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uvod strunatcu

N_ZY primitive

\ f/ ascidian

o = v /
enteropneusts ?
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/' pharyngeal
/o filter
feeder

lophophorate
ancestor
echinoderms
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Chordata




Kambrijsti
strunatci
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Yunnanozoa

* rekonstrukce —
polostrunatec,
kopinatec, obratlovec

o Harkouella

Mandibular

artery |

Nostril ’

Upperlip___ )

Tentacles

over mouth -~

opening -

Lower lip

selerotized
daorsal fin

E o
fé\:%/ collar i
proboscis g e
¥ E\\\
SO

gill slit

mouth

Myomeres

) Spinal (nerve) cord =
Eve \ -
] Hr/ain \

Bands above notochord
A

Endostyle // 1 ]
4 Denticles |

4 | Heart ?
Branchial | cart -

pouch and bar

A u,

%,
Gonads
Atriopore

Atrium ", {
; Intestine
Jr

Bands on notochord
(Protovertebrae)

Ventral aorta







Metaspriggina

«¢— Branchial
basket
& Loss of gill pouches?
Differentiated mandibular bar

Paired eyes, W-shaped muscles
<€ Gill pouches, bipartite branchial bars
Proto-mandibular bar?

= Branchial bars




Dorsoventralni inverze?
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Dorsoventralni inverze?

vefebrate hemichordate annelid Drosaphila
D i D D
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Figure 3. Expression of bmp/chordin inn bilaterians, The disgrams represent idealized cross secions throeegh embroyos, with dorsal
) eriented vp and ventral down, In vertebrates, the source of chordin 15 largzly rom the notochord, marked a5 2 grey drcle and
muarked with ™, dorsal to the got. The mowth in all panels is represented by M, and in hemichordates and vertebrates, G
represents the position of the gill shs. In annelids, the venmal, hght grey colowr represents the predicted domain of chordin
expression, a5 this has vet tobe pubhished. The black syvmbol under the vertebrate model represents a potential dorsoveniral axis

inversion on the hnesge leading w chordates,
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Dorsal

cord
Dorsal

condensation

Vznik strunatcu

Basiepithelial
nerve plexus

e _annelidni teorie”
 _hemichordatni teorie”

Supraocesophageal b Annelid Passage of annelid atrophied
ganglion mouth oesophagus (medulla obiongata)NDtUChU"d

/’ ‘//4 Gill slit |

Annelid Suboesophageal Ventral Mew mouth Former course of the New anus
mouth ganglion nerve cord annelid atrophied oesophagus

Site of old mouth Dorsal nerve cord

|
......_..___'_____'R
=

/

Notochord

Central nervous system Ventral nerve cord New mouth




Vznik ustniho
otvoru strunatcu

posun ,dorsalniho® ustniho
otvoru do nove ,ventraini®
pozice?

Lustni otvor® de novo ze
zaberni sterbiny?

B EEHEEe a-ventral

inversion




Late neurula

Early neurula
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Cephalochordata

Urochordata

Craniata




Puvod notochordu

1. axochord (brisni podelné svaly tesne

spojene s nervovou paskou ~ Annelida)

2. Enteropneusta — stomochord
3. Enteropneusta — pygochord
homologie nejasna

Table 2 Salient features of notochords compared among amphioxus, tunicates, and vertebrates

Amphioxus larvae and adults

Tunicate larvae

WVertebrate embryos?®

Celltypes

Extracellularsheath

Organizer genes involved in
netochord farmation

Hedgehog from notecheord invelved
in patterning central nervous system

I. Discoldal cells {stacked like coins® each
cell containing transverse myofilaments)
Il Muller cells: sparsely distributed, no
known function
Inside to out: external lamina®, circular collagen
layer, and longitudinal collagen layer'

Comparable to those of vertebrates

Yes'

Early larva: discoldal cells (stacked ke coins®;

no myoflarments)
Late larva: above cells change to squamous
epithelium around fluid-hlled lumen®

External lamina®

Highly divergent”

Mol

I Inner core cells™: each with a large vacuole; no
myofilaments
Il Surrounding epithelial cell layer

Inside to out: external lamina®, circular collagen
layer, and longitudinal collagen layer

Comparable to those of amphioxus

Yes




Hemichordates Echinoderms Chordates

AP usporadani
hemichordatu — o
a chordatt g S —

JmiD o paxs . WFgf8 mSfrpl MHh = Wntl
i -l

C— -

Dispersed ¢ — Cordensed

 |ze zrekonstruovat geneticky system koordinat predka

 ale je obtizné zrekonstruovat anatomii predka (tyka se AP
systém celeho tela, nebo jen midventralni oblasti?)




