Zakladni apomorfie Craniata

* Neuralni lista

* Plakody a z nich odvozené struktury (smyslove
organy apod.)

* Mozek s rhombomerickou segmentaci

* Hypofyza (neuro+adeno) — centrum humoralni
regulace

* Celkovostni sensorické organy s multiciliarnimi
receptory (neuromasty)

* Chrupavka s potencialem mineralisace

* Zuby a odonotodova kaskada

* Axialni skelet a hlavovy skelet

* Zvét$eni poétu genti v genomu (€ nezavisla
evoluce paralogovych kopii)
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Neuralni lista: zakladni apomorfie Craniata
Priklady bunsgnych typi vznikajicich z neuralni listy
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Inovacni krok
pfedznamendvajici potencidl
neurdlni listy:

emancipace jednotlivych
bunék z tkanové organisace -
diferenciacni autonomie
bunécnych individui

Dalsi varianta téhoz 2 -
embryogenese Amniota

Klizova apomorfie Craniata?
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Obratlovci:

Komplexita obratlovciho rozvrhu

emancipce individuality

prodlouzeni individudlni existence,
/ 2vétieni télesné velikosti,
prodlouzeni generaéni doby,

rodicovské investice atd.
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zvy3ené energetické

prodlouzeni

ontogenese, néroky
specialisace

vyvojovych efektivni potravni
mechanismu strategie, sensorické a

motorické inovace
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regulaéni mechanismy

narust dimensionality morfogenetického a ekologického prostoru
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metamerisace télesné stavby
kontrolovdana Hox geny

hlava — oblast bez exprese Hox genti clenitejst

9 . . o , metabolickad

nékolik mechanism celkovostni regulace: dynamika,
neuroektoderm a nervova soustava fysiologicka a
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kmen Chordata - strunatci

podkmeny:

- Tunicata (Urochordata) - plasténci

- Cephalochordata (Acrania s.str.) -
kopinatci, bezlebe¢ni

- Craniata (*Vertebrata) - obratlovci

synapomorfie ?
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taxonu
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pharyngeal )\ /
P alste gonad  gural caviy atriopore

Cephalochordata (Acrania)

» Kopinatec: “Amphioxus’= Branchiostoma
morfologie (n€kolik tis. praci): tradicné
vnimany jako ptedobraz obratlovct (Mecnikov,
Kolliker, Kowalevski aj.)

Oral hood atc
thetack

Branchiostoma lanceolatum - Kopinatec plzovy

Berthold Hatsghek
(1854-1941)

AERTHOLD HATSCHIX
|AMES TUCKEY

L * LAGACY ARTRINTA




AMPHIOXUS IMMUNITY

Cephalochordata (Acrania)

* marinni, mélky litoral (do 50 m), agilni
mikrofagové (rozsivky apod.), pohyblivi
* takika kosmopolitni

* 2 rody: Branchiostoma (24 spp.),
Epigonichthys (7 spp. incl. Asymmetron)

Myosepte

Flossensaum

Anus

|
Cirren Metapleuralfalte Qvarien Atrioporus

|
Flossensaum

Tentacles

Pharyngeal slits
Atrium

Notochord —;
Intestine
Dorsal, hollow _~ Atriopore
norve cord
—~ Segmental
muscles

Anus

Cephalochordata

* ploutevni lem, metapleury

* jednovrstevna pokozka (cylindricky epitel),
rosolovité pojivo

* chorda dorsalis - prubéh, stavba (apomorfie)

* chybi kost, chrupavka apod.

* svalstvo: bo¢ni sval - myomery, myosepta (60
paru), asymetrie,
vs. sval btisni stény a svérace stomodea
(visceralni, nesegmentované)
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Historicka poznamka:

- Metapleurova teorie
vzniku kongetin

- Kopinatec=obratlovec bez
hlavy

Fakticky:
Cephalochordata:
fada odvozenych
znakd, relace ke
Craniata nikterak
t&sné

Abb, 266 Fl
Nach Wieder:

__Dorsal nerve
- cord

Muscle

7_ Specialized notochord of amphioxus. Plates of
ting muscles are packed within the notochordal

plate is a single or sometimes double muscle cell
actile fibers arranged ly. Cytoplasmi




dstrum

Dareal
Whed narve cord Natochard Dorsal fin
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Oral hood G Gil Gonad  Hepaso Alriopore  Inlestine  Ventral  Anus
with thetacles slits bars cecum fin

ustni $té€rbina + cirri, Gstni dutina s plachetkou
(velum), vifivy organ, velarni cirri, Hatschekova
jamka (cf. adenohypofyza)

hltan (pharynx), zaberni §térbiny (prim, sek. etc. -
celkem 80), endostyl, epibranchialni ryha,
obzaberni prostor (atrium), atrioporus (porus
abdominalis),

jicen, jaterni vak, stfevo, anus

Kopinatec velar tentacies

Nervovy systém

* neuralni trubice, metamerie (thombomery) -
poharkové pigmentové (Hesseho) bunky - misni
ocka (autapomorfie), parové misni nervy - smiSena
fce (asymetricky)

* rostralni rozsiteni - “mozek”: pigmentova skvrna
(u larvy), infundibularni orgéan (cf. neurohypofyza),
Koellikerova jamka (cf.neuroporus, ¢ich)

+ smyslové organy obratlovci (vé. statického
smyslu) chybi (i u larvy!)

Nervovy systém kopinatce: dokonala metamerni organisace

65 rhombomer




Nervova soustava a ,hlava“ kopinatce

* V celé délce téla jednotna
trubice s zkym kanalkem

* Jednovrstevna, v kazdém
segmentu 2 Hesseho buriky
(svétlocivné, uvnitr

10HNP neurocoelu!), 1 par nervi

i (dors.)

