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Deuterostomia

odvozeny typ embryonalniho vyvoje (ryhovani,
vznik streva, vznik celomu, druhotny ustni otvor)

x druhoustost strunatcu a ambulakrarii je uplné
jina (u ambulakrarii larvalni adaptace, u strunatcu
dusledek dorsoventralni inverze)

puvodné sitovita nervova soustava

prvoustych, strunatcu a ambulakrarii?




J2u-aAasau SN |esiop SND |e4juan

elepiu)

l DJj2qinjouay

Deuterostomia
Ambulacraria

Metazoa
Bilateria

eozoyronoydo

eozosAp>3

brotostomia




Deuterostomia a evoluce
metazoi

* molekularni stromy - kratka vetev oddelujici predka
deuterostomii od predka bilaterii (velmi odvozeni jsou
az strunatci) + vyjimecne dokonce parafyleticka
Deuterostomia + nejasne postaveni xenacelomorf
(bazalni Bilateria nebo Deuterostomia?) + siroka
distribuce ,druhoustosti” na bazi protostomii
(Chaetognatha, Ecdysozoa)

« - predek bilaterii ~ Xenacoelomorpha ~ Ambulacraria




Vetulicolia

bazalni
Deuterostomia,
nebo sesterska
skupina plasténcu




Deuterostomia
Fylogeneze a systematika

1. Ambulacraria

1.1. Echinodermata

1.2. Hemichordata

2. Chordata

2.1. Cephalochordata

2.2. Cristozoa (= Olfactores)
2.2.1. Urochordata (= Tunicata)
2.2.2. Craniata (= Vertebrata)

+ Xenacoelomorpha???
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Deuterostomia — miRNA

EFGE)RRCdAERERRERBFRARTIFRABRET T T}

= Acquistion of miRNA family -
no subsequent absences

’ Acquisition of miRNA family -
at least one subsequent absence

4 Loss or absence of miRNA family
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Protostomia

/" Aplousobranchiata A-1
(3333
. Phlebobranchiata
D, (4r3r2raid) Tunicata
Thaliacea (1/0/0/1/1)

Stoliobranchiata
(47301 /44)

|Xenoturbellidae

- Epigonichthys maldivensis Cephalo-
ne kd y Asymmetron lucayanum chordata

nemonofyleticti e " pgnatha (i "
St run atCi (ZJ evin é __Gnathostomata (>200/45/0/>200/>200)
artefakt: pozice e
plaéténcﬁ) | €3 | |Hemichordata

Craniota

{including Pterobranchia)
A5 C4
3 Ophiuroidea (e2i1/e8) . A4

A

|[Echinodermata

«{ Holothuroidea (3i1ai3) (A7)

61/ 190" 9" [

61/594/61/62. 3,  Echinoidea (21/17212)

]

aean]| o
; i L Asteroidea (3/1/1/5/5)
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Kambrijska Ambulacraria:
Cambroernida

predek ambulakrarii:
bilateralne symetricky
filtrator s parovym
systemem vodnich cev (L
+ R hydrocél), se
svalnatym postanalnim
stvolem (,ocasem™?)

Echinodermata Hemichordata Chordata

Crown-groups v v

Stem-groups
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Evoluce Hox komplexu

Additonal Hox gene

—

]

nordates
.




Hemichordata: vznik nervové
soustavy (~ neurulace)

Cista
histologie!

Hemichordate Vertebrate
(larval metamorphosis) (chick embryogenesis)

Fig. 4 Diagrams of cross sections of a hemichordate and a vertebrate. In both pictures dorsal is to the top and ventral is to the
bottom. In the diagram on the left, the metamorphosing hemichordate neural tube (green) develops above the dorsal vessel (red). The
endoderm (yellow) is directly ventral to the dorsal vessel. In the illustration of the developing chick embryo on the right, the vertebrate
neural tube (green) develops above the notochord (pink). Somites (red) surround the neural tube and notochord. The dorsal vessel
(red) is ventral to the notochord and dorsal to the endoderm (yellow). Blue represents nonneural ectoderm in both images.




epibranchialni Zlaza

tri faze evoluce
hitanu:

1. Deuterostomia:
filtraCni sterbiny bez
slizového aparatu a
bez endostylu

2. Chordata: DV
inverze, slizovy filtr,
endostyl, produkce
jodovanych hormonu

3. Craniata: dychaci
sterbiny, endostyl -
stitna zlaza, svalovy
pohon




Pharyngeal
ene cluster

unikatni pro
Deuterostomia

Lofttia (mekkys) ma geny
odéélené
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H. sapiens
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Shrnuti

bazalni zastupci Hemichordata a Cephalochordata velmi
podobni

X nejsou si pribuzni
—> predka deuterostomii Ize rekonstruovat do znacnych
detailu

(pokud se tam ovsem nemotaji Xenacoelomorpha...)