DV usporadani hemichordatu
a chordatu

T
Hemichordate b Chordate SPB!_'H_EIHI'! 8
Ectoderm Dorsal ofganizar
'F orsa :
Mseodern e Ventral Chord.ln
et centre Noggin

Bmp2/4 : et
Bmp5.8 V-2 Fil&)spt‘la;m
ADMP2 Bmp4 Alniee] Frzb-1
Neuralin Tsg : 2 Crescarnt
Gremlin Klr i . sFRP2
C\-2 Xolloid s - Dkk-1
Tsg Bairnb) Cerberus
Xolloid Pinhead Antivin/Lefty
Bambi Sizzled Yripe
Saccoglossus Pinhead Xenopus Shh
IGFEBPS

Ventral
midline

Deuterostome Chordate
ancestor ancestor

Dorsal Dorsal
EMP

‘ ) Inversion

Chordin
Ventral Ventral
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Ab —B—BEBHE————B—

g oo os ceepue

gae = Hox komplexy strunatcu

14131241100 8 7 6 5 432t
4B BEB B BEBBD

7 ¢hu
clustors, 48 genos.

Subphylum Cephalochordates Urochordates

rw —5— 555 B BERED-
2
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ﬁha‘
Haoxa? s
Astatotilapia
7 clustors, 47 gancs Di — BB — B
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41312111098 7684321
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Aol —B— BB E—B—BBBE— Ascidians Larvaceans
A BB —

ST REARNEERA 1234567891021V H W65 2B 4 99°10M1213

| e 2 e 0000000000000 000000040 00 0 000000

Atlantic salmon  Ca: —BB-B-B-BB— BB —
18 clusters, 10 gonas

L Y

coi —BB-B—RE—BEBE—— .

Do —BEBEE— BB B !

Do BBBE—— BB

12345678210N121

Loss of classic RA-machinery |
Loss of Dnmtl and Dnmt3 !

W22 OB TES 432 CNS nizatm[absenceofm.l iﬂ}:
Harre Axial patterning becomes independent of RA |
EEEE%‘ Haat Hox-cluster rupture and loss of tempoeral collinearity 3
—

Zebrafish €2 —SEBBIS—BBES—B !
Telusters, 49 genes  Ch _ppp— B Genome diminution |
0 —sRBRR— BB — Determinative development, rapid embryogenesis and life cycle |

WURNWIETE 543 21
—— R R R

- B -3 @
AESA T ooaaan-aee
o —aEaEE—ae—8

4 clusters, 38 genes

T:w" aMguumsrzeses 12 3456 /78910111213

Lizard
Gnathastome ancestor & clusters, 40 gones.
W choetorn, 41 gomen

WIZHWI BT EE43 21

alpuunerzesadzs
—— B85 SRR

B BEAFREEEEE-
QY VYTV TV —
0 —B—SEE—8—B
Xenopus
4 clusters, 38 genes.

pouar 4.",;‘;‘4

Elephant shark o SEEREE—B DR
4 clusters, 45 ganes

I ETES4 32
—a—B 088

Mouse embryo




Fylogeneze strunatcu

Cephalochordata
Urochordata = Tunicata
Craniata (lepe ,Craniota®) = Vertebrata

Ce+Ur = Protochordata
Ce+Cr = Notochordata
Ur+Cr = Cristozoa = Olfactores




Fylogeneze strunatcu

Oral siphon
muscles

Pharyngeal
arches 1—4

V/7

Pharynx ='l,
[

‘. {

Olfactory pit

Ocellus

Palps
— Notochord
Neural tube
Pharynx
Oral/velar
musculature

Atrium

Atrial sphincter

Velar tentacles .
Pterygial muscles musculature

Neural complex

Atrial opening

A “Classical” hypothilsis

[/
h e
Urachordates

/-’-I

i
L

Echinocderms

B Phylogenomic hypothesis




Fylogeneze strunatcu

Sea anemone

Fruitfly 1090 genﬁ
Acorn worm

Sea urchin

Amphioxus

Sea squirt

Larvacean

Lamprey
—— Human
—— Chicken
—— Stickleback
Pufferfish




Fylogeneze strunatcu

* Notochordata: notochord po celé délce
tela, segmentace célomu a mezodermu,
stavba nervove trubice, neparovy
ploutevni lem, metapleury, primy vyvoj,
MmtDNA?

