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o Outline of Lesson 4

Organogenesis in Vertebrates: Ectodermal Derivatives

o Early development of mammals
= oogenesis and blastula formation
= placental tissue differentiation
= extraembryonic tissue formation
= use of embryonal cells in mammalian transgenosis

o Differentiation of neural tissue
= mechanisms of neural tissue specification
= signaling in the spinal cord development
= gpatial-specific differentiation of neural crest derivatives
= stratification of neural tube

o Development of brain and its derivatives
=  brain vesicles formation and development
= eye development
= cranial ganglia and sensory organ epithelia

o Integument
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o Outline of Lesson 4
Organogenesis in Vertebrates: Ectodermal Derivatives
O
= oogenesis and blastula formation
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Zygotic transcription
First cleavage

Fertilization = 7o © Initiates @ 128-cell
(day 1) pellucida  2-cell stage/ blastocyst
v P Imprinting Implantation
i g D and placenta
4-cell formation
stage (day 7)

Compaction

Oviduct Kompaktizacé
Vejcovod

Cavitation

Oogenesis control by Kavitace

ituitary h i
pituitary hormones Hatching

Uhnizdéni
(nidace,
implantace)
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Early 8-cell stage
O

Com paction :> (C(;e;\ll\ﬁ;hesive Molecules

Rows
of tight
junctions

Compacted 8-cell stage
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Tight
junction

Internal
cell

Periclinal cell divisions

External
cell Gap
H,O junctions
32-cell stage (cross section)
|
Cavitation
¥

Placenta formation <:| Trophoblast Inner cell [ Formation of the embryo

Tvorba placenty cell —OX\ mass (ICM) proper ]
\ Tvorba vlastniho embrya
Blastocyst
cavity
64-cell stage
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A.
— Both cells
o Transplant give rise to
Dissociate to blastocyst embryonic
and placental
tissues

16-cell stage
(cross-section)

) Gives risg tc_>

embryonic tissues
Transplant

Dissociate to blastocyst

Gives rise only to
placental tissues

64-cell stage
(cross-section)
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Polarni  Polar Epiblast Epiblast
trofoblast trophoblast (future embryo) (embryoblast)

Hypoblast
Hypoblast
(extraembryonic
endoderm)

Blastocysta
(nikoliv blastula!)

Mural Blastocyst

trophoblast ———<

St'p . (not blastula!)

enovy  128-cell stage
trofoblast
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Organogenesis in Vertebrates: Ectodermal Derivatives
O
= placental tissue differentiation
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A. Early blastocyst at time of
implantation (4 days)

7 Polarni trofektoderm

Délozni sténa Polar trophectoderm
(endo[netrlum)ll Bunky vnitfni bunééné masy
Uterine wall < Inner cell mass
0 Parietalni (nasténny) endoderm
Parietal endoderm
. N4 ' Visceralni (vnitini d endoderm
Implanting < — Vlsceral endoderm
blastocyst Dutina blastocysty
Y Blastocyst cavity
Sténovy trofektoderm
Zona pelucida lysed —. Mural trophectoderm

via antipodal trophoblast proteasé‘secreetion
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B. Inner cell mass
at 5 days

C. Inner cell mass
at 6 days

Trofektoderm

Trophectoderm

Parietalni endoderm

Parietal endoderm

Proamniova dutina

Proamniotic cavity
Embryonélni.epibla.st
Embryonic epiblast

Visceralni endoderm

Visceral endoderm

Dutina blastocysty _
Blastocyst cavity
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A.Day7

Hypoblast (primitive endoderm)

Antipodal
trophoblast (secretes Cytotrophoblast

“hatching” enzyme)

B. Early on Day 8

Cytotrophoblast

C. Late on Day 8

Epiblast ~ Amnion

Syncytiotrophoblast

Primitive
endoderm

Blastocyst
cavity

Cytotrophoblast
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A. Day 7

Uterine endometrium @

Kk
Villus

Polarni trofoblast
Polar trophoblast
Vnitrni bunééna masa
ICM

Hypoblast (primitivni endoderm
ypoblast (primitive endoderm)

Cytotrofoblast
ytotrophoblast

Antipodalni trofoblas

Antipodal
trophoblast (secretes
“hatching” enzyme)
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B. Early on Day 8

Kapilara endometria
Endometrial capillary

Dutina blaséocystu

Blastocyst cavity

Amniova dutina
Amniotic cavity

Syncitiotrofoblast
Syncytiotrophoblast

mbryonalni epiblast
Embryonic epiblast

Embryonalni hypoblast

Embryonic hypoblast
Cytotrofoblast
Cytotrophoblast
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C. Late on Day 8

Epiblast Amnion

Syncitiotrofoblast ’ ANVARRY
Syncytiotrophoblast < -o. {

Primitivni endoderm \
Primitive S

endoderm —

Dutina blastocystu :
L)

-

[/

Blastocyst
cavity *

Cytotrofoblast A
Cytotrophoblast e

Zarodecny tercik

(‘.-} — Blastodisc
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Fertilization 'y cleavage

‘ona
(day 1) pellucida  2-cell stage

128-cell
blastocyst

Implantation

There’s very early cell fate

N specification during mammals
i embryogenesis at the stage of
two-celled embryo!