Phoronida Brachiopodall Pterobranchia Echinodermata Enteropneusta RCHORDATA
# adults with -adults with =+ prosome with *+|eft mesocoel - tubular collar cord; i < "dorsal” neural tube; chorda;
U-shaped U-shaped ciliated creepin fransformad into tornaria larvas branchial bag with mucus net
gut;dorsal gut; ventral _ produced by endostyle
side short side short; fubas or systam
mantle with COENGECE CYRTOTRETA.: gill slits; no ciliated tentacles;
shells + mono- and multiciliate cells

+ NEOREMNALIA: axial complex
larvae with tentacles; adults
with metanephridia

-D EUTEROSTOMIA: bilateral cleavage; dipleurula larvae and adults with upstream-collecting ciliary bands;
pro-, meso- and metasome; apical organ lost at metamorphosis




Hemichordata




Hemichordata

m Ecto der‘nu

[ Lo ng pelagic peried
| (months)

e primy i neprimy vyvoj
(tornarie)

(i ndirect-develo ping) (direct-developing)




Hemichordata

degenerating
neotroch ™
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Pterobranchia




E Anisograplus
] Rhabdinopora

Rhabdopleura = recentni

Koremagrapltus
Mastigograptus

- bl
i — Reticulograptus
1 Dendrotubus

Kozlowskitubus

Graptolithina

Bulmanicrusta
Bithecocamara
Rhabdopleura
Epigraptus

Cysticamara
Cephalodiscus (Cephalodiscus) + C. (Acoelothecia)
Cephalodiscus (Orthoecus) + C. (Idiothecia)

isograptus
Rhabdinopora
Dictyonema
Dendrograptus
Acanthograptus
Koremagraptus
Mastigograptus

Eugraptolithina

Reticulograptus
Dendrotubus
Kozlowskitubus

Bulmanicrusta
Bithecocamara
Rhabdopleura
Cysticamara
Cephalodiscus (Orthoecus) + C. (Idiothecia)
Cephalodiscus (Cephalodiscus) + C. (Acoelothecia)

Anisograptus
Rhabdinopora
Dictyonema

Dendrograptus
Acanthograptus

dendroids

Koremagraptus
Mastigograptus

« Pterobranchia: Cephalodiscida W Eam———

Bulmanicrusta

(incl. Atubaria) + Graptolithina (incl. [ Il -

Rhabdopleura

Rhabdopleura
Cephalodiscus (Orthoecus) + C. (Idiothecia)

Cephalodiscus (Cephalodiscus) + C. (Acoelothecia)

]
]

uboids

' pleurids .\ rates .




Cephalodiscus graptolifoides
(1993)

Graptoloidea

Anisograptus
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Cysticamara

Cephalodiscus

(Orthoecus/idiothecia)

Cephalodiscus
(Cephalodiscus/Acoelothecia)




,Lophenteropneusta”

,Spolecny predek
Enteropneusta a
Pterobranchia”

Spatna interpretace
hlubokomorskych
fotografii z roku
1979

- Torquaratoridae
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Torquaratoridae

 tubikolni
Enteropneusta - e
odpovidaji kambrijskym [
fosiliim (tj. tubikolni "R
zaludovci nemuseji byt
pribuzni
pterobranchiim)
nejvetsi vajiCka krome
hlavonozcu a e
obratlovct - e WD
Planctosphaera? - B




. Branchiostoma lanceolatum
Plethodon cinerea
Cucumaria miniata

85
* Paracentrotus lividus
9, richeri
63 7 aculeata
Patirla pectinifera
M ' / |
g s5is prammophilis

arrimaniidae
Bernmuda

Ttrplv:ﬁumba@wr;uenw Spengelidae

I 4 L L I 4
e prvni mikroskopick
Tergivelum sp. 1 (1163-17) Ptychoderidae
Tergiveium sp. 1 (1163-24) <
Tergivelum sp. 1 (1163-28) Torquaratoridae
GenusCsp. 1 E'?mm} v
Genus Csp. 1 (D80-A2)

A4 Y 4
dospelec, podobn i e
b) Genus A sp. 1(1171-36b)
Ganus A sp. 1(1171-36a)
Genus Asp. 1(1171-43a)
5 GenusBsp.2(T1011)

Genus Bsp.2 (T1013-A8)

[] [] o] []
uvenilum, paratomie ettt
, Genus B sp. 1 (176-A2)
Genus B sp. 1(176-A1)
Genus B sp. 1 (176-A5)

Genus B sp. 2 (D177-A28)




Planctosphaera’?

