Bazalni Metazoa
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Ctenophora ()
Calcarea [
Silicea x‘
Homoscleromornpha
Placozoa 9
Cnidaria
¥enoturbellida

Nemertodermatida
ogeneze -

Cephalochordata ces

Urachardata

Y 4
m Craniata (incl, '\-'er'tet{n_'gt_a] 9
e a Z O I Echinodermata )

Hernichordata -=— %

Chaetognatha
E O 1 1 Mematoda -
Mematomoarpha
Tardigrada
Onychophara
Arthropoda
Friapulida @
Laricifera
s ) Kinorhyncha #;
M: Metazoa .
@: Bdateria Bryozoa ¥
ac: Amelomarpha E’Itﬂlr}rﬂll:tﬁ
M: Nephrozea .
O: Deuterastamia C-,-clmphc:-ra 1:
am; ambacraria
C: Chordata Annelida
Ql: Qifachares. Mﬂ”ug{‘a

P! Pratastamia
E: Brdvsoana Memertea F=.

)

=
Ne: Mematozoa Brachiopoda %

Sc: Scalidaphora —

5: Spiralia Pharonida
Pa: Polyras :
T: Tracheman Gastrotricha

Pl: Flatymoa Platyhelminthes

@n; Gnathifera =
Gnathostomulida
Micrognathozoa
Fotifera #

F




Ctenophora

Porifera

Vietazoa Placozoa

r - Cnidaria

Xenacoelomorpha

@
Parahoxozoa —

Xenoturbellida

Acoelomorpha

Ambulacraria Echinodermata

Planulozoa )
| E Hemichordata

Cephalochordata
Deuterostomia P r
Urochordata
F I Bilateria Chordata i
0 e n eze e
y Chaetognatha

Cycliophora

Dicyemida

Y 4
m o
e azo I Nephrozoa Orthonectida

- — Gnathostomulida

. alia ._ Micrognathozoa
Gnathifera -.-E
I Rotifera

. — Gastrotricha
@ L Platyhelminthes

. Rouphozoa
Protostomia P

Mollusca

Platytrpchozoa
Annelida

Lgphotrochozoa Nemertea

Brachiopoda
Phoronida
Lophophorata ryoso
Entoprocta
Scalidophora Priapulida
Loricifera

Kinorhyncha

Ecdysozoa Nematoida
\ °

Nematoda

Nematomorpha
Tardigrada
Onychophora

Panarthropoda
po Arthropoda




Gastrotricha /
_|:Platyr'lelmenﬂwes '
————FEctoprocta/Bryozoa J
————Brachiopoda Ph[miwr‘]da/
Nemertea /~)

- Mollusca i}

Lophotrochozoa ————————Annelida (sensu 1alo) e

Fylogeneze L | b,

Cycliophora

Mesozoa-Orthonectida

L Mesozoa-Dicyemida
I I l a 2 OI Protostomia — Rotifera/Acanthocephala /

5 Gnathostomulida

.

(podzim 2015) - e 3

haetog :

— Kinorhyncha 7

Priapulida

Bilateria L—— L oricifera ‘

- Nematoda QO

% —:Nematomr.:n'pha C

! —— Tardigrada 4
_|:(Dl‘-‘}uztuzaphora N

Eumetazg\a | D?uterostomia i Afﬂlf:rr‘l!: A.’

: E ‘_|:‘,|“ﬁ=:f!aiw':f s '

o I Ambulaf:ran'a e Cephalochordala s

' ! Hemichordata &

Y anarnnlamornha e a

E::dysozoa

Ctenophora .
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Fylogeneze metazoi

Porifera

Placozoa

Cnidaria

Ctenophora

Bilateria

D

L

Placozoa
Bilateria
Cnidaria
Ctenophora

Porifera

Ctenophora
Porifera
Placozoa

Cnidaria

Bilateria

C

Placozoa
Porifera

— Cnidaria

—— Ctenophora

Bilateria

Porifera
Ctenophora
Cnidaria

Placozoa

Bilateria
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ribosomalnich i
neribosomalnich
genu

oelenterata“

Pelromyzon marinus
Danig rerio
Malguls fectiformis
Ciona intestinalis
Branchioslomsa
Saceoglossus kowalevski
Tubifex Hibilex

Aplysia californica .

