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migrating bilaterally from primitive streak and 

then cranially the cells  paraxial mesoderm



somites

in the future trunk region

paraxial mesoderm forms segmental blocklike 

condensations of mesoderm

Prospective fate map of the epiblast

Mid-primitive streak stage

notochord (N)

head mesoderm (HM)

somites (S)

interm. mes. (IM)

lat plate mesod (LPM)



Scanning electron micrograph of a Macaque embryo comparable 
to a 19-day human embryo

regressing primitive streak



Paraxial (pre-somitic) mesoderm in the head and 

trunk region
HEAD 

REGION

TRUNK

REGION

In the future head region, this mesoderm forms 

bands of cells that remain unsegmented as the 

head mesoderm

paraxial mesoderm forms bands of cells

these bands soon segment into somites

(blocklike condensations of mesoderm )



Segmentation of 

paraxial mesoderm

caudally paraxial mesoderm 

has not yet segmented

the first pair of somites forms on about day 20 at the head-trunk 

border

cranial-caudal progression (3 or 4 a day), finishing on ~ day 30

~ 42 to 44 pairs from the occipital (skull base) region to the tip of 

the tail

caudalmost several somites disappear, final count: ~33 - 37 pairs

Somites are transient segmented structures

- segmental plate - epithelial transformation

- basal lamina surrounds each newly formed somite

- for somitogenesis,  PreSomiticMesoderm

needs to be surrounded by an intact fibronectin matrix (glycoprotein)

- fibronectin matrix: cell adhesion, growth, migration, differentiation



Somites Somites give rise to most of axial skeleton

5th – 12th  somites (8!)- form in the cervical region

most cranial cervical somites contribute to the occipital bone

others form the cervical vertebrae 

associated muscles

part of the dermis of the neck

upper limb musculature

13th – 24th thoracic somites

form thoracic vertebrae
musculature and bones of the thoracic wall

thoracic dermis

part of the abdominal wall

25th – 29th lumbar somites
form the lumbar vertebrae

abdominal dermis

abdominal muscles

lower limb musculature

30th – 34th sacral somites
form the sacrum with its associated dermis and musculature

35th – 37th or so coccygeal somites
form the coccyx

signal from

surface ectoderm segment plate

PreSomiticMesoderm
mesenchyma

mesenchymal-epithelial

transformation (MET)

segmentation

cranio-caudal axis

paraxis

transcription faktor



Factors involved in the somitogenesis and the further 

differentiation of somites

GROWTH FACTORS

naturally occurring substances: proteins

stimulate cellular growth, proliferation, cellular differentiation

act as signaling molecules between cells

members of families of structurally and evolutionarily related proteins: 

Bone Morphogenetic Proteins (BMPs)
Bmp4

Epidermal Growth Factor (EGF) 

Fibroblast Growth Factor (FGF) 

Transforming growth factor beta (TGF-β)

Myostatin (GDF-8)

Sonic hedgehog homolog (SHH) – morphogen

diffuses to form a concentration gradient

Wnt Protein

TRANSCRIPTION 

FACTORS
a sequence-specific DNA binding factor

A protein that binds to specific DNA sequences

controls the transfer (or transcription) of genetic

information from DNA to mRNA upregulation, 

activation, or promotion – increase the rate of gene

transcription

downregulation, repression, or suppression – decrease

the rate of gene transcription

Paraxis

cSim1

Paired box (Pax) genes

are a family of tissue specific transcription factors

MyoD protein

a muscle-specific transcription factor

myf5

muscle-specific gene-regulatory protein

http://en.wikipedia.org/wiki/Transforming_growth_factor_beta
http://en.wikipedia.org/wiki/Myostatin


Cranio-caudal segment-identity

- vertebrae have distinct morphologies depending on their location along the 

anterior-posterior body axis

- expression of HOX-genes provides the basis for this specification

different combinations of HOX-genes give rise to different

kinds of vertebrae

12th thoracic 

vertebra

https://ars.els-cdn.com/content/image/1-s2.0-S1748681514007323-gr6.jpg

altered HOX-gene expression – change in cervical-thoracal or thoracal-lumbar vertebral segment identity



Intersomitic gap – morphological segregation

and boundary formation

mesenchymal-to-epithelial transition!!!!

