Fylogeneze a diverzita obratlovcu

2. Chordata
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2. Chordata

Porifera &

Ctenophora
Cnidaria ) Y/)

o
Acoela =
Hemichordata -
Echinodermata _ ..

N

Chordata « &~
Platyhelminthes =
Syndermata
Ectoprocta

Brachiopoda - .

Mollusca %
Annelida 5

Nematoda N

1503044

eljwo

Arthropoda 2

Druhodusti, trojvrstevni s pravou télni dutinou a dvoustranné symetricti zivoCichové

Rada paradigmat: soumérnost, télni dutiny, poloha Ust, ale i rozpor(i (segmentace versus EVO-DEVO)



Petromyzontiformes

, (lampreys)
Echinodermata Cephalochordata | Myxinoidea GrEthGStOEL
| Hemichordata Tunicata  (hagfish) (jawed vertebrates)

|.Ambulacralia ‘

Vertebrata

TChordata
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Protostomia Deuterostomia

Apomorfie Deuterostomia

ryhovani vajicka
zaCina jako pravolevé (bilateralni, radialni), nikdy
neni spiralni (u plasténcu a zejm. prvoustych)

druhotny ustni otvor

blastopdr se méni v fitni otvor, Ustni otvor se
prolamuje nezavisle na dné archentera (ovsem u
strunatcl se i fitni otvor prolamuje nezdvisle)

archimerie

déleni téla a célomu do 3 oddil(: predni oddil
protosoma s protocoelem, stfredni mezosoma s
mezocoelem patrnym dobfe u polostrunatct a
metasoma s metacoelem, hlavni ¢ast téla
druhoustych

endogenni sialové kyseliny
N-acetylneuraminova kys NANA (slina)

soucast mukoproteinl a glykolipidd (v sekretech,
plazmé a membrandach), nervovy prenos, synapse
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Gastrulation

Eight-cell stage

spiral deavage

Blastopora .« Mouth /

Deuterostomes
Mouth

&

radial deavape e
\ Digestive fube

Blastopore - Anus/

2. Chordata

Chordata

Echinodemata Vertebrata, Cephalochordata
+ +

Hemichordata Urochordata

Ambulacraria

Stavba téla

trimerni (archimerni)
proto-, meso-, metacoel

metamerni
mnozstvi somitl,
oddélenych vack

Gastrulace
invaginaci epibolicky (involuce)
(vchlipovanim) expanduje jen 1
(obrastanim) vrstva nad ostatnimi
jednoducha planktonni larva
ano ne

Molekularni data
MtDNA - rare genomic mutations
A a Ch jsou sesterské skupiny!
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Vznik coelomu
schizocoelie enterocoelie

ektoderm

/\

budouci
mesoderm——

fo e
"""""""

prvousti

druhousti

T archenteron —

N‘Zgi“* entoderm “
% \ k mesoderm )

blastoporus blastoporus

* Ale u Vertebrata coelom schizocoelné - Ize chapat jako sekundarni znak, od
spolecného predka

* vznik coelomu z mesodermu rozsirenim bunék jako dusledek zvétseni
zloutkového vaku

* schizocoelie 2x nezavisly vznik! U Protostomia i Deuterostomia



Pozor

strikni enterocoelie pouze u Cephalochordata a
Urochordata

oral el 9";;’;?: gonad alrial cavity altioﬁao
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Vznik mesodermu blastula

apTHNa h

schizocoelie
. coelomové
o vacky
Q G coelomové
aner| () o
teta Q - mesoderm
S C7

Vlastnosti mesodermu:

- postupna diferenciace od rostralniho konce téla ke kaudalnimu

- neni to souvisly zarodecny list — je to z velké ¢asti série vackl zvanych souborné druhotna dutina
télni (coelom).
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Metamerizace
vychozi plan morfogeneze strunatc(

Chordata — mesoderm ve formé oddélenych vack( somitt, enterocoelné odstépovanych dozadu

Pres 200 bunécnych typli

3D (prostorovy), roste rychlosti n3 Mezenchym
2D (plosny), roste rychlosti n? Epitely
1D (dlouzivy) Neurony, krevni bunky

Metamerizace télni stavby, specialni typ celkové regulace, Hox geny
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Pfibuznost kmene Chordata k jinym skupinam
Deuterostomia na zakladé podobnosti struktur
Aneb jak vypadal predek Chordata

1) Hemichordata
pharyngotremie

stomochord — podobny notochordu Chordat, hydroskeletarni vyztuha —
kolagenni vlakna, vychlipenim z prvostreva, opora osrdecniku

neaktivni gen TBXT neboli protein Brachyury — diferenciace mezodermu a

notochordu, mutaci nevznika ocas
u ¢lovéka

1L e

78 9 1011 121314151817 18 19 202122 X v MT

11
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Hemichordata (Pterobranchia nebo

Enteropneusta) Romer
YO LT Ve s v . Primitive filter-feeding D R
- podobnost stadii (prisedly dospélec — teorie veitebrate ' & : et
mphioxus
Romer, Bone) ‘ 1 /' ‘

Advaﬁcéd .chordate; sessile .‘:45.;; ; %@@

Hypoteticky —) adult stage lost /Tunicates

- pohlavni zralost larev, pedomorféza=neotenie @ %
i ] i ¢

- tornariova larva zaludovce — Garstang, Ancestral tunicate with /. Aot wortis

Re mane free-swimming larva

Shift from arm-feeding to
gill filter-feeding

Primitive
echinoderms

Primitive sessile ‘g arm-feeder

Fig. 26.42 Phylogeny of the Chordata and
related phyla. Reprinted from The Vertebrate
Story by Alfred S. Romer, by permission of
The University of Chicago Press. Copyright
© 1933, 1937, and 1944 by The University of
Chicago Press.
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2) Echinodermata

e paralelni vyvoj se strunatci (od kambria) Lol gt somson i Ml o

 bipinnariova larva — volné pohybliva, usta

Stomodeum = Usta, navazuji na pasy
rasinek, podobnost s endostylem

Pro-oml Joop

1.Dorso-Median arm
2.Dorsp-lateral arm
3.Mouth

4 .Postero-dorsal arm
5. Stomach

&.ANnuUS
F.Postevo-Lateral arm
g vewntro-median arm
9.Pre-ordal arm
10.Postoral arm

