C8545 Developmental Biology
Lesson 3
Early Development of Amphibians and Amniotes

Jan Hejatko
Laboratory of Molecular Plant Physiology,
Department of Functional Genomics and Proteomics,
and
Functional Genomics and Proteomics of Plants
CEITEC
Masaryk University,
Brno, Czech Republic
hejatko@sci.muni.cz, www.ceitec.eu

|\ :!V% n® JERS;
Ef .. W
K H. 3
L ]
* * * iy
- MINISTERSTVO SKOLSTVI OP Vzdélavani O
EVROPSKA UNIE il SLADE S E & TEiDie chor,

b
%
pro konkurenceschopnost ZANA B

INVESTICE DO ROZVOJE VZDELAVANI

Tato prezentace je spolufinancovana
Evropskym socialnim fondem
a statnim rozpoétem Ceské republiky

.ﬁ‘d"’vl’h
VEnsis+®



o Outline of Lesson 3

Early Development of Amphibians and Amniotes

o Oogenesis in amphibians

o Blastula formation and dorsoventral axis fomation in amphibians
= cleavage of Xenopus zygote (video)

o Gastrulation
= gastrulation of amphibians (video)

o Neurulation
= neurulation in Xenopus (video)

o Oogenesis in amniotes - chicken

o Gastrulation in amniotes — chicken
= early and late gastrulation in chicken (video)
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° Outline of Lesson 3

Early Development of Amphibians and Amniotes

o Gastrulation in amniotes — chicken
= early and late gastrulation in chicken (video)

o Formation of extraembryonic tissues in amniotes — chicken
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° Outline of Lesson 3

Early Development of Amphibians and Amniotes

o Oogenesis in amphibians
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Oogenesis in Xenopus vs. oogenesis in Drosophila
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Huynh and Johnston., Curr Biol (2004)

Drosophila Kenopus

Cogenium
4 rounds of mitosis
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Polarity inherited from the
divisions

Cystoblast

16cel nest

One cell diferentiates

All16 cels became
as an oocyte | oocytes
(regien 2b) [Ztage "0")

weEites, cenimEames
rozhondria, T
minus-ends, proteins,
mFkAs
- — Follidle cell invasion __ M;S‘SE?&'
- {sigral 7)

Repolarization

ves iz leE, centrosomes
mitozhondria, MT
minus-2nds, proeins,
mBRMAS

liligration to the cortex
posterioriregetal

Fosterior Vegetal
Vitellogenic stages

Current Biology

Sperm entry in the animal hemisphere
determines the future dorsoanterior position

* 5 *

EVROPSKA UNIE i’

el L

m _Q,“NERSJ’\%_ INVESTICE

MINISTERSTVO SKOLSTVI, OP Vzdélavani % s,
MLADEZE A TELOVYCHOVY pro konkurenceschopnost ANA®

| .
%‘JSVW
VENs1S

A7

O

DO ROZVOJE VZDELAVANI

Tato prezentace je spolufinancovana
Evropskym socialnim fondem
a statnim rozpo&tem Ceské republiky



Nucleolus
Eukaryotic Cell

DNA
NN NN NN ONNOW Nuceloli located (approx. 1500)

——  ——

Tandem 453 rBNA genes

Internal Transcribed Spacer (ITS) 3 ETS

Eg Single 458 gene /
From another
(—chromosome . .
\ Outside the nucleoli

5 External Transcribed Sequence (ETS) is Sis Eis X
L [ J 20K vs. 400 copies in
oocytes and somatic

+ 33 proteins + 49 proteins .
cells, respectively
1

\
408 subunit 608 subunit 7

\
\
L J ’
’
’

\
s\ + Mg+ P
Nucleus

N
v

o 0 [ > Cytosol

INVESTICE DO ROZVOJE VZDELAVANI

el
\\JERS;],
K. Soa 2a"
Tato prezentace je spolufinancovana

75}
. s 2
f 3 w s gt
y ) 5 EA & Evropskym socialnim fondem
MINISTERSTVO SKOLSTVI, OP Vzdélavani 6{7 & L. . x : '
pro konkurenceschopnost ANA® a statnim rozpoc¢tem Ceskeé republiky

MLADEZE A TELOVYCHOVY

EVROPSKA UNIE i’



Hormonalni stimulace
hormony hypofyzy

(gonadotropin) Zarodeény vadek
Hormo_na_l stimulation Gorminal vasicis Animal
from pituitary pole -
S Polar Meiosis |l
perm .
spindle

Progesterone cell
from follicle  entY
2\ to oocyte N

ﬂﬁﬁ"&‘?