* Hlavovy konec: Kéllikerova
jamka (Cich?), pigmentova
skvrna, infundibularni organ

* NS:segmentace, asymmetrie v rostralni oblasti, vnitini a
vnéjsi ustni plexus, leva inervace vela

pe— S . Fmmd g}

“hlavovy” vaéek + prevelarni oblast (ri-r4)

infundibularni organ

]
y <y |
T - )‘!\

Midni kanal
Motorické neurony
Hesseho buriky

Cévni systém

Anterior

srdce chybi: pouze zilny splav (sinus venosus) e

* Tepenny systém: aorta ventralis - Zaberni tepny Poatasier ez e Ad
(arteriae branchiales) a bulbilli - krkavice 3
(arteriae carotis) + aorta dorsalis - arteriae Dorsal porta
lateralis + stfevni plexus

* Zilny systém: kardinalni zily (venae cardinales
anteriores et posteriores) - ductus Cuvieri (do
zilného splavu) + vratnicovy obéh: vena
intestinalis - vena portae - jaterni plexus - vena
hepatica (do zilného splavu)

* Krev bez dychacich pigmentd, pouze granulocyty




Vylucovaci systém

* specificka stavba - cyrtopodocyty (analogické
protonefridiim krouzkovct v¢. solenocyttl) -
z mesodermu na dors.sténé prim. zab.
obloukd (t.j. odli$né nez u Craniata), dtto jina
ultrastruktura

* ledviny kandlek, usti do peribranchialniho
prostoru

» Hatschekovo nefridium — prvni neparové
nefridium za usty/velum — nejvétsi (doklad
homologie Ust a levé zab. §térbiny
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Reprodukce

 gonochoristé, tvar a ulozeni gonad u obou
pohl. shodné (10-35. prim. segment), gamety
uvoliovany prasknutim stény gonady do atria

* oplozeni vnéjsi, prehledna embryogenese,
larvalni vyvoj (3 més.)

Embryogenese

ovum oligolecitalni, ryhovani totalni, ekvalni

blastula: makromery (veget.pol), mikromery
(anim.pol)
astrulace invaginaci, archenteron, blastoporus -
orni ret: vng&jsi list-nervova ploténka, vnitini list
h.rtu — ,,hlavovy* mesoderm, postrani -
coelomové véézy - somity. Spodni ret - ektoderm.
extense
neurula: meduldrni ploténka-nerv.trubice, chorda,
diferenciace prvosegmentli (=somity=coelomové
vacky), extense ektodermu, uzavirani nerv. trubice
- neurentericky kanal, neuroporus

Chardamescderm

plate Early

Endoderm<{
THANE > P

Noural fold

o ARVLC -
Gastrocool 7 LT Ectoderm
= Mesoderm
Blastopore
Endoderm

Neural tube
Somite
Coelom

Notochord

Gut
(]

s gastrulation amd nevsulation,
) Invagnaton at the vegetal pobe pushes cells into the interior
of the blastula. The blastocoel i eventually obirerated, and the

new space these ingrowing cells define becomes the gastrocoel.
b ) . of el e




STADIUM §. SEGMENTU

STADIUM 11, SEGMENTU

Larvalni vyvoj

2 somity - opusténi vaj. oball, 14
somitl - prolomeni trav. trubice v¢.
1. zab. §térbiny, rychld diferenciace
somitl a protahovani t¢la kaudalné

larva zcela asymetrické, Gstni
Stérbina na levé strané, prim. a sek.
zab. Stérbiny symetricky

metamorfosa: symetrisace,
prostoupeni prim. a sek. zab.
Stérbin, vytvoreni peribranchialniho
prostoru a metapleur, zalozeni a
differenciace gonad

Larva kopinatce - asymetrickd, nema atrium
apod., pelagickd pfed metamorfosou klesa na
dno - metamorfosa: symetrisace, atrium,
metapleury, stomodeum

bur the bawic Chamlats pattern i evidere broe the
swtsahond, dssel rmrve cood, and shurt postanal 1ol The somues
| Aoen rce sppent ol

Macachanoes
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Larvalni vyvoj: postupna symetrisace téla, duplikace
zabernich prepazek, prer(istani Zaberniho ko$e zahyby atria,
uzavirani atria, diferenciace ploutevniho lemu a st (leva 1.8

Kopinatec A1
P Preorélni
cilidrni jamka

Usta

lg. 7. Development of Hatschek’s pit, the peobul

of the pags. Th ci .
the region del Hatschekova jamka — homologon

(F) Later in adenohypofyzy

Preordlni cilidrni jamka - ? Plakoda
(Sox )

Holland a Holland: J. Anat. (2001) 199, pp. 85498,

kmen Chordata - strunatci

podkmeny:

- Tunicata (Urochordata) - plasténci

- Cephalochordata (Acrania s.str.) -
kopinatci, bezlebe¢ni

- Craniata (*Vertebrata) - obratlovci

synapomorfie ?




Tunicata = Urochorda
Plasténci

1 - metamerisace télesné stavby
2 - organisace cévni soustavy

3 - parové misni nervy,

4 - Hatchekova jamka (=
adenohypophysarni plakoda?)

5 - infundibularni organ
(=neurohypophysa?)

6 - jaterni zlaza,

Tunicata Urochordata (Tunicata)

* Extrémné odvozena télesna

* salpy (Thaliacea) - pelagial ca 50 spp.

organisace a Zivotni cyklus (rodozména..) " kruhosvali (Cyclomyaria)

* Dospélci: u vétsiny jen zaberni ko3 s - pismosvali (Desmomyaria)
endostylem + stfevo, coelom redukovan na " - ohnivky (Pyrosomida) _
perikard a gonady, spojujici znak — vnéjsi * sumky (Ascidiacea) -pfisedli ca 2000
plast -tunika (polysacharid tunicin + sloZita SPp-

formy

(a tradiéni klasifikace)

— ,Enterogona“ (soliterni, velké),

vnitfni stavba) ,Pleurogona“ (kolonialni) - tradi¢ni aviak

Zakladni typy /Zivotni

* Larva: notochord, nervova f‘ umélé taxony
trubice,faryngotremie, endostyl, N » vrSenky (Appendicularia) — pelagial ca
metamerni svalstvo, ocas 100 spp. (=Copelata=Larvacea)