BIPINNARIA LARVA

Fig. 21.3%: Dfteren! Brval forms n Echinodermalta. A. Mypothetical Do e, B B0 e of Ay
lara. C. Fontaciuls arva after sorsion of radial D. & arva. €. Srachinleis e,
F. Awiceianiriana. G. Traraional stege hom Auntedanrio Dol lara. H, Sctingolaeus. | Ooiottsus
J. Dol or larva of A K. Late Cok larva of Ansedon L Ay o stago of
Antacon:
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Echinodermata (Stylophora =,,Calcichordata” = ,,Carpoidea”)
Garstangova (aurikuldriova) hypotéza, vznik obratlovcl neotenizaci
larvy plasténcu resp. predku druhoustych (teorie aurikulariova,
larva sumysu), neni jasné zda se predek pohyboval — GH — sesilni

HYPOTHETICAL

LARVAE
ECHINODERM CHORDATE
LINE . LINE
nng of <.
cika ,
| mouth N
almenlary -
cana aNUsS

tomana larva

,/t;.pnnana arva
» 2 s .‘ :I.:.:: .:.. v
LA

sladfish a00m worm

Fig. 9.4. Similanty of larval forms of echinoderms
and hemichordates has supporied the
xea that both came from a common
ancesior



FAD obratlovcl

(A)

— Circumoral Dorsal
\ ciliated band ™ nerve cord
LR \

s = Mouth
= S,(;lgi‘cldbam = Endostyle
- Gut -
‘; \ ‘ ) Notochord
% |
- AnuS LR

Dipleurula larva of echinoderm \\/

Chordate body plan

(B) ENTEROPNEUSTA CHORDATA
»

¥ blastopore = anus ¥ blastopore = anus

@ UROCHORDATAﬁ %VERTEBRATA

degeneraling
apical organ

fusing
ciliary bands
- become
neural tube

adhesive
papillae

NG adhesive
organ

Sblastopore = anus

< dorsal -ventral » <-chordate-ventral—chordate-dorsal-»

2. Chordata

FIGURE 2.3 The auricularian hypothesis and related hvpotheses. (A) Diagram showing
Garstang’s theory. The proposed common ancestor of chordates (left) was bilaterally symmetrical
and had the external appearance of a voung echinoderm larva. The ancestor’s circumoral ciliated
hands and their associated underlying nerve tracts moved dorsally to meet and fusc at the dorsal
midling, forming a dorsal nerve cord in the cephalochordate body plan, The aboral ciliated band
gave rise to the endostvle and ciliated tracts within the pharynx of the chordates, Garstang noted that
the appearance of pharyngeal slits improved elliciency by providing o one-way [ow (or the Tood-

hearing stream of water. A notochond appeared later, and with swimming musculatures it is advan-
tagenus Tor locomaotion in the larger organism { From varions sources). (B) Nielsen's schematic
representation of the transformation of ambulacrarian larvae to chordate body plans. Urochordates
are represented by a tadpole-like larva. Arrows § and 2 denote movements of the apical pole and
the mouth, respectively. The apical pole is indicated by arrowhieads, the mouth by white arrows,
anid the anus by Slack arrows. The intraepithelial nervous sysiem of the adult enferopneost has been
omitled. The position of the new anus in the ancestral urochordate larva is uncertain because it is
unknown when the atrium evolved. | From Nielsen, C, 1999, Origin of the chordale central nervous
system — and the ovigin of chordares. Development Genes and Evolution 206, FO8-205_)

Plvodni predstavy
prisedlé zvire (ostnokoZci) - spolecny predek s
Chordata

Dlivody:

Dipleurula — bilateralné symetricka,

stejné jako tornariova (Hemichordata) a bipinariova
(Echinodermata), ciliarni pasy, pohyb a prijem
potravy

Ale Garstang — u sumysa (aurikulariova 1.), externi
tentakuly na branchidlni (vnitrni) vacky — lepsi
filtrace, jina funkce
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2. Chordata

(A) (B) echmoderms
echinoderms oo IS . ,
L Garstang, Berill, Romer hypotéza
sedentary | & | ciliary
ancestor )7 * band \
\ o ole 7/ 7 4 Ly K]
S Ciliarni struktury, plna mobilita
\ \_j N N 4
adult - - .
y Eten;
e 1
sedenta
descendants
A % &
,, tunicates \
P tunicates
i "L') 3 @ :*f”ﬁ FIGURE 2.5 A sessile or free-living chordate ancestor. (A) The origin of advanced chordates,
\V)'Z x__} »” represented here by amphioxus, from a series of sessile ancestors, which is essentially the GBR
\-/’ o (Garstang-Berrill-Romer) hypothesis, as expounded variously by Garstang, Berrill, and Romer.
2 Ancestral adults remain sessile whereas their motile larvae evolve progressively in two steps. The
amphioxus first is to (1) a tadpole-like protochordate and then to (2) a more advanced and fully motile form,
! (From Lacalli, T.C., 2005. Protochordate body plan and the evolutionary role of larvae: old con-
__ﬁ‘}a \‘j:‘ TR _ gt T wree) troversies resolved? Canadian Journal of Zoology 83, 216-224.) (B) The main alternative to the
%ﬁ’@‘ o GBR hypothesis. Throughout the evolutionary sequence, the ancestral adult is assumed to be a
motile, somewhat vermiform animal, either swimming or burrowing. A selection of its descendants
‘ 7 are shown, but the ancestral form is not because s exact nature remains a matter of conjecture,
C L ( Ancestral larvae, assuming they existed, can be disregarded in scenarios of this type, and all seden-
(C) echinoderms’ /< 4 . : . . | .
o tary forms are then derived. In the case of tunicates, the tadpole-like larva would be an evolutionary
y Nem— . relic, probably much reduced from its original form, rather than a progenitor of segmented chor-
e - dates. {From Lacalli, T.C., 2005, Protechordate body plan and the evelutionary rele of larvae: old
hemichordates A controversies resolved? Canadian Jonrnal of Zoology 83, 216-224.) (C) A novel and likely scenario
for the origin and evolution of chordates. The deuterostome ancestor was a motile, free-living ances-
tor. The motile enteropnenst-like ancestor gave rise to cephalochordates, and then to vertebrates in a
e T —— direct lineage, whereas urochordates were derived from a sessile adult form, ( From Sateh, N., 2008,
U An aboval-dorsalization hvpothesis for chordate origin. Genesis 46, 614-622.)
Free-living amphioxus
ancestor
\4 o Vé YV Veers v
Predek Chordata byl tedy mobilni, volné zijici
vertebrates .
23 (Lacalli 2005, Satoh 2008)
|