Cristozoa (Olfactores): tight junctions,
odvozena stvba notochordu, odvozena
ontogeneze hltanu a svaloviny (Pax),
neuromasty, multiciliarni epitely, neuralni
lista, fylogenomika







B Epidermis
. Neuroderm
Il Notochord
I Mesoderm

Endoderm

el Cephalochordata

GASTRULATION

| Ectoderm
B Mezoderm
Endederm




Urochordata (Tunicata)

Ciona savignyi Oikopleura dioica Pyrosoma atlanticum

Cyclosalpa affinis Dolioletta gegenbauri
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mladata plavou
nepravidelnym
helikalnim
zpusobem — nejasna
DV orientace

(b)

Nerve cord

Sensory
vesicle \ ‘Muscle
——r ® cells
Notochord
() swyg -
. ‘»
»

A

Ascidian

-~ Canglion

A
Endostyle
N P/
\(,
Branchial //
basket 74

Cerebral
vesicle

Statocyst xl:;e"“ﬁ —
=, i
Adhesive " =

papillas ‘JE X

Appendicularian

Testis Eag
Cerebral - 0
ganglion &
statocyst

Spiracle —
Endostyle”
Notochord /. - :
T MNotochord
. Statocyst
Adult Larva

L

D Aggregate zooid

Dorsal &% 77  Endostyle
v ]

tubarcla~,_ [
Ganglion g | ""\,d
Branchial &
band — T

-

r

%, T

S Heart
oy ES B

-

Y=

+ Intestine |

F

Pyrosome

Ganglion  pranchial basket
&

/

~ Testis "!Sporm

| Asexually
= produced
zooids

Adult zooid in colony

Endostyle

Salp

}

Chain of
aggregates +
N, g —=% Endostyle
ﬁ‘%nursal
f—Testis Gangiion B[] — percle
stmun.}(__g_-', 4
A Inlaslina.i_lq -
L Branchial = J103_yoan
band I __?
Ay l!- J =
‘E—. i
=

Solitary zooid

Embryo (cyathozooid) with
4 asexually produced zooids

Phorozooid

Oeozooid {nurse)

Cyathozooid remnant
Mervous
. flissue

|'\;__ ‘& b g

The four colony founder

zooids after disintegration
of the cyathozooid

Doliolid

Gonozooid
Egg

3 g %,

B == 5 =,
22 Tostis Ovary 5 o N
s

" Migrating buds =
Trophozooid (gasterzooid)

Gurrent Biology
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——— Crinoidea ‘*’

Asteroid Eﬂl

—— Ophiuroidea <7
-Ir.:‘-l'\-.. e

g

Holothuroidea 4 7,

Urochordata

VLVWHIAONIHO3

inoidea SPE
Echinoidea - 3

Harrimaniidae

L Pterobranchia %'

Ptychoderidae

YLVAHOHIINIH

Xenoturbellida

- - - Appendicularia ) udajné bayesovska analyza ¢ehosi dosud
— Phiebobranchia nepublikovaného (z nefylogenetického

. review
—— Thaliacea %‘1 )

- - = Aplousobranchia

VLVIINNL

Cephalochordata

Stolidobranchia

Appendicularia

Molaulid I, ————— Thaliacea
— Molgulidae | * _ )
= —— Phlebobranchiata

tunicata

s Applousobranchiata
Cephalochordata

— Stolidobranchiata

vertebrata

Vertebrata




FRIGILS CLIMCUILES
Ug MuSCuue

Hinopus trapizalhs
Rancdan sibircus

T Vertebrata

Sgualus acanthias
Labtimana chatumnae

Lampalra lisiable
—f Lt rgribaron raissnipn
Fatromyzan marnnys
_& Mysina glutingea

Eptatratus burgari

- Ciana intagtnale spA
PHLE _—
L_'EGE Ciona inkastinals spB | Cionidag
- Ciona avigny

Diplozoma Isteranum”

