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MB170P85 - Obecna biologie Zivocichl

Evolucni biologie vyvoje Zivocichu,
ontogeneze & evoluce:
zarodecné listy, télni plany,

homeoticke geny, evoluce

Robert Cerny
Katedra zoologie Pr.F. UK Praha




Evolucni biologie vyvoje Zivocichti, ontogeneze & evoluce:

zarodecné listya, télni plany, homeotické geny, evoluce

Télni plany: diverzita vs. disparita

Jak se béhem embryogeneze t.p. vyvijeji a proc jsou stabilni?

Evoluce a evolvabilita télnich pland obecné

Télni plan nas strunatcll [ obratlovcli konkrétné



Télni plan (Bauplan)

Bauplan (télni, strukturni plan):
Bau: design, struktura, forma, konstrukéni typ;
Plan: plan, design, ucel.

* Bauplan representuje zakladni organisac¢ni plan (embryologicky, morfologicky, na
trovni exprese zdkladnich selekcnich gent etc) pro vyssi taxon (-y) mnohobunécnych
zivocich( jako je kmen, rad i tfida

(srv. téz symetrie, pocet segment(, pocet koncetin atp; srv. téZ ekologické niky)

* Také jinak: predstavuje zakladni strukturalni plan monofyletické jednotky, takze
mluvime o “bauplanu strunatc(, obratlovca ¢&i kupf. pavoukd.

* Je to vysoce konservativni plan ¢i forma, dle néjz je télo vystaveno a dle néjz je
dokazeme systematicky zaradit.



variace na jedno téma

Télni plan (Bauplan)

Diversita vs. disparita
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T e,

arra"cg na jedno téma

T&Ini plan (Bauplar

Chrupavdité zékl*iy lebek obratlovci: zaklad hornf elisti: palatoquadratum - Zluté;
zaklad spodni celisti: )
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Bauplan jakozto stezejni pojem biologie
aneb hledani spolecného...
Stabilita morfologii byla rozeznana jiz davno...
..a celd historie morfologickych obord mlze byt prevypravéna jakozto hledani
spolecnych Typt (viz Archetyp, Urtyp, Grundplan, Phylotyp...
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Typ, Archetyp, Bauplan, Grundplan, Phylotyp:
filosoficka tradice

J. W. GOETHE:

termin morfologie; Morfologie neni tvar, ale jisty
sjednocovaci prvek

Etienne Geoffroy St. HILAIRE: vSechna
zvifata konstruovana dle jednotného
principu, jako by existoval jen jeden plan

Naturfilosofie (napr. Lorenz OKEN):

Platdnska idea: “..theidea, an organizing principle, vital

property or force.... that pervading all space...”

!
N i F. Fledormaus K. Kalze S. Schaaf
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Typ, Archetyp, Bauplan, Grundplan, Phylotyp:
filosoficka tradice

R. OWEN
Zakladatel moderni morfologie;
homologie vs. analogie

“ The Archetypal idea was manifested in the flesh, under
diverse such modifications, upon this planet, ling prior to
the existence of those animals that actually exemplify it”.

: f A .i‘ : - > “ 8. :
M T,
% Neurapophysis. (oL A LT

D Diapophysis.

- Centrum.
m Parapophysis.
- Ileurapophysis

B siemapopbysis. On the Archetgpe and Homologies of the Vertebrate Skeleton
O Hamal spine (18¥8)

- Appendage.
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Archetyp (R. Owen)

VS.

phylotypické stadium (K. von Baer)
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THE ORIGIN OF SPECIES

DY MEANS. OF NATURAL SELECTION,

PRESERVATION OF FAVOURED BACES IN THE STRUGGLY
FOR LIFE.

LONDON:
JOHN MUREAY, ALEBEMARLE STREET.
=8,

Po r. 1859 (On the origin of species...)

ARCHETYP » PREDEK
JEDNOTA PLANU » SPOLECNY PUVOD

Homologie struktura zdédéna od spolecného predka

(spolecna evoluce znak)

Analogie ddna do souvislosti s adaptaci prostredi
(ne-spolec¢na evoluce znaki)

predpoklad vSech srovnavacich studii od gen(i az po fenotyp

Homologie je jednim z nejdulezité&jsich terminl srovndvaci biologie sensu lato, tvori nezbytny
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Povaha Systému, Fylogenese a pocet télnich planu

atl e X004 N

V predevolucnich dobach se lidé snazili
rozklicovat Bozi zamysl a tomu odpovidalo
déleni organism - viz (mj.!) systém C. von

Linného - Systema Naturae (10. vydani 1758!)

