit-feeding adult

Intercalation theory

planktotrophic
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Terminal addition theory

planktotrophic
adult gastraea
planktotrophic
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dipleurulova larva
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neotroch
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trochoforova larva

telotroch

prototroch
metatroch
gastrotroch ——




Apikalni organ a NS:
homologie primarnich larev?

. mIR183+

Hemichordata Echinodermata Cephalochordata

Cmgaria Mollusca Annelida /
.—-""""/
V \ Chordata

Ambulacraria
Protostomia .
Deuterostomia

Bilateria

. Frizzled Wnt
{/ Specialized sensory cell FMRFamide cell oip nk2.1,rx (Receptor)Ligand)
|

jh é 4 nk2.1 six3,foxq2 wnt

— Eumetazoa _ @ /) serotonin cel otx ‘D‘ma%)”'sm
Clliated Tuft cell & Photosensitive cell | I'X nk2.1, otx




Midbrain

P!muralllembn.lm Farebrain _
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scenario 1 scenario

| protostome | protostome

Nervova '—L =

hamnchurdatg hamiamrd ate

soustava

scenario 3 scenario 4

bilaterii N -

— -

urbniatenan === = urbilaterian
helmchordate

|nvn,=_rs|nn

Figure 1 chordate i chordate

-‘,'_ cnidarian

== protostome

== hemichordate

= chordate

— central nervous system

S t ill slits %' etodermal sensory cells
Figurd'®™® " 0 o




Hox komplexy

Hox geny jsou homologické nejmin u vsech bilaterii
tvori linearni komplexy

prostorova i Casova kolinearita (3’ = anteriorni a casny)
“zootyp”

The Hox cluster

— Mox }ﬁ 1 H 2 h 3 ih_S_ﬂi}- 7

Anterior class Medial class

A/P morphological gradient of expression
Spatial colinearity

Early Late development
=

Ontogenetic time

Figure 1 Temporal colinearit




voluce Hox komplexu u metazoi

Vertebrata
(Mouse)

Urochordata
(Ascidian)
Cephalochordata
(Amphioxus)

Hemichordata
(Acorn Worm)

Echinodermata
—— (Sea Urchin)

Athropoda
(fruit fly)

Onychophora
Priapulida

Nematoda

Polychaeta

Nemertea
L ]

=— Platyhelminthes
{ Gastropoda
Cephalopoda

Brachiopoda

Chaetognatha

Cnidaria

Pf Hox1 Hox2

Sp Hox1 Hox2

Pca-_lab pb

eh-13

Nvi-_lab b
i N

Hox4 Hox5 Hox6 Hox7

] e e

Hox4/5 Hox6 Hox7

Dfd

o

Hox4 Hox7

]
= .. .

Pnox8

-
HE1 HB2

Dfd Scr LoxS

.-
COES

Central

lox9/10 Hox11/13a Hox11/13b Hox11/13c

ox9/10 Hox11/13a Hox11/13b Hox11/13¢c

HB4

egl-5 Ce nob1
.

AntHox1&1a




Evoluce Hox genu ve dvou
rozmerech (ortologie x paralogie)

—— Hemichordate

Ascidian -

—\ertebrate =

— Amnphioxus =




Hox a homologie NS

arthropod (Drosophila) vertebrate (Mus)
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Hox geny u zahavcu

netvori komplexy (pouze jako vysledky pozdejsi
duplikace)

nékteré skupiny Hox genu chybi uplné

jejich expresni zony neodpovidaji situaci u bilaterii
jejich expresni zony vykazuji podstatne vetsi diverzitu
nez u bilaterii

Settlement

-

Podocoryne Cnox2-Pc

Settlement

_ » P

Acropora Pax-Dam

Eleutheria Cnox-5ed




Hox komplex zahavcu

A Hox cluster of Nematostella vectensis Hox cluster of Acropora digitifera
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Cnidaria Bilateria

- 5, SRS

Ctenophora Porifera Placozoa  Anthozoa Medusazoa Deuterostomia Protostomia

[FHAH5H 68 HOWH FvE

Protostome - Deuterostome Ancestor

1-me e[| -

Cnidarian-Bilaterian Ancestor




Evoluce Hox systemu

1. Cnidaria ~2-4 geny: A+?C/P
(nejasna kolinearita)

2. Acoela 3 geny: A+C+P

3. Nemertodermatida: ?+2C+P

3. Xenoturbellida 4-5 genu:
A+2(3)C+P

(Porifera a Ctenophora 0,
Placozoa ~1)

Branchiostoma
Saccoglossus
Drosophila

Capitella

Triclads
Xenoturbella W
Symsagittifera
Nematostela [
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a Gastraea
Trochaea /
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Simultaneous evolution
of mouth and anus

Single digestive opening
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Bilateria

e

Nephrozoa

Cnidaria  Acoela Nemertodermatida Protostomia

X

* Anterior brain and orthogonal

nervous sytem
* Mesoderm

character

AP patterning

DV patterning

posterior
patierning
&

central nervous
system

photoreception

‘eyes

heart

segmentation,
segmentation clock

regionalized
through gut

appendages

genes

HOX

TGFB/BMP 2/4
sog/dpp

evr, cdx

otx, emx, six3/6, HOX1

PAX6, RX, opsin

tinman

hairy, engrailed,
notchl delia

HNFJ 3. GATA factor

goosecoid, brachyury

Distal-less/DLX

Acoela +

Nemertodermatida

{




Acoelomorpha
bazalni a
parafyleticka???
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100 — .
1.00 19 [ Meara stichopi - Nemertodermatida

o0 108 °” | ,Meara stichopi NCBI 2 A I m r h L]
008 £
77— Flagellophora apelti ' L CO e O O p a L]

100 o
1.00 108 [o52 Nemertinoides elongatus
01 ) )
Sterreria psammicola

003

bazalni a
parafyleticka”???