- \ \
| g== 2

A

tunicates

linie k Cephalochordata, asi i Vertebrata
Urochordata naopak sesilni predek
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Soucasné sumky — pohybliva larva s notochordem, hltanovymi
stérbinami a post-analnim ocasem.

Vyvoj pohlavni zralosti u larev (neotenie)

U plasténcu (ale i jinych larev v kontextu predchozich teorii) by mohly
poskytnout mezi¢lanek k dalsim skupinam vice typickych strunatc jako
kopinatec, nebo dokonce néktery z fosilnich obratlovcl (Ostracodermi).
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u vsech Chordat
z jednobunécné zygoty na vicebunécnou blastulu
uplné, castecné ryhovani

TABLE 5.1 Comparison of Cleavage Patterns

and Yolk Accumulation in Representative Vertebrates

Cleavage Yolk Representative

Pattern Accumulation Animals

Holoblastic  Microlecithal Amphioxus, eutherian mammals
Mesolecithal Lampreys, bowfins, gars, amphibians

Meroblastic  Macrolecithal Elasmobranchs, teleost fishes

Discoidal® Macrolecithal Reptiles, birds, monotremes

“Discoidal cleavage is an extreme case of meroblastic cleavage.
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Amia calva kaproun obecny

FIGURE 5.2 Holoblastic cleavage in the bowfin,
Amia.
BIASTOOSM
e o — Vitelling
Satliey | membrane
gt Periblast

= Yolk mass
(d)

FIGURE 5.4 Discoidal cleavage in a teleost (zebra
fish). (a) Cleavage begins with the appearance of the first mitotic
furrow. After successive mitotic divisions (b). the blastula (c) results.
(d) Cross section of the blastula. A cap of blastoderm rests on the
uncleaved yolk mass, and a vitelline membrane is still present
around the entire blastula.

After Bagme and Keses! In GAbart
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Strunatci (Chordata)

Plesiomorfni znaky:

- 3 zarodecné listy (ento, ekto, mezoderm), coelom = druhotna télni dutina,
dvoustranna soumeérnost, segmentace struktur vzniklych z coelomu,

- druhotné prolomeni ust na opacném konci téla, prvousta uzavreny — na
jejich misté nove fit,
-hltan prodéravély zabernimi Stérbinami — pharyngotremie

-postanadlni ocas (zadni ¢ast Hox komplexu —i u Hemichordata), dlouho jako
apomorfie strunatcd...

Apomorfni znaky:

enotochord — z endomezodermu

etrubicova nervova soustava

ecanalis neurentericus (spojeni zloutkového vaku a amnionu)

einverze dorzoventralni osy téla (srdce na ventralni strané pod travici trubici
nervova trubice na dorzalni strané nad chordou)

eendostyl (hypobranchidlni ryha) — stitnd Zlaza

eperibranchialni prostor s atrioporem



FAD obratlovcl 2. Chordata

Strunatci a jejich vymezeni

e zvlastni kombinace morfologickych a embryologickych
znakd

* restrukturalizace genomu, predevsim duplikaci HOX
genuU. Vysledkem je maximalni disparita.

* navic epigenetické procesy — nelze predem definovat
funkci embryonalnich bunék — indukéni proces -
vzajemne ovliviovani sousednich tkani (i
nepribuznych)

notochord indukuje neurulaci
—vchlipeni ektodermu — vznik nervové trubice
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Vazivové pouzdro

Notochord

Notochord

=chorda dorsalis
=struna hrbetni

Biomechanickd, organizacni a
strukturni osa téla

Fibrous sheath Elastic sheath
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Tekutina pod velkym tlakem sheath

Vacuole in
notochordal
cell

1) opora strukturam
2) omezeni tlaku na organy

(a)

ot Without With
notochord notochord

&

- -

8.75 hpf (b) (c) (d)

FIGURE 2.5 Notochord. (a) Cross section of the
notochord of a frog tadpole. (b) The notochord lies above the
body cavity and is axially incompressible; that is, it resists
shortening in length. (c) The notochord is flexible laterally,
however. (d) As seen from above, the consequences of muscle
contraction in a body with and without a notochord. Without a
notochord, lateral muscle contraction telescopes the body. A
notochord prevents collapse of the body, and muscle contractions
on alternating sides efficiently flex the body in swimming strokes.
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notochord (NT)

2. Chordata

* plasténci, kopinatci, obratlovci — stejné umisténi i zakladni stavba — indukce neurulace

» terCovité bunky jsou na sebe naskladany do sloupce a tlaky vaziva pevné stlaceny
(synapomorfie strunatcti)

* kopinatci kolem svalova vlakna, v podstaté jde o svalové desticky

 plasténci a obratlovci — zpevnéni, mezibunécné prostory mezi svalovymi disky, na
kontaktu bunék NT, u obratlovcti pozdéji zanikaji a notochord je tvoren burikami s

vakuolami

Cephalochordata

A R ——
}E S | —

Urochordata

B ]

Craniata

78. Struktura a ontogeneze notochordu
kopinatcti (Cephalochordata), plasténct
(Urochordata) a obratlovcl (Craniata).

Postupny zanik
mezibunécnych
prostorti a NT
tvoren bunkami s
vakuolami
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Ciona - ontogeneze notochordu, 14 — 36 hod po oplozeni