Evoluéni systém je viak “pfirozeny” proto, Ze
ukazuje/mapuje proslé cesty fylogenese, tj.
| uskutecnénou evoluci

(od spolecnych predkd k nasledovnikiim)
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Kazdy kmen (a tudiz kazdy télni plan) evoluc¢né vznikl z jednoho
klicového zakladajiciho eventu...
...a ma nezavislou evolucni historii po vice nez 550 mil. let

Bilateria Radiata—*
Deuterostomes Protostomes —————

.@E

Vertebrates Tunicates Echinoderms

A

Sponges

Molluscs ~ Annelids Artopods Platyhelminths Nematodes Cnidarians
t - £/ | I g

Secondary
| radial
i symmetry

Schizocoelous
coelom —___

L S

~

Not':c_)chgrd

Spiral cleavage;
mesoderm from
I, mesentoblast

from archenteron;
enterocoelous

coelom Bilateral

symmetry

“Planuloid
ancestor"

Gastrulation;

Radial symmetry
two germ layers

Figure 1.15 Diagram of the Radial cleavage

major evolutionary divergences in
extant animals based on develop-
mental homologies. Other models
are possible, but the the basic out-
lines are similar.
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Paleontologie:
fosilni zaznam,
srv. teorie prerusovanych
rovnovdh

Bt

Fig. 1. Examples of
Cambrian bedy plans
from the Early Cambrian
(~510 million years ago)
Chengjiang Fauna of
Yunnan Province, China
(D to I} and the Middle
Cambrian Burgess Shale
Fauna of British Colum
bia, Canada (A 1o C, ).
These fossils are the re-
mains of animals all of
which have body plans
that can immediately be
related to those of mod:
em phyls, as indicated.
For instance, the bilateral,
anteror-posterior organt-
zation and position of the
appendages in the arthro-
pod examples resemble
those of the modem coun-
terparts; in addition, the
chordate has a segmented
dorsal muscular column
and a notochord, & do
modern chordates. (A)
Onycophoran: Aysheaia
pedunculata; (B) arthro-
pod: Waptia fieldensts;
(C} arthropod: Marrella
splendens; (D) possible
ascidian: Phiogites; (E) pri-
apulid: Maotionshania ¢y-
lindrico; (F) pan-arthropod:
Opabinia regalis; (G} ar-
throped: Leanchoilia il-
lecebrosa; (H) arthropod:
Jianfengia  muttisegren-
talis; () arthropod: Fudan-
Juia protensa; ()) chordate:
Hakovella lonceolata; (W)
to (O] and (F) are from
D. H. Erwin, Smithsonian
Institution; (D), (E), and
[(G) to ()] are courtesy
of ]Y. Chen, Nanjing in-
stitute of Geology and
Palaeortology, China (I3).
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Vznik novych télnich planua

kambricka exploze: biologicky ,,velky tresk*

Until about 600 million years ago, life on earth consisted of algae,
bacteria and plankton. Then, at the beginning of the Cambrian
period, in a burst of creativity lasting no more than 10 million
years, nature produced an astonishing array of
multicellular animals—the ancestors of virtually all
creatures that now swim, fly or crawl through the
world. Where did they come from? Recent
discoveries in what had been a 20
million-year gap in the fossil record
% may hold the answer o the riddie
_of blology’s Big Bang.

T e ———

530 — 520 mil. let (prekambrium/kambrium)
Vznik novych télnich plana (diverzita vs. disparita)

Vysvétleni? Globalni klimatické zmény, tlak predatord vedouci k vytvoreni
pevnych schranek, set-aside-cells, ...
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r— Diploblasts 1T Triploblasts 1

Kam briCké r— Coelenterates——  r— Ecdysozoans —1rLophotrochozoansa r— Deuterosiomes —
=
exploze }

Myr g § g g § g g i g g ; gi gg E g g Pob
510—MMM o Wheeler mmwml 4 4 A 4 ) 4 4 A Ar 4 4 A 4r A 4
® Burgess Snale ®

520
* Kaiti

® Sirius Passe!

= )
530 § o Chengirang - i I s ?

