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Outline of Lesson 5

Organogenesis in Vertebrates: Endo- and Mesodermal
Derivatives

o Mesoderm derivatives development
= somites formation and signalling
= formation of muscles
= endochordal ossification and signalling
= nephrogenesis
= formation of gonads
= hematopoesis and circular system development
= limbs formation

o Endoderm derivatives development
= alimentary canal and its derivatives formation
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. Outline of Lesson 5

Organogenesis in Vertebrates: Endo- and Mesodermal
Derivatives

O

somites formation and signalling
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TRITC Label Host Culture 2 Fix, Section and

Where Are Labeled
Examine Progeny?

All germ layers

Mostly endoderm,
some mesoderm

Only endoderm

Stage 10 Stage 36
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A. Dorsal View B. Cross-sectional views

Struna hrbetni
Notochord

Bazalni lamina
Basal lamina

Zdurelé bunky

Swollen cells
Direction of

Hensen’s node Vacuoles with

Neural tube
Somites ,

Hensen’ s proteoglycans Pochva
node Sheath
movement it Inl

H,0
L Primitive Primitive streak H,O
streak
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A. The basic situation

Roof ____— Epidermis
———

Sensory ganglion
from crest

From receptor

Roof plate

%o
Neural crest —= Dorsal

Sensory Ventral

Motor

Floor plate To muscle

Notochord

Notochord

B. Effect of secondary, ectopic notochord under the neural plate

Reduced
Secondary motor

Roof dorsal
M > | \Qa

Transplanted ) Secondary floor
? secondary Motor plate
notochord Notochord
Notochord Floor

?

Notochord

4

Induction of another ventral
pole via BMPs inhibition
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A. Coronal Section B. Cross Sections
Anterior

/T //\
| ‘1 >—— Somite
o° (paraxial)

(- Neural

Neural tube Somite

Somit
.- lube (prvosegment,
——— Presomitic Neural plate ~ myocel)
- . paraxial E
’ .. : o ®°e ¢ © o] OOO 0O
T © 0O o 0 o
Neural ‘ \ - o o °g ® © e
plate Presomiticky
(paraxialni)
mesoderm
Notochord Unsegmented
mesoderm
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Sl (L S+ @ S+ 0 1O Su» 0 Posterior poles
In situ mRNA So So S| ﬁ Si— of new somites
localization of So
—C-HAIRY1 in
developing
chick embryo
basic helix-loop-helix

(b-HLH) TF caudal fissure appearing
- I |} []] |
90 min {1 somite formation) i

Palmeirim et al., Cell (1997)
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A Boundary : Boundary
formation 90 minutes  formation R
Axino 1 Lunatic \/ \
1 Fringe/c-hairy1 A
| )
Progression
of somitogenesis
! r
Il 1} . Il ]} | P
B
Cell2
- Pt
DI1/DN3 '
Wnt
) {ﬁ?ﬂﬁmzz'e y Notch1/Notch2
Cell ' \
DsH

Pourquie., Science (2003) - ’
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= Frizzled

Nusse, Nature (2005)
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J FGF8 = mature, anterior-located cells - "determination front”

activation of segmentation program, 4 Paraxis, |, posterior genes
(e.g.Brachyury), stopping oscillation genes

90 min 180 min
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SO (D R R | | 1 gy - — Determination
FGF8/WNt3A front
gradient Notch-related
| cyclic genes

¢ Axis extension
. Il. 1l . Il. 1l 1.