T

werd (Td Fhah NZN @ Pup

Stage IV Stage V Stage VI Stage VII
| < ; = i L
14 hpf 18 hpf 22 hpf 24 hpf 36 hpf
Notochord
Notochord cells narrowing Extracellular lumen Expansion and tilting Lumen connection,
in cross section and elongating formation and of lumens and cell flattenning, and
along londitudinal axis expansion change of tube formation
of cell shape
Embryo
Completion of neurulation Formation of palps Pigmentation of Hatching and free swimming

Pigmentation of otolith Muscle contraction ocellus
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Cut edge of amnion

Notochordal process ¢ stalk

Prechordal plate Primitive pit

am tegensnt SARARNARIAL “ En

omias VOB

intercalated in the
embryonic endoderm

Notochordal
_plate infolding

D>
'----_-se--_'!!!!‘-'\!!!mn!!‘..‘.“??i@

Neurenteric canal

,-'“n..unnnlnllr- W

....J.'p’n_:_),

Neural groove  Neural fold
Intermediate
mesoderm

i
------

2. Chordata

Vyvoj notochordu transformaci
notochordalniho vybézku

A) Dorsalni pohled na embryonalni
ploténku (asi 18 dni), odkrytou
odstranénim amnionu.

B) Stredni, podélny, fez embryem

C) +E)podobné rezy o néco
starSich embryi.

D) +F a G), pficné rezy trojlaloénym
embryondlnim diskem (Moore
1998)
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Konvergentni extenze (convergent extension) pri

Apical weoging
of neuroepitheum
Convergence /~
— medially «— Rostral -
Contmnui
N1 1
along
Cance fostrocaudal
Lateral Medial Lateral i

Caudal

Konvergentni extenze — migrace bunék
smérem ke stiedu téla — vede k prodluzovani
télni osy
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Shindo A. Models of convergent extension during morphogenesis. Wiley Interdiscip Rev
Dev Biol. 2017;7(1):e293.

Cell intercalation

for conve rgence

(b) Notochord

Gastrulation Neurulation
st10 St115 st125

Dorsal __Blastopore lip o

o) _,QW,\"\' SO A Postupné formovani bunék za sebe
No &Y VN Gastrulace — neurulace

Elongace — univerzalni mechanismus
za 3 tydny tvrda tycinka (clovék)

Capyright © 1994 Pieter D. Nicuwkoop and ). Faber. ‘Digital images created by Xenbase
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Morfogen latka rozhodujici o diferenciaci bunék jednotlivych tkani, jde o signalni
molekulu, ktera plsobi na buriky pfimo (nikoliv prostfednictvim krevniho obéhu),
dllezita je jeji koncentrace.

- transformuijici rlstovy faktor B, Sonic Hedgehog, epidermalni ristovy faktor nebo
retinova kyselina.

-ucinnost zavisi na koncentraci jejich produktu, vytvareji gradient koncentrace,
kdy k ucinku dochazi az od mist, kde koncentrace dosahne urcité prahové
urovne.

- kaskada aktivni jiz pred oplodnénim.
Vznik slozitych organt a tkani z nediferencované zarodecné masy bunék

- princip zruSeni symetrie prostor, ve kterém se zarodek i jeho cast vyviji, se stava
nehomogennim

- morfogenetické pole urCuje bunkam jejich pozici v prostoru i Case, nadbunécné
vztahy.

- pole byva vnuceno vnéjsimi faktory, difuze morfogenu z omezené oblasti do okoli.
Okolni bunky dle koncentrace nastavi odpovidajici diferenciacni program.
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Sonic hedgehog, jeden z nejlépe popsanych morfogenl — dle odliSné
koncentrace se spousti odliSné transkripcni programy

Digit | - SHH independent

Anterior Digit Il - low SHH concentration

Digit 1l - brief SHH expression
high SHH concentration

Dgit IV - moderate SHH expression

Shh Y

Postenor

e Descendants of SHH expressing cells

Napr. specifikace jednotlivych prstl
koncetiny
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2. Chordata

R. Owen — jednotna stavba obratlovci koncetiny, stejny zaklad, stejna regulace vzniku

Limb bud Hindlimb

Wildtype
/ -
é’ % / Preaxial
Shh—> Gl Polydactyly
Prx1-Cre; Greni —nue
GATAG fl/fl =5
AER &

*O’)O :

(. ®

c
Retinoic-acid bead f
/(“"}
(]
Bl
'('k'\'
e Plastic with
adherent P
polarizing-region cells [ 7

Phase | \ Humerus
Stylopod \ - Hoxd-9, d-10
s >
’I
//
Phase 11 %

Zeugopod \ _~Hoxd-9

- Hoxd 9, d-10

Y.~ Hoxd-9, d-10, d-11
.\\\\ Hoxd-9, d 10, d-11, d-12
~ Hoxd-9-d-13

Metacarpals and

Phasell S—ous o .~ Hoxa-13

= - digits 5

Autopod _ —— Hoxa-i S : gf‘_/_yom
' * and I Pxd-13 © s ——
L2 Y0

: — 0 o=

. ‘ L _ [ -
b T ——— ™ Hoxa-13, d-13. © O WL =P

(l-i_), (I-l"..', (1-”.(4’-[0 Q:‘;:Q

V4 ’

Casové a mistni rozdily v zapinani a
vypinani jednotlivych modull — gen
Hedgehog = heterochronie

Stejny gen urcCuje zda to bude
ploutev nebo ruka, polarizacni zdna,
malik-palec
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2. Chordata

a) predni koncetina mysi s obéma aktivnimi
geny Shh a Gli3. aktivni pfi normalnim
embryonalnim vyvoji a vznika tedy
normalni pétiprsta koncetina s normalnim
stylopodiem, zeugopodiem a autopodiem.

b) embryonadlni vyvoj pfi absenci genu Shh.
Vznikla koncetina ma normalni
stylopodium, redukované nebo spojené
zeugopodium a neidentifikovatelny

element misto autopodia.

c¢) pfi vyvinu aktivni pouze Shh a potlacen byl
gen Gli3. Vysledkem je prakticky normalni
koncetina, ale misto péti prstu jich je vic -
mezi Sesti aZz jedenacti.

d) neaktivni oba geny Shh a Gli3. Vysledek je
podobny situaci na obrazku c) s tim
rozdilem, Ze prsty postradaji identitu.