Maspnia Fr:ngemrs
— Daphnia pliex
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—— Ciyliz hemisphasrica
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8
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I Proterospongia s
- & e
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YiH3aLvig

Ecdysozoa
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s " B CTENOPHORA

Demospongiae w

Yy3did0d

i ciliatum | Calcarea

Oscarella Homoscleromorpha
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H =

p- I CHOANOFLAGELLATA



,Coelenterata™; rozpor mezi
ribosomalnimi a neribosomalnimi geny
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Ctenophora
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Ctenophora

Polar held
Apical sense organ

Ciliated groove
Tentacle
Tentilla

Anal pore

New aboral comb
Orifice of tentacle sheat

Aboral canal

Infundibulum

Tentacle sheath

Tentacle root

Meridional canal
Comb

Pharynx
Paragastric canal

New oral comb

Mouth
Pharyngeal plane

Tentacular plane




Ctenophora
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Ctenophora

« rotacni symetrie — kazda
plocha prochazejici
oralne-aboralni osou deli
zvife na dve stejné
poloviny, ale otoCceneé o
180°







Ctenophora — genom

non-metazoans

* nemaji Hox geny, prd sicmyoien
geny, nuklearni
receptory se zinc-finger
doménami =2
,ParaHoxozoa"
Placozoa + Cnidaria + e i)
Bilateria)?7?? '050.PRD

classisubclass founders

HNF, CUT, PROS, ZF, CERS
Hox/ParaHox-ANTP Chnidaria } ParaHoxozoa
K50,550-PRD

Ctenophora

Porifera Ctenophora Placozoa

Placozoa Porifera Porifera

Cnidaria Placozoa Cnidaria Bilateria J

Ctenophora Cnidaria Ctenophora

Bilateria Bilateria Bilateria

D Placozoa Porifera
Bilateria Ctenophora
Cnidaria Cnidaria

Ctenophora Placozoa

Porifera Bilateria




Canonical
miBRMNA Pathway Mirtron Pathway

Ctenophora [

R transcription | transcription

Pasha
AAABARA

EXOM EXON
splicesome

chybegji geny pro miRNA a \
prislusnou masinerii

pri-miAMNA

: splicing &
cleavage 3

pra-miRMNA

Bilateria
T, adhasrens
Bilateria

passenger strand
degradation [/

A gueensiandica

A, quesnsiandica
H magnipapitals
H magnipapitals

l—.‘:-,“. rogatia
e il
e owcramu

MMLM
passenger strand
degradation

iEr'1|5r.':1-:-n|:>=:- of miANA

ﬁEm?rgence of miAMA

Exogeneous
siRMNA

Cytoplasm

M Pasha A Pasha loss . o
Bl Dvosha B4 Drocha loss = MiANA functionality
M Dicer B Dicerloss = No miRMA funclionality




Genom zebernatek (2014)

Gain of mesoderm
¢ Sd I Iena —.—Bilaterians

prezence/absence
genu pro NS:
Ctenophora ~ Porifera
- NS u predka
metazoi? i s
X nic takoveho pro [
mezodermalni geny




... anebo ne”?

ovsem pozor: i tak je NS bud difyleticka, anebo druhotne
redukovana u plakozoi

Filasterea
Choanoflagellata
Amphimedon queensial Porifera
Mnemiopsis leidy Ctenophora
Trichoplax adhaerens Placozoa
Hydra magnipapiliata ) )
: Cnidaria
Nematostella vectensis
Strongylocentrotus purpuratus
Branchiostoma floridas
Ciona intestinalis Bilateria
Danio rerio
Xenopus tropicalis
Gallus galfus
Homo sapiens
Schistosoma mansoni
Lotftia gigantea
Helobdella robusta
Capitella tefeta
Caenorhabditis elegans
Pristionchus pacificus
Ixades scapulars
Daphnia pulex
Drosophila melanogaster




konvergentni vznik NS?

mnoho latek (serotonin,
acetylcholin, histamin,
dopamin, adrenalin,
noradrenalin) neuzivaji
jako mezibunecné posly,
chybegji ionotropni
receptory

x transmitery: L-glutamat -
vyjimecna diverzita
glutamatovych receptoru i
genu pro syntézu a
transport glutamatu

velka diverzita elektrickych
synapsi

nékolik pan-neuralnich
markeru pritomno (ale
neexprimuji se v
neuronech)

konvergentni vznik
mezodermu a svalu (geny
chybéji)

Evoluce metazoi

Nerve nets, CNSs and brains

4 siateria

ACh, Glu, GABA, 5HT, DA, NA, Ad, OA, His, Gly,
ATE NO, CO, H,S, H*, > 100 peptides

NMDAR
Eumetazoan neurons

Nerve nets
-4} Cridaria

No neurons, no synapses

iCysLR HCN

Neurexin

ASICs e Placozoa™

Innexins and
gap junctions
No neurons, no synapses

Urmetazoa » mue Porifera™

Different transmitters, Glu, >70 peptides

iGIluR
A Nerve nets and ‘elementary brains’

. . L Triad’ synapses
Expansion of innexins, iGluRs and ASICs




Zanik nervové soustavy?