@ Abundant shelly
fossils

]
540 - " - i
- SMN fossiis | 1 | B | | -
I I -
o Clouding | i 1 P?
I | '
550 — ® “Advanced”
Ediacaran taunas FS I s T
]
]a
S$60
> ® Mistaken Point *
Bunas
" ® First known fossil
® ?End ol ice-age < s
570 -

650 (") Vse podstatné v evoluci zivocichti (vymezeni télnich plant, ustaveni
hlavnich kmen a jejich vyvojového potencialu) se udalo béhem 40 mil.
Fig. 1. Principal e o . . W 1 the context of the early
evolution of metazc Iet (1A hlStorle Zeme) antevents, e.g., cessation

of ice age. To the rignt 15 tNe carpon 1S0topa curve (redrawn Trom ret. 4), winich proviaes an independent tool 1ol correlation by chemostratigraphy and may also
indicate substantial changes in ocean state with possible implications forevolutionary diversification. The evolutionary framework is largely based on molecular
data (12, 19, 20), but the available fossil record not only gives a temporal perspective but also indicates major anatomical transitions that mark the emeargence
of distinct bodyplans. The sister-group of the Matazoa are the Fungli (35), and a possible time of divergence was -~ 650 Myr ago. No fossil evidence for this event
Isyetavailable, and the a@arly history of animals{~650-570 Myr})is also cryptic. Thisis presumably because the earliest metazoanswere microscopic and too fragile
to fossilize readily. The most primitive animals in the fossil record may be represented by the vendoblonts (36). Metazoans are otherwilise divided Into various
major groupings, of which the most significant depends on the number of germ layers: respectively, two in the diploblasts and three in the triploblasts. The
Ediacaran faunas postdate eplsodes of major glaciation and, with the exception of a few mineralized taxa (e.q., Cloudina), lack hard-parts. These Vendian-age
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Vée podstatné v evoluci Zivocichi se udalo béhem 40 mil. Let (1% historie Zemé) !!!

(vymezeni télnich pland, ustaveni hlavnich kment a jejich vyvojového potencidlu)
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Burgesské bridlice
< 3 (Burgess Shale), ,
BJtska Kolumbie, Kanada
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Stephen Jay Gould
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kambricka exploze: biologicky ,,velky tresk*

Anomalocaris sp.

Anomalocaris attacking another arthropod in Cambrian underwater scene by
Lynne M. Clos. Critters from photos of models at Royal Tyrrell Museum
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kambricka exploze: biologicky ,,velky tresk

Opabinia regalis

B =Eyes
=Gills

Opabinia head ~ foremost lobes and gills
cut away to show proboscis passing
food to mouth. ™!
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kambricka exploze: biologicky ,,velky tresk

10 cm

Hallucinogenia sp.

B Anomalocaris canadensis
. Laggania cambna

| Opabinia regalis

M wiwaxia corrugata

Pikaia gracilens

| Hallucigenia sparsa

Fossil specimen on display at thedh-J
Smithsonian in Washington, DC

onychophoran.

an onychophoran.

BALLOCIGENIA
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Télni plan adultl je rozpoznatelné stejny...

... zjevné diky tomu, Zze embryonalné vznika stejnymi vyvojovymi procesy
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Von Baer

Vztah ontogeneze a evoluce

Karl von Baer
(1848)

generalizace embryonalnich vyvojovych rfad
(tzv. biogeneticky zédkon):

Obecné znaky se v prlibéhu ontogenese objevuji drive nez ty odvozené;
Odvozené znaky se vyvijeji ze znakli obecnych a znaky obecné ze znak
jeSté obecnéjsich v drivéjSim vyvoji;

Embrya odliSnych druh( se postupné odlisuji jedno po druhém;

Embrya vyssich organism( prochazeji stadii, kdy jsou podobna embryim,
ne vsak adultdim nizsich organismu.

W84y e ® ( &f Primitive
-------------------- invertebrate taxon
y

Ve \ I e
.................... u{ ) ] 2 \% /)) Amph|b|an
2/ AR 7/
N b
o\ 3 6.
.................... ,ff \ /‘é‘;ﬁ" | Reptile
o/ &/ )
IQ:;/ ~— ,7-_
ey £51s N
](\ N\ i . \i I‘L_H
.................... e L emsonarasssennes \.i»“’.; )| semeeeessenscnsene. '\Z \ Mammal
A LU % )
- i // ‘\k:': //' EJ J

* Von Baer pioneered descriptions of embryo
stages. He noted how, for example, among
various vertebrates, early stages were
closely similar, whereas species-specific
characteristics only gradually emerge
later. So, each species appeared to
repeat the developmental stages of
the others.

* Von Baer, who argued against evolutionary
theories, interpreted this taxonomically;
characteristics common to the taxon were
expressed early, and divergent species-
specific characters were expressed later.