PHLERD == Fhallusia mammillata

THALIACEA b= FPhallusia fumigata

Tunicata

STOLIDGO

Dialisdum naliconalis®

Ol

i

(&l
|

1alochordata

Hisrdrmania momug
Halogynthia ronatz

Echinodermata

Styola plicata
Baotrglus schlosson®
| Pyuridag

APLOUSC" Aptdivmn esrieuen ® Palyelinbdae
Clavaling lapadiformz®  Clavellnldas

| Ascidiidae

| Styalidac

Didemnidae




39

Reniera

housekeeping AN

LPROTOSTOMI-‘\_‘

genes

|
| DEUTEROSTOMIA I

1. Appendicularia =

0.89/-/0.87/-

2.1. Pleurogona
(Molgula +
Microcosmus +
Halocynthia)

2.2. Enterogona

P

(Diplosoma + Ciona) [ Tunicata |

chybi Thaliacea

| Porifera

Nematostella
Hydra

Apiysia Lophotrochozoa

Capitella

0.99/93/1/81

Trichineila

Daphnia
Drosophila
Bombyx
Xenoturbella
Strongylocentrotus | Xenambulacraria
SII()(thiassus
Branchiostoma I Cephalochordata
Petromyzon
Tetraodon
Danio
Xenopus Vertebrata
Gallus

Monodelphis

Homo

-

Molgula
Microcosmus
Halocynthia
Diplosoma
C.savignyi

C.intestinalis

® PP=095/BP =95

Caenorhabditis

Ecdysozoa

CHORDATA

Oikopleura




Fylogeneze
plasténcu

2009 (dobry sampling,
ale porad jenom
SSU...)

1. Enterogona
(neparove gonady)

- Aplousobranchiata

- “Phlebobranchiata”
(incl. Octacnemidae)

- Thaliacea

2. Pleurogona (parove
gonady) =
Stolidobranchiata (incl.
Sorberacea)

+ Appendicularia???




Dravi hlubokomorsti plastéenci

* Hexacrobylidae
Sorberacea

« QOctacnemidae

Neogymnocrinus richeri

Balanoglossus camosus

5
Chindota rotifera
bocki

pusillus

Geotria_australis
Okamejei schmiali
Xenopus laevis
Ciona sa
Ecteinascidia lurbinata
Ecteinascidia herdmanni
Perophora japonica
Perophora viridis
Ascidiella_sp.
Ascidia' sydneiensis samea
Ascidia ceratodes
Ascidia zara
Phallusia nigra
Phallusi= fumigata
8% Phaliusia mammilata
Mogalodicopia hians el
Chelyosoma dofleini
s Chelyosoma siboja
Corella eurnyota
Corella inflata
9 orella japonica
Clavelina meridionalis
Pycnoclavella aff. deforta
Ciona intestinalis

§ Doliolum
00

1 Doliolum nationalis
Pyrosoma atlanticum

Pyrosoma godeaixi
Pyrosomella verticillata
P Jhiea racouizai

Thalia
= lasis cylindrica
68 Cyclosalpa quadriluminis
3 P

Salpa thompsoni

'_mnmemacmus huxieyi
82 Cikopleura dioica

l Olkopleura
3

Oikopleura sp. cf. dioica
100 - .

Oligotrema lyra
Molguta occidentatis

0.1 substitution / site

e digonas
— Eugyra arenosa
Malgula_complanata
Moigula tectiformis
Moigula manhattensis

la arenata
olguia provisionalis
Molgula_pugetiensis
Molgula oculata
Molgula_pacifica
Molguia bleizi

&l
75k

100 1 Molgula citrina 8
Halocynthia roretzi
Halocynthia igaboja
Halocynthia spinosa
Boltenia villosa
Microcosmus squamiger

Microcosmus polymerphus
Microcosmus sabatieri
Herdmania mirabilis
Pyura mirabilis

yura dure

Herdmania momus
Herdmania sp.
Pyura gangelion
Pyura haustor
Pyura vittata

Cremidocarpa huriis
Pelonaia corrugata
Styela gibbsii

Styals montereyensis

60
Metandrocarpa taylori
Symplegma reptans
s Symplegma viride:
Botryllus schlosseri
Bolrylloides violacea
w5l Bowyllus planus
Polycarpa papilata
Cnemidocarpa clara
Cnemidocarpa finmarkiensis
Polycarpa mytiligera
Polycarpa pomaria
Dendrodoa aggregata
661 pendrodoa_grossularia




Appendicularia (Larvacea

Mouth




Vetulicolia

* Vetulicolia + Tunicata - jednoduchy cyklus je primitivni
(~ vrsenky)