Jinymi slovy jsou vsechny prsty stejné.
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Zpét k notochordu a jeho indukcni funkci (Shh versus BMP)
Bone morphogenetic proteins (BMPs) = cytokiny (urceni dorzoventralniho usporadani téla)

Klicova role notochordu pri indukci neurulace

Neurulation
Neural plate

Neural fold

Notochord

Epidermis

Neural crest

Crump Institute for Biological Imaging

notochord (= chorda) produkuje faktory, které specifikuji ektoderm a vedou ke tvorbé
nervove ploténky (neural plate). Jde zejména o nasledujici faktory: noggin, chordin a
follistatin (inhibitory BMP a aktivinu). Samotna produkce téchto BMP inhibitort specifikuje
anteriorni (prfedni) nervovou trubici, v kombinaci s FGF specifikuje posteriorni (zadni)

nervovou trubici.



Nervova trubice - charakteristika

Inhibice BMP a Wnt —Otx/Emx geny, ur€uji identitu hlavové Casti
BMP inhibitory

- hlavova (anteriorni) Cast
- zadni (posteriorni) Cast
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Dorzoventralni stratifikace nervové soustavy
Nervova trubice v zoné mezi Shh z notochordu a BMP z epidermis

Po uzavreni nervoveé trubice, vznik hrbetni desky z BMPs a bazalni desky z Shh

Sonic hedgehog (Shh gen)
- produkce proteinového signalniho
ligandu, centralni nervovy systém

indukuje divergenci ventralnich
bunéénych typu
(vnitfni struktura mozku, prsty...)

(ot thumen Ertrysiogy nd Deveopmeras Botogy 4 Edtcon
Copwng™t © 2008 Sy Moy, & impet of Dt Inc. A0 Mgty meerverd



FAD obratlovcl

-primarni indukéni centrum ventralni—notochord
(morfogen SHH)

sekundarni signalni centrum —ventralni ploténka
(floor plate)—motoricka draha

-primarni indukéni centrum dorzalni—epidermis
(morfogeny BMPs) sekundarni signalni centrum —
dorzalni ploténka (roof plate)—sensoricka draha

Dorso-ventralni gradient BMP a SHH urcuje identitu
motoneuronu (Pax6/Nkx6.1), ventralnich (Pax6) a
dorzalnich (Pax7) interneuronu-gradient morfogen(
také urCuje rany nastup neurogeneze

Kombinaci gradientti morfogenu z ant-post
(HoxC) a dorz-vent osy specifikace neuronu
(napf. motoneurony pro predni a zadni
koncetiny).

Rizeni morfogeneze (dorzo-ventraini) Pax7, Pax6,
Nkx6

2. Chordata

TGF-8 family:
BMP4, BMP7
BMP5, Dorsalin,

Activin 3 s s
BMP7, Dorsalin, Activin

notochord

& sonic hedgehog protein . Sonic hedgehog producing cells

. BMP protein . BMP producing cells




Dorsalni a ventralni specifikace je zachovana ve
vSech Castech NS

a | Schematic of the embryonic
vertebrate CNS showing dorsovenfral
patterning along the entire neural axis.
b-d | Cross-sections of telencephalon
(b),eye (c) and spinal cord (d). Yellow
indicates the mostventral territory, pink
the next mostventral, and blue
indicates dorsal.b | The cerebral cortex
primordium forms dorsally, the lateral
ganglionic eminence or striatal
primordium forms in the intermediate
zone, and the medial ganglionic
eminence or pallidal primordium forms
venfrally.c| In the eye, a dorsal refinal
ganglion cell projecting out of the eye
towards the lateral tectum is shown in
blue,and a ventralrefinal ganglion cell
projecting to the medial tectum is
shown in red. The opfic stalkis in
yellow and the choroid fissure is not
Venteal shown.d | In the spinal cord, motor
retinal neurons form venftrally interneurons
gangfion form throughout, and the axons of
.. sensorydorsalroot ganglion neurons
enterdorsally

Comrght © 2005 Nature Publishing Group
Nature Reviews | Newroscience



Inverze dorzoventralni organizace
& Chordata,

Protostomia Deuterostomia

hibetni céva nervova trubice
travici trubice notochord
nervova trubice travici trubice

brisni céva
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Dorzoventralni inverze téla

nejvétsi novinkou strunatcl (chybi u polostrunatcu) je hrbetni umisténi nervové
trubice (jinde na briSe), centralni céva zase na briSe (jinde na hrbeté)
G. Saint-Hillaire — ,,otoCeny strunatec”, George Cuvier...hypotéza zamitnuta

Ale v 90. letech 20. st. iv genech!

Pozicni informace

Dlikazem pro inverzni hypotézu je napft. exprese genu BMP (bone morphogenetic
protein) v jadrech bunék — u prvoustych se uplatnuje na hrbeté, u druhoustych
na brisSni strané.

Dorsal v
hollow ;
y ] nerve cord
V S e . J X ~
£ ». \J  Notochord N .
Dpp=BMP \f\e i
__/— Digestive tract a) /
\ /
Solid nerve cord BMP_~

(b)
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canalis neurentericus

= kanal, tvor v neuralni desticce, formovani mezodermu

 Hypoblast v mistech, kde
se vytvoril mesoderm a
el o endoderm postupné
— zanika.

e Docasné spojeni mezi
amniovou dutinou a
zloutkovym vackem pres
primitivni uzel — canalis
neurentericus

Invaginating
B mesoderm cells Hypoblast



Zloutkovy

Mezoderm Hypoblast vacek
Prechordova
—— ploténka  Notochord
rimitivni jamka 5
J Zirodeény greonf‘abrénngaova Lieberkiihnv kanal
stvol  — ' L
i =
' 4 7 F
4 f v ' §
' L Allantois
Chordomezodermovy Biackoriouk Mezoderm  Chordomezodermovy
Nyberek ploténia yheter Neuroektoderm
L N \
2 “\ '-'»\‘ Jd\ \ Al
- Extraembryonalni \ Notochord
Intraembryonalni

Zloutkovy vak mezoderm
mezoderm

17. den 18. den 19. den
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Endostyl
* stavba hltanu - k transportu potravy, ale i k dychani zajisténim cirkulace

* hltan vnitrni trubice se zvlastnimi bo¢nimi perforacemi,
do obZaberniho prostoru (PERIBRANCHIALNI PROSTOR).