Posterior border cell

EphA4 

upregulation

receptor tyrosin kinase

effect:

a. gap formation

b. self epithelization

c. intercellular communication

Anterior border cell

EphrinB2

Eph ligand



repression of Cdc42 activity



cell epithelization
regulation of cytoskeletal organization

Eph receptors and ephrins are cell

surface signaling proteins

-coordination between the intersomitic gap formation and somitic cell 

epithelialization is regulated by the molecular cascade:

- from transcriptional regulation by cMeso-1 to the Cdc42

regulation through intercellular signaling

in the border cells posterior to the next-forming boundary (yellow), 

cMeso-1 up-regulates EphA4, which EphA4 is directly involved in the 

communication with the anterior border cells (gray)

- Ephrin-reverse signal activated in the anterior border cells by EphA4 is 

sufficient to direct gap formation and cell epithelialization in a cell

autonomous manner

- transition of cell shape that is crucial for epithelialization: rearrangement of 

cytoskeleton. Rho family of small GTPases, including Cdc42 and Rac1, 

mediate the necessary forces for changes of polarity, motility, 

structural stability of the cell

- -lowering Cdc42 is sufficient for the cell epithelialization

FORWARD 

SIGNALS

anterior border cell

posterior border cell



EphA4

receptor tyrosin kinase

Ephrin type-A receptor 4 is a protein

in humans encoded by the

EPHA4 gene belonging to the ephrin receptor subfamily 

of the protein-tyrosine kinase family

Eph receptors and ephrins are cell surface signaling proteins

http://upload.wikimedia.org/wikipedia/en/8/89/PBB_Protein_EPHA4_image.jpg
http://upload.wikimedia.org/wikipedia/en/8/89/PBB_Protein_EPHA4_image.jpg


Somitogenesis

Paraxis transcription factor 

protein expressed in 

Paraxial mesoderm and developing somites



somite epithelization

Surface ectoderm over the 

segmental plate



Wnt6

signaling molecule



N-cadherin/ß-catenin-mediated 

adhesion

initiation and maintenance of 

Paraxis

cadherin



Segmentation 

clock

Sequential formation of the somites

governed by an oscillating genetic network, the somitogenesis molecular clock

Timing Embryo Segmentation: Dynamics and Regulatory Mechanisms of the Vertebrate Segmentation Clock Tatiana P. Resende,1,2,3 Raquel P. Andrade,1,2 and Isabel Palmeirim. 7 May 2014

- total number of somites and the periodicity of their formation are species-specific parameters

Dominating dynamic model for somitogenesis is the clock and wavefront mechanism

-existence of two independent phenomena 

1) an intrinsic biochemical oscillator, a clock - cells oscillate synchronously between a permissive and 

nonpermissive state of somite formation

- hairy1 cyclic expression (Notch signalling pathway)

- formation of each pair of somites: 4–6 hours in humans

- Notch, Wnt, and Fgf oscillators need to be entrained by a so-called pacemaker (?) to ensure 

that oscillations occur with the correct periodicity

- regulated single cell oscillations and cell-to-cell synchronization

- PreSomaticMesodermal cell coupling, mediated by Notch signaling, is essential to prevent cellular 

desynchronization and subsequent loss of segmental patterning

- oscillation arrest takes place via an infinite period bifurcation

- a positive and a negative feedback loop need to act together upon a single gene in order 

for this bifurcation to occur

2) a maturation front traveling along the A-P axis, moving posteriorly in concert with the AP 

differentiation gradient: wavefront
Development 139, 625-639 (2012) © 2012. Patterning embryos with oscillations: structure, function and dynamics of the vertebrate segmentation clock Andrew C. Oates, Luis G. Morelli and Saúl Ares

https://youtu.be/tU8tAoC64wM

http://datab.us/Videos/tU8tAoC64wM

2012

2014

zebrahal

https://youtu.be/tU8tAoC64wM
https://www.youtube.com/watch?v=TXRJW44vjMc


Somites

Somites are initially epithelial balls 

with a central cavity

loose core cells: somitocoele cells

Sclerotome Dermomyotome



Development of 

sclerotome

epithelial-to-mesenchymal transformation !