Urochordata (Tunicata) — vyluéné motska
skupina, filtratoti fytoplanktonu

Ascidian Salp Pyrosome Doliolid Appendicularian

* Redukce metamerisace, mesodermalnich struktur a
coelomu (ztistava jen perikard)

polysacharidovy plast - tunica s vnéj$im vzrusivym
pojivem a pohyblivymi mesenchymalnimi buitkami
ztrata notochordu (chorda pouze u pelagickych larev) —
u vrsenek ale i v dospélosti

* srdce pumpuje stiidavé doptedu i dozadu

* postlarvalni redukce nervového systému

* Peribranchialni (obzaberni) prostor (=atrium) s
vlastnostmi kloaky

* Castd rodozmeéna a kolonialni modifikace
* krvinky, hemovanadin apod.

sumky salpy / ohnivky / salpy vrsenky




@ oozoid

»

Tunicata: Alternativni reproduéni strategie:

pohlavni vegetativni
rekombinace, selekce, dispersni larva Extrémné kratka generaéni doba

Salp Pyrosome Doliolid Appendicularian

Thaliacea — salpy

Doliolida, Salpida, Pyrosomida

* moisti, pelagialni, soliterni - kolonidlni,
pfijimaci a vyvrhovaci otvor proti sob¢ -
reaktivni pohyb, obZaberni prostor nemusi byt
vyvinut, Zaberni Stérb. - do kloaky, velké dors.
nerv.ganglion se smysl. organy,

* metagenese: vajicko -> nepohlavni oozoid —>
produkuje pucenim kolonie pohl. jedinch —
blastozoidu (gonozoidi), rizné varianty

e velci az 5 cm, kolonie az 4 m

Ekologie salp vs. metagenese

* Salpy — vysoce efektivni konsument fytoplanktonu,
agregace mukosnim sekretem, velmi rychly obrat,
agregace exkretd, vyznamna vétev uhlikovéhp
metabolismu ocednu (jizni more)

* Diversifikované reprodukéni strategie — moznost
okamzité operativni reakce na lokalni koncentrace
planktonu:

— vysoka koncentrace — produkce blastozoidl (nejrychlejsi
generacni obrat u Metazoa), vytvéreni kolonii - mimoradné
efektivni redukce pop.explose fytoplanktonu /

— nizkd koncentrace a atypickd disperse potravy — pohlavni
rozmnozovani, dispersni larvy, soliterni strategie

Doliolida(=Cyclomyaria) :  velci soliterni,,
9 svald, velky poget §t&rbin, hltanoZeb. vak - celé t&lo,
uzaviratelné otvory - reaktivni pohyb, velké dors.
mozk.gangl. + statocysta, sloZitd metagenese, 15 spp.

Oozoid salpy rodu Doliolum

Doliolum




—St¥evo
srdce
endostyl
- Zab.kos
- prijimaci otvor
" stolo prolifer

" Stolo dorsalis

Thaliacea, Doliolidae (=Cyclomyaria):
Doliolum

Salpa democratica

Salpida (=Desmomyaria): svaly na ventr. stran& nejsou
uzavfeny, jedina Zab. §t&rbina s viFivym aparatem, mozek v
predni &asti t&la + drobné oko, vlastni ttroby na zadni basi t&la
(,nucleus®), t&lo az 20 cm, 19 rodt 45 spp.

blastozoid: par varlata, 1 ovarium - 1 vejce vyvoj ve folikulu
(vyZiva krvi matky) - oozoid-stolo prolifer: blastozoidi

Cyclomyaria
Doliolum
metagenese

\ 8\ _sstolo prolifer

- phorocyty -

Salpa maxima




Gill (filter)
Endostyle
Dorsal tubercle
Excurrent siphon

stolo prolifer a Fetizek blastozoidii

PFijimaci ot
Endostyl
Ganglion+ocell

Incurrent siphon

Zaberni prepazka
/‘ (mezi otvory)

Intestine

Atrium a tGsti atria

tvorba blastozoidii —
nejrychlejsi generaéni obrat v
ramci vSech
mnohobunéénych Zivoéicha

Fetizky blastozoid(i se mohou (ale
nemusi) chovat jako autonomni
(mnohojedincova) individua

Thaliacea

Salpa democratica

Pyrosomida -
ohnivky
Pyrosoma - 5 spp.

a giganteum Lesuenr.

Pelagické kolonie - aZ 4 m
(sek.blastozoidi - proterand.
hermafroditi): , stavba t&la
jako u salp, alesvalstvo red.,

/ Zab.kos jako u sumek,
mozkové gangl. s &lenitym
okem (rohovka, ogka,

: pigment base), svételny
orgén (bakterie) v hltanu -
bioluminiscence - kolonialni
efekty, komunikace

v X ’ } " vaj.bohaté Zloutkem -
. m J oozoid-stolo prolifer- 4
f § prim.blastozoidi




Thalicaea:

Pyrosoma atlanticum

. obdas nemalych rozmérQ

Thaliacaea: Pyrosoma atlanticum

luminiscen¢né komunikujici
kolonie s reaktivnim pohybem

. 0 13
,»Ascidiacea — sumky
sbérna skupina pro prisedlé formy (>2000 spp.)
(? vychozi typ télesné organisace plasténcii)

moftsti, litordlni , prisedli, soliterni
(Phlebobranchiata) i koloniélni (,,Pleurogona®),
mohutna tunika - u kolonii spole¢na pro v§echny
(Stolidobranchiata)

velky obzaberni prostor (atrium), pfijimaci a
vyvrhovaci otvor pobliz sebe, trav. trubice tvaru U,
nerv. gangl. (+nerv.z1aza a coronarni organ) a
vitivy epitel u pfij. otvoru, endostyl, nepohl.
rozmozovani (puceni z base hltanu) a pohlavni,
proternad. hermafroditismus,