12 FGF8 = immature, posterior-located cells

Pourquie., Science (2003)
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Neural tube

Pronephric tubule Kanalek pronefros
Somatic mesoderm

Coelom
Splanchnic mesoderm
Endoderm

Dorsal aorta Dorzalni aorta

Dermamyotome Dermomyotom
Sclerotome Sklerotom

Mesonephric duct Vyvod mesonefros
Mesonephric tubule Tubulus mesonefros
Coelom

Dorsal aorta

Epidermis —
(ectoderm)

Neural crest Neuralni lista

(germinative)
Basal layer

Lamina oo — —~—

‘.—/—a
Mesenchymal "'_"'“:'?\::

cells

Myotome Myotom

Extracellar
matrix

Dermatome Dermatom

Blood vessel

Sclerotome

Mesonephric duct Vyvod mesonefros

Coelom

Dorsal aorta
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Neural tube
Ectoderm
Lateral mesoderm

Coelom

Somite
Notochord
Remove somite and culture: To get:
A. Very young somite alone se———) Mesenchyme
o _— . .- —_
[> AN AL
B. With notochord — Cartilage
b e SE
Q) ®
e —~ Q0] .’~ [¢] 8
C. With ventral neural tube me——————) Cartilage
® @ oo o — Importance of intercellular communications
D + PRCIAR- R
° o]
D. With dorsal neural tube ssss———) Striated muscle @
> *n -MYOD,MYF5
: _ *Muscle cells specific TFs
E. With ectoderm or lateral mesoderm ss==s) Delayed formation -Mouse DELTA homologue

of striated muscle _ ) . : ,
’ & *Somites segmentation signalling
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___Presomitic mesoderm

Somite Somite
B.
BMPs

BMPs
Shh

Somite Notochord Somite

Neural floor plate &

Shh signal ‘

Notochord

__sEpithelial somite

Roof

Dorsal neural tube Dorsal differentiation

BMPT, msx, pax 3, pax7T

Ventral neural tube { Ventral differentiation
pax61, BMP 41

Floor

Notochord

Prospective
sclerotome

Floor plate

KEY

—=~ Shh signal
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Ectoderm

Dermamyotome differentiation Dermamyotome
. ..  thanks to WNT and BMPs
Expression of muscle-specific sianallin
TEs g g Myotome Ectoderm and lateral

mesoderm derived
Sclerotome signals

Muscle-specific TFs

Floor plate / Lateral
Sclerotome formation thanks mesoderm
Notochord to Shh signalling
KEY

—=~ Shh signal
==3 \Nnt signal
—=> BMPs signal

I_,.-_el VERST,, INVESTICE DO ROZVOJE VZDELAVANI
0 ) 4y
i: f = Tato prezentace je spolufinancovana
b U‘:’p 5 Evropskym socialnim fondem
. MH\HSTERSTVO SKOLSTVI, OP Vzdélavani %%, o
EVROPSKA UNIE MLADEZE A TELOVYCHOVY  pro konkurenceschopnost ANA®

a statnim rozpo&tem Ceské republiky



. Outline of Lesson 5

Organogenesis in Vertebrates: Endo- and Mesodermal
Derivatives

O

= formation of muscles
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Myotome
Ectoderm
Dermatome

Sclerotome cells

Myoblasts within myotome
region proliferate

o

<:| Unknown signal

i (e.g. poor medium under in vitro conditions)
Cell division ceases

!
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Elongated
@ O myoblasts
I

Unknown ligands
stimulate fusion of cells

1
e o =@ >

Muscle-specific contractile
proteins (actin and
myosin) accumulate

Nuclei *Myotubules
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. Outline of Lesson 5

Organogenesis in Vertebrates: Endo- and Mesodermal

Derivatives
O

endochordal ossification and signalling
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Vertebrae and
proximal ribs

Lateral mesoderm |

Coelom

Developing
bone

Growth
plate

Cartilage

Perichondrium
formation

> Long bones ——

Chondrocyte
proliferation

glioma-associated

Endochondral ossification
VS.
intramembraneous ossification

The regulatory network

Differentiating hypertrophic
chondrocytes express PTH/PTHrP
receptor and Indian hedgehog.

C.
Zlhh stimulates expression of gli and

ptc in the perichondrium...

...which leads to PTHrP ligand
secretion from the perichondrium
near the joint.