* X Placozoa i Porifera maji aspon jedno stadium,
které se pohybuje aktivnim ciliarnim pohybem — {j.
zanik NS by jim skodil (x Myxozoa, Dicyemida,
Rhizocephala)

anterior
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Euplokamididae

5L M, V;VJ,,‘_I =
\oor- Charistephane fugis: Mertensiidae
Ch tephane fugier

zebernatek f

—Beroe abyssicola 1
—— Haeckelia beehleri .
Teol Haeckelia rubra Haeckellidae
_Beroe forskalii 1
194 Beroe for
Beroe fi alii 2 BEROIDA

Beroe cucumis 3

Beroe gracilis

18S x 18S + ITS1-5.85-ITS2 us e o

160l Beroe cucumis

LOBATA

CESTIDA

Euplokamididae

THALASSOCALYCIDA
Mertensiidae

Lampeidae

PLATYCTENIDA

slia beehleri :
Haeckella rubra . Haeckellidae

BEROIDA

mis
Beroe ovata

THALASSOCALYCIDA

CESTIDA

LOBATA




Scleroctenophora

Chengjiang: kambrijske rody
Gemmactena (A), Thaumactena
(C), Galeactena a
Batofasciculus (B)

skelet, bez chapadel, radialni
symetrie

funkce a slozeni skeletu
nezname

skelet patrné ektodermalni —
bud pod nebo uvnitr epidermis,
anebo epidermalni exkrece (~
periderm/ perisark vetsiny
koralu)




oandromeda
(ediakara)




Stromatoveris

« kambrijsky ,vendobiont®
e pribuzny zebernatkam?

riploblasts Diploblasts
N ——

Cnidarians Ctenophores
P o

~ — —

Extant Cambrian
Protostomes Deuterostomes Medusozoans Anthozoans ctenophores ctenophores Stromatoveris Placozoans

Principally —»
Thaumaptilon pelagic, locomotory
comb rows
Globular body, —
Cnidoblasts — distinct comb-rows
Three germ layers— "\ Z0oOids—»,

Bilateral symmetry —»
Frond-like body—»
Poriferans
?Ciliated branches—» — e —
Calcareans Demosponges Hexactinellids]

Biradial ——
symmetry

Calcareous

Nerve cells — spicules

Axial organization—»

Two germ layers —» Sil!ceous
e spicules g
QOuter epithelia with —

cell junction

Multicellularity—»



Trilobozoa

ediakarska skupina
pribuzna
zebernatkam???

s
S
- f
% )




Porifera

Eumetazoa
Homoscleromorpha
Caicarea
Demospongia
Hexactinellida
Choanofiagellata

Capsaspora

xamples of model sp:
morph: Oscarella lob
vae; (M-0, S) histological sect S
py image of a larva. Photo credits: M. Adamski (B), G. Richards (E), N. Funayama (F-J)




Water out

-Osculum Central Sponge
cavity

Porifera

— Pore

. —— Epidermal cell
%=1 Spicule

velmi podivny a jinym
ZivoCichum nepodobny
telni plan

,néco mezi kolonii a téelem*

Collar cell
(choanocyte)

Ascon Sycon Leucon

Osculum

i
L Ostia

N

%g—'-l Spongocoel —— Gy

" T Sy— » Dermal pores
| e 2uei

L‘ ) \%Radial
| — - ol

Osculum Osculum

—_ Canal

Choanocyte
chambers




Monofylie nebo parafylie?

Spizaiiomyces
g
awﬂw

Fung
Rhizapus g

: HJ mn s-
—_[—MMSW-

C'FFE!_EW_“, S
Morcsign ovata

Oscamlia  Homescleromorpha
n

Leucﬁ‘iu | Cal':iipungpaa
e opsaces | Hexscti-
Hefarochond | nellida .
Cartarinspongia Porifera
Demosponglas

Eumelazoa «

§80 186

B
b Plag‘;uz I=
‘edrohrachia
L— mertensad I E:;‘:E
1 E8 ) S Meamn EIE
*__ Memalosieia i

*!_‘ Mstridim

Mantastraa I Anthozoa Coelenterata

Aoy |'.|r.r.
\. pEnga 3l:j'p'h|:|z|:|:|

| Hydrogoa

e 11_‘— .)(E'lllJI'm"n!. ia
Strongytocentrofus

Sacroginssus
Bfa;ﬁ':ﬁ.w.w Deuterastamia

.'Il:mu;
Miaguia
'—:gm,-,
o Euprymna
- Cragsosirea

ysia —
Pedigeiing | Lophotrochozon Bilateria

uparpatoes
Baprhnia
— Padicuiis
Assonia
Scutigera Ecdyzozoa
e o
(08 Anppipasctyug

7 housekeeping genu




Advanced choanoblaslaea

H Gastraca

F Homoscieromorph G Homoscleromaorph-
like ancestor with
dissogony

» mitosis

E Advanced sponge

germ cells
cadherins
occluding junction

basement
membrane

sensory cell

circumblastoporal
nerve

| MNeurogastraea “ K Trochaea

Parafylie houbovcu —
Epitheliozoa v novéem
smyslu?

