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Stage J 5 (C7-9)
Trilaminar embryo (germ disc) with axial structures

days 15 - 20, MLL 0.5 - 1.5 mm

axial structures: primitive streak, primitive node, oropharyngeal
membrane, cloacal membrane, prenotochordal plate,
notochordal process and plate, notochord, allantois

Substages

J5-1 notochordal node and notochordal tubule (prenotochord) C7
J 5-2 notochordal plate, primitive streak, intraembryonic mesoderm C8
J 5-3 notochord, neural folds C9



Third week

Trilaminar germ disc

days 15 -20, MLL 0.5-1.5mm

GASTRULATION
NOTOGENESIS
NEURULATION



Gastrulation

J5-1/2, C7/8

Bilaminar embryonic disc

Primitive streak
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14-15 days Endoderm 16 days Mesoderm Definitive endoderm

Schoenwolf, G.C. et al: Larsen’s Human Embryology, Elsevier 2009



Development of the notochord - notogenesis
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Neurulace

TFGF-8,noggin, chordin, follistatin
(v primitivnim uzlu a pozdéji v
prechordalni plotence a chordé)

Ectoderm Intraembryonic mesoderm

Extraembryonic
mesoderm

Endoderm

Notochord
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DIFFERENTIATION
OF THE INTRAEMBRYONIC MESODERM



R 16 d
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Early primitive streak stage
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Stage 6 (J—06)
cylindrical embryo

formation of somites, closing neural tube, heart tube and loop

days 20 — 30, length MLL 1.2 — 3 mm

Substages

J6-1 embryos with completely open neural tube and first seven somite pairs
(C9/10)

J6-2 embryos with closing neural tube, anterior and posterior neuropores (C10)

J6-3 embryos with anterior, or both, neuropores closed, no limb buds (C11/12)
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J 6-3, C11/12
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https://doi.org/10.1126/science.1250245

Paraxial mesoderm

Prechordal
plate

Somitomere
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Notochord

Segmentation clock

Wnt, Notch — cyclic genes
Hensen's node

FGF8 |RA (retinoic acid)

Primitive streak
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Human segmentation clock model

Self-renewal human ESC @ \ \
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ESC-dernved
presomitic mesoderm W WVV\/

NOTCH )i =
e TGF-B

= J

WNT / B—catenin

Gene oscillation
~ Sh periodicity

o = NAAN

Spondylocostal \H_g??/
dysostosis & =

No gene oscillation

Li-Fang Chu, Daniel Mamott, Zijian Ni, Rhonda Bacher, Cathy Liu, Scott Swanson, Christina Kendziorski, Ron Stewart,
James A. Thomson, An In Vitro Human Segmentation Clock Model Derived from Embryonic Stem Cells, Cell Reports,
VoIl@\B/SlﬂstIélﬁwl\ﬁw, Pages 2247-2255.e5, ISSN 2211-1247, https://doi.org/10.1016/j.celrep.2019.07.090.
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https://en.wikifur.com/wiki/Sonic_the_Hedgehog_%28character%29
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DEVELOPMENT
OF THE SKELETAL SYSTEM
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Nature Reviews | Genetics

Parker, M., Seale, P. & Rudnicki, M. Looking back to the embryo: defining transcriptional networks in adult
myogenesis. Nat Rev Genet 4, 497-507 (2003). https://doi.org/10.1038/nrg1109



Sclerotome resegmentation

neural tube is inductive to
development of sclerotome

Neural tube
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spinal nerve
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foramen vertebrae kadl
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neurocranium
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desmocranium
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Sources of mesenchyme: 1) paraxial mesoderm
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Sources of mesenchyme: 2) neural crest

Neural crest
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Fig. 1: Development of the growth plate.
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Histological images of mouse epiphyseal cartilage before (a) and after (b) the growth plate is defined
by the maturation of the secondary ossification center. Tissue sections from 3 days old (@) and 30 days
old (b) mouse proximal tibiae are stained with Safranin O (red, cartilage) and Fast Green (green, bone

and connective tissue).

Chagin, A.S., Newton, P.T. Postnatal skeletal growth is driven by the epiphyseal stem cell niche: potential
implications to pediatrics. Pediatr Res 87, 986—990 (2020). https://doi.org/10.1038/s41390-019-0722-z
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DEVELOPMENT
OF THE MUSCLE SYSTEM
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Embryonic myogenesis Fetal myogenesis

E8.5 E105 E12 " E145 E17

[ Early myotome | [ Later myotome |  [Embryonic myotubes | [ Foetal muscle |
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Myocytes First myotubes Primary myofibers Secondary myofibers

https://www.sciencedirect.com/book/9780123815101/muscle?via=ihub=
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DEVELOPMENT
OF LIMBS



Anterior neuropore
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Sadler, T. W.: Langman’s Medical Embryology
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6t week




Two-segment limb; palmar plate and plantar plate, respectively




Three-segment limb; digital rays and tubercles

7th week




3 Footplate
/ N cartilages . Pubis

autopodium oy
(autopod) o b |

llium

I N stylopodium
% v A\
>4 ,«?’ Tarsal cartilages / (Styl OpOd)
' — Pubi ‘
zeugopodium . g/ Pibls gmmy

(zeugopod)\
three-segment limbs

Ischium
’ D, :
o® Tarsal cartilages

'//‘ Metatarsal Camlages Sadler, T. W.: Langman’s Medical Embryology,

13th Edition, Wolters Kluwer 2015




Programmed cell death in the limb development
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Reduction
Cell death
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https://www.pinterest.co.uk/sonjasivcev/apoptosis/




Limb skeleton —somatopleura

loose mesenchyme condensed mesenchyme . cartilage

ectoderm mesenchymal
primordia of
forearm bones
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ridge 44 days -

digital rays
radius
carpus scapula
radius humerus
carpal bones phalanges
humerus
metacarpals
ulna elbow
48 days 56 days ulna

Moore, K.L., Persaud, T.V.N.: The Developing Human.
Clinically Oriented Embryology. 7th ed. 2003.



Neural tube
Neural crest

Origin of other tissues in limbs

Sensory axons and Schwann
cells from neural crest

Motor axons from
neural tube

Myoblasts and
endothelial cell
precursors derived
from somites

Mesoderm from

Endothelial lateral plate

cells from vessels .

Pigment cells from
of trunk

neural crest

® ®

-

Lateral mesoderm

Carlson, B. M.: Human Embryology and Developmental
Biology, 5th Edition, Elsevier, 2014
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https://en.wikifur.com/wiki/Sonic_the_Hedgehog_%28character%29



areas of apoptosis




Limb rotation
(10t week)