PTHrP feeds back and is received by

zZone...

ncogene homolog 1| PTH receptors in the hypertrophic
f Bont_a Aggregation of . Zone of ...which activates the PTH/PTHrP
ormation sclerotomes differentiating receptors to slow Ihh production. This
’ hypertrophic negative feedback loop slows down
central cells yperoy - iy
O Blood vessels become chondrocytes the differentiation rate.
invasion, chondrocytes Calcification zone
Y osteoblasts
movement and KEY
nydroxyapatice || Seinenannen | £ on producton
- deposition =
. (perichondrium) | [___] Production of PTH/PTHrP
Hypertrophlc Cell division Osteoblasts re?eptor .
chondrocytes and swelling I g/i, ptc expression
formation [ | PTHrP ligand secretion
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Outline of Lesson 5

Organogenesis in Vertebrates: Endo- and Mesodermal
Derivatives

O

nephrogenesis
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Somatic Intermediate Neural tube Somite
mesoderm  mesoderm

/‘\

Surface
ectoderm

e
e e
Splanghnic Coelom Notochord Yog(-fdi”ed
Dermamyotome
Sclerotome

rmedialni mesoderm/nefrotom
Intermediate mesoderm

Nephric tubules
Nephric duct

— Ledvinovy
kanalek (odvodny

Splanchnic mesoderm
Splanchnicky mesoderm analek) ﬁ
Gut Coelom Filtrate
Liquid reabsorbtion
fitration Somatic mesoderm and cloaca

Dorsal aorta

. . delivery
Somaticky mesoderm 0
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A. Pronephros B. Mesonephros C. Metanephros

Tubuly pronefros Anterior Degenerating
Pronephric pronephros
tubules (0
; N ﬂ - Q. #
YPOIRTIN s SIS
Pronephric —+ ,;,.; N A i ‘2; 4 o aiﬁ-lﬂ
(Wolffian) 2 e, DERR W UER T FOAEE e
duct = Mesonephric Kulawik, 2005
) = tubules C
Vyvod pronefii@ds Tubuly \)
(Wolfiiho vyvded) mesonefros y, N
+——Mesonephric 6 \
duct Mesonephric
X&VS%% ofros duct persists
only in males
Ureterové
divertikulum (pupen)
Ureteric
diverticulum
Cloaca
Metanephrogenic
mesenchyme
Posterior
sliznatky (bezcelistnati) amphibians, fishes amniotes

hagfishes (Agnatha)
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Pronephric duct stained
by fluorescently labelled
anti-cytokeratin Ab

" u Mesonephric
% —— Pronephros ——&an) ':.::3‘:-. i tubules
: —— Nephric duct —%‘ ¥
o =
_— =
_ ; == Gonad ——— Gonad
—— Nephrogenic % v
cord £
=
Mesonephros E
P
\r:'o, Meﬁn:n:phru::
Nephric
{Wolffian) duct -
Nephrogenic— Metanephrogenic Metanephrogenic
cord mesenchyme — mesenchyme
Cloaca Ureteric bad — Ureter -

Mephric bud ——

LA

Gilbert, SF, Developmental biology Intermediate mesoderm of a 13-day

mouse embryo
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ectoderm-derived path cues

Metanefrogenni

: mesenchym
:I,V’?,I;Zho Metanepric W
yvod w mesenchyme

Ureteroveé
divertikulum _+ -
) U_reret_erlc
diverticulum U

7 12

The Wolffian duct m=) The ureteric bud
elongates. Metanephric evaginates.
mesenchyme is Mesenchymal cells
specified. respond.

Mesenhyme
aggregation

The ureteric bud —
branches.