Sumky

Generalisovani
plasténci
standardnich
vlastnosti (larva vs.
dospélec, ad. sesilni,
soliterni ¢i kolonialni,
rozm. pohlavni i
vegetativni, bentiéti
filtratofi, zejm. litoral

TVOTVE SONGA
ganrghon
Senso
xcurrent \ o o ‘;a(V»
siphon\, lemacies
P ar 1 A‘.‘
Lo
Spots
Tunic
Atrium
Pharynx
Genital
g HEaE - Endostyle

Aplousobranchiata - pospolitky

NI

b

Aplousobranchiata - pospolitky

Clavellina dellavallei




Aplousobranchiata -
pospolitky

extrémné redukovand tél.
stavba - jednovrstevny
epitel,

Phlebobranchiata
— pravé sumky

Ciona intestinalis

Stolidobranchiata
- zFasenky

Botryllus schlosseri

,Ascidiacea”

-
Stolidobranchiata
zFasenky @

Botryllus violaceus, zFasenka

—




Tunicata -
Urochordata

(,Ascidiacea®)

Stolidobranchiata

Stolidobranchiata
- zfasenky

mnohé spise
soliterni, resp.
vyrazné
individualisované:

srv. Molgulidae,
Octacnemida

Polycarpa aurata

Stolidobranchiata:
Styleidae

Polycarpa Stolidobranchiata:
AR . : =" Styleidae

Stolidobranchiata:
Pyuridae

Boltenia villosa

Stolidobranchiata:
Molgulidae

soliterni obcas i volné
pohyblivé formy,
chladnéjsi more v¢.
polarnich oblasti,
oportunisticti
makrofagové

Molgula

© M Reuschent, 1981

Molgula —osvaleni atridlniho
sifonu, ledvina - carnivorie,
+- pohybova emancipace

Stolidobranchiata:
Molgulidae




Tunicata

Sorberacea
popsany 4 rody asi 20 spp.

Hexacrobylus =
Oligotrema

BathyalIni (1000-8000 m),
soliterni

redukovany Zaberni kos, velky
Zzaludek, zachovéna nervova
trubice — dravi makrofagové (lov
korysu, polychaetl apod.)

specialisovany
hlubokomoftsky
predator

srv. osvaleny
atridlni otvor

Fig. 1 Oligseremss yra, External appearance. Large arrow indicates

td podobnosti s ¢eledi Molgulidae
ata- the enlarged, lobed, oral siphon; small arrow shows the atrial

(zachovana nerv. trubice, ¢lenity
Zaludek, autapomorf.: ledvina
diferencovand z pravého vybézku
perikardu)

siphon. Scale bar: 1 cm.

Stolidobranchiata:
Molgulidae

Octacnemidae

5 spp., Batypelagial (>4
km)

Lauzon et al. 2002 L

)

Botryllus:
vznik kolonii
integraci
primarnich
clustera >
spektrum
alternativnich
variant

larva: 1 hodina >
metamorfosa
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Botryllus (zfasenka)
ca 6ti denni cyklus obnovy kolonie: "z

o

. v . o oo A
vyména blastozoidil [ [ p— e ——

dokonale regulovanou apoptotickou 993 | Bramchialsed peribemchaal chmbers ecopmable = eccndey buds
autodestrukci odstupujicich jedinct P

trscm md sppesmsce of meine et = seccatary bads

Fig. (). Schemsatic dawing of B sechlossert colonial blasopraetc cycle.
Each stage is indicated by a senes of eee umbers. referming t develop-
mestal stages of adak avouds, bods snd budlets. sespectvely. Only bods of
the rught wde of the body are sbown

Botrylolded

oloceus

.‘_

T

How a Sea Squirt Could Help You Grow
New Limbs

Botryllus: po odstranéni
vsech jedincU clusteru (2) a
podptrnych bunék (3) -
rekonstituce clusteru(4) z
residui cév (? isol. bunék
plasté) - béhem ca 1 hod.

Tunica — celulosa produkovana
celulose-syntetdzou (CesA gen —
ziskany horizontalnim prenosem z

prokaryotni DNA )
u’,f:'«;a'z})% :
v‘.\\:-‘(”\_”_x éi.v\{{‘\ 21,
R TN
S

AR

polysacharid (chemicky
celulosa), ale fada
unikatnich charakteristik —
mnozstvi stopovych prvkd,
pleteri polysacharidovych
filamentd (prdm. 15 nm),
fenomenalni
elektrochemicka specifika
(elektroporace) atd.

Tunicin —

Figore 1. TEAS from a dikuse sunpemmion of tunicin whinkers

Nanocomposite Polymer Electrolytes based on . L,
Poly(oxyethylene) and Cellulose Whiskers  pFimés tunicinovych

vldken zvySuje az 100x
konduktivitu
elektrolytd )

1000 (K)

Flyure 4. Arthenius plot of ionic conductivity for composite pobymee
cloctrolytes (OVL3 = 30) filled with 0 (&),6 (43) snd 10 w4 ®) of tmicin

whiskers

Pyura spiniferia
(Pyuridae,
Stolidobranchia
AU

mikrospikuly a
inkorporace
jednobunéénych
fas do povrchu
plasté

| Herdmania momus
*| jedna z nejhojnéjiich sumek
' (3-50m),

posléze, které mohou
vytvéret i Clenity
porost sumky dokonale
prekryvajici
Gilbert et Pokroy}
Science 2013

2013: minerdlni a krystalografické charakteristiky spikul:
CaC03 ve formé unikatniho mineralu - vateritu,
krystalograficky zcela odli$ného od kalcitu ¢i aragonitu
- produkt superposice tfi riznych fraktalnich trovni
organisace krystalitd na kazdé urovni modulovanych
organickou intervenci -

nyni ukazovano jako vibec nejkomplexnéjsi pfipad

bi alisace %t 10 micrometars in damater, the needielin




P13t — prostFedi pro aktivni realisaci funkéniho potencidlu autonomnich
extraindividualnich bunék integrujicich jednotlivé strukturni elementy
tél / kolonii plasténcu

Volng p bliva larva s chordou, segmentaci mesodermu
(myomery, myosepta), nervovou trubici, mozkem a statc
stolopapilami (adhesivnimi organy) na p¥edni &asti t&la:

el typo and function of neurons i the ascidian
ystem

Fig.1. Schemetc iustration of
the central nervous system of the
aacidian tadpole larva. The ascidien
larva has  dorsal neul tube and
& notochord underying the neural
tube. The central nervous system
conssts of the bran vesicle, the
neck, the viscoral ganghon, and
the nerve cord. We propose here
10 further divide the brain vesicle 1 two parts: the sersory vesicle and the posterior brain. The two pigimented sersory organs, the otolth and
oonkus, ¥ Tho adty The aches:

oW sonsory -
vesicle "~ beain veside

rgar rourons.