* He regarded invertebrate taxa as entirely

unrelated to vertebrate taxa.



srv. také: Darwin - dukazy evoluce? Embryologie!

e bk 4,2 A,

Ch. Darwin: B Ao, Cn 1

I,{VHF fradeton BaD
; 1. punts Gl
3 "Embryology is to me by far the strongest single class of facts in favor of O

f;yﬂov-} = R Wl

change of forms.” * “Community of embryonic structure reveals community

; of descent”

Rekapitulace je pre-evolucni koncept!
srovnavaci embryologie jakoZto “pattern of unification” organického svéta

(1821 Meckel; 1828 von Baer)

i i e Sl et i)

R

Johann Friedrich Meckel Karl von Baer

(1781-1833) (1792-1876)

T s g < —————— . g — o, . et -~ e v ——————— e e e e AE et B W e e



srv. také: Darwin - dukazy evoluce? Embryologie!

Embryonalni znaky & systematika
plasténci (1871) a kopinatci (1867)

patfi mezi strunatce!

’J’*‘I_,"::“ v)‘_’loi‘\ & . : ko ".
‘ ?;‘ ﬂﬁw opb Bk Alexander Kovalevsky
; W\ (1840-1901)

Fig. 5. Ingression of the vegetal plate to form mesoderm i/lustrated in a latter sent by
A. O. Kowalavsky to 1. |. Metchnikoff (from Tauber and Chernyak, 1891).
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Phases of hypothetical ancestral invertebrate

Vztah ontogeneze a evoluce

Ernst Haeckel
(1865):

pravidlo rekapitulace
(ontogenese rekapituluje fylogenesi):

Pocatedni stadia jsou universalni: blastula, gastrula, neurula,
pharyngula

Fylotyp - fylotypické stadium (u strunatcd pharyngula)

Amphibian

Reptile

—~ N\

S — 52\
"\" N SR D B \ |
E——l )
. '\-‘_V‘) "‘r.»A';‘
=

= i
Mammal
(0™ Co) 3 - \
“7"". ‘ ‘\,isﬁ‘*';‘ :,“/' \
o ) & |
N/ B / e
VA\L/

Phases in vertebrate evolution

LEl

* For Haeckel, embryo stages were direct
evidence for evolution. Each stage in,
for example, the mammal is the
culmination of the terminal addition of
new stages at the end of the repetition
of ancestral amphibian and reptile
stages.

» Recapitulated stages have gradually to
be compressed in time (shown by
dashed lines) to fit into the available
developmental period.

» Haeckel traced vertebrate evolution
back through primitive invertebrate
ancestors (the gastrula was seen as
recapitulating coelenterates).
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Vztah ontogeneze a evoluce
Fylotyp, fylotypické stadium
3114 Ky
T Fisch. 'A.Salamander. T.Schildkrite. H.Hulm. SLSchwéin. K,Kaninﬂ\en_ M.Menjc];,
Abb. 1: Embryonenbilder aus Haeckels "Anthropogenie", 1. Aufl. 1874, Tafel VI l_mc_l VII. Haeckel
schreibt dazu: "Die beiden Tafeln VI und VII sollen die mehr oder minder bedeutende Ubereinstimmung
versinnlichen, welche hinsichtlich der wichtigsten Formverhaltnisse zwischen dem Embryo des Menschen
und dem Embryo der Wirbelthiere in frihen Perioden der individuellen Entwicklung besteht.”
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; obecna platnost

’
5

rekapitulacniho ,,zakona* neplat

rekapitulace je vSak bezesporna;

ivodnéjs;

rive, je puvo

V7

* plati kupr.,.ze znak, ktery se v ontogenesi objevuje
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NEWS & VIEWS JLETTER | —
|~ | Gene expression divergence recapitulates the
developmental hourglass model

: G enomlc hourglass g;;r ﬁem!;x;n K:D]::l\"m :a'x;.pc:kt Dave T. Gerrard®, Stephan Preibisch', David L. Corcoran®, Julia Jarrells', Uwe Ohler,

reveal signatures of the controversial ‘phylotypic’ stage — a time when embryos
" 2 olnnmbcso(manimalphylmaﬂhnkmowaﬁkemmatmmhmnicmge: SEE LETTERS P 811 &R 815

Gene-expression divergence Relative age of
between species expressed genes

High s Modern

Constraint

Ancient | 5
) Constraint Hox

on mechanism

Constraint
on form

Phylogeny
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Vztah ontogeneze a evoluce: revised © ; !
NS R » All stages of development are potentially
A O open to evolutionary change, but
S Uterus/placenta because the epigenetic consequences

of gastrulation are so fundamental,
these basic Bauplan stages will be
evolutionarily stable.

* So, early stages of related vertebrate
embryos tend to be closely similar;
each species becomes increasingly
differentiated as development
progresses.