PROTOSTOMIA
pelago-benthic with trochophora larvae;
cerebral ganglia in episphere

DEUTEROSTOMIA
pelago-benthic with

trochaea: multiciliary cells; downsiream-collecting
ciliary system

EUBILATERIA

dipleurula larvaa

ACOELOMORPHA

clust-cleavans; limfled

exiracellular matrix: multiciliary cells

BILATERIA

CTENOPHORA
holapelagic: no septate junctions;
colloblasts; multiciary cells; biradial

symmetry

TRIPLOBLASTICA

protonephridia; mouth and anus, striated muscles; long
Hox-cluster

urbilateria: bitaterality; secondary (=antero-posterior] axis;
anterior adult brain; polar bodies at apical pole

CHIDARIA
pelago-benthic; cnidae

NEURALIA

mescderm; chemical synapses with acetylcholine; acrosome

PLACOZOA
upper protective and lower,
digestive apilthelium

EUMETAZOA

neurogastraea: nervous system: chemical synapses with
RFamides and alectrical synapsas with innexins, special
sensory cells, apical organ; septate junclions: short Hox-clustar

HOMOSCLEROMORPHA
siliceous spicubas
CALCAREA
cabarsous spicules: no Spongin
SILICEA
siliceous spicules secreled
in vacuoles; spangin

METAZOA

CHOANOFLAGELLATA

solitary or colonial; siliceous
sphcules sacrelad in vacuoles

observed characters

gastraea: holopelagic; neatenic larva of advanced
homasclaromarph type: no choanocytas

homaoscleromarph-like ancastor with dissogony; larva a gastrula
wilh primary (=apical-blasioporal) axis; locomatory actoderm and
digestive endoderm: archenteron and blasiepore: epithelia with
occluding (adherens) junctions; extracellular digestion

basement mambrana with collagen IV; larval cuter cell layer with
adhaerens-like celliynctions

2 _ Proepitheliozoa
Euradiculata

pelago-benihic; lecithotrophic larvae with efiective-stroke cilia and
lecomatary polarity
advanced choanablastasa with several cell types: peripheral choano-
cytes and peripheral and internal cedls of various non-feeding types
choanoblastaea: multicellular; consisting of ane cell iype:
peripheral choanocytes

holopelagic: salitary or colonial, monaciliate choanocytes: fibrilkar
ciliary vane

inferred apomorphies of hypothetical ancestors
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Silicea (= Silicispongia)

« monofyleticka skupina
 Demospongia
» Hexactinellida




Karnivorni houbovci
(Demospongia)

Monophyly of
carnivorous sponges

5 Cladorhiza
- Chondrocladia

" | “{Euchelipluma

~|Asbestopluma 1

———"_|Asbestopluma 2

Poecilosclerida —

\Myca!e

Guitarra

——— |Abyssocladia %@ N

sabuods snoJoAluIe)




Hexactinellida
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Calcarea (= Calcispongia)




Homoscleromorpha




Homoscleromorpha

prave epitely s kolagenem
povrchovy epitel larev z
mezibunecnymi spoji typu
adhaerens




Calcarea +
Homoscleromorpha

« synapomorfie: rootlety
larvalnich obrvenych epitelu
(cinktoblastul, amfiblastul a
kalciblastul)

Homoscleromorpha: spikuly
intracelularni (v sklerocytech,
ale i v bunkach epitelu),
biCikate pinakocyty a
apopylarni bunky, inkubovana
cinktoblastula

Calcarea: extracelularni
spikuly, vzdy zivorodé




Bimineralni spikuly kambrijskych
houbovcu

« homologie spikul???
« X extra- a intracelularni - dva typy sekrece u puvodnich
forem? ( Eiffelia, kambrium)

e ,Sclerospongia“???

SILICEA




,oclerospongia”

,koralove houby® — kremicity
skelet na robustnim vapenatém
endoskeletu

Ceratoporella,
Stromatospongia, Hispidopeira,
Goreauiella, Merlia

« demospongie, ale vzajemnée
nepribuzneé




Porifera

 transkriptomy: naprosta vétSina zasadnich genu je
pritomna

Pseudospongosaorites
vasius Spongilla lacusiris Petrosia liciformis suberifoides
Wi

ey
o
5

Hexactlinellida

Demospongiae

Placozoa®

Eumetazoa
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Calcarea:
homeoboxove

geny
(ParaHox a NK)

« Amphimenodorn. 8 NK, ale zadny Hox ani ParaHox -
,ParaHoxozoa"

* X nebo druhotna ztrata? (,ghost locl’)

« X Calcarea (Sycon, Leucosolenia) maji NK | ParaHox (ale
zadny Hox) - nazev ,Parahoxozoa” je nevhodny...