* produkce jodovych hormonu (thyroxin)

* u obratlovcl se postupné ztraci funkce filtracni a rozviji se endokrinni (Stitna
zlaza), peribranchidlni prostor, zaberni stérbiny dychaci funkce

kopinatec o oy

Endostyl (hypobranchialni ryha) - Zzlabek, neurain
jehoz stény jsou vystlany epithelem chorda
produkujicim sliz a slepujicim potravni
Castice. Zlabek na ventralni strané hltanu

vpredu, na dvé vétve, které prechazeji po

stranach hltanu na jeho dorzalni stranu, kde o __"\
se opét spojuji v medidanni Zlabek e g/
epibranchidlni ryha). zaberni |

oblouky

ozaberni”
prostor

hypobranchialni ryha

Epibranchialni ryha odvadi potravni c¢astice
do dalSich oddil{ travici trubice.
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- epipharyngeal _ pharyngeal

median cilia ciliated tracts groove |

gland cells /\ ciliated epithelium
/

= lateral
primary cihia
)y gill-bar

secondary
gill-bar

blood vessel &I, —— atrial
coelomic canal cilia

frontal

ventral aorta subendostylar coelom cilia
il

Fig. 6.15. Branchiostoma. T.S. of endostyle.

/
metapleural folds

Hlen vyluéovany endostylem je prendsen

v 4o ux .y . Fig. 6.17. Branchiostoma. Course of feedin
na bocni sténu hltanu postrannimi fadami 9 5 g

current in diagrammatic T.S. of

fasinek; Frontalni fasinky vifi a pohanéji pharynx and atrium.
hlen z lateralni na stredni hrbetni stranu
hltanu.
hindgut food cord  midgut oesophagus pharynx

Tak se proud hlenu s casticemi potravy
dostava ze spodni strany do epifaryngealni

ryhy.

/ TIBA
(¢ UI"!“-‘-‘I?\‘"' :

Rasinky epifaryngedliniho #labku vifi dozadu .

./ anus ileo-colic ring midgut
a posouvaji provazce hlenu a potravy do Fig. 6.16. Branchiostoma. Path of food current in the post-pharyngeal region
jicnu.
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Fylogeneticky vyznam ontogenetickych znaku
ontogeneticka transformace - fixace apomorfie
Karl von Baer, Ernst Haeckel

fylogeneticky vyznam ontogenetickych znakd
pravidlo rekapitulace (béhem ontogeneze)

fylotyp - faryngula — velmi konzervativni vyvojové stadium
(univerzalni model - blastula, gastrula, neurula, faryngula)



Priklady
fylotypickych
stadii (srv.: larvy s
rozvinutym
piestavbovym

modem):
*planula diff.
*trochofora diff

*veliger
*zarodek hmyzu
*Casna faryngula

Rekapitulace neplati obecné, ontogenetické znaky obecné vsak nejdulezitéjsi u fylogenetickych
vztah( alespon u vysokych taxon( a jejich rané ontogeneze - znak, ktery je v ontogenezi drive,
je puvodnéjsi

nové: EVO-DEVO sled regulacnich krokt, exprese specifickych morfogeni, signalnich faktord.

Prubéh ontogeneze — zdroj informaci o evolucnich
souvislostech fylogeneticky vyznamnych znaku
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Postupny vznik modull — ¢asti télniho planu obratlovcl
(kostni tkan, opakovany vznik, fada typU u raznych skupin,
ne u vsech skupin apod.)

Postupny a neukonceny ,vznik” télniho planu

Predstava zasadné odlisnych télnich planl zalozena

na neznalosti prechodnych ¢lank

- vznik ,vSech” kmenu v po¢atkem kambria?
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GEOLOGICKA
OBDOBI
ZEME

Stratigraficka tabulka / pfehled geologicke historie Zemé

2. Chordata

_Eon §m Utvar | Odddleni [Casovérozgllvrnll.lot
Phanerozoikum | Kenozoikum kvartér holocén soutasnost - 0,0118
pleistocén 00118 - 1.8

neogén pliocén 18 - 53

miocen 53 - 23

paleogén _oligocén 23 - 34

_eocén 34 - 56

paleocén 56 - 655

Mesozoikum kfida svrchni 655 - 100

spodni 100 - 1456

jura svrchni 1455 - 161

stfedni 161 - 176

spodni 176 - 200

trias _svrchni 200 - 228

_ stfednl 228 - 245

e spodni 205 251

Paleozoikum perm _svrehni____loping 251 - 260

_stfednl ___guadalup 260 - 27|

spodni ___ cisural 271 - 299

karbon 299 - 318

{ ‘88 A
'S 501 -
spodni serne2 510 - s21
' terreneuv 521 - 542
Proterozoikum Neoproterozoikum ediacara 542 - 630
criogen 630 - 850
ton 850 - 1000
Mesoproterozoikum | sten 1000 - 1200
ectas 1200 - 1400
calym 1400 - 1600
Paleoproterozoikum | stather 1600 - 1800
orosir 1800 - 2050
_rhyac 2050 - 2300
siderian 2300 - 2500
Smenadetans
z 2800




FAD obratlovcl

2. Chordata
Historicky vyvoj strunatct

Prekambrium — Ediakarska ,,fauna“ (635-541 Mya)

Vendobionta (Aus — Ediakara, Rusko — Vendem, Namibie,
UK, Am)

Roger Mason — Charnia (kosmopolitni, Rusko, Anglie,

Kanada, Australie)

it \\\\\\\ %

nejstarsi velké organismy, na prelomu
kambria extinkce

i ‘ : —“

\geomorph
elements

LS
Second dul A .- A -

R . P w/

= along ‘ % JI)’/\

./ / 4 primary branch (Y A ’ = %"
\ =

Ter;lary Y 3

Secondary modular
elements
A
o~
@
o

-
@
-

8
,\\\
Z

=
. i)
o)
X
»
_‘x

PN S

2N

i
bitailsild -

/7
R

Nejasnosti
Spriggina
¢lankovana zizala
Nebo prisedly Zahavec
pribuzny pérovnikim

17.