Mesenchymal cells
aggregate.
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Nefrogenni vacek
Renal vesicle

Renal vesicles form.  m=)| Epithelium differen-
Branching and tiates and tubules form.
aggregation continues. Glomeruli vascularize.
Branching and
aggregation continue.
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Reciprocal induction in kidney development

(A)

i 3 M T
Metanephrogenic e~
[!'lE!ﬂ:!'lL‘}]j-‘rn;r L e 1

Urereteric Metanephrogenic
diverticulum Ureteric mesechyme
induces bud induces bud to
metaneprogenic branch
mesenchyme )

: Arterioles
aggregation

' Collecting
duct 2

Bowman's
capsule

At the tip of
braches, the

B epithelium of the
PR duct induces the
(D) mesenchyme to
aggregate and
cavitate

Gilbert, SF, Developmental biology
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Reciprocal induction in kidney development
The role of glial-derived neurotrophic factor (GDNF)

— Mephric
duct

Ureteric ———

GDNF/GDNF
[A)
f Mephric
Ureteric duct
bud N
bud
(D) 3
Lf — Rt ")"-——- MNephric
JE'LLJ."EL:IT |'/I|'I IL'I.I.JL"I:
|
| Metanephrogenic | |::-——' Ret
mesenchyme | B receptor
|

1 l
GIINE @ |

Metanephrogenic mesenchyme
ability to respond to ureteric bud

GDNF/gdnf

gdnf/gdnf
(C)

— MNephric

duct

3 4

/ Lireter '

|.'IL5IC|. LY o

w%”@

Gilbert, SF, Developmental biology
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Metanefrogenni mesenchym

Primarni sbéraci kanalek
(vznika vétvenim ureterického
divertikula)

Nefrogenni vacek

; Henle loop
Henleyova kli€ka

Kapilary glomerulu

Bowmanuv vacek
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Outline of Lesson 5

Organogenesis in Vertebrates: Endo- and Mesodermal
Derivatives

O

formation of gonads
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A. Undifferentiated
Mesonephros

Metanephric
kidney

Ureter Wolffian Wolffiho vyvod
Mocovod duct

Mullerian

duct Cloaca

Mdallertv vyvod Kloaka

B. Male C. Female
Nadvarle Epididymis Funnel of oviduct Nalevka vejcovodu

(? OOvarieS @ §\\

Metanephric
kidneys

Wolffian duct
(degenerated)

Mullerian duct
(degenerated) ~ Ureter

i _ Mullerian duct
reter _ Urinary Déloha (oviduct)
o Wolffian duct bladder Uterus
rinary _
bladder ll\'lllre“thra' rub Urethra Vagina
Mogovy méchyi ocova frubice
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A. 4 Weeks

Glomerulus . Glomerulus
Wolffian

duct

Mesonephric

tubule
Kanalek mesonefros A Aorta
Wolffian
duct ]L Dorsal mesentery
Qenital Mullerian Genital ridge
nidge plate  Eycretory Genitalni lista (plica genitalis)
mesonephric tubule
B. 6 Weeks 1

Wolffian
duct

Medularni provazce
Mdallerian Proliferating “Primitive sex cords

duct coelomic
v epithelium \,

Testis Ovary
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20-days-old human embryo 26-days-old human embryo

Hindgut Body stalk Genital ridge
Zaddni stfe\(_? Zarodeény stvol Genitalni lista
Amnion cavity - e ch

Amniova dutina Zaddni strevo

Allantois
$ Allantois

Mesonephric
duct

Vyvod
mesonephros

Primordial germ cells
Prvopohlavni bunkye

Perikard cavity
Perikadova dutings

} GCs migrate along
mesenterium into
he hindgut and
from that further to
the genital ridge
Prvopohlavni bunky

- migrujici podél
Zloutkovy vaéek A dmzrzz:rl‘r;g:; do
L B Zadniho stfeva a

odtud do gen. listy
Vacek, Embryologie (2006)
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C. 8 Weeks