T ...oo-o-.... 7

g - o0 . .

» . .: "' - 2 - - \-2"?\ 1—- .- P
Meiosis | H ganinae & 0TIV E S et =
H +s.spermcell nucleus .~

_

Germinal vesicle
breaks down

Folicle
disassembles,
release to oviduct

Intracellular perceived progesterone
signal induces oocyte maturation. “Fertilizable”
Primary oocyte secondary oocyte

E; o}.} I'P-éntrgs‘d‘r‘f]?? ’; ‘_T hl :- . ; |

b TP

Vegetal pole

INVESTICE DO ROZVOJE VZDELAVANI

S -® JERS
.’. ."3\\\ i?;i .

. - Tato prezentace je spolufinancovana

/ Evropskym socialnim fondem

ZANA DY a statnim rozpo&tem Ceské republiky

&,
VEnsis+®

* X
w *
* *
* *
* * *
5 MINISTERSTVO SKOLSTVI
EVROPSKA UNIE U MLADEZE A TELOVYCHOVY pro konkurenceschopnost

NSVIY

OP Vzdélavani




° Outline of Lesson 3

Early Development of Amphibians and Amniotes

O
o Blastula formation and dorsoventral axis formation in amphibians
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Important molecular events precede further development at the midblastula
transition (MBT)

* Induction of transcription
*  Acquiring potential of cell motility

+  Slowing down the cell division cycle Early Late
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° Outline of Lesson 3

Early Development of Amphibians and Amniotes

O
O
= cleavage of Xenopus zygote (video)
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° Outline of Lesson 3

Early Development of Amphibians and Amniotes

o Gastrulation in amphibians
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Oblast epibolie (radialni interkalace)
C. Late Gastrula AP deep marginal cells move anteriorly
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D. Neurulation Finished

Anterior Siickih Anterior Brain forming
ﬁ Dorsal %ﬁ Ventral
Posterior Posterior
Formation of
neural tube Notochord
forming
Archenteror
Blastopore
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° Outline of Lesson 3

Early Development of Amphibians and Amniotes

= gastrulation of amphibians (video)
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° Outline of Lesson 3

Early Development of Amphibians and Amniotes

O
O

m
O
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o Neurulation
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A. Formation of Neural Folds

) Neuralni ploténka
Neural plate with columnar cells
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B. Elevation of Neural Folds

Fold

Apical Fold
constriction

o
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Neural plate
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C. Formation of Neural Tube

Mista ohybu
Prospective neural crest

1Hinge points
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neuralni valy
Fused neural folds

Neural tube

Notochord
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Neural tube : Neural crest cells

Tail bud
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° Outline of Lesson 3

Early Development of Amphibians and Amniotes

O
O

m
O
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= neurulation in Xenopus (video)
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A.The vertebrate “body axis” (head—trunk-tail)
and the four characteristics of chordates

€ Notochord
€ Dorsal hollow nerve cord
O Postanal tail
e Dorsal
.

. — | . .
RERRTRERT / Anterior Posterior

@ Gill slits

Ventral

Series of muscle
blocks (somites)

Anus

B.Section through
tadpole’s trunk

Epidermis ——— CpIBinE } Ectoderm
Neuralni trubice Neural tube

Struna hibetni

(chorda) Somite N

Somit Notochord

Aorta Blood vessel

Ledviny Kidney > Mesoderm

Genital ridge
(gonad)
Mesentery
Coelomic lining

Genitalni lista
Mezentérium

(v dospélosti
peritoneum)

Prvostfevo ’ i —~Gut cavity }Endoderm
Coelom

Somatopleura
Somatic mesoderm

Coelomic cavity

Splanchnopleura
Splanchnic mesoderm
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° Outline of Lesson 3

Early Development of Amphibians and Amniotes

O
O

m
O

m
O

]

o Oogenesis in amniotes - chicken
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A.Oviduct Events B. Blastodisc