Vyvojové geny (Calcarea)

* vyvojove geny: zakladni
plan kalcispongii a
zahavcu je homologicky
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Porifera
problémy a oprava bludu

maji epitely (kontroluji tok iontu do mezohylu) — tj. neni to ,velka
kolonie”

nejasna homologie choanocytu a bunék choanoflagelatu
maji ciliarni smysloveé organy (larvy, oskulum)

kontrakce myoidnich bunek existuji, ale jsou pilis pomalé na
signalizaci pomoci neurotransmiteru

maji glutamatergni signalizaci (kontrakce) a Ca/K akcni potencialy
(v syncytiich Hexactinellida: regulace prijimani potravy)

maji geny pro mnoho sekrecnich molekul specifickych pro NS

vznik larev metodou trideni jednotlivych bunek x polarizace (larvy,
akviferni systém) rizena pomoci Wnisignalizace




Porifera — shrnuti

1. sesterska skupina
,parahoxozoi”

2. monofyleticka skupina
(Silicea x Calcarea +
Homosclerea)

Demospongia

i
e el

mysleli

4. pro fylogenezi metazoi
jsou dulezité larvy, ne
aberantni dospelci




Placozoa

oplax adhaerens
43,079 bp




Mean p distance

Placozoa: diverzita

Cnidaria .
Porifera [
o

1.0/

100/ 100

T
Families

i
111

Genera Species Placozoa

098192/ 79

clade I

| clade Il

clade I

clade IV

clade VIl

|| clade vi




epitely bez bazalnich lamin P|aCOZOa

zlaznaté bunky ~ neurosekrece (+ kolem okraje sekretuji
neuropeptidy podobné FMRFamidum)

morfologie: lipofilové ve spodnim epitelu (~ travici bunky),
krystaloveé a zlaznaté bunky kolem obvodu

prijem potravy: biCiky se koordinovane prestanou hybat, lipofilni
bunky koordinovane produkuji travici enzymy (ale jen v
bezprostredni blizkosti ras)




omeoboxove
geny a
[ richoplax

; 5
Bilateria
Mox Hox Evx DIx En Gbhx Mnx Max NME4MES Lbx Tixz MNE1HmMX Emx Mol Vax NES Hex Dbx=Barx Barhyl K21 NKZ2.2 GaxMloxTdx

S —— - - - - - - - - o oo

Cnidaria
MHES Hex HNEZ.1/2.2 Gax Cdx
L

liiiie Bl

Mox Hox Evx DHx Msx MBS M3 HK1 Hmx Emx Mot
[ amiat: |

CE g i

Placozoa

K27 I




plakula - telni symetrie metazoi

Placula transformation Diplox expression
Cross section “oral” view “oral” view




Placozoa v prekambriu?

» Dickinsonia???
« x 500krat vetsi nez Trichoplax

A Eumetazoa

Choanoflagellata “Porifera” Placozca Cnidaria Bilateria

4 Feeding strategy
unkown

Water-canal system
1

j’ Choanocyte

B Scenario 1 C Scenario 2 D Scenario 3

| P
- >@ - @ _ >»
' - ®

;590"99 @ Sponge Ventral digestive sole @ Sponge  Gut
aas Eumetazoa | lavae Eumetazoa| larvae Eumetazoa




Dickinsonia jako Bilateria®

ontogeneticka terminalni adice (anamorfoza) je typicky
bilateralni znak

trium batidi
i Ces punclalus :
Allomyees macrogynus FUHgI !l
¥ h

@ Rhzopus_oryzac

ma rctica Ilﬂcmpm'ea e

“ﬂmﬂmlﬁ owCzar
Monosic i‘;:mn;\,a IC hoanozoa ‘

scurelia carmeln

el POl‘l Iu a

P
Oopsacas minula
@ Carteriospongia foliascens
Remiera sp
 Eplydatia muslleri

Suberti
wihacront Placozoa G

Plcuroﬁmcha pilcus

'Zﬂﬁﬁmopm"lud,. Ctenophora Cpp
p Acropora millep N i
figentata . . \ ?_’/-]

(s

il e Cnidaria
: vectensis 529
Eumetazoa . * “‘y?‘mcs CIP!US(’; =
ydra

) Clytia hemisphaerica
Hydractinia echinata
hocki
| Hle Deuterostoma
Ilrmc?usmm floridae
Ciona savign
Molgula eciformis
0

N0 eri : el 3 €

Bilatcria () mlp PRI e
A Jaoplaty Ecdysozoa
5

eroticus
Jmcfe‘ scapularis
Daphnia pilex
Nasonia vitripennis
Pedicalus humauu‘s

Al’w* “""'m"a L ophol|mi1ozoa

P:d:L:Ihm c:mua

Tubifex tu hlfex

Stenian Tonian Cryogenian Ediac € O8 D
T T T
1000 750 500
Time in Millions of Years

Probability of Ancestral Condition
Terminal Addition Terminal Addition
Absent Present




Hydra (Hydra)
Coral (Acropora)

Sea anemone (Nematostella)

>
=
=
=
o
N
o
o

Human (Homo)

BOZEIOWN

Amphioxus

(Branchiostoma)
Fruitfly
(Drosophila)

Beetle (Tribolium)

Elsie|g

Sponge (Amphimedon)
Choanoflagellate (Monosiga)

Plant (Arabidopsis)




Cnidaria

Axial Gradient

 biradialni symetrie (Oral-Aboral)

o Ph)}'j\\SQ W
S

\f 1
M
Octocorals




— knidocyt
adhezivni zrna
1

svalova bunka

-ieEd= T Cnidaria
zahave bunky

endoderm = s o o
| Y i ™ . pazdinilamina

okruzni
svalova viakna

epidermis

L
YT tréwici buiika
bazalni lamina §ESS i

Capsule
(nematocyst)