Degenerating
mesonephric
Wolffian Qe

duct ’ /
“C %” y\ Continuous growth

\ and seminiferous
tubules formation

Mullerian Testis Testikularni

duct cords provazce
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D. 16 Weeks

Testikularni
Excretory orovazee
mesonephric Testis
tubules cords
(Efferent Pr’t’)dukce_ -
ducts) :\{Ié’:]kl;erovy inhibiéni
Ductuli Anti-Mullerian
efferentes duct factor

production by
differentiated
Serrtori cells

Wolffian duct

(ductus deferens) | ?gglgl;ee rri]aerrlacf[lil:]cg)
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E. Adult

Vas deferens

seminiferous tubules

Ductuli
efferentes
Efferent
ductules

Nadvarle
Epididymis
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F. 7 Weeks

Degenerating
mesonephric
tubule

Wolffian
duct

Degenerating
medullary
cords

Degenerujici
medularni provazce

Miillerian Cortical

duct L cords
Epithelium Kortikalni provazce
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G. 21 Weeks

Surface

Mesonephric epithelium

tubules
(degenerating)

Oogonium
)

o -@"C'D A Follicle cells
rimordialni folikuly

Wolffian duct Mullerian duct
(degenerating)
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H. Adult

Ovary
Vajecnik

Oviduct

_ Uterus
Vejcovod

Déeloha

Cervix
Délozni Cipek

“ Vagina
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Outline of Lesson 5

Organogenesis in Vertebrates: Endo- and Mesodermal
Derivatives

O

hematopoesis and circular system development
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Krevni ostravky
Blood islands

B. Somaticky Stredni

mezoderm mezoderm
Somatic Intermediate Neural tube Surface
mesoderm  mesoderm ectoderm

Sptanchnic Coelom Notochord Yolk-filled
mesoderm endoderm
Splanchnicky Yolk

mezoderm

Yolk sac Mesenchyme Blood island Endothelial * Primitive

endoderm cells inner cell layer of blood vessels <:I cell blood cell

* X
B *
* *
* *
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Embryonic hemoglobin £€{(

Fetal hemoglobin aayy Adult hemoglobin aaf3
yolk sac

liver bone marrow
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A. Ventral views B. Transverse views
- Amniokardiakalni
vacek
Amino-cardiac
vesicle

Primordial migration through

endocardial cells the Hensen’s node
Primordialni endokardialni bunky
Amino-cardiac _
vesicle
Epimyocard
ikard last)
Epityocardium -
Endokardialni trubice
Endocardial tube

(

Anteriorni intestinalni portal
Anterior intestinal portal
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Predni

strevo
Foregut

. | Bl == Epimyokard

Epimyocardium
5 K\ '
AN

SN

Ventral aortic root

Epimyocardium

Endocardium
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A. B. C.
Anterior Right Left

Bulbus cordis

Right ventricle
Prava komora

E—

Left ventricle
Leva komora

Atrium KEY migration of endocardial cells into the matrix between
Sin the endocardium and outer myocardial cells ==> chambers and

Sinus septa formation

| Bulbus cordis [ Atrium

I Right ventricle [ ] Sinus

| venosus
L | Leftventricle

Posterior
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pharyngeal (or branchial) arches —

s

Arteria carotis interna
! haryngeal pouches 1 L :
A pharyngeat p B (vnitini krkavice)

Internal carotid arteries

Circular system remodeling in mammals

gills : .
External Arterl'a carot_ls externa
: (zevni krkavice)
carotid
Arch # arteries

aortic
arches

Oblouk krkavice

Levy oblouk krkavice
Carotid arch

Left carotid arch
Oblouk aorty

Hlavopazni kmen Left systemic arch

Right subclavian

o))

Ventral aorta

artery

Right pulmonary Left pulmonary artery
Ventral artery Leva plicni tepna
aorta Prava plicni tepna Ductus arteriosus

entry from bulbus _ _
cordis Right subclavian
Descending artery

aorta Prava podklickova tepna

Left subclavian artery
Leva podkli€kova tepna

Dorsal aorta
Aorta descendens
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Blood streaming in the initial circular system in amniote embryo