* Parallel evolutionary modifications can
also occur in preparatory,
pre-gastrulation stages (for example,
egg-shell formation or placentation)
provided these do not interfere with
gastrulaton itself,

* The retention of similar (but not
identical) gastrula stages represents
a form of recapitulation (a repetition
of the building of the ancestral
Bauplan); however, gastrula stages
do not correspond exactly to any
ancestral adult form.
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Proc mame tak malo ,,typu‘ organismu?
Osvédcené morfotypy/télni plany jsou v evoluci udrzované
pomoci vyvojovych omezeni (constraints)

Udrzeni morfotypu / télniho planu
a jeho odolnost v(i¢i zménam je
jeho fundamentalni
charakteristikou; tato vlastnost je
ziejmé vysledkem vnitrnich
vyvojovych omezeni -
genetickych, epigenetickych, Ci
bunécnych.

Embrya, ktera se odchyluji od
vysoce konservativnich lec
osvédcenych bauplant (diky
mutacim v kontrolnich genech,
kupr.), jsou eliminovana. Diky této
stabilisujici selekci jsou variace v
bauplanu minimalni - je tudiz
striktné selektovana vyvojova
uniformita.
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Fenotypicky je toto pak ozrejmeno jako
konservativni vyvojova stadia

(viz fylotyp, zootyp).
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Priklady
fylotypickych stadii:

*planula
*trochofora

*Veﬁger
*zarodek hmyzu

*Casna faryngula i
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Vedecka tradice:

fylotyp vs. fylotypicka perioda vs.
zootyp

e s e e i

Figure: Slack and others proposed the " zootype" as the synapomorphy, the defining
character of the animal kingdom. They argued that in all the animal phyla
investigated until now, the same set of Hox-genes is present. Moreover, these Hox-
genes are expressed in the same anteroposterior order. (Taken without permission

from reference [36])
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Zootyp a Hox geny

Zootyp je mysleny archetyp ¢i predek Zivocich( s dvojstrannou symetrii téla (bilateralia)

Hox geny jsou na chromozomech umistény tésné za sebou, a to tak, Ze poradi genu
odpovida poradi zon, kde jsou exprimovany.

Figure: Slack and others proposed the * zootype" as the synapomorphy, the defining
character of the animal kingdom. They argued that in all the animal phyla
investigated until now, the same set of Hox-genes is present. Moreover, these Hox-
genes are expressed in the same anteroposterior order. (Taken without permission
from reference [36])
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Abdominal-B class

Homeobox = sekvence 183 nukleotidi kodujici homeodoménu =
doména 61 aminokyselin, kterd zodpovida za napojeni na DNA.

Hox geny koduji Hox proteiny = zakladnimi transkripcnimi faktory
Metazoa, zakladni slozkou aparatu vyvojové regulace: zdrojem
bunécné posicni identity a predozadni osy individua
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Figure 6 Expression of Floy gene
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Hox geny a
modulace télnich

planu

VSechny Hox geny vznikly duplikaci a diversifikaci plivodniho jednodussiho Hox setu

od spolecného predka

Hox geny funguiji stejné u velice rozdilnych zivocicht - poc¢atek Evo-Devo

Hox proteiny jsou odpovédné za morfologickou diversitu na organismalnii evolucni
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Hox geny kontroluji pozicni identitu v ramci téla, ne

konkretni struktury! :
genital .
thorax segments abdomen :

D Antennapedia
. Ultrabithorax

D Ultrabithorax and abdominal-A g
f
|:| Abdominal-8 3

;
i
:
i
:
:
i
:
i
3
3
}
i
j
3
)

V genech neni zapsan vysledny fenotyp per se, nybrz ""pouze" navod na vystavbu té€l;
a tento se vyviji a evolvuje; ten navod je modularni a obsahuje v sobé predeslé
navody které rozviji a které uz byly modularni a které si nesou vlastni nastaveni a
omezeni...
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Hox geny a

modulace télnich

blanu

e . e

Hox proteiny jsou odpovédné za
morfologickou diversitu na organismalni i
evolucni urovni...

... Dukaz?
Homeotické transformace!
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homeotickd transformace (homeoze):

upominka na praci Williama Batesona (1894), ktery
popisoval prirozené se vyskytujici varianty jak u
obratlovcl tak u hmyzu, kdy jeden segment byl
morfologicky transformovan v jiny.
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Homeotickeé

transformace
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Homeotické transformace

Homeotic transformation of halteres to wings in Drosophila melanogaster
caused by mutations in the wltrabithorax gene. E.B. Lewis

Normal fruit fly

g y.
hd I ’

Fruit fly with mutation
in the antennapedia gene

" W leg in place
of antennae
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Hox genes determine the form, number, and evolution of repeating parts, such as the number and type of vertebrae in animals with backbones. In the developing
chick (left), the Hoxc-6 gene controls the pattern of the seven thoracic vertebrae (highlighted in purple), all of which develop ribs. In the garter snake (right), the
region controlled by the Hoxc-6 gene (purple) is expanded dramatically forward to the head and rearward to the cloaca.
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Homeotické transformace

Celisti

Caudal branchial arches BA2

BA1

Hoxa2, b1, b2
Hoxa3, b3, d3

Otx2

HoxIPbx|Otx

.