Coiled
thread

“Trigger——

Anthozoa - Medusozoa

Discharge
of thread

* modifikované neurony

* NS iendodermalni ~
(primitivni??7?) \¢ T cCridocyte
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Cnidaria — vyvojové cykly

b Aurelia aurita

eliale|lg

% young medusa (Ephyra)
J Anthozoa

W
U, metamorphosis

Staurozoa polyp Strobila regenerating polyp

ﬁ Scyphozoa

Clytia hemisphaerica

elepIu)

BOZOSNpalA

#

Cubozoa polyp colony

Hydrozoa




Cnidaria £~ h .
vyvojove cykly

Bagam)

U
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Evoluce (priche pruhovanych)

* pricné pruhované
svaly meduz a
bilaterii vznikly
nezavisle
tezky retezec
svalového myosinu
(ST MyHC) vznikl
duplikaci (paralog
NM MyHC: déleni
a migrace bunek)
ST MyHC u
houbovcu v
choanocytech
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Linuche (Coronatae)

DR 5 e Y

Bl - -H=T=[=H=T=[-[=[=[=[=[=[=] other Scyphozoa + Staurozoa

Bl - A= RS AMGO . -
Cubaia (Trachylina) I I I a I I a

-~ < =

3 5
[e] = J=e P Filifera + Capitata
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Hydrozoa

Acraspeda

Aplanulata

& F . N4

~ & Scyphozoa - °

& £ — & . 3 g

& F Ciatiatas -5 (& other Hydroidolina & Choanoflagellata Placozoa Porifera

Cnidaria
(ancestral) (derived)

E—
<28kb —

or
OD]’_
7 or
~ Ge=1) L]
.
o

<11kb
Ctenophora

reduction or loss of open reading frames, introns, intergenic regions, tRNAs
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Anthozoa
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No "traditional” outgroup Ctenophora as outgroup




- Mnemiopais leidyl
@ Amphimedon queenslandica

@ Trichoplax adhasrens
@ Tacniopygia guitale

@ Stronglyccantrotus purpuratus
4 Drosophila melanogaster

@ Capitets leleta

Cnidaria

Gene sampling
o BE genes
© 331genes  pradusozoa
[i} 1181 ganas
@ Public data
' Mew data
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Hydrozoa

Tetfraplatiaa Narcomedusae




Haoolia

» ediakarsky zahavec (?)
» 560 Mya
* Newfoundland




Myxozoa




Cnidaria
Myxozoa

@*Sriner
w‘r pring

Myxobolus
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Knidy myxozoi

atrichni a holotrichni izorhizy
operkulum: Medusozoa a Myxozoa
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FRESHWATER ENVIRONMENT
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members of all
clades

* Propensity for fish
parasitism by
cnidarian larval
stages

Second host

Possible

+ Fish consumed bryozoans or infected
when browsing on aufwuchs

.
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« Led to divergence of Malacosporea
\and Myxosporea
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* Cnidarian stages consumed

* Atavism suggested (morphological

complexity in malacosporeans)

More likely

—

» Cnidarian stages consumed

* Bryozoans became hosts of adult stages




B. plumateliae ex C. mucedo (LGL FRA)
B. plumataliae ex C. mucedo (TC UK)
B. plumatsliae ex Pl sp. (AAB SWI)
B. piumateliae ex PI sp. (SCH GER)
B, allmani ex L crys s (BBW UK)
Buddenbrockia sp. 1 (NSLUSA) @
Buddenbrockia sp. 2 (FUR SWI) -a-‘h)
Buddenbrockia sp. 4 ex P. fungosa
worm ex F. sultana (MAL BOR) .,QJ novel lineage 3
T. bryosaimenae ex F. sultana (CER UK 1)
T. bryosalmonae ex F. sutana (CERUK 2) | @ Tetracapsuloides
T. bryosalmonae ex F. sulana (NOR)
worm ex F. sulfana (SIL ITA) ._.,_) novel lineage 2
lobey sac ex F. indica (ABE USA)
obey sac ex F. suifana (LBA GER) I W navel Irveage;1

Myxidium incurvatum
Zschokkalla nova
b Aurelia aunla

—
0.1

Buddenbrockia

worm [COW USA 1) Buddenbrockia
worm (DRE FRA) .
worm (FAD UK}
cryplic (BON GER 1)
cryptc ex minnow (BON GER 2)
Wiy
worm (AVO UK 1)
Fredenicella sultans. Fredencelia indics worm {SCH GER 1)

Buddenbros
ST,
W

Buddenbrackia sp,
denbrockla &N

Blumateila spp., Hyallnella punctata

Cristatelia muceds G B, G 3} ———— Buddsnbrockia sp. 3

Buddenbrockia sp. 2

n Europe

sac (JUI FRA)
sac (TON ITA}

o [SIL Ta) novel lineage 2 —_
warm (BRE ITA)