A. Anterior cardinal vein Komora Sif

Vena precardinalis Bulbus cordis  Ventricle ~ Atrium Ver;a P"(’Stg.a"f'l'“,al',f
(pfedni kardinalni zila) (zadni kardinalni zila)

Posterior cardinal vein

Aorta descendens ‘ D | .
(sestupna aorta) ‘ = orsal aorta
1. Aortalni oblouk ’.I dB,. e
1st aortic arch ‘ \
Common

cardinal vein
Ventral aorta

V. cardinalis

. communis
Zilny splav \

Sinus venous
Vena omphalomesenterica

Omphalomesenteric vein

Arteria omphalomesenterica
Omphalomesenteric artery

LI

Yolk sac
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Blood streaming in the remodeled circular system in amniote embryo

V. cardinalis communis
Common cardinal vein Vena postcardinalis
zadni kardinalni zila)

| ubcardinal vein
4. Aortalni oblouk \/
4th aortic arch

Vena precardinalis
SRFedn!' kardinalni zila)
nterior cardinal vein

Vena renalis
Renal portal vein

\ Future hepatic

portal vein
Vena portae
(vratnicova zila)
_ Caudal artery
Allantoic and vein

(umbilical ) AX Ocasni tepna
artery a zila

Internal carotid artery
Arteria carotis interna

Omphalomesenteric vein
Vena omphalomesenterica

Omphalomesenteric artery
Arteria omphalomesenterica

=

Allantoic
vein
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Outline of Lesson 5

Organogenesis in Vertebrates: Endo- and Mesodermal
Derivatives

O

limbs formation

.ﬁ‘d"’vl’v
Yensis

~r ey SVERSZ, INVESTICE DO ROZVOJE VZDELAVANI
° o <&
Wr . Tato prezentace je spolufinancovana
e . X 73 =
M T

Evropskym socialnim fondem
; IINISTERSTVO SKOLSTVI OP Vzdélavani
EVROPSKA UNIE ¥ ILADEZE A TELOVYGHC

4 N
4 T : . : ,
pro konkurenceschopnost Zanas® a statnim rozpoctem Ceskeé republiky



Stredni mozek
Midbrain

Oko
Eye
Somity
Somites

Neuralni trubice
Neural tube

Kridelni pupen

Nozni pupen ' h B. Cross section of a chick wing bud

s bud positioning via HOX genes
Ocas o Do/r\sal Mesenchymal aggregations
Tail

O Mesenchymal core

4

Apikalni ektodermovT Ii%ae

’\ [—\ Apical ectodermal ri
Proximal < F’/ > Distal
Coos
Ventral
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Humerus / Radius | Digits

-
e
N\

IV i

Ulna Metacarpals

rﬂ'

Anterior

A qeﬂt
Proximal 7& Distal

g~ %
[]ﬂrs Posterior
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Apoptosis

mﬂ?f%

Stage: 32 33 34 35
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Neural tube
Ectoderm
Lateral mesoderm I > Long bones

Coelom

Somite
Natachord

Vertebrae and
proximal ribs

Remove chick
somites

Cross-section

I
I
L

muscle

Limb bud

Neural tube

- ! 1 } Replace with SKin _
. '@ quail somites Connective
:.: i -: tissue
! O, A | = : allow to Bone
@ R T develop
@1 ) .