Fig.2. Neual networks of the
ascidan Ciona intestinals larvae.
Awns and neve terminals are
visuaized by immunofiuorescent
staining with anti-synaptotagmin
antbody. (A) Whole lane. (8) and
{C) are the lateral and dorsal view
of the trunk region, respectively.
AD, adhesive cegan: BV, bran
wosicle; NC, nerve cord; OC, ocells;
OF, otolth; PB, posterior brain;
SV, sensoey vesicle; VG, visceral
ganghon. Bars, S0um in A, 20um
n (B) and (C)

_JoumalsfANatom o

sumka
(Botryllus) e

pevelopment and evolution of the vertebrate primary
- larva Inouth

Kopinatec

Preinfundibularni organ
~ polohovy smys?

Infundibulérni organ -
neurohypophysa? Komplexni
vicejadrové
ganglion se
specialisovanymi
vicebunéénymi
smysly v z6né Otx

Chorastes
®

Pax 2/5/8 - Eng
zdéna: organisalni
predél visceralniho
ganglia a “mozku”
- dtto Craniata ==

Urochordates. Cephalochordats

Pan-chorate necra

Vorieorates

Grathostomes  Agrathans

T o po——
B Msscder [0 Newal piste B Panplacodsl gon




Metamorfosa
larvy sumky

prisednuti na
podklad, ztrata
ocasu, rychla
prestavba tél.
organisace,
preména
stolopapil na
stolon, fixujici
jedince a
strobilujici
dcefinné jedince

Tunicata=Urochordata

Phlebobranchia
(pravé sumky -
~Ascidiacea”)

Metamorfosa sumky
(48 hod. 1)

’ Trunk \.&./“v A
N opidenmis ¢ N

co se stane s CNS, chordou
aj. tkanémi larvalni
organisace ???




Appendicularia

3| - vrSenky
(Copelata ci
Larvacea)

ca 100 spp.

- Vrsenky

Chybi metagenese, rozmnozovani
sexualni, VétSina druhu -
proterandricky hermafroditismus,
po dozrani vejce — opusténi
schranky, ovarium bez vyvodu,
zralé vejce - traumatické
uvolnéni, po rozmnoZzeni hynou —
ziv. cyklus ca 5-14 dni

Nekteré spp. gonochoristé "{Z,:/
larva bez trav. systému, dtto 5,
sumk

umky N/

Appendicularia - Vr§enky

’ b y, ."_ M
7] S/
(/[ Y

Kowalewskia :'g\,

e

Oikopleura dioica

Fritillaria

Appendicularia

Vyména
schranky —
kazdé 3-4 hod.,

syntéza nové:
ca 20 min




Fig 4 Immmnostaining paserms for ofosins 1.2,

Stavba schranky: atraktivni objekt
soucasnych studif

L8, i%ami A2 Insite

B s B Extrémné deterministicky vyvoj >

e e’ dlsledna funkéni diferenciace povrchu téla

The Field of Fol
Anterior cells
Giant calls

se colls
terior cells.
Fiber rosaties
2 Field of Essen
cells
Chain of pearls
Border cells

Ventral band

Figure 1. Cellular fields in the oikoplasti epithelium of Oikopleura dioia. Left, doral view where the epitheium of a day 6 arimal has
sit ventrally, solated from the animal and spread on a shide, anterior 2t top. Right, bteral view of 3 whole mourt day 4 animal, mouth to thy
en fight. Nuckei were staied with Hoechst (left image) and ToPro3 (fight image). Specific epithelial cd

lgonad at right, tal projecting 10 b
fields are Indicated by arbitrarly colored ruddl according to the central legend

Povrch téla - schrankotvorny epitel (oikoplastic epithelium): ca 2000
bunék) s rigorosni topografickou specialisaci a extrémni odliSnosti
jednotlivych bunék (rizna ploidita — endoreduplikace a zvétSovani
bunék v pribéhu rlstu , tvarové charakteristiky jadra a exprimacni

R
2@ W

profil). = bunééna individualisace = plakodisace povrchu téla

Velmi specificky
exprimacni
profil
jednotlivych
ektodermalnich
poli

\ Proteinové domeny /

jednotlivych oikosind




fcf — food
concentrating filter

if —inlet filter

If — vytvaren
Eisenovym polickem,
Fcf — Folovym
polickem

Postup stavby:
kolagenové-celulosova
kostra schranky,
zvétseni a tvarové
upravy aktivnim
pohybem océsku +
aposice celulosovych
mikrofilamentd — geny
CesAl+ CesA2 !

exprimacni

g Oikosiny — specificka skupina ca 50

proteind, z podstatné &asti zcela
unikatnich

Mira podobnosti jednotlivych oikosinl a
znamych proteint

’ sumek,

& jinych druhoustych a

% 7 ostatnich Zivocichl

l

patterning
- v oblasti
produkujici fcf
|
o
RO ,
A 3 g e 2
X ¢ (o} o (-} 2 0 o [ ) JCC )
28 & 2 ae o af 89
PAR C o) '} o 3] C o1 o mm— 8]
a5 3 28 o ENEE I