+ lobay sac (LBA GER 2) . -
1 8 S X 1 8 S 2 8S 4¢-I-r:frmic o F, indica (ABE USA) I novel lineage 1 -
q s

lobey sac (LOH GER 2)




Myxozoa:
Malacosporea

epitely

spory bez kutikuly

Ectoprocta + ryby (lososi, cyprinidi?)
Buddenbrockia. vnitrni epitel tvori
spory

svaly: myocyty

tetraradialita ~ Medusozoa

A/P (nebo oralni/aboralni) polarita:
diferenciace bunek pokrocilejsi na
distalnim (volném) konci




Polypodium
hydriforme

Fig. 17. Polypadium (P) laying its gametophores (G) on the skin of a
pre-larva of Acipenser stellatus




Polypodium

jediny vnitrobunecny parazit (x Myxozoa)
,medusoidi“ lezou po chapadlech

po straveni zloutku z oocytu se prolamuiji usta v misté, kde
medusoid prirustal ke stolonu

nemaji myoepitely, ale svaly (~ Haootia"?)

atrichni/holotrichni izorhizy (~ Myxozoa) — i ha chapadlech




Endocnidozoa
(= Polypodium + Myxozoa)

somatické bunky obklopuijici a
vyzivujici zarodecnou bunku
(,cell-in-cell’)

gametofor s knidocyty
tubularni mitochondrialni kristy
ztrata spermatozoi

X Polypodium ma NS, gonady,
biCikaty gastroderm, chapadla s
knidocyty, centrioly a knidocil




minikolageny a
nematogalektiny

olypo ¥
Polypodium hydriforme Ncol-2
O Polypodium hydriforme Ncol-3
Polypodium hydriforme Necol-4
Sphaeromyxa zaharoni Ncol-1
Kudoa iwatai Ncol-1 ]

Myxozoan
Enteromyxum leei Ncol-1

Teir: loides bryosalmonae Ncol-1*
Podocoryna carnea Ncol-1
Hydra vulgaris Ncol-6

Hydra vuigaris Ncol-5
olypodium hydriforme Ncol-5
l_‘ Polypodium hydriforme Ncol-6
B

ockia Ncol-2
Enteromyxum leei Neol-2 Myxozoan
Kudoa iwatal Ncol-2 Minicollagen Il

Sphaeromyxa zaharoni Ncol-2

Hydra vuigaris Ncol-16
Hydra vulgaris Ncol-17
Hydra vulgaris Ncol-15
Acropora D Ncol-2
Hydra vulgaris Ncol-3
Hydra vulgaris Ncol-8
Hydra vulgans Ncol-13
Clytia hemisphaerica Ncol-3-4a
Hydra vulgaris Ncol-9
Hydra vulgaris Ncol-14
Polypodium hydriforme Ncol-T
@ Polypodium hydriforme Necol-8
Polypadium hydriforme Ncol-9
== Acropora digitifera Ncol-1
Acropora millepora Ncol-1
Nematosteila vectensis Ncol-1
Metridium senile Ncol-3
Metridium senile Ncol-2
Polypodium hydriforme Ncol-10
Nematostella vectensis Ncol-4
Nematostella vectensis Ncol-5
Metridium senile Ncol-4
o Metridium senile Ncol-1
Nematostella vectensis Ncol-3
B brockia ph Nco\-:!]

Kudoa iwatai Ncol-3 Myxozoan
+E Enteromyxum leei Ncol-3 Minicollagen lll
Sphaeromyxa zaharoni Ncol-3
Polypodium hydriforme Neol-11
Hydractinia echinata Ncol-1
Clytia hemisphaerica Ncol-1
Hydra vulgaris Ncol-1 P il
Carukia barnesi Ncol-1 ostarior W_Obab““y
Hydra vuigaris Ncol-7 @®100-95/1.0
Hydra vulgaris Ncol-2 @®95-70/10
Hydra vulgaris Ncol-11 )
Hydra vulgaris Ncol-12 O70-50/1.0-08

Minicollagen |

Group 3

3 Group 2
S Group 1

Group 3
Minicollagens

Group 2
Minicollagens|

Group 1
Minicollagen:

lytia hemisphaerica
Hydra vulgaris C
Polypodium hydriforme C
Acropora digitifera C
Nematostella vectensis C
Metridium senile C
Alptasia pallida C
Kudoa iwatai C
Enteromyxum leei C

Sphaeromyxa zaharoni A
+@ Enteromyxum leei A
Kudoa iwalai A
Polypodium hydriforme A
Polypodium hydnforme B
Hydra oligactis A
Hydra vulgaris A
Hydra viridissima A
Hydra vuigaris B
Hydra oligactis B
Clytia hemisphaarica A
Clytia hemisphaerica B
r=Acropora millepora B