2-cell stage

Hatching
Ovary
A. Early blastocyst at time of @

implantation (4 days)

Uterine wall H

Implanting ——<
blastocyst

Polar trophectoderm

Inner cell mass

Parietal endoderm

Visceral endoderm

Blastocyst cavity

Mural trophectoderm
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Organogenesis in Vertebrates: Ectodermal Derivatives
O
= extraembryonic tissue formation
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A. About 9 Days

Amniotic cavity
Body of embryo
Yolk sac

D. Schematic of movements through the primitive streak
Epiblast Movement of epiblast

to form mesoderm

Trophectoderm
Extraembryonic coelom

Movement of epiblast
to form endoderm

B. About 13 Days

Amniotic cavity
Body of embryo
Yolk sac

Processes of the primitive
streak and Hensen’s node

Trophectoderm

Body stalk f . d
Extraembryonic ormation a_re conserve
coelom between chicken and human

U )

QS embryos and the first genes
involved are being identified
(e.g. HEX, CERBERUS,

C. About 21 Days

Chorion 22 ) ARCADIA, etc.]. However, the
S head organizing centre seems
coelom 9 to be specific and neceessary
— S for human embryos.
mnion
Allantois \\\ P
_ 5,
Yolk sac
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A. About 9 Days Somatic

mesoderm

Amniova dutina

Amniotic cavity
Body of embryo

Zloutkovy vadek

Yolk sac

Trophectoderm

Extraembryonic coelom

\J Splanchnic
mesoderm
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Somatic

B. About 13 Days mesoderm

Amniotic cavity
Body of embryo

Yolk sac —

Trophectoderm

Zarodecny stvol
Body stalk —

Extraembryonic
coelom
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C. About 21 Days

Embryo
Gut
. Amniotic cavity
ChOFIOn znr:lrrl]it(;r:s
>— Chorion
Yolk .
Extraembryonic Extasmbryonic
coelom /
Amnion
Allantois S Télni stopka, budouci
pupek
Body stalk, the future
Yolk sac umbilicus

Sije

Isthmus (equivalent to
splanchnic mesoderm
of allantois in birds)

gonadotropins, steroids

EVROPSKA UNIE il

*
L

b e SVERSZ, INVESTICE DO ROZVOJE VZDELAVANI
° o <&
Ef W‘i . ' M "é Tato prezentace je spolufinancovana
,éf;
Al T

Evropskym socialnim fondem
MINISTERSTVO SKOLSTVI OP Vzdalavani ) S o ’ L ,
ILADEZE A TELOVYCHOV pro konkurenceschopnost ANA® a statnim rozpoctem Ceskeé republiky

SV
GEPYA



How many cells are necessary for the embryo proper formation?

raf-’f

Embryos of Remove Adherent Fused Chimeric Chlmenc\

Chimeric pup

two differently zona blastocysts  blastocysts  blastocyst blastocyst \
pigmented pellucida implanted
mouse strains into surrogate
foster mother
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Organogenesis in Vertebrates: Ectodermal Derivatives
O
| |
u
| |
= use of embryonal cells in mammals transgenosis
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¢ Isolate single cells from a blastocyst of black mouse parents. Pick a single cell from the first culture and grow a clone of this cell in

cultures for 15 mitotic generations. Repeat every 10 days for a year.
These are ES (embryonic stem) cells.

Magnified view Progeny of single ICM cell

of blastocyst in nutrient culture medium
Transform stem cells with a cloned gene. o Inject transformed ES cells into blastocysts Resultant pups will be chimeras
Include an antibiotic resistance marker in the from white mice. Implant into surrogate of ES cells from black parent
cloned gene. Culture ES cells in presence of mother. and white parent. Black ES cells
antibiotic to select transformants. contain transgene.