Protostomes

——Echinoderms
100/100

5/8

——Enteropneusts

Cephalochordates s&=

Yunnanozoans

— Pjkaia

—— Conodonts

—\ertebrates

—— Tunicates

-?-g%'l\fetuticoiians




Obratlovci

vicevrstevna multiciliatni
pokozka + mezodermalni
dermis )

postanalni ocas

postupny vznik skeletalnich
tkani, sklerotom (puvodné
dermalni kosti a chrupavcity
endoskelet)

diferencovana nervova
trubice (Otx, Pax, Hox)

cevy s mezodermalnim
epitelem (célom +
amebocyty)

Cephalochordata Craniata
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Obratlovci

zaberni kos: redukce slizoveho filtru (= dychani),
pohanen hitanovymi svaly, redukce poctu sterbin
(13 = 7 paru), endostyl - Stitna zlaza

nypofyza

jatra a slinivka

edviny

smyslove a neurogenni plakody

neuralni lista - skelet, svaly, smyslove organy,
pigmentace

adaptivni imunitni systéem
duplikace genomu




 endo- a exoskeleton

Va
‘\.rié: /s
Acquisition of exoskeleton

Cyclostomes Uy

Basal gnathostomes*

Galeaspids i "

Osteostracans &

Placoderms*

[&
_—

—=———— Acanthodians” K’( \
1 Chondrichthyans <

i L
. Actmoplerygians
i Osteichthyes
: Samnpteryg\ans & I
Cartilage or j
cartilage calcification
Perichondral ossification > Evolution of endoskeleton

Endochondral ossification

head shield (exo) scale (exo)

i

B head/trunk armour (exo)

hpecioralfpeiwc girdle (endo)

axial skeleton (endo)

clavicular girdle (exo)

_ limb skeleton (endo)
gastralia (exo)




Neuralni lista

Brian Hall: ,jedina zajimava vec na
obratlovcich je neuralni lista”

kompletni predelani embryonalniho vyvoje:
neuralni lista je ,Ctvrty zarodecny list"

Parasympathetic neuren Iridophore
Sympathetic neuron \ﬁ{ 9 C::’ _Xanthophore
Enteric neuron \ﬂ Ay 3 r_‘_:-.E!",-Flhrophore

SEnsory neuron Melanocyte

= ¥

on- Ectom Esenchy'ha,r

LS

b

£ Ectomesenchy™? N 7 24
» o 0 g
Connective tissue \q‘, P Y Chondrocyte
4 N
5"'e

Odontoblast Oste-ocrte
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9
\ 7

Non-vertebrate Lampreys
chordates

L Cg‘

Hagfish '

1)

* homologické bunky u
plasténcu: vznik
pigmentovych bunek
v plasti

Crest-like cells in Delaminating neural crest
non-vertebrate chordates in vertebrates




Vznik neuralni listy

« okraje neuralni desticky u kopinatcu a plasténcu: bunky melanocytového
typu se podileji na tvorbé pigmentovych fotoreceptort v NS (ij. nemigruiji)
pigmentove bunky a bipolar tail neurons (BTN) se oddéluji v raném vyvoiji,

pak konverguji do jednoho typu bunék okraju neuralni desticky a pak se
zase rozchazeji

u obratlovcu jsou buriky NC multipotentni (heterochronie? zapomnély
ztratit multipotenci)

Dorsal views

MNeural plate

@ Pigment cell lineage

' X @ BTN lineage
ur-olfactorean o= Seamte ety ]

Gastrula stage (st. 12) Neurula stage (st. 15) @ Ingressl
intercalation/

' Neural plate borders

reduction heterochron
I—-I—I ¥ @ Pigment cell progenitors

@ Neuronal progenitors
@ Multipotent progenitors (NCCs)

tunicate vertebrate




Vznik
neuralni
listy

a Vertebrate neural crest development

Neural plate
border

Premigratory
neural crest

Migratory
neural crest

b Vertebrate neural crest GRN

Signalling
module

Neural-plate-
berder module

Neural-crest-
specification
module

Neural-crest-
migration
module

Differentiation
gene batteries

WNTs

|| Notch

|
Zic
|

Pax3/7 DIx5/6

FoxD3
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Neurons

and glia

Chondroblasts
and osteoblasts

Melanocytes

€ Tunicate NC-like cell circuit
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Zic
Pax3/7

|

Tof €——y Wnt7

|

FoxD

)
|

Otolith Ocellus

X bunky sumek nejsou multipotentni, ani nemaji mimoradne
disperzni schopnosti

« aktivni v pigmentovych smyslovych burikach otolitu a o€i




Vertebrata ~
Craniata
(Craniota)

