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Outline of Lesson 5
Organogenesis in Vertebrates: Endo- and Mesodermal 
Derivatives

 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

 Endoderm derivatives development
 alimentary canal and its derivatives formation
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Derivatives

 Mesoderm derivatives development
 somites formation and signalling
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Bazální lamina

Zduřelé buňky

Pochva
Vacuoles with 
proteoglycans

Direction of 
Hensen’s 
node 
movement
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Induction of another ventral 
pole via BMPs inhibition
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Presomitický 
(paraxiální) 
mesoderm

Somit
(prvosegment, 
myocél)
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Palmeirim et al., Cell (1997)

In situ mRNA 
localization of 
C-HAIRY1 in 
developing 
chick embryo 

Posterior poles 
of new somites

basic helix-loop-helix 
(b-HLH) TF caudal fissure appearing
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II. III. III.II.I. I.

Pourquie., Science (2003)
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Nusse, Nature (2005)
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Pourquie., Science (2003)

III.II.I. III.II.I. I.

TFs Mesp2/c-meso1

↑  FGF8 = immature, posterior-located cells

↓ FGF8 = mature, anterior-located cells - ”determination front”

acƟvaƟon of segmentaƟon program, ↑ Paraxis, ↓posterior genes
(e.g.Brachyury), stopping oscillation genes

Notch-related
cyclic genes
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Kanálek pronefros

Vývod mesonefros

Tubulus mesonefros

Dermomyotom
Sklerotom

Neurální lišta

Myotom

Dermatom

Vývod mesonefros

Dorzální aorta
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Importance of intercellular communications 

•MYOD,MYF5
•Muscle cells specific TFs

•Mouse DELTA homologue
•Somites segmentation signalling
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Ectoderm and lateral 
mesoderm derived signals

Expression of muscle-specific TFs

Dermamyotome differentiation 
thanks to WNT and BMPs 
signalling

Sclerotome formation thanks to 
Shh signalling

Muscle-specific TFs
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Outline of Lesson 5
Organogenesis in Vertebrates: Endo- and Mesodermal 
Derivatives

 Mesoderm derivatives development
 somites formation and signalling
 formation of muscles
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Unknown signal
(e.g. poor medium under in vitro conditions)
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Outline of Lesson 5
Organogenesis in Vertebrates: Endo- and Mesodermal 
Derivatives

 Mesoderm derivatives development
 somites formation and signalling
 formation of muscles
 endochordal ossification and signalling
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IHH GLI, 
PTC

PTHrP

PTH

Aggregation of 
sclerotomes,
central cells 
become 
chondrocytes

Perichondrium 
formation

Vertebrae and 
proximal ribs

Long bones

Cell division 
and swelling

Hypertrophic 
chondrocytes 

formation

Bone 
formation

Blood vessels 
invasion, 

osteoblasts 
movement and 
hydroxyapatite 

deposition Ochrustavice
(perichondrium)

Endochondral ossification
vs. 

intramembraneous ossification

glioma-associated 
oncogene homolog 1 

patched
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Outline of Lesson 5
Organogenesis in Vertebrates: Endo- and Mesodermal 
Derivatives

 Mesoderm derivatives development
 somites formation and signalling
 formation of muscles
 endochordal ossification and signalling
 nephrogenesis
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Splanchnic mesoderm
Splanchnický mesoderm

Somatic mesoderm
Somatický mesoderm

Intermediální mesoderm/nefrotom

Ledvinový 
kanálek (odvodný 
kanálek)Ledvinové tubuly

Filtrate 
reabsorbtion 
and cloaca 

delivery

Liquid 
filtration
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Tubuly pronefros

Vývod pronefros
(Wolfiiho vývod)

Tubuly 
mesonefros

Vývod
mesonefros

Ureterové 
divertikulum (pupen)

hagfishes (Agnatha) amphibians, fishes amniotes
sliznatky (bezčelistnatí)

Kulawik, 2005
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Gilbert, SF, Developmental biology Intermediate mesoderm of a 13-day 
mouse embryo

Pronephric duct stained 
by fluorescently labelled 
anti-cytokeratin Ab
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Metanefrogenní 
mesenchym
Metanepric
mesenchyme