Cross Sections

Hours After
Fertilization

Ovary
Vajecnik Time (hrs)
0
Fertilization
occurs within
infundibulum
"!’f‘l‘;w:ﬂ)blﬂla‘m Side view of embryo, longitudinal
. section in anteroposterior direction 4
(nalevka)
Yolk— Cleavage
blastodisc
Zarodeény teréik Albumen and Upper end
Blastodisc other egg 8
: white proteins
Oviduct § addedpas egg Blastomeres
Vejcovod  Magnum passes through  Subgerminal N L d
Magnum magnum cavity - oweren
Prospective
o posterior 12
Isthmus (uzina) Hypoblast forming
.— Delaminating
Shell membrane y, cell
?sdiﬁeigtmt% egg ——— L Pr?spectivts
oller’s sickle © anterior
L Shell membrane
Calcium Epiblast
carbonate
shell - Hypoblast Area opaca 20
Uterus 4 carbonate
Déloha shell added
in uterus
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° Outline of Lesson 3

Early Development of Amphibians and Amniotes

O
O
O
O
| |
O
o Blastula formation in amniotes - chicken
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A. Egg before formation of hypoblast

Area Area Area Area Posterior Posteriorni
opaca opaca pellucida pellju\cida marginal zone Mmarginalni zéna
Egg laying:
60,000 cells,
about 1 mm in
diameter

Epiblast  Subgerminal Ryhovaci
cavity dutina

B.  Primary hypoblast Primarni hypoblast

Hypoblast cells delaminating from epiblast

C. Secondary hypoblast Sekundarni hypoblast
Dorsal Koéller’s sickle

Posterior

Hypoblast cells migrating from Migrujici bunky
deep cells of the posterior region hypoblastu
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Cut blastoderm in

pieces like this... ...or like this

Numbers show
percentage
of total pieces
from a given
region that
could form
an axis

25 29

Posterior marginal zone
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A. Egg before formation of hypoblast

Area Area Area Area Posterior Posteriorni
opaca opaca pellucida pellucida marginal zone marginalni zéna
A

There is a role of graviotropism in the
anteroposterior axis formation in birds

Yc-.lk -' gleav%ge
astodisc
X Albumen and Pperond
Blastodisc other egg
. ; P . white proteins
Epiblast  Subgerminal Ryhovaci addedasegy | oo - Blastomeres
. - |
cavity dutina ﬁ.laasgsr?jnt.'hrough c:vi?y Lower end
Prospective
posterior 1
. . s . : Hypoblast forming
B. Primary hypoblast Primarni hypoblast
Delaminating
azgggg:::.'aw&ﬁ-;a-.-_a%_h " Shell membrane cell
5705 09050 0o &0 9 '-a.c-?.'r.;.;,-‘::::;-a-&.é:% iasdhcieigtmmes egg o "N Prospective
& “3%\- Shell mambrane Koller's sickle anterior

Hypoblast cells delaminating from epiblast

C. Secondary hypoblast Sekundarni hypoblast

(endoblast) Dorsal Koller's sickle Kollertv srpek

Posterior

Hypoblast cells migrating from Migrujici bunky
deep cells of the posterior region hypoblastu

* X
4 *
* *
- *

* 5 Kk

&,
Vensis®

— Evropskym socialnim fondem
a statnim rozpo&tem Ceské republiky

A7

> VERST,, INVESTICE DO ROZVOJE VZDELAVANI
1 3 .
%r A - s Tato prezentace je spolufinancovana
- Z
9 X % ol TR ?
v MINISTERSTVO SKOLSTVI, OP Vzdélavani JANAB%

EVROPSKA UNIE

MLADEZE A TELOVYCHOVY pro konkurenceschopnost



A.Preparation of blastoderms B.Rotation of hyoblasts by 90°
Zarodecny tercik

Area Small hypoblast disc New orientation Final orientation
Blastodt-?rm : opaca Anterior of hypoblast of primitive streak
(blastodisc) : Marginal
. zone
Area
pellucida ﬂ
Koller's
sickle
Kéllerav ;
Dissect blastoderm Blastoderm as seen from sfpek .
from egg yolk; turn hypoblast (side facing yolk); Posterior
over blastoderm. hypoblast ready for cutting.
yo y g Larger hypoblast disc
Anterior
I I
Does hypoblast determine the Pusiarot
: : : Largest hypoblast disc
anteroposterior axis of epiblast? R
Posterior