£33 ol
L61 NS EE RO ORI (e S O SO (e

5% & = P
g% 3. B35 b 338
LG2 RO = o ot
s - sf 5888 $
y NP EE OO0 g

Figure 7. Location of oikosins on Oikaplews dioka chromosome scaffolds (based on Denoued et al, 2010). X and Y sexspedfic regions
are hnked to a karge pseudo-autasomal region (PAR) though physical junctions that are not yet identifed. Autosomal linkage groups (LG1 and LG2)
e al5o shown, NP assembles of scafolds that can ot yet be placed on the above maps. Breaks in the X, Y, PAR aad LG1 and LG2 maps indicate
areas whese physical inks between contigs of scaffolds were of lower confidence. Oosin gene locations are colour-coded according to their
expression regions in the oRoplSTK egithelu (see Fig. 1), Those indicated s white circles do not &1 into any of the speck defined cellfields of
Fig. 1 and likely contribute to fosmation of the overall shel of the house. Oikosin lod that are not indicated, fll an scaffokds <25 b, which were not

Lokalisace oikosint na chromosomech:
— 2-8 paralogl:
produkt serie (min. 3) genomickych duplikaci
-> s naslednymi redukcemi genomu ?
- srv. genom vrienek je nejmensi v ramci Metazoa (ca 0.03 pg) !

Vr3enky (a Tunicata obecné) maji nejmensi genom ze viech Metazoi — 0.03 pg

( pres odlisny pocet a ¢asové rozloZeni polyploidisacnich cykld uroven
jednotlivych funkénich domén: obligatorni endoreduplikace endopolyploidisace
* | je 34-1600 C (pr&m.
ca 1000 C) >

st Patweming vio Hndcycien

[— [P T ———
funkéni kapacita
genomu je tedy
1000 x 0.03 pg = 30
pg!

H (4n

=0 02 03 D4 05 [+

Zivotni cyklus
vrsenky

F: oplozeni

4h: uvolnéni larvy z
obaltl

15h: metamorfosa

2.-5.den: postupné
zvétSovani pouzdra
gonad

6. den: masivni
gametogenese,
pafeni, smrt




° “" Oikopleura:

1 Zivotni cyklus 6.5
— dne

. 6. den rapidni
oogenese

coenocysta:
multicelularni
4 organ produkce
oocytd

Ganot et al.
2007, Dev.Biol.

‘ v
» L
L atersl o =3
Moxz Mord
- ~
.
Lataral Dorual
S— —
(Hox98 oV Rroxss
L st

HaxSA oV Hox ooy -
& v -

MHox11 =, Mox12 'QJ;‘ ov Hox — geny
e ——— o vrsenka
Dol
T o i T Exprese Hox pouze
ey S— v ocasni Casti
oo THON 7 T Laneral
e, avSak Hox 11-13 !!

Fylogeneticka struktura podkmene Tunicata:

sumky, salpy, vrsenky ?

cidiar Salp Yro Dolic Appendicularian

Tunicata (Urochordata) Fylogeneticky strom Zijicich plasténct
(Urochordata) odvozeny ze sekvenci 18S rRNA:

Velmi podobna topologie stromu byla nalezena také pfi kombinaci
molekularnich a morfologickych znak®.

Podle Stacha a Turbevilla (2002).

Phlebob hiata

Pravé sumky

Salpy
ZFasenky
Vrsenky
Aplousobranchiata
pospolitky

... ale

2009: An updated 18S rRNA phylogeny of
tun ased on and secondary

kmen Chordata - strunatci

podkmeny:

- Tunicata (Urochordata) - plasténci

- Cephalochordata (Acrania s.str.) -
kopinatci, bezlebe¢ni

- Craniata (*Vertebrata) - obratlovci

Fylogeneticka struktura
kmene Chordata ?
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Vztahy uvnitr Chordata

PP ALLT I

.
Notochordata "<, b Echinoderms
:' Cra Cep Tun ° Hemichordates

Cephalochordates

/ Vertebrates

.
)
. Tunicates
.
. /
)
.
.
.

1 - metamerisace télesné stavby -.."g
2 - Hatchekova jamka (= adenohypophysa?) “_
*s 3 - infundibularni organ (=neurohypophysa?) "‘-
"A - parové misni nervy, 5 - jaterni zlaza, “"“
E ..ale

§ — organisace cévni soustavy __,-"
s

. sssssssssmmsmEEEEnt®

7 - atfium

Cra Tun Cep
* Vakovité srdce

*Expanse a apomorfni diferenciace
ektodermu, potlaéeni metamerie 7

* CNS: mozkové gangl., oko,
statocysta

* 1997: dorsoventral polarisace NS
(geny HNF, Pax3, Pax6, Shh!)

* 1999: shodna exprese Msx, Hh, Gli

* 2003: cupularni/coronaeni
(Pleurogona)- neuromasty a shodna
inervace s neuromasty Craniata

* 2004: exprese genii neuralni listy v -
plasti Ciona (chromocyty. Melanocyty)

* 2005: 1+3 ektodermalnich
smyslovych plakod (koexprese Six,
Eya,Pax,Dach, COE- dtto u embrya
Craniata kde aktivuje rozvoj opt.a

o S5 e

otické casti mozku) - ne u kopinatce

Ciona intestinalis  Botryllus schiosseri

ooy Wm iy
e | s r-
=7 =
e rarery
" o
P | 7,
- PO
P
| A carly larva D ombryo
.rew wpron e od

Buriky coronarniho organu sumky,

| B mature laeva

Embryogenese st a smyslového
vaéku (plakody)

L p— o Diagram comparing the main events of morphogenesis of

pengien the stomodeal and neurohypophyseal placodes (marked
bylines in A and D) in C. intestinalis and B. schlosseri.
The sensory vesicle of C. intestinalis and the ganglionic
vesicle ofB. schlosseri are resorbed during

e\ metamorphosis and are not present in the juveniles. Light
x grey, tunic; medium grey,ectodermal tissues; dark grey,
bt gt endodermal tissues.
C juvonie