Ureterové 
divertikulum
Urereteric
diverticulum

Mesenhyme 
aggregation

ectoderm-derived path cues 

Wolffiho 
vývod
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Nefrogenní váček
Renal vesicle
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Gilbert, SF, Developmental biology

Reciprocal induction in kidney development

Urereteric 
diverticulum
induces 
metaneprogenic 
mesenchyme 
aggregation

Metanephrogeni
c mesechyme 
induces  bud to 
branch

At the tip of 
braches, the 
epithelium of the 
duct induces the 
mesenchyme to 
aggregate and 
cavitate 
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Reciprocal induction in kidney development

Gilbert, SF, Developmental biology

GDNF/GDNF GDNF/gdnf gdnf/gdnf
The role of glial-derived neurotrophic factor (GDNF) 

WT1

Metanephrogenic mesenchyme 
ability to respond to ureteric bud 
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Primární sběrací kanálek
(vzniká větvením ureterického
divertikula) 

Metanefrogenní mesenchym

Nefrogenní váček

Esovitý kanálek

Henle loop
Henleyova klička

Proximální tubulus

Bowmanův váček

Kapiláry glomerulu

Vacek, Embryologie (2006)
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Outline of Lesson 5
Organogenesis in Vertebrates: Endo- and Mesodermal 
Derivatives

 Mesoderm derivatives development
 somites formation and signalling
 formation of muscles
 endochordal ossification and signalling
 nephrogenesis
 formation of gonads
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Můllerův vývod

Wolffiho vývod

Kloaka

Močovod

Nadvarle Nálevka vejcovodu 

Děloha

Močová trubiceMočový měchýř
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Genitální lišta (plica genitalis)

Kanálek mesonefros

Medulární provazce
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Yolk sac
Žloutkový váček

Perikard cavity
Perikadová dutina

Amnion cavity
Amniová dutina

Hindgut
Zaddní střevo

Body stalk
Zárodečný stvol

Allantois

Primordial germ cells
Prvopohlavní buňky

Allantois

Zaddní střevo

Genital ridge
Genitální lišta

Mesonephric
duct
Vývod 
mesonephros

PGCs migrate along
the dorsal
mesenterium into
the hindgut and 
from that further to 
the genital ridge
Prvopohlavní buňky 
migrující podél  
dorzálního 
mezentéria do 
zadního střeva a 
odtud do gen. lišty

Vacek, Embryologie (2006)

20-days-old human embryo 26-days-old human embryo
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Continuous growth 
and seminiferous 
tubules formation

Testikulární
provazce
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Testikulární
provazce

Anti-Mullerian 
duct factor 
production by 
differentiated 
Serrtori cells

Produkce 
Műllerovy inhibiční 
látky

Ductuli
efferentes
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Ductuli
efferentes

Nadvarle

seminiferous tubules
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Kortikální provazce

Degenerující 
medulární provazce
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Primordiální folikuly



40

Vaječník

Vejcovod Děloha

Děložní čípek
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Outline of Lesson 5
Organogenesis in Vertebrates: Endo- and Mesodermal 
Derivatives

 Mesoderm derivatives development
 somites formation and signalling
 formation of muscles
 endochordal ossification and signalling
 nephrogenesis
 formation of gonads
 hematopoesis and circular system development
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Somatický 
mezoderm

Splanchnický
mezoderm

Střední 
mezoderm

Krevní ostrůvky
Blood islands

inner cell layer of blood vessels
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Embryonic hemoglobin εεζζ
yolk sac

Fetal hemoglobin ααγγ
liver

Adult hemoglobin ααββ
bone marrow
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Amniokardiakální
váček

Primordiální epimyocard

Primordiální endokardiální buňky

Epimyocard
(myoepikardový plášť)

Endokardiální trubice

Anteriorní intestinální portál

migration through 
the Hensen’s node
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Přední 
střevo

Perikardiální dutina

Epimyokard

Endokardiální trubice
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Bulbus cordis

Right ventricle
Pravá komora

Left ventricle
Levá komora

Atrium
Síň
Sinus 
venosus

migration of endocardial cells into the matrix between 
the endocardium and outer myocardial cells chambers and 

septa formation
Bulbus cordis
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Aorta descendens
Pravá podklíčková tepna