: I Striated
JEB]
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AER

ﬂ 7 rounds of mitosis

Proximodistal limb patterning
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Chicken embryo as a developmental model

Hamburger & Hamilton Stage 4 (15 hours) HH Stage 10 (33 hours)

HH Stage 9 (31 hours 8 somite)

HH Stage 16-17 (56 hours) HH Stage 38 (12 days)
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Outline of Lesson 5

Organogenesis in Vertebrates: Endo- and Mesodermal
Derivatives

O

o Endoderm derivatives development
= alimentary canal and its derivatives formation

.ﬁ‘d"’vl’h
Yensis

b e SVERSZ, INVESTICE DO ROZVOJE VZDELAVANI
° o <&
Iﬁr . - Tato prezentace je spolufinancovana
e . X > z
MINISTERSTV(

Evropskym socialnim fondem
: TVO SKOLSTVI OP Vzdélavani
EVROPSKA UNIE i’ 4

4 N
4 T : . : ,
pro konkurenceschopnost Zanas® a statnim rozpoctem Ceskeé republiky



A.

Alimentary canal

4

Epithelial lining of the digestive system

Brzlik Pristitna téliska gjinivka bFisni
Salivary glands. Thymus ,Parathyroid Pancreas
Slinné zlazy J) /\
Mouth (O) Pharynx Stomach Intestine
Zaludek

Cloaca Anus
Ritni otvor

7/

Thyroid Thymus

étliné zlaza @

B. Head mesoderm

' Gallbladder
Zluénik

Splanchnic mesoderm

Struna hrbetni
Notochord

Zluénik
Trachea
Jicen
Esophagus
Jatra

Liver

Zaludek
Stomach

Rathke’s
pouch
Rathkeova vychlipka

Gallbladder
Zlucnik

Yok sac —

Dorsal pancreas
Allantois

Ventral pancreas

QM A

Yolk sac Allantois

Rectal portion

Amphibians communicates

Communication
only with yolk sac

Embryo
Gut
Amnion

Amniotic cavity

>— Chorioallantoic
membrane

Yolk

Chorion

Rektum
Rectum
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Pharyngeal arch-specific endoderm derivatives development

Contact with diencephalon

oral plate Hypofyza 1t
N / Antherior pituitary (—— Rathkeova
\ '- B. formation vychlipka
Notochord Parathyroid Thyroid Rathke’s pouch
Spinal Dorsal Thymus Oral cavity Midbrain
cord aorta

|
[

Posterior e o Anterior

VLI L'I_"

Kréni mandle Horni a dolni celist
Palatine tonsil Maxillary and mandibular jaws

Eustachova trubice
Eustachian tube
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Hitan Mesenchyme

Pharynx Tracheal interactions Bocni
(|ung) bud priudusky Pridusnice
Tracheal Lateral Trachea
groove bronchi ,
/!
Priadusnicova
yha ﬁ ﬁ

Primarni Primary

praduskove pronchial Sekundarni Secondary
pupeny buds praduskové bronchial buds
pupeny
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*Glucagon

*Insulin
*Somatostatin
*Pancreatic peptide

N
S
L D G
. " Islet—
A.  At9days B.  At12Days C.  At15Days o::‘r%‘jlj(ya““"y cell |l
Stomach Pancreatic Islet /d
Heart e
epithelium
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. Key Concepts

o Developmental potential is studied via e.g. transplantation experiments,,
while developmental fate is best studied using modern molecular techniques
in a normal embryo.

o Vertebrate embryos have a conservative axial organization proceeding from
the midline to the periphery: notochord, somite, nephrotome, or gonad and
lateral mesoderm (limb buds).

o lterative oscillations of the gene expression in a combination with gradient of
gene expression allow proper body segmentation during embryonic
development. Underlying molecular mechanisms are at least partially
conserved in Drosophila and vertebrates.

o Normal tissue and organ formation depends not only on the presence of
signalling molecules, but also on the appropriate timing of ligand-receptor
interactions. Such communications can establish feed-back loops, as
demonstrated e.g. in case of cartilage and bone formation.

o Cell aggregation/disaggregation is one of the key developmental
mechanisms guiding new organ formation.

o Some structures are transient during development, e.g. pronephros, some,
e.g. circular system are extensively remodelled during development.
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