Inter-Arch (AP) Identity i

Dix1&2

Intra-Arch (PD)
Identity

Dix geny:

(homeoticka) transformace svrchni

celisti do podoby cCelisti spodni po
inaktivaci genu DIx5 + 6
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multi-limbed crustacean-like ancestor

~400 million years ago
mutations in a Ubx Hox gene
repressed limbs in abdomen

six-legued insect

B

Homeotické transformace

&

evolucni novinky

Head

Trunk

Tail

Very ancient
ancestor

Myriapod-like

Primitive insect

Drosophila
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TéIni plan (Bauplan) nas strunatcl

STRUNATCI (CHORDATA)
Plasténci (Urochordata) 2000 spp.

Kopinatci (Cephalochordata) 30 spp.

Obratlovci (Craniata) 50 000 spp.

ilaterians (tri S i sts
Bilateria triploblasts Diploblast
|
) u
Ecdysozoans Lophotrochozoans Deuterostomes
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STRUNATCI (CHORDATA)
(Urochordata) 2000 spp.
Kopinatci (Cephalochordata) 30sp.

Obratlovci (Craniata) 50 000 spp.



Apomorfie jako zaklad télnich plan(
(vs. plesiomorfie)

Strunatci - Chordata

Chorda dorsalis (notochord)

Trubicova nervova soustava
Faryngotremie (protrzeni faryngu)
Zlaznaty Usek na ventralni strané hltanu
(endostyl)

Ventradlni posice pulsujiciho centra
krevniho obéhu

Ocasni ¢ast téla (postanalni ocas) -
pohyb

Metamerisace télni stavby a
dorsoventralni polarisace mesodermu

""" Notochord

+ve e rton w Baim

Copynght © The McGrmm #48 Compamen

Copyrght 0 1 1 Lomparat rc Nrmaeon waUret 7 moracon 7 330k

Pharyngeal slits

Brain  Dorsal nerve cord

Endostyle
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Evoluce telniho planu:

kopin

atec jako archetyp

obratlovce

A

Urochordates Cephalochordates Vertebrates

Chordates

@
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Appenilage.

“Kopinatec je vedle &lovéka nejdulezitéjsi a nejzajimavéjsi ze véech

obratlovcl”

E. Heckel: Generelle Morphologie der Organismen, 1866
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Urochordates Cephalochordates Vertebrates
ﬁ

Chordates

-

Evoluce telniho planu: kopinatec jako archetyp obratlovce ?

Tunicates and not cephalochordates are the closest
living relatives of vertebrates

Fréderic Delsuc't, Henner Brinkmann’, Daniel Chourrout™ & Herve Philippe

Cephalochordates Urochordates Vertebrates
—
¥y
Chordates Cument Biology

.
1

- I
Monosiga ovata
—l & —[:" Proterospongia Choanoflageliata

Nematostella
Acropora
- Hydractinia

0.1

1.0

Rhizopus

Blastocladiella Fungf

Monosiga brevicollis

Cnidana
Hydra

Lumbricidae
Haementeria
Euprymna
Gastropoda
Crassostrea
Pectinidae
*
[
T

Mytilus
Ixodidae Protostomia
Penaeidae

Brachyura

Astacidea

Locusta
Apis
Tribolium
Bombyx

Echinodermata
Ce

na

OSO/

Vertebrata

Zatimco pro generace zoologt byl kopinatec prototypen predka obratlovce, dnes se posunul na misto
predka druhoustych skupin;
Evoluci strunatct charakterizuje spie permanentni ztrata “odvozenych” znakd namisto jejich
postupného a “progresivniho” ziskavani !!!

e B S—

B YOG ATV, Py S N iy

1 A, Sy iy et T
i

—y . ——



’

e R A & VA~ W B e Ay 4 i S il W N -

'

L i A 0w S T TSI e el g R e

Remodeling klastra Hox-genul plasténcu

zapricinil zmeny jejich telniho planu

Subphylum

Class

Hox clusters

Cephalochordates Urochordates

]23456789101?321314 1 24 10 65 12713 12 4 99’10M12

HOGH000-  000-0-00- 40 00 0 00

Vertebrates

Ascidians Larvaceans

I Loss of classic RA-.machinery
' Loss of Dnmt1 and Dnmt3

CNS reorganization {absence of midbrain)
Axial patterning becomes independent of RA
Hox-cluster rupture and loss of temporal collinearity +