Nematostella veclensis B
nemonia viridis B
Metridium senile B

Aiptasia palida B
Anemonia viridis A

Acropora digitifera A
Acropora millepora A
Nematostella vectensis A
Clytia hemisphaerica A
Hydra viridissima
Hydra oligactis
Hydra vuigaris
Aurelia aurita
Acropora millepora
Acropora digitifera
Montasiraea faveolata
Nematostella vectensis
Anemonia viridis
Metridium senile
Alptasia palida
Polypodium hydriforme
Enteromyxum leei
Kudoa iwataf
Sphaeromyxa zaharoni

Sphaeromyxa zaharoni C =

Metridium senile A

Nematogalectin C

Nematogalectin
AandB

Nematogalectin-related

Bootstrap suppo
Posterior probability
@®100-95/1.0
@95-70/1.0
Q70-50/1.0-08

Operculum

Spine

[] Minicollagen NCol-1  [Jll Nematogalectin
[ Minicollagen NCol-15 [l Spinalin
B Nowa B Chondroitin

Endocnidozoa
?) jako treti
linie zahavcu
27?7




* fylogenomika:

* monofyleticka
Endocnidozoa

« sesterska skupina
(pravych) medusozoi

Nanomia bijuga
Hydraclinia polyclina
Aytia hemisphaerica
Hydra magnipapillata
= Ectopleura larynx !
Craspedacusta sowerbyi
Tripedalia cystophora
Cyanea capillala N
Stomolophus meleagris
Aurelia aurta k -
Polypodium hydriforme

Gorgonia ventalina
Eunicella cavolinii
cillopora damicornis
Montastraea faveolala
Portes australiensis
Acropora cervicornis |
Nematostella veclensis
Edwardsiella lineala
Urlicina eques.
Bolocera luediae
Homnathia digitata
Aliptasia pallida .
Latimeria menadoensis
Homo sapiens |
Petromyzon marinus
Ciona intestinalis
Botryllus schlosseri
Branchiosfoma floridae
C s

ilus humanus
ia vilripennis
Daphnia pulex
Strigamia mantima
Ixodes scapularns
Helobdella robusta
Capitella teleta
Octopus vulgaris
llyanassa obisoleta
Crassostrea gigas
1oplax adhaerens
on coactum
Sycon cifiatum
Leucetla chagosensis
Corlicium candelabrum
Oscarella carmela
Oscarella SE
]

Aphrocallistes vastus
Sarcolragus fasciculatus
Chondrilla nucula
Ephydatia muelleri
Petrosia ficiformis
Amphimedon queenslandica
Euplokamis dunlapae
Vallicula multiformis
Pleurobrachia pileus
Mnemiopsis leidyi
= Bere abyssicola
Monosiga ovata
A.:anihoer:a_s;:l
diplocostata
1goe:
= \oniosiga bre’
e [\ 110 S f
Capsaspora
2 %phasmfo
Amoebidium parasificum

lectella aspergillum

Hydrozoa  Cnidaria

Cubozoa Cnidaria
Scyphozoa Cnid:

Octocorallia  Cnidaria

Hexacorallia ~ Cnidari

Deuterostomia

Ecdysozoa

Choanoflagellata

Ichthyosporea




Genom endoknidozoi

Response to SIress mmmmm—
MOrphOgenesis m—

Signal transduction e ——

PO/.VPOd/L/m je jeété Hydrolase activity

norméln I’ Zahavec Cytoplasm —

Organelle organization s——
and biogenesis M

Myxozoa — chybi napr. Trensport

Protein metabolism
H OX e n Cell communication E———
g y Transferase activity S—
Binding ———
Biosynthesis

Nucleobase, nucleoside, nucleotide m———————————
and nucleic acid metabolism [——

DEVEIOmEnt ‘
Cell organization and biogenesis e ——————

Intracellular Eee———— |

Cell
Catalytic activity
Metabolism

0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10%
% Mapping to GO term

Myxobolus .Kudoa Polypodium . Hydra Nematostella




Mitochondrialni genom
MyXxo0zol

* kruhova mtDNA
« Polypodium. neznamé

* 1j. Endocnidozoa |
nepatri primo mezi
Medusozoa

« 3 ,podkmeny*”




Dendrogramma

« 1986 - JV Australie,
400-1000 m

e 2druhy: D.
discoides™ a D.
enigmaltica




Dendrogramma

zadne bicCiky, morfologie
epitelu (?) nejasna
zadne gonady

patrne aktivhe neplavou
naznaky bilaterie???
(laloky kolem ustniho

otvory, dichotomicke
vétveni kanalu)




Dendrogramma jako ediakarsky relikt

Dendrogramma

\

—=2— ?Ctenophora

79 Porifera

Placozoa

Yoo
i A=

AT

b s [
A A # f =

f EReis i, =
b

£ [
£ 3 . 2611
x o &
- PR (B A ; ﬁf[ 1
4”,,. .- -
1Py,
g Lyt ) e
o L ’ Irr;
S L 2 A%
VIR, A g 3
) PRy

~ Albumares,
Rugoconites, Anfesta