* nova skupina polostrunatcu (bez znamého
dospelce), nebo zname i dospelce, ale
nevime, ze to je on
anebo jenom normalni, ale obrovska
(retardovana, neotenicka?) larva???

viz obri aktinotrocha chapadlovek nebo
,Graffizoon'" (lobofora???)...




Fylogeneze
olostrunatcu

Sterenhalanus canadensiz
Protoglossus sp

Harrimania planktophiius

S&CCUQ 0s5Us bromophenalosus
Hisz 4R K iy 15 ki vEkil
100100 Allz pasys aumiEaCcYS Saccoglossus kowalevsk
=0 Allapasus aurantiacus T438

aepluBLLLIEH

Saxipendium coronatum l Saxi pend] idae
SN0y Tergivelum baidwinae T1078-1 Balanoglossus Camasus
250 Torgivelum baldwinae T1094
S E— Glossabalanus berkelayi Ptychoderidae
1oiy] Genus C T1012-A8
100 * Gonus C TBEE-A4 Tampa Ptychoderid
Vods purpura 1171-362a
i 1171-36b .
I?Eﬁgrgnmmpm. Targuarator-like Enterapneust
Genus B species 1 T176-At
jes 1 TBT9-AG T nus rchen
Genus 8 spacies 1 TA7S-A10 Bysmoeris it
Genus B species 2 T1011

Fiy f1a

Astering pectinifera

: 100 r Ophiapholis solteats Echinodermata
Piychodaridas

Sirongwiocentrofus purpuratus

Cucumaria minigta

Kenoturbella bock! | Xenoturbellida

Branchiostoma lanceofatum | Cephalochordata
o =" 0.1 substitutions/site

18S vs. 18S + 16S + cyitb




Fylogeneze polostrunatcu

PTEROBRANCHIA
Cophalodiscus nigrescens

Cophalodiscus hodgsoni | Cephalodiscidae
Cephaiodiscus gracilis

« cca 300 genu

» Rhabdopleura nestabilni
(malo dat)

Harrimaniidae
Harrimaniidae sp. Norway
Harrimaniidae spiceland
Schizocardium c.f. braziliense | Spengelidae
Pty
Ptychodera bahamensis
Glossobalanus marginatus

V1VAHOHIINIH

Ptychoderidae

V.ISNIANJOUILNI

. Balanoglos sus cf. aurantiacus
Torquaratoridae spAntarctica | Torquaratoridae
Torquaratoridae saiceland
Labidiaster annulatus

Odontaster validus Asteroidea

hionotus victoriae .
op ok o | Ophiuroidea

Astrotoma agassizii

e Cephalodiscidae
Pterobranchia

I— Rhabdopleuridae

Eudld:

Echinoidea

m
[+
=
z
[}
=]
m
£
]
»

Holothuroidea

. S —
‘ F Harrimaniidae .
Parastichopus californicus =
Promachocrinus kerguelensis . % .
Dumetocrinus sp. Crioidan " /—\\
Spengelidae

A
Ptychoderidae + Torquaratoridae ,
\
1TV

Asteroidea i
Ophiuroidea /’k g i

i f L)
Echinoidea - .

Holothuroidea

inoid >
Crinoidea N //
ig o




Echinodermata

F;HDTD BY DANIEL JANIES
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I\
Forcipulatids %
L
[— Luidiids &

F’tychodends w : . &
‘I*ESDenge:ds it r Acanthasterids 3
Harrimaniids L’—[ Solasterids
= Eu:hil“-'asteridﬁ

Pterobranchs
— Asterinids &

Larvy
ostnokozcu

Crinoids

«{ Eﬂw"rma <« — As-,fmpnc,hﬂlds ’S}T

Ophiuroids ““
Holothuroids » —— Cidaroids £}

Echinoids -— Echlnothurlmd?r
Diadematoids l‘,f ;)

lornaria i
F'hyrm:hE.::Jlmatf:m;is‘l %

bipinnaria ;‘},
Temnopleuroids |

ophiopluteus m‘ﬂr

Echinoidans {

auricularia Cassiduloids :“' g

! echinopluteus Clypeasteroids ”““{’
Spatangoids %

Acorn Worm SeaLily  Starfish Brittle Star Sea Cucumber Sea Urchin
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Echinoidea _)-'
Echinozoa