ANCESTRAL
DEUTEROSTOME

i
Notochord

Common
ancestor of
chordates

Vertebral column
Jaws, mineralized skeleton

Lungs or lung derivatives

|
Lobed fins

|
Limbs with digits

Amniotic egg

i
Milk

Echinodermata
Cephalochordata " x\
Urochordata i
Myxini = ]
Petromyzontida
Chondrichthyes 5._ —
h—u._v._—-’
Actinopterygii ), -

Actinistia e:_;;?_g.

suy-aqoT
suefyiyaiaiso

Dipnoi g_j.__ .

Amphibia -
Reptilia )
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Mammalia ﬁ
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Tullimonstrum

Priscomyzon
Pipi 3
Petromyzontida
Mesomyzon
Euconodonta
Gilpichthys
Myxinikela
Myxinoidea
Anaspida
Galeaspida
Gnathostomata
Osteostraci
Heterostraci
Arandaspida
Astraspis
Turinia
Loganellia
Euphanerops
Jamaytius
Myllokunmingia
Metaspriggina
Haikouichthys
Pikaia

Tunicata
Cephalochordata
Hemichordata

Mazon Creek, karbon




Skull
(cartilage)

Gill arches

©)

Gill slits
(8)

Gill arches one
and two were
lost; three
became
modified to
form a hinged
jaw.

Gill arch four
also became
modified to
form a heavier,
more efficient
jaw.

(c) Modern jawed fishes (cartilaginous and bony fishes)
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Cyclostomata

™l /A mphioxus
Al tunicates

~( 'V hagfishes
lampreys
conodonts
pteraspidomorphs
anaspids
thelodonts
galeaspids
osteostracans

ssamel I

UBA

antiarchs
ptyctodonts
arthrodires
3 actinopterygians
=2l sarcopterygians
) ‘acanthodians’
‘acanthodians’

sajelq

[te)
=3
fa7]
~
5
<)
a
5]
3
)
w

:;,_‘ chondrichthyans

0

- Myxine
s

Character changes on branch:
mm Acquisition of miIRNA family AT ETE Actinopterygia aESEg,
A Acquisition of miBNA family; lost at least once in ingroup

W Loss of miRNA family fgs . .
& Sarcapterygia
W Transcript absent in adult - presence/absence of gene unknown




Conodonta
(Conodontochordata, Conodontophorid

Cyclostomes

Lam;ﬁ- .
Hagfishes - 4 — - Jawed Yre?Stebrﬂtes

Mesozoic

Carboni'ferous” Permian ‘ to recent

Myxmr'ker'a ;'v?a YoMy zon

Clydagnathus ‘Ostracoderms’

s T i
Priscom / - I |
Euphaneropids + T— :
S p & Osteostracans)

Heterostracans Lo tegi=>3 Galeaspids Pituriaspids
Thelodonts

Euc:onc:do nts.

Palacozoic

spids
, 3 5 Jamoytius
e 5
issum g 1
Astraspids —=e<EgF—y
Arandaspids

I

| Cambrian "Ordovi:ian”S\IurianHDevonia r||

Myllokunmingiid:

Pteraspidomorphs




Cyclostomes
: 1
- —— ¥ 81

_ Lampreys 3
" Hagfishes Jawed Yertabrates

Myxinikela Ma yomyzon

Clydagnathus g

‘Ostracoderms’

e f t f . t

Priscomyzon - - | | N = ’/ -
o r— 7 P P £

Euphaneropids + . = ,ﬁ—/// O*S:t :ét ;

B ——— — I steostracans

M E*ﬁ Hetemstracans_:';:ﬂ-ﬁ-—-’ Galeaspids ~ Pituriaspids Ty

) Thelodonts
W pnaspids
Jamoytius ]

Palaeozoic

75 s
T

e 1
Astraspids —===gF—y
Arandaspids

| Cambrian "Ordovician“SiIurian”D&vonian”Carboniferous" Permian| to recent
Euconodonts

Myllokurmingiidg

Pteraspidomeorphs

alternativni postaveni konodontu: bazalni kruhousti?




elerdnsiey —

ejewanouocyy ||

SaAR0aN

aelasueo||es —

aeyjeuboaeed —
elApo201) —

sauipnysaj —

ejewenbs

enuopouayds |
enuy —

ejepne?) —
euorydouwfs |

1oudig —

eydiownpuese20) -

safyiyoupuoy) —

anajAydouow-uop
«Spaig puet,

enygoeneg

SHROSTM S}

. vupILyb piopoxoT o
ramfen sdoeppry

|_ eljewwepy

uusSne sndoLovpy
G g ﬁiﬁm|_|_
SRUDUD YU AL

SHJONGID VIILLEOUOT
vioyuns vidldowsy 1

SHERGIS Sp—
A sopnpun snovisdopapy
DAL DQUINOD)
_ ds oo 1
mws o

..d&uti;&&.&.vuzv.