Cloned
DNA with
antibiotic
resistance
ES cells

Some germ cells will
¢ Breed chimeric mice to produce homozygous transgenic offspring. be from a black ES cell

Chimera

L _ | >

Parents Heterozygous F,

Homozygous strain
from ES cell, F,
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. Outline of Lesson 4
Organogenesis in Vertebrates: Ectodermal Derivatives

O

o Differentiation of neural tissue
= mechanisms of neural tissue specification
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Usni plakoda Myotomy
Otic placode 5 Myotomes

Pharyngeal
pouches

A. B.
Spinal cord
Brain Migrating Somite
neural ,

Forming crest Ganglia
lens Notochord
Forming Forming adrenal
eye

Forming Gut

pituitary Sl

Pharynx
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Collapsing
blastocoel

“Neuralizing”
induction factor

Spemann
organizer

Dorsal lip

Ventral lip Yolk plug

Release of factors
that neutralize
“instructions” to
become epidermal
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Prospective neural plate

P Prospective notochord
Archenteron
Dorsal <
tissues Dorsal lip of
blastopore
2
"
Ventral <
tissues
o

KEY

Concentration of Noggin
and Chordin inhibiting BMP4

BMP4
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XOLLOID
RELATED
zinc
metalloprotease

Xir

CHORDIN

Chd

De Robertis and Kuroda, Annu Rev Cell Dev Biol (2004)
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FIBROBLAST GROWTH
FACTOR FGF Chd

INSULINLIKE GROWTH  IGF |0 -0cvTe crowtn  NO9
FACTOR HGF FacTor 1

EGF EpIDERMAL GROWTH BMP4
FACTOR *

2 RTK (RS TK

DNA binding —— /l/ multiple protein interaction
d
Lin
e | Smad4
Preventing = |

MAPK nuclear \

translocation
Neural Genes

De Robertis and Kuroda, Annu Rev Cell Dev Biol (2004)
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. Outline of Lesson 4
Organogenesis in Vertebrates: Ectodermal Derivatives
[l
O
= signaling in the spinal cord development
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Prospective
neural plate

-

B.
Covergent extension iy --—-»l é S
Konvergentni extenze
C.

Driven by notochord
elongation

Convergence

l

SN W

Extension

late gastrula

early-to-late neurula
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Homologues of the Drosophila’s HOM genes are involved in the
anteroposterior axis formation

Remove this portion of Eyelike tissue

neural plate and culture

Brainlike tissue

Remove this portion of
neural plate and culture

Spinal cord—
like tissue
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A. The basic situation
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o Outline of Lesson 4

Organogenesis in Vertebrates: Ectodermal Derivatives
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spatial-specific differentiation of neural crest derivatives
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o Outline of Lesson 4
Organogenesis in Vertebrates: Ectodermal Derivatives
O
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A. Basic organization
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Control (unoperated) Remove right wing Add supernumerary right wing
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o Outline of Lesson 4

Organogenesis in Vertebrates: Ectodermal Derivatives

O

o Development of brain and its derivatives
=  brain vesicles formation and development
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Changes in motility, cell division and apoptosis results into further
segmental brain differentiation and vesicles formation
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o Outline of Lesson 4

Organogenesis in Vertebrates: Ectodermal Derivatives
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Ectopic overexpression of EYLESS results into ectopic eye formation in Drosophilla
and mouse PAX6 is able to complement eyless mutation
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o Outline of Lesson 4

Organogenesis in Vertebrates: Ectodermal Derivatives
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cranial ganglia and sensory organ epithelia
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TABLE 6.2 A SUMMARY OF THE FUNCTION AND DERIVATION OF CRANIAL NERVES

Contributions From:

o Name Function Placode Neural Crest
I. Cichovy
(nervus
olfactorius)
Il.Zrakovy (n. olfactorius)  Olfactory ! Smell
ll. Okulomotoricky (n. Optic i Sigght
oculomotoricus) Oculomotar 1 Eye muscle {motor)
Iv. Kladk(_)V)'/ (n. Trochlear [ Fye muscle {motor)
trochlearis) e o ql ' " +
: / Sensory
V. Trojklanny (n. 1Al : ¥
trigeminus) Abducens Vi Eye muscle (motor)
VI. Odtazny (n. abducens) gl VI Mainly motor -
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o Outline of Lesson 4

Organogenesis in Vertebrates: Ectodermal Derivatives

O

o Integument
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. Key Concepts

o The first zygote division in the mammal development is highly
asymmetric

o Mammals developed placenta as a terrestrial life adaptation that is
different from terrestrial adaptations of birds and amphibians and
allows intrauteral embryo development.

o There is intense tissue communication during neural tube
development allowing its differentiation in both anteroposterior and
dorsoventral axis via formation of morphogen gradient.

o Multipoptent neural crest undergo complex targeted cell movements
that allows their spatial-specific differentiation.

o Eye development is highly conserved.

o Both neural cord and eye development employ common mechanism
of morphogenic gradient formation: BMP/HGG
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