2006: mol.fyl. - sesterskou skupinou obratlovcti
jsou plasténci:
Plasténci + obratlovci = Olfactores

Ascidian Salp Pyrosome Doliolid Appendicularian

Ale ziejmé jiz ze zakladnich informaci :
... je-li klicovym znakem Craniata neuralni liSta a
celkovostni regulace — totéZ je u Tunicata —

Plast’ - extraindividualni sit’
volné pohyblivych
(pluripotentnich) bunék (- dtto
neurilni li§ta)




c Echinoder i
/?< chinoderms . zunl?ata +
raniata
Cephalochordates 55

. |Olfactores

Tunicates

Vertebrates

Pouceni:

Plasténci sdileji takrka vsechny
klicové apomorfie obratlovcl
- obratlovci a plasténci tvofi
jednotnou skupinu Olfactores

co charakterisuje jejich
komplexitu ?
co je jejim zdrojem?

Cephalochordata=Acrania Craniata-Vertebrata Tunicata=Urochordata

PRINCIP METAMERNI SEGMENTACE

EMANCIPACE VYVOJOVYCH SPECIFIK, CELKOVOSTNI REG

Komplexita obratlovciho rozvrhu

rodlouzeni individualni existenc
Btseni télesné velikosti,
eni genera¢ni do)

prodlouzeni vestice

ontogenese,

specialisace

vyvojovych efektivni potravni
mechanism0 strategie, sensorické a

motorické inovace

\ inovativni pfesta

bunék
tkdni, organu
a jejich integrace

I

narast dimensionality morfogenetického a ekologického prostoru

aéni mechanismy

Prqvidla strukturni organiSace Tunicata:

obligatorni
nerespektovani
funkénich a
strukturnich
odliSnosti
jednotlivych
organisacnich
urovni

i kontinuum)

000N == A
Tunicata: | | os)(\
Rozpad {)‘
kolinearity >
Hox genti a ,‘{L(\
navaznych "z
regulaénich J xO «0
modul ! o (\0

(2

Stem urochordates adopted a determinative mode o.%melopment,
reduced the size of their genomes, lost temporal collinearity of Hox-gene
expression, broke up their Hox-gene cluster and lost the need to use
retinoic acid (RA) for anteroposterior axial patterning associated with
the reorganization of their CNS. Larvaceans lack the classic genetic
machinery to synthesize, degrade and detect RA, and they also lack a
complete genetic system for DNA methylation (carried out by DNA
methyltransferases (Dnmts), but nevertheless build a complete chordate
body plan that is retained throughout life. Mouse image courtesy of
Getty Images.
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Aeckdare

Cepralochorsetes
Vorssormes

Tunicata : extrémné maly genom 0.02-0.1 pg
Obratlovci: (0.4) 2-133 pg

e M annd

Rhombomericka
organisace
mozku (partim)
je ustavovana
expresi Hox1-4
- oo . - a specifickymi
P vazebnymi geny
Pbx, Krox20,
Kreisler
. Hox/Pbx system
... jeu
Y Urochordata

Meuse +4

Hox?
Amphiorus »

Natale E. et al.
2001 Evolution of
Hex Hex? F-bex GST-1 Mowd Mox3  Moxd Stec anterior Hox
Clone -3 regulatory
o . e elements among
ey - &y chordates.
— i - . BMC Evol Biol. 2011
Nov 15;11:330.

Kreisler and Krox20 dependent enhancers critical in segmental regulation of the hindbrain appear to be
specific for the vertebrate lineage. In contrast, neural enhancers that function as Hox response elements
through the action of Hox/Pbx binding motifs have been conserved during chordate evolution. The functional
assays reveal that these Hox response cis-elements are recognized by the regulatory components of
different and extant species. Together, our results indicate that during chordate evolution, cis-elements
dependent upon Hox/Pbx regulatory complexes, are responsible for key aspects of segmental Hox expression
in neural tissue and appeared with urochordates after cephalochordate divergence.

2009

2000: An updated 185 rRNA phylogeny of
tunicates based on mixture and secondary
structure models

Tsagkogeorga et al...and Frédéric Delsuc 2009

 Pocters
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+ P
{ < Loshotrocha
.
..
4
+€ Ecdysoaca
+ €
¢
B Foeot
Oeuterestomia % |
24 4

Chorsats Lase

Ofoctores Ly

€ .

Phylogeny of Metazoa inferred from the concatenation of the 13 mitochondrial proteins. Bayesian consensus tree of
5 individual MCMC obtained using the CAT+BP+I", mixture model on the concatenation of the 13 proteins (54 taxa
and 2,136 amino-acid sites). Values at nodes indicate Bayesian posterior probabilities (PP). Circles indicate strongly
supported nodes with PP > 0.95. The scale bar represents the estimated number of substitutions per site.
Singh et al. BMC Genomics 2009 10:534 doi:10.1186/1471-2164-10-534

coarg gere

Herder

mt genom &elistnatcd
(Clovék: 16,569 bp)

Herdmania momus (Stolidobranchiata) mitochondrial
genome map. Protein coding genes, rRNAs, and
tRNAs are shown in red, green, and black,
respectively. Gray numbers indicate the length of non
coding regions longer than 40 bp, the location of the mt genom Tunicata - zcela
repeated sequences is indicated in blue. PPy

Singh et al, BMC Genomics 2009 10:534 do: odli$na strukturace
10.1186/1471-2164-10-534

mt genom riznych
skupin sumek —

== F=F — W — = = L, . oy .
Ssa extrémni odliSnosti,
B = ] =3 = =3 velmi malo spolecnych

- R = Bt kombinaci (barevné)

Mol Bl ol 7211215 010_dos101093/maben/mip2 14 _ Advance Acces publeaton




[ ' S Heterogenita a

@
i 5 A extrémni
i 2 plasticita mt-
i 2 4 genomu:
“ .
autApomorfie
Tunicata ?
& v

Comparison of lineage-specific evolutionary rates. The graph is a plot of the 54 root-to-tip distances
calculated from branch lengths estimated under the GTR+T' model on the reference topology (see Figure 5)
for the concatenatlons of rRNA-coding (y-axis) and protein-coding (x-axis) mitochondrial genes. Symbols
corr bilaterian ps (green squares), tunicates (red triangles), and all other
bilaterians (b\ue diamonds) are indicated. The phylograms showing the branch lengths inferred from each
dataset are presented with the highly evolving tunicates figured in red. The linear regression dotted line is
figured with its associated equation and correlation coefficient. The y = x line is also indicated to underline
the difference in average evolutionary rate between the rRNA and protein mitochondrial partitions.