_.._.-?.EED.iﬁbw HT_

SDIPUDIIOYSDAOU STIDWOLT
SITUSWDIT TMPOI0LT)

SITUSULT MOSIPOjRd
vpdiios stusyovay
TUSUUDIS UPTITLL DIOGT
S uowply
SITUSUIOADD STOUR
TRISIITDG MOWLITOLdDS
na:.PEv..EuCuE hu.e:nﬁmdnm:.m
syopound uoporyds
DIDYNSOQIL DUPI0]IC)
SITUSWITUSYD DUDY
stjpordoq sndousy
WU DO gy
S5 SucySUoY UOILEOSS DL

smompng siydelyyor

ejoIuwy

=

ELINESOYIIY

epodenal

O

néliaydooses
eiqiydury

I SRYIUTYAC]ID)




Gnathostomata

- -
. -k .'q
’ .:! q -.J '-.

. TATAY, W

/I;’;;%WW o J
L Tetracdon
Polymixia

Frotopterus

Xenopus

bioAquatiX

Batoidea
(= rays)

Amblyraja
Elasmobranchii
(= Necselachii) Okamefei
Squalt
dontus
Selachii
(= gharks) v Scyliorhinus

« Chondrichthyes Mustelus

Holocephali
(= Chimaeriformes)

Chimaera fu

monstrosa




Bazalni
Gnathostomata
(,Placodermi”

A. Climatius
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Cenozoic

Urochordata (tunicates)

eIepIOYD

™

©1e)
ejelue;

Cephalochordata (lancelets)

Hyperotreti aka Myxini (hagfish)

Placodermi“ skoro urcité
bazalni Celistnatci

Haikouichthys
Euconhodonta (conodonts)

Petromyzontida aka Hyperoartia (lampreys)

Acanthodii bazalni paryby

Pteraspidomorphi (“ostracoderms”)

Jamaytiiformes (“ostracoderms”)
fiuted i e}

Anaspida (“ostracoderms”)

IRIGILIIN <

Thelodonti ("ostracoderms”)
Galeaspida ("ostracoderms”)
Osteostraci ("ostracoderms”)

Antiarchi ("placoderms”)

Ptyctodontida ("placoderms®)

Sk

Arthrodira (“placoderms”)

Elasmoﬁranchii (sharks (incl.skates & rays))

pokud to neni vic skupin...

Geological time (Ma)
444 419 359

* Llandov. Wen. L. Pr. Early Middle Late '

Galeaspida
Osteostraci

== Brindabellaspis
Yunnanolepis
— zgum,,-ﬂfep,JAnt\amm

8 | unaspis o
— Macmpetafrchrhys} Petglichtiryida

Romundina M Jawless stem gnathostomes

ejewo)soyIeun

Holocepha_li (chimaeroids)

Austropiyctodus
ply (including placoderms)

= Rh hod. A
il }ptycmdgni‘da M Jawed stem gnathostomes
Campbellodus

== Dicksonosteus M Total-group Chondrichthyes

sakyIydupUoYD
dncu‘ﬁgumow

Symmoriida (basal “sharks”)

ypPupuoy dnoib-jejoy

s

i | Cladoselache

Climatiiformes (“acanthodians”)

yeubng

S

Osteichthyes|(bony vertebrates)

== Buchanosteus - ... Adhiodira u (mc\udmg acanthodians)
U Total-group Osteichthyes
== Incisoscutum
m Entelognathus
Janusiscus
Cassidiceps
Promesacanthus
Acanthodes