ARttt
l"m}m

N

A
A,
7/

X

\
Z

635 MYA EDIACARAN BIOTA

1. Albumares 2. Rugoconites

541 MYA

3. Haootia 4. Inaria 5. Swartpuntia 6. Charnia

9. Ventogyrus - 10.Corumbella - 11. Pteridinium - 12. Namacalathus
https://www.youtube.com/watch?v=kk_lJuuA_ b8

16. Arkarua 17. Praecambridium

7. Kimberella 8. Rangea

13. Ernietta 14. Parvancorina 15. Cloudina

18. Yorgia 19. Spriggina 20. Dickinsonia 21. Tribrachidium



Kambrium

541-485 Mya (56 Mya, 10%)

Rozpad Pannotie = Gondwana a Laurentia (SAm, Severoamericky kraton)

a Baltica (Seu) a Siberia

Oceany Panthalassa a lapethus

Mélka a tepld mofre, tropické podnebi, az 60°C!, vysoky obsah CO, (10-15x vice neZ dnes!)
Zasadni geochemické zmény, vulkanicka cinnost, vice O,, fosforu a vapniku

Divergence biotopu, schranky (vnéjsi i vnitfni struktury), kolagen!, interakce - predace

Late Cambrian 514 million years ago

PANTHALASSIC OCEA N

(North America) iz L

SIBERIA

GONDWANA

Subduction zone

- Deep ocean basins A (triangles point in the
direction of subduction)

- Mountains - Land ﬁ Shallow seas

SOURCE: © 2001 C.R. Scotese, PALEOMAP Project © Encyclopaedia Britannica, Inc.




Pohyb svétadili a jejich desek

1100-750 miliony let zp&t B00-550
Svétadily:
Kongo 1
Patagonie 1 - Sibif
Atlantika g ” Zapadni Arabie 1 - Baltika \
Ur —  Rodinie — Wchodni Gondwana — Protogondwana —  Pannotie —  Laurente — Euramerika (Laurussie)
Arktida — MNena .~ x. Zapadni Gondwana — Protolaurasie - \. Gondwana
Baltika -~ x. Baltika - 1 Avalonie
“ Laurentie , 1 Severni Cina
“ Sibif s 1 Jizni Cina
Oceany: Mirovia Frototethys, Faleotethys

svislé Sipky: rozd&leni a spojeni « vodorovne a Sikmeé Sipky: postupné plipc

200 0
, Arabie
’ Madagaskar
’ Indie
s Afrika — Afrika
| Atlantika — Jizni Amerika
g P Australie
Pangea —  Gondwana — Antarktida — Antarktida
N Laurasie —  Laurentie — Severni Amerika
e Eurasie

Panthalassa N Tethys
lovani




* video kontinenty
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Kambrium, kambrijské exploze
(540-490 Mya)
kompletné nové stavebni plany,

spiSe adaptivni radiace nez prvopocatek
VSe béhem cca 10 mil let!!!

Burgesské bridlice, Kanada
Britska Kolumbie

Charles Walcott 1909
60tis. fosilii

Chengjiang (Jiin-nan)
530-520 mil.let

Dalsi nalezisté , burgesského typu“ - Kangaroo
Island u Australie, Sinsk na Sibifi, Buen v
Gronsku, ale i barrandién

2010 - nevyhynula na konci kambria, nybrz
prezila jesté (prinejmensim) do ordoviku

https://www.youtube.com/watch?v=SEGOPusKy3Y



https://www.youtube.com/watch?v=SEG0PusKy3Y

FAD obratlovcl 2. Chordata

. Laggania cambria

’
f 0
5

-

)

.

Opabinia

Dinomischus
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Clenovei

Canadaspis Marrella

Yohoia

Opabinia

Anomalocaris
Hurdia
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difrakéni mrizka, duhovy lesk? V zadnich ¢astech
exemplara se ¢asto vyskytuji tmavé skvrny, které
pravdépodobné predstavuji vytlaceny odpad nebo
hemolymfu. 1 ks ekdyse, exoskelet se v predni ¢asti
Stitu rozdélil

aktivni plavec blizko morského dna (nektobentos),
plovaci koncetiny k plavani na zadech, velké trny
funkce stabilizatord a mozna i obrana,

filtrator? béhem plavani prosivaji ¢astice potravy z
vodniho sloupce zadnimi privésky a teprve poté je
privésky posunuji dopredu smérem k Gstim.

2. Chordata

e

Marrella splendens Haug et al. 2012
Top left— dorsal view on a rendered 3D model

top right and centre right— micrographs under
polarized light

top right — well preserved specimen USNM 83486f
with the exopods in a "rusty" preservation (cf.
Garcia—Bellido and Collins 2006)

bottom left — stereo image of specimen USNM 139665.
Exopods of preceding limbs are super-imposing each
other, separated by a thin layer of sediment

bottom right — detail of specimen ROM 56766A in
"rusty" preservation. Here the spines on the lateral
side of the exopod ringlets are well preserved

centre right — one of the smallest specimens of M.
splendens USNM 219817e Black bars for centre right
image = 0.6mm, rest = 1mm
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Prvni bezlebecni strunatci

Pikaia gracilens

- 4 cm, pohyb pfi morském dné, pribuznost s

kopinatci

- stfedni kambrium (570 mil. let)

- Burgesské bridlice v Britské Kolumbii
(Kanada)

Cathaymyrus diadexus - jako kopinatec

- 2,2 cm, pohyb pfi morském dné, pribuznost s
kopinatci

- spodni kambrium (580 mil. let)