Singh et al. BMC Genomics 2009 10:534 doi:10.1186/1471-2164-10-534

Analysis of amino acid heter: of ial proteins among
metazoans. Principal Component Analysis (PCA) of the amino acld composition of the 13
mitochondrial proteins from the 54-t: dataset. I i are plotted in
the first two principal components of the PCA which explain 53.1% and 15.3% of the
total compositional variance, respectively. Points cor ing to C data
(red), Tunicata (purple) and Gnathostomata (blue) are circled.
Singh et al. BMC Genomics 2009 10:534 doi:10.1186/1471-2164-10-534

Plasténci — exemplum totalni jinosti,
mdlobné tusené komplexity, jiz jaksi
nerozumime

Appendicula

mainstream:

mnohacetné
pokusy o
odvysvétleni

Spolec¢ny predek Olfactores:

*Soustfedéni morfogenetické aktivity
do prechordalni oblasti - mimo zé6nu
Hox- regulace,
*Panplakodarni primordium,
kompositni smysly odvozené z plakod,
*multicilidrni neuromasty jako
elementarni strukturni modul
smyslového aparatu,
*Emancipace a potencialni mobilita
neuroblastt




Olfactores:

cviny scénar
divergence

Kambricka explose

Ediacarska biota

I

)
lilempom

..ale

Fosilni zaznam
obratlovci:

Ve srovnani s jinymi
skupinami (Arthropoda,
Annelida, Mollusca atd.

- Tradi¢né chybi, nejstarsi az
koncem kambria resp. v
ordoviku

Fosilni zaznam Craniata:

! Pocetnéjsi teprve od (ordoviku) a
$o siluru:

F] ¥ “Ostracodermi” - dominantni

“ skupina Si-De

: l FAD svrchni kambrium- Ordovik:
Anatololepis, Arandaspis, Astaraspis,
Euryptychius

PALAEONTOLOOY, YOLUME 48

a8 o, 1493; PF 5713 . Carndoe Vesiral
beadibichd s in prodemmaily siertal aect, thowieg th poution of the cett 32 eight Dranchil

ited b n;‘;&&u T Sansom et al.. 1997




sklovina

dentin -

‘prodkt

Primarni dovednost charakterisujici obratlovce ve fosilnim zéznamu:
exoskelet a odontodova kaskada:
Ektoderm + mesenchym neuraini listy

‘Burgess
Shale

Anomalocaris (Arthropoda):
velky predator - aZ 60 cm

Anomalocaris:
kosmopolit? (Chenjiang,
Burgess, Australie) -
vysoce efektivni predator
- zasadni selek¢ni faktor
v evoluci kambrickych
obratlovci

articles
e

Lower Cambrian vertebrates
from south China

D-G. Shu", H-L Luof, S. Conway Morris+, X-L. Zhang", S-X. Hu', L. Chen, . Han*, M. Zhus, Y. LI* & L-Z. Chent

* Early Life Iatitute and Department of Geology, Northawest Usiversity. Xi'an, 710065, People's Republc of China
+ Yiamar Instisute of Geological Sciences, 131 Buita Roud, Kienming, Progie’s n-'.a of Chine
4 Department of Karth Sciences, University of Cambridge, Cambridge CB2 Q. U
§ Institute of Vertebrate Palacontlogy ¢ Patacoandhropology, Chinese Academy o{snmm Beiing. 100044, Peopl’s Repwbiic of China

Thefirtfosilchordates are found in deposit romthe Cambian perod (545490 milkon years ago), b thei arfest record s

hrmmd\wmunllm the available soft-| mar-unsm-mmn-mnm mbmumm
-uu-umauwmwmwuunpuounmnmcowmwummm

(475 Myr BP), with

the Lower fossil-L at therefore, a very signific: i Mmmﬁmhmlsllllm
like, whereas the other is closer to
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~555Myr BP), if not earfier.
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Chengjiang, Yunngmhina, 530 Ma
Yunnanozoon, Haikounella - spodni
Kambrium (stars{ nez Burghess Shale),

Mylokunmingia

Yunnanozoon




? individuace
: X Zabernich ko3t —
N e podobné plasténcim

el

Vetulicolia - sesterska skupina strunatct ?, basalni Tunicata ?

Craniata: posun do mélkého
sladkovodniho prostredi
Zvétseni télesné velikosti,
vytvoreni vnéjsiho ochraného
krunyfe - exoskeletu,
prostiednictvim masivni
interakce ektodermu a
neurog it hymu:
neuralni listy >

RQ adaptivni strategie etc.

Tunicata: redukce
télesnosti a
individualni
exklusivity,

Genomické
¥ 2

Anomalocaris

Mineralisace
povrchu téla -
kostény pancif:
radikalni
omezeni
pasobeni
predatord

Opabinia

Predace specialisovanymi élenovci
- klicovy faktor evoluce Olfactoria

Orientace morfokliny (evoluéniho) pokroku

- Clenita télni stavba

- Vice konstrukénich prvkd

- Kompaktni integrace diléich n
- Kanalisace segme
specialisaci

‘tdo supraordinovanych celkd
\|ternativnich organovych

imilace
pojené adaptace

dividua a prostiedi, resp. interakéni
dinovanych celkl

Si, pocetnéj