Holothuroidea ~

Telni plan a
o [0) ¢

Asterozoa

Ophiuroidez ~— 1

Crinoidea

Hemichordata

Cephalochordata ==——

pentamerie neni .
spojena s rozpadem
Hox komplexu ~

pentamerie ~ osova
duplikace B mm

secondary tube foot

fosilni zaznam: via

tri m e ri e ? . putative growth zone

aboral aboral
posterior postorior

interambulacral spines
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Fylogeneze ostnokozcu

DORSAL
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VENTRAL

Ctenoimbricata Sotocinctus Courtessolea Ctenocystis

- spiny ctenidial plates E adoral plates - posterior marginal plate - ventral labrum

[ dorsai tesselatefimbricate [ extra adoral plates  [] anal pyramid [ marginal 0
ctenidum/fabrum dorsal integument dorsal marginal ring E marginal 1

] suroralioperculum S0 [ ventral integument [ other marginal plates [ dersal spines

1, Dipleurula-type larva and tripartite
organization of body coeloms; 2, Multiplated
calcite skeleton with stereom microstructure; 3,
Complefte ctenidial ring; 4, Perjproct non-
terminal; 5, Water vascular system with single
hydropore (asymmetric development of
coeloms),; 6, Adult body plan not bilateral
(associated with larval attachment and torsion
during metamorphosis in extant groups), 7,
Tentacular feeding, 8, Radlial organization of
water vascular system

chordates

* tunicates

tother ctenocystoids

cephalochordates
tCtenoimbricata
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dates| [nemichordates] echinoderms
|

s 1
([ambulacrarians|

|
ancestral deuterostome
no obligate larval attachment at anterior
bilaterial symelry throughout developmeant
pharyngeal filter feeding

j

}"“\éq radiate echinoderms




Crinoidea

Asteroidea

Asterozoa

Ophiuroidea

Holothuroidea

Echinozoa

Echinoidea

Asterozoan hypothesis

Feather stars

\
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Sea stars

Sea cucumbers

Sea urchins and
sand dollars

Crinoidea

Fylogeneze ostnokozcu

Asteroidea

Ophiuroidea

Holothuroidea

Echinoidea

Cryptosyringida

Cryptosyringid hypothesis
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Astercidea

Echinoidea

Holothuroidea

Ophiuroidea

Crinaides
Hemichordata

Urochordata

Salmaciela o0gopora
Salmacis beli
Teamnoglaurus alexa
Maspilig globufus
arame Sculplunm

Haolopreustes inf

Paeudec

Genocidaris

Triprausies grafila
Strongylacenirolus purpurafus
Echinus aso

Sphancschiius granuis
Evcidans tribulcides
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Atralus ividus
robim cordatum
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Gorgunocephalss aucnems
Schizostols hiurcats
Cocumavia mvwata
Pontacta oy
Cucumana saimn

hopus Cal ,
Pesudostichopus viosus
Holabriy iucospiole

Paychvopates ongichuda
Chnats rosters
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Crasaasfur panpass
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Pisastor achirac
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Ophiuroidea

Holothuroidea
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Fylogenomika ostnokozcu

« cca 4,600 genu

» Asterozoa: larvalni skelet (,pluteus®) vznikl nezavisle u
hadic a jezovek (evo-devo: predek echinozoi ho nemel)

Nematlostella vectensis

Aplysia californica
Branchiostoma floridae Outgroups
m—— Homo sapiens
99/100/0 e Gallus _L’ﬂ'”n.\
- Saccoglossus kowalevskii
Oxycomanthus japonicus
——————— Sclerodactyla briareus
| b ¥ Apostichopus japonicus Holothuroidea
. . ‘ \f Parastichopus parvimensis
{Echinozoa *“L Parastichopus californicus
Eucidaris tribuloides
Echinarachnius parma Echinoidea
Strongylocentrotus purpuratus Sea urchins and
Lytechinus variegatus sand dollars
— Sphaerechinus granularis
Ophiocoma wendtii

*

Crinoidea
Feather stars

Sea cucumbers

7l Ophiurvidea
100/100/0 1
4

Ophiocoma echinata
Brittle stars

Ophionotus victoriae
96/97/0 [ Luidia clathrata
— s *\j Patiria miniata
“Patiria pectinifera
i ——Lchinaster spinulosus
98/100/100 Henricia sp.
Marthasterias glacialis
#*— Pisaster ochraceus
7\ Leptasterias sp.
* U Asterias amurensis
< Asterias rubens

* . .
+ “Asterias forbesi

Asterozoa

Asteroidea
Sea stars
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