- Chengjiang (Cina)

vrsenky - stredni kambrium (570 mil. let), USA
obratlovci - Myllokungmingia, Haikouichthis,
Zhongjianichthis

chorda s tély obratli, hlava s parovymi
smyslovymi organy

Figure 6.17 Pikaia, 2 cephalochordate from the Burgess Shale. (A) Photo of USNM
57628. Notice the chevron-shaped muscle blocks and faint notochord just above the

chevron's V. (B) Reconstruction. Photograph by J. B. Caron, courtesy of the Smithson-

ian Institution. Reconstruction by Quade Paul.
-

Figure 6.19 Myllokunmingia, a probable agnathan vertebrate from Haikou, Yunnan,

China. Reconstruction by Quade Paul.
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Konodonti - fosilni chronometr, pribuzni se sliznatkami nebo mihulemi, a nebo
primitivni Celistnatci(?) — dravi, Ustni aparat se zoubky z dentinu a skloviny,
chorda, kost, myomery, velké oci, encefalizace, makrofagni predatofri,
prvohory

svrchni kambrium (500 mil. let) az trias (220 mil. let)
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1855-6 Christian Pander z Rigy, rusky anatom, embryolog
— zoubky a ploténky z apatitu, odliSna mineralizace

1973 — Montana — otisky mékkych Casti ve vapenci

1976 — Britska Kolumbie — nejstarsi datovani

1983 — objev v Ustavu geologie v Edinburgu, sp.karbon

1986 — dalSi otisky mékkych Casti — Aldridge - cela téla

uhofovité télo 50x1,5 mm; hlava ze 2 laloku, mezi nimi Usta, lebka? — jen kruhové
pole na hlaveé — smyslové pouzdro

predtim dlouho jen jednotlivé zuby, hfebinky
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Examples of compound (left) and coniform (right) conodont

Vertebrata

HEQ’ﬁSh[NUtE 1]
Hyperoartia Lampreys

Conodonta

2. Chordata

Sesterska skupina Heterostraci, Osteostraci

—Paraconodontida

ProconodontidaMote 2]

—Frotopanderodontida

Euconodontalllote 3)

Prioniodaontida

—Fanderontida
—Paracordylodus
Balognathidae

Prioniodinida

Ozarkodinida

Heterostracans, osteostracans and gnathostomes
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2. Chordata

Conodont apatite 8O signatures indicate climatic cooling as a

trigger of the Late Devonian mass extinction

Michael M. Joachimski*

Werner Buggisch Germany

ABSTRACT

The oxvgen isotopic composition of conodont apatite from two Frasnian-Famennian
boundary sections was measured in order to reconstruct variations in marine paleotem-
peratures during the late Frasnian mass-extinction event. The measured conodont apatite
180 values reveal two positive excursions with maximum amplitudes of +1%. to +1.5%0
that parallel positive excursions in the carbonate carbon isofopic composition. The +3%e
excursions in carbonate 51°C have been interpreted as consequences of enhanced organic
carbon burial rate resulting in a decrease in atmospheric COs concentration. Climatic
cooling as a potential consequence of lower atmospheric COy concentration is confirmed
by the conodont apatite 51°0 records, which translate into cooling of low-latitude surface
waters by 5-7 °C. Repeated cooling of the low latitudes during the late Frasnian had a
severe impact on the tropical shallow-water faunas that were probably adapted to warm
surface-water temperatures and severely affected during the late Frasnian crisis. These
prominent variations in ocean-water temperature were stressful to the tropical shallow-
water fauna and potentially culminated in low origination rates of new species, one of the
major factors of the decline in diversity during the latest Frasnian.

Institute of Geology and Mineralogy, University of Erlangen, Schlossgarten 5, 91054 Erlangen,

ses reefal limestones of Givetian to Frasnian
age at the base of the section and Frasnian to
Famennian light gray cephalopod limestones,
which are unconformably overlain by early
Carboniferous siliceous shales. The Kellwas-
ser horizons—bituminous horizons generally
deposited under anaerobic conditions in deep-
er water settings at the base of the Late »hen-
ana conodont zone and at the Frasnian-
Famennian houndarv—are not developed. The
occurrence of shallow-water benthos within
the cephalopod limestones argues for a depo-
sitional setting within mixed surface waters
above the aerobic-anaerobic interface. The
Frasnian-Famennian boundary section studied
in the Vogelsberg quarry (Thiningische Schie-
fergebirge, Germanv) is represented by red-

zvysena rychlosti ukladani organického uhliku, sniZzeni koncentrace CO, v
atmosfére. Klimatické ochlazeni jako potencidlni disledek nizsi koncentrace

Co,

Kellwasser, Frasnian — Famennian vymirani, 372 mil. let

ochlazeni povrchovych vod v nizkych zemépisnych Sirkach o 5-7 °C.
zavazny dopad na tropickou mélkovodni faunu, preference vyssich teplot =
stres, nizkou miru vzniku novych druh, coz byl jeden z hlavnich faktor(

poklesu diverzity
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‘Big Five’ Mass Extinctions in Earth’s History

A mass extinction is defined by the loss of at least 75% of species within a short period of time (geologically, this is around 2 million years).

2. Chordata

Our World
in Data

Extinction rate 1. End Ordovician (444 Mya)
amilies per million years 86% species i
i P vears) oo g 3.End Pe‘rmlan (250 Mya) 5. End Cretaceous (65 Mya)
20 [-| 57% genera 96% species ; )
27% families extinct 56% genera Z 8; ,;che’fas
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Future near-term
extinction rates
are driven by human
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ir.?
e,
Extinctions are a natural part of evolution, *

but background rates are typically less than
5 families extinct per million years
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Sources: Barnosky et al. (2011); Howard Hughes Medical Institute; McCallum (2015). Vertebrate biodiversity losses point to a sixth mass extinction.
OurWorldinData.org — Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the author Hannah Ritchie.
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Naprosta vétsSina kambrijskych forem — samostatné vyvojové linie

V podstaté nepribuzné soucasnym skupinam
(snad jen Marrela — ¢lenovec, Pikaia — strunatec)

Nejasnosti
1) Explozivni vznik novych fylogenetickych linii
2) Metodicky artefakt

Existovali jiz v prekambriu ? — do velikosti, kdy je mozna fosilizace

V soucasnosti asi jen 1/5 potencial fosilizace — v kambriu podobné

Hlavni linie predkambrijského stari (570-700 mil let), predek mouchy a ¢lovéka

Ale zase chybi do soucasnosti prezivsi zastupci z prekambria...
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