Genome diminution
Determinative development, rapid embryogenesis and life cycle

Figure 3 | Genome contraction and morphology. Stem urochordates adopted a determinative mode of development,
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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TéIni plan (Bauplan) nas obratlovcl

Until about 600 million years ago, life on earth consisted of algae,
bacteria and plankton. Then, at the beginning of the Cambrian
period, in a burst of creativity lasting no more than 10 million
years, nature produced an astonishing array of

multicellular animals—the ancestors of virtually all

creatures that now swim, fly or crawl through the

world. Where did they come from? Recent

discoveries in what had been a 20

million-year gap in the fossil record

may hold the answer o the riddie

of biology’s Big Bang.

e oemrr e oo n O DHDDONRTIR D IV NN i (T eyl
(" -aiiszasibRibnonmeaRRRRRRRRRRRRBRRRRRE LA
Mg sgh \_’,_gig\elg:qﬂ: v‘ﬁr D I NG D A 0 O T T

\k:\:-‘i'ﬂj""i “|

e s e e i

—— ——— —v— - S e - —— i
el g -




—_

Zdroje specifik Bauplanu obratlovc(?
'g Zasadni modifikace embryogenese!

Class Ascidians

. - Vyvojova, funkéni i

; s W 0 i
: strukturni nadstavba J e

Loss of Dnmt1 and Dnmt3

0 65 1B

HiH

e CNS reorganization (absence of midbrain)
metamerniho P lanu e o s o e Sy

Hox-cluster rupture and loss of temporal collinearity

Genome diminution

s~
]

rapid and Iife cycle
I

,' Figure 3| Genome ion and Stem adopted a determinative mode of development,
3 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 for axial associated with the 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
3 acomplete chordate body plan that is retained throughout life. Mouse image courtesy of Getty Images.
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' - Bunky neuralni listy -
zdroj celkovostni regulace a
] tkariové versatility obratlovc(
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Embryonic
Character origin®
Nervous system
Cranial nerves with sensory ganglia
Trunk ner-es with sensory ganglia
Peripherai motor ganglia
Forebrain

Paired special sense organs
Nose
Eyes (accessory organs)
Ears
Lateral line mechanoreceptors
Lateral line electroreceptors
Gu~tartory organs

Phary nouul and alimentary modifications
Cartiluginous bars
Branchiomeric muscle
Smooth muscle of gut
Calcitonin cells
Chromaffin cells—adrenal cortex

Circulatory system
Gill capillaries
Muscularized aortic arches
Muscular heart

Skeletal
Anterior neurocranium and sensory capsules
Cephalic armor and derivatives

*See references (/5-19, 21, 27).




Bunky neuralni listy zasadnée prebudovavaji
cely embryonalni vyvoj

(typicka je mj. obrovska role induk&nich procesu,
epigenetickych interakci, nedeterminovanost vyvoje)
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To, co ontogeneticky i evolucné konstituuje obratlovce,
jsou buriky neuralini listy

PP AP AT, P g S A i p g

Neuralni lista: embryonalni organ produkujici populace kmenovych
bunék pronikajici (zejm. na rozhrani ektoderm/ mesoderm) do rliznych
mist téla, kde se specificky méni a zdsadné ovlivriujici morfogenesi a

integraci obratlovciho tela
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Biologie bunéek neuralni listy - embryonalni vznik

Not ord

h

Neuralni lista: embryonalni organ produkujici populace
(semi?-)kmenovych bunék které extensivné migruji (zejm. na
rozhrani ektoderm/mesoderm) a poté se diferencuji do
ohromného mnozstvi (novych!) bunéénych typu, ¢imz zasadné
ovliviujici morfogenesi a integraci obratlovCiho téla

A B

Wnt1, Wnt3a

Neural stem cell
Ecmde,m _/\\—\‘\ (
“ ﬁ \~
P

/ Neural crest stemlike cell
NT ) \ B

8 B 4A)
S()mne .;"
Wnt Endothelin
f BMP GGF Nﬂl
NO / \
0%
Ventryy | :
i \‘ Schwann cells
oo ,«/\ Autonomic *© Mel \
J \ neuron Glia elanocytes

Gammill & Bronner-Fraser: Nature Reviews 2003
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Bronner-Fraser: Science 2004
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NEUROGLIAL FATES

P"”Ympathencm I
SYMplthetic neuron dOPhOT ‘o

o \\' X
\ .