1 - J:J? derma westbladi

1.00 B! Nephrozoa (74 t3
= T —

Childia groenlandica

Childia submaculaturn
Childia cycloposthium

Mecynostomum auritum

Anaperus biaculeatus

Actinoposthia beklemischevi

033 Faratomella rubra

Hydra circumcincta
— Nectopyramis sp Cnidaria
3 Atolla vanhoeffeni
Montastraea franksi
|'_Mnem.|'opsis leidyi Ctenophora

Beroe ovata

L Pleurobrachia bachei







Xenacoelomorpha:
Nemertodermatida

4-cell 8-cell 16-cell

Meara stichopi

Meara — komenzal v predni
—~N G A casti TS sumyse

II/ \
lateral | \ I|

i U Ul Parastichopus

Y
/

animal |I
\

Nemertoderma westbladi

Acoela




Xenacoelomorpha

statocysty s pohyblivymi bunkami (statokoniemi), statolity
ve statokoniich

statokonie monoflagelatni u X, aflagelatni u Acm (1 u Ac,
2 u Nd)




Acoelomorpha
NS

odpovida predkum s
jednoduchym mozkem

obrovska diverzita
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Xenoturbelia /&
westhladi

Diopisthoporus
longitubus

Paratormella

Actinoposthia Childia
beklemischevi

Flagellophora




Xenoturbellida

Xenoturbella bockr
Gullmarsfjord, 50-150 m

ryje tunely (v laboratori
hluboke az 15 cm)

Zivi se patrne ranymi stadii
mlZU nebo jejich slizem/vykaly

Identified as X. westbladi

Identified as X. bocki
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Xenoturbellida

* hlubokomorske formy
az 20 cm

‘Shallow’ Deep
<650 m 1,700-3,700 m

*Bootstrap = 100%
0.04




Xenoturbellida

primy vyvoj — obrvena plovouci stadia
s apikalnim organem ~ planula
(nezerou)

X druhotne zjednodusene larvy
bilaterii obvykle maji zbytky travici
soustavy (Usta, fit") ¢i obrvenych pasu
asexualni déleni??? (regenerace —
novy jedinec musi obsahovat
,Statocystu”)
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Urochordates

— Cephalochordates

Hemichordstes Hamichard

Echinodarms

microRNA = [—

miamia

Figure 1| Alternative phylogenetic positions of Acoela, Nemertodermatida  synapomorphies of Deuterostomia, Xe nambulacraria and Xenacoelomorpha
and Xenoturbellida with implied evolution of different characters. a, Tree  are shown in red. The minimum number of steps to explain miRNA
based on refs 6 and 9 for positions of nemertodermatids and acoels, and refs 1 distribution is shown above trees. Losses and gains of miRNAs are shown on
and 2 for position enoturbella. b, Tree based on analyses of ref. 7. ¢, Tree  each branch. Complete trees are shown in Supplementary Figs 10-14. Bottom
based on the results from this paper. Protein RSB66 and deuterostome left. X. bocki and H. miamia (photographs by M.].T. and AW.).
mitochondrial gene order are also indicated. miRNAs representing possible

« zasadni rozdily v prezenci/absenci miRNA i u
ruznych druhu Acoela (Hofstenia x
Symsagittifera) - velke redukce miRN

» X specifické deuterostomni miRNA ma
Xenoturbella a nekdy i Acoela




Nephrozoa = Eubilateria

* 1. Hyponeuria

— 1.1. Protostomia
* 1.1. Spiralia
« 1.2. Ecdysozoa

— 1.2. Chaetognatha
» 2. Deuterostomia

— 2.1. Ambulacraria
— 2.2. Chordata

e travici trubice s fitnim otvorem, nefridia,
mozek, planktonni larvy ??7?







Position of Chaetognatha:

1 Zrzavy et al. 1998

2 Halanych 1986, Pelerson & Eernisse 2001

3 Mallat & Windell 2003

4 Littlewood et al. 1998

5 Matus et al. 2006, Papillon et al. 2004

G Giribet et al. 2002, Helfenbein et al. 2004,
Marletaz et al. 2006

7 Telford & Haolland 1993, Papillon et al. 2003

Protostomia
A

Ecdysozoa

Chaetognatha 1
Arthropoda
Chaetognatha 2
Nematoda
Priapulida

Gnathifera

Chaetognatha 3
Chaetognatha 4
Gnathostomulida
—— Mollusca

Lophotrochozoa

L Nemertini
Annelida

Plathelminthes
Chaetognatha 5

Bilateria

Chaetognatha 6
Deutoerostomia

+

Chaetognatha 7

Diffuse intraepidermal Circumoral brain, intraepidermal
nenous system, nerve net, several longitudinal
perhaps individually bundies in the nerve net,
identifiable neurons. concentrations on chordin side
{ventral"), individually identifiable

neurons.

In chordates, NS concentrated
on chordin side (,dorsal”).







Chaetognatha

fosilni zaznam patrne uz z kambria (Protosagitta, Oesia?)
Paucijaculum (karbon)

(protokonodonty?)

(Amiskwia???)

? AR
| grasping 1
spines '

——transverse
— musdes B

2 _——ventral —
— ganglion

" r
T ovaries

___seminal _—")
vesicles

T~ ilfin ——__"
LOWER CAMBERAIN




Chaetognatha
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