Levá podklíčková tepna

Levá plícní tepna
Pravá plícní tepna

Oblouk krkavice Levý oblouk krkavice

Arteria carotis interna 
(vnitřní krkavice)

Arteria carotis externa
(zevni krkavice)

entry from bulbus 
cordis

Oblouk aorty
Hlavopažní kmen

pharyngeal (or branchial) arches

pharyngeal pouches

gills

aortic 
arches

Circular system remodeling in mammals
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SíňKomora

1. Aortální oblouk

Aorta descendens
(sestupná aorta)

Anterior cardinal vein
Vena precardinalis
(přední kardinální žíla)

Vena postcardinalis
(zadní kardinální žíla)

Vena omphalomesenterica Arteria omphalomesenterica

V. cardinalis
communisŽilný splav

Blood streaming in the initial circular system in amniote embryo

Yolk sac
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V. cardinalis communis
Vena postcardinalis
(zadní kardinální žíla)

Vena precardinalis
(přední kardinální žíla)

Arteria carotis interna

Vena renalis

Vena portae
(vrátnicová žíla)

Ocasní tepna 
a žílaVena omphalomesenterica

Arteria omphalomesenterica

4. Aortální oblouk

Blood streaming in the remodeled circular system in amniote embryo
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Outline of Lesson 5
Organogenesis in Vertebrates: Endo- and Mesodermal 
Derivatives

 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
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Střední mozek
Midbrain
Oko
Eye

Neurální trubice
Neural tube

Křídelní pupen
Wing bud

Nožní pupen
Leg bud

Somity
Somites

Ocas
Tail

Apikální ektodermová lišta

bud positioning via HOX genes

Mesenchymal aggregations
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Apoptosis
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Vertebrae and 
proximal ribs

Long bones
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AER
7 rounds of mitosis

Proximodistal limb patterning
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Hamburger & Hamilton Stage 4 (15 hours)

HH Stage 9 (31 hours 8 somite)

HH Stage 10 (33 hours)

HH Stage 16-17 (56 hours) HH Stage 38 (12 days)

Chicken embryo as a developmental model
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Outline of Lesson 5
Organogenesis in Vertebrates: Endo- and Mesodermal 
Derivatives

 Mesoderm derivatives development
 somites formation and signalling
 formation of muscles
 endochordal ossification and signalling
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 formation of gonads
 hematopoesis and circular system development
 limbs formation

 Endoderm derivatives development
 alimentary canal and its derivatives formation
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Slinné žlázy

Brzlík Příštitná tělíska

Štiíná žláza

Plíce
Játra

Žlučník

Řitní otvor

Slinivka břišní

Žaludek

Rathkeova výchlipka

Žlučník

Žlučník

Struna hřbetní

Jícen

Játra

Žaludek

Rektum

Alimentary canal

Amphibians

Amniotes

Rectal portion 
communicates

Communication 
only with yolk sac

Epithelial lining of the digestive system

Head mesoderm Splanchnic mesoderm
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Rathkeova 
výchlipka

Contact with diencephalon

Antherior pituitary 
formation

Hypofýza

Pharyngeal arch-specific endoderm derivatives development

Eustachova trubice
Eustachian tube

Krční mandle
Palatine tonsil

Horní a dolní čelist
Maxillary and mandibular jaws

oral plate
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Hltan

Průdušnicová 
rýha

Mesenchyme 
interactions

Primární 
průduškové 
pupeny

Sekundární 
průduškové 
pupeny

Boční 
průdušky Průdušnice
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Střevo

Pojivová 
tkáň

Acinus
(lalůček)

Krevní 
cévy

Langerhansovy 
ostrůvky

Pancreatic 
diverticulum

•Glucagon
•Insulin
•Somatostatin
•Pancreatic peptide

•Zymogens production
•Precursors of peptidaeses, nucleases 
and carbohydrate-hydrolyzing enzymes

Slinivka břišní
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Key Concepts
 Developmental potential is studied via e.g. transplantation experiments,,

while developmental fate is best studied using modern molecular techniques
in a normal embryo.

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

 Iterative 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.

 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.

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

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