Excise Rotate 90°, Observe
hypoblasts at allow to m==) orientation of
different sizes develop primitive streak.
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° Outline of Lesson 3

Early Development of Amphibians and Amniotes

o Gastrulation in amniotes — chicken
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A. After 3 - 4h of incubation

Anterior Area
opaca

Area

Posterior vellucids

B.10 — 12h of incubation

Anterior

Posterior

C.18 — 20h of incubation

Hensen’s Hensenlv uzel
node

Area Area opaca
opaca

Anterior
Primitive Primitvni prouzek
streak

Posterior

Area _ Area pellucida
pellucida
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D. Schematic of movements through the primitive streak
Epiblast

Movement of epiblast
to form mesoderm

Movement of epiblast
Yolk to form endoderm
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B.Section through ¥
tadpole’s trunk

Epidermis

Neural tube } Ealodems

Somite
MNotochord
Blood vessel
Kidney

i— Genital ridge
(gonad)
Mesentery
Coelomic lining

>~ Mesoderm

ff — Gut cavity

Gut } Endoderm

Somaticky Stredni Nervova
" mezoderm mezoderm trubice Somity

Somatic Intermediate eural tube Somite Surface
mesoderm mesoderm ectoderm

Coelomic cavity

Splanchnic / @

oelom Notochord Yolk-filled
mesoderm endoderm
Splanchnicky Yolk
mezoderm
. GVERS! INVESTICE DO ROZVOJE VZDELAVANI
i: § “é Tato prezentace je spolufinancovana
b Z & Evropskym socialnim fondem
M\N\STERSTVO SKOLSTVI, OP Vzdélavani ‘%, O

EVROPSKA UNIE

MLADEZE A TELOVYCHOVY  pro konkurenceschopnost Zanas® a statnim rozpoétem Ceské republiky



° Outline of Lesson 3

Early Development of Amphibians and Amniotes

O
= early and late gastrulation in chicken (video)
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° Outline of Lesson 3

Early Development of Amphibians and Amniotes

o Formation of extraembryonic tissues in amniotes - chicken
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D. Schematic of movements through the primitive streak
Epiblast Movement of epiblast

to form mesoderm

Movement of epiblast
Yolk to form endoderm

Extraembryonalni coelom
Extraembryonic coelom

Somatopleura
Somatic mesoderm

Splanchnopleura
Splanchnic mesoderm

Endoderm
Endoderm

Zloutek
Yolk
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B. Hlavovy ohyb amnionu

Head fold of amnion
Ocasni ohyb amnionu
Tail fold of amnion

Extraembryonalni coelom
Extraembryonic coelom

Somatopleura
Somatic mesoderm

Splanchnopelura
Splanchnic mesoderm

Endoderm
Endoderm

Zloutek
Yolk
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C.
> Embryo
~ Embryo

Strevo
Gut

Amniova dutina
Amniotic cavity
Amnion

A Amnion
Alantois
Allantois

.. ® = S Sero6za (chorion)
SRR BRCE A Chorion
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Chorioamniova

D. dutina
Chorion Chorioamniotic
\ Amnion cavity Amniotic Amniova

cavity dutina

Ectoderm \;3 \

Neural tube

Notochord
Aorta —  —=

Mesenchyme \ Hindgut-~

Midgut
J v eidn uric acid accumulation
Endoderm SR TR BORA NN
SASSIERIF AN
Mesoderm Allantoic evagination
(splanchnic) Vychlypenim zadniho stfeva (g||antojs pushing into

vznika budouci alantois :
extraembryonic coelom)
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Embryo

Gut
- Amnion

Amniotic cavity

Chorioallantoic

membrane
Chorioalantoidni

Yolk membrana

Chorion
Serodza (chorion)

AIantois_
Allantois

Yolk sac
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. Key Concepts

o First source of asymmetry originates from the oogenesis both in
Drosophila and Xenopus.

o In Xenopus, another important source of asymmetry leading to
breaking of the virtual radial symmetry of the egg and dorsoventral
axis specification is the sperm entry that induces cytoplasm
rotation.

o These processes result into Speman organizer differentiation and
allow specification of the cell fate during blastula formation.

o Gastrulation allows further delimitation of the developmental fate.

o Amniotes developed terrestrial adaptations that are of
extraembryonic origin.
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