/
’ Ectomesenchy™ [N ﬁ

Connective tissue ’ \ =

Odontoblast Osteocyte
SKELETOGENIC FATES

Figure 2. The principal derivative cell types of neural crest. The major derivatives of neural crest cells are schematically illustrated here,
grouped according to whether they are classified as ectomesenchymal or non-ectomesenchymal.




Fig. § Schematic chick and mouse skulls
showing the contributions of neural
crest, paraxial and lateral mesoderms to
the cranial skeleton. The avian map is
based on transplantation and retroviral
lineage tracings in the chick embryo;
hyobranchial structures, all of which are
derived from neural crest cells, are not
shown. The mouse map is based largely
on the location of neural crest cells, as
identified by expression of LacZ driven
by a Wnt? promoter in cre-lox transgenic
embryos (Jiang et al. 2002). Origins of
mouse laryngeal cartilages are by
extrapolation from avian data, with the
caveat that birds do not have a thyroid
cartilage. Blue dots indicate the
locations of crest cells present at sites of
calvarial sutures. Abbreviations (Figs 5, 9
and 11): Ang, angular; Art, articular;

Bs, basisphenoid; Den, dentary; Eth,
ethmoid; Lac, lacrimal; Ls,
laterosphenoid*; Mc, mandibular
cartilage; Nc, nasal capsule; Os,
orbitosphencid*; Pal, palatine; Pfr,
prefrontal; Po, postorbital; Ps,
presphenoid; Ptr, pterygoid; Qd,
quadrate; Qju, quadratojugal; San,
surangular; Sqm, squamosal; *regions
of the pleurosphenoid.
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A. Chick

.

Mandibular (Meckel's)
cartilage



I{\a ligament
;‘:4" 0

Alveolar bone

: 1 ECTODERM-
/ ‘ DERIVED
/," \\ ——————— Enamel
\4 7 7 L4 Na4 4 ’/ “ / //‘ "-—\T“-— Dentm
Bunky neuralni listy tvori hlavovy mesenchym (/ A\
/ y. Pulp
» vznik skeletalnich tkani kondensaci mesenchymu l\ Y ,)’\
‘ A | %F—qr—Ccmen!um

£ ,L il
| ‘Qoli{l‘ " | fol —— Periodontal

| i'."' .[‘ ‘ )

NEURAL
CREST-
DERIVED

Embryo axolotla: hlavovy mesenchym znaceny zelené (GFP):
vyplriuje cely prostor (srv. dermis-skdra) a kondenzuje do Celistnich chrupavek a zubd, m;.



Evoluce obratlovcl jakoZto Evoluce neuralni listy

Asi nejndpadnéjsi vlastnosti nas obratlovc( jsou zcela nové skeletdlni
tkané ... a jejich fenotypické modifikace!

Duck Quail
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- Vznik Celisti byl zasadni udalosti v evoluci obratlovcu...

bezcehstnam <100 druhu~ ek S

_mJ ,)L)_)J.)]‘/ accou ted for much of their:
u.msj,ulh ICCes “M

John Mallat

.. avolics caligef =4



... Viz téz, kupf.:
-+ evoluce tvare (amnoha
: hlavovych struktur!)

evoluce morfogeneze
bunek neuralni listy!
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VétSina unikatnich tkani obratlovcu je bezprostiedné
odvozena z bunek neuralni listy

Bunky neuralni liSty tvori 4. zarodecny list (ektoderm,
entoderm, mesoderm, n. lista)

... a obratlovci jsou tedy kvadroblasticti ZivoCichové!
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Causa zarodecnych vrstev

Diblastika - ektoderm + entoderm = prim. zarodecné vrstvy;
stale spiSe epitelidlni usporadani/organizace tél

Triblastika - mesoderm = 3. zar. vrstva; vypli mezi EKT-ENT;
vyrazné vice objemova/ solidni/ 3D organizace t€l

Tetrablastika - neurdini liSta a jeji derivaty jako 4. zar. vrstva (nas) obratlovc(;
nadstavba diky vysoce migratorni populaci pluripotentnich bunék, metainterakce

Bilaterians (triploblasts) Diploblasts

Ecdysozoans Lophotrochozoans Deuterostomes
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Evolucni biologie vyvoje Zivocichti, ontogeneze & evoluce:

zarodecné listy, télni plany, homeotické geny, evoluce

Télni plany: diverzita vs. disparita

Jak se béhem embryogeneze t.p. vyvijeji a proc jsou stabilni?

Evoluce a evolvabilita télnich pland obecné

Télni plan nas strunatcll [ obratlovcli konkrétné