Ptomacanthus

[E1eWO]SOf

Possible crown gnathostomes

Brochoadmones
Kathemacanthus

Lupopsyrus
Pucapampella

Doliodus

represented by fragments Orthacanthus

Skiichthys

Cladoselache
=m Akrmonistion Elasmobranchii

Sinacanthids @
Earliest mongolepids © Dialipina Holocephal.i

Earliest ‘Ligulalepis’

acanthodians? © : ’—— Cheirolepis
— Mimipiscis Other Actinopterygii

Guiyu
r—— Psaralepis
,7— Eusthenopteron Other Tetrapoda
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,Crossopterygii

Evolution of the Tetrapods

Devonian rhipidistian
(Eusthenopteron foordl)

f“."“ “”""’"*"-‘é‘:"iﬁm.ﬂ.«ma
= q L H oy

Late Devanian lobe-finned fish and amphibious tetrapods modern coelacanth

(Latimeria chalumnaeg)

Tk!aﬂ“k |chthms{aga - & 2009 Encyclopedia Britannica, Inc.
I .I"f H-_\_-_H_"'--

rivers, ——

o
swamps and . AN ‘EG Acanthostega

shallows Panderichthys

Eusthenopteron Coelacanth

land

millions of yﬂarﬁ ago |
385 380 375




(€) Tree 3

Lungfish
Coelacanth

Actinopterygii

Tetrapod
Lungfish
Coelacanth

Actinopterygii

(d) Tree 4

Tetrapod
Coelacanth
Lungfish

Actinopterygii

Tetrapod
Lungfish
Coelacanth

Actinopterygii

Sarcopterygii

—Dog Y
t!= Human ¥/

Mouse

S

—— Elephant

* X

—— Armadillo f."'.r{

et

23]

— Tammar watlab'fy .

— Opossum w‘i
———

Platypus ,"--;.

= Chicken My
|= Turkey
Zebra finch .4°

—

Lizard o

> 3

‘\i“__ ;’\

251 gend,

kompletn —— L
Lobe-finned fish == W

genom

latimerie

Lungfish
O e
Coelacanth & S g

g

A
- Tilapia T} 3%

~ Pufferfish ~Smgee
~ Zebrafish ="

i

Spotted catshark

4‘— Little skate

%
Elephant shark ~, = S

7

N .
,|- 0.1
substitutions per site
—

Cartilaginous fish
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Tetrapoda: Lissamphibia
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Amniota: Diapsida (= Reptilia s. lat.)
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Anapsid skull Synapsid skull

Postaveni zelv

bazalni plazi (Parareptilia)
X Archosauromorpha
zelvy puvodné diapsidni




Fylogenomika a postaveni zelv

| crocodilians ‘% ‘ crocodilians

2 4 8 g e n 0 I = vl __lepidosaurs ;_kx?t‘ |

s L™
D

Pt

turtles qJ turtles ? lepldosaurs 4 /A'&\.,
.|ﬂ
mammals & mammals e mammals ]

360 209 251 200 146 100 66

Tcar Permi = 7 T3
-------- Protopterus Devondan | Carboniferous | Permian Triassic Jurassic Crelacecus Cenceaoi

m===-=-- Xenopus -~

Xenapus
OrnithOrhyNohiLs  e——— Bnapis

-==---- Monodelphis ----

[181-163]

L] | [171-124)

[330-312]

Tagniopygia l_ e
R Gallus
BPy = i300-256]_
w===-=-—------ Aliigator m e =~ 5
: BPpymre = - J
@ G mes=semessensesatas BPpygre = 100
= - i

=-====-----== Phrynops ﬁ PPpapre = 1.0
PP =10

= ﬁ Chalonoidis ----------=-=--=—-~-

0.04 subslitution / sile 0.1 substitufion / site
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T ili a Triassic Jurassic Cretaceous Cenozoic
290 710 170 Millions of years a
yeats Bgo Sarly] Mid| Late Early | Mid [Late | Early [ Late
I Probainog P ognathus) — Tritylodontid
T T
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+ + T T
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H Stem
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°
Triassic | Jurassic Cretaceous Cenozoic a |
Henkelotherium 1 -~
i . 7o
1 reAmphitherium Dryolestids
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Docodonts

Australosphenidans-monotremes
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1

|
1
1
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1
1
1
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e e e R

S Eutriconodants Asiorycliiherians| ‘Stem
eutherians’
i
} Multituberculates
|
| Spalacotheroids
Middle ear bones Stem cladotherians
Placentalia
bocarme saparated . Stem boreosphenidans
CE \
from tha jaw in two L. = Stem |
separate insages 1 metathérians’

Eutherians-placentals i

I
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Metatherians-marsupials
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