dorsally, the sclerotome flanks the neural tube 

and expands dorsal to it to form 



vertebral arch and spine

ventral portion surrounds the notochord



vertebral body

more laterally located sclerotome forms 



vertebral transverse process and 

ribs

DM

Sc

sclerotomes develop into the vertebrae



Paraxis
protein

transcription factor

Paraxis
transcription factor regulates somitogenesis,

mesenchymal-epithelial transition

directs the transcription of sclerotome-specific Pax genes

paraxis regulates chondrogenesis

Pax-1
sclerotomal transcriptional 

regulator

absence of paraxis



Pax-1 is no longer expressed in

the somites and presomitic mesoderm



defects of the axial skeleton and ribs

too early down-regulation of Pax-1



2 vertebral bodies fused

Paraxis

signal from the ectoderm

Pax-1

Shh growth factor

Paraxis
Pax-1 and Pax-9 are expressed in the sclerotomes of the differentiated 

somite, as a result of sonic hedgehog protein signaling from the 

notochord and the neural tube .

Some Pax-1 expressing cells then migrate ventromedially to surround 

the notochord and differentiate to form the vertebral bodies and 

intervertebral discs 

The cells fated to form the vertebral bodies condense to form cartilage 

in a process known as chondrogenesis as evidenced by Sox-9 and 

collagen II expression 

It is the fate of this cell population that Pax-1 and Pax-9 regulate

Pax-1 and Pax-9 have partially redundant roles in the vertebral 

bodies, but that Pax-1 acts uniquely in intervertebral disc formation 

and in normal chondrogenesis of the posterior of each vertebra. 



Somite Differentiation: Dermatome, Myotome, Sclerotome
1.signals from notochord: 

induce sclerotome

2. signals from dorsal neural tube, surface ectoderm

epithelial remodelling and epithelial–

mesenchymal transformation

3. signals from lateral plate, intermediate mesoderm:

induce and pattern the dermomyotome

Wnt-6



Somite differentiation -

sclerotome

Notochord secretes:
(and subsequently the floor plate of the neural tube) 

Sonic hedgehog (Shh)

Noggin (Bmp inhibitor)

Sclerotome expresses:

Pax1, Pax9 genes

(transcription factors)

DNA binding activity

PAX3 protein directs the activity of other genes that signal cell types such as limb muscles. 

Mfh/Pax1 double mutants

-dorsomedial structures of the vertebrae are missing (spina bifida ) myelomeningocele

- vertebral bodies and intervertebral discs are missing



Resegmentation of sclerotomes

Each sclerotome splits into cranial and caudal segments

segmental spinal nerves grow towards the cranial portion of the somite to innervate the myotomes

cranial segment of each sclerotome recombines with the caudal segment of the next cranial sclerotome to form a vertebra



Resegmentation of sclerotomes:intervertebral disc

cells remaining in the plane of division coalesce: annulus fibrosus of the disc

sclerotome splits

notochordal cells 

are enclosed



nucleus pulposus

notochord enclosed by the developing vertebral bodies degenerates

and disappears:



Resegmentation of the sclerotomes

ligand, Ephrin B1

EphB3 receptor

Neural crest cells

1. cranial half of sclerotome expresses EphB3

2. caudal half of sclerotome expresses Ephrin-B1 (Ephrin ligand )

3. division of the sclerotome into cranial and caudal halves determines :

migration pathway of neural crest cells, motor axons 

EphB3-expressing cells cannot mix with

cells expressing the ligand Ephrin-B1



Cranial-caudal difference in the sclerotome 

in both gene expression and cell density

cranial portion is less cell dense

caudal portion of sclerotome is cell dense,

with higher cell proliferation



these differences result in segmentation of peripheral nervous system

the neural crest cells and motor axons,

can only migrate towards the cranial portion of the sclerotome,

caudal portion of the sclerotome is inhibitory for migration

Non-Ebner’s fissure



Ribs and 

sternum

5th week : in the thoracic region 

costal processes begin to elongate 

6th week:

costovertebral joints

6th week:

Paired mesenchymal condensations: sternal bars form within the ventral body wall

Ossification centers: as early as 60 days

Birth



Muscles of trunk 

and limbsThe muscles and bones of the trunk derive from the somites. 

dorsal epithelial layer: dermomyotome

contains the presumptive myogenic and dermal cells

sclerotom
dorsal epimere



deep epaxial muscles of the back

Wnt signaling

induces epaxial muscle formation



expression of the Bmp antagonist Noggin



onset of Myf5 expression



migration of the cells into the myotome



expression of MyoD

become postmitotic, and differentiate

ventral hypomere



hypaxial muscles of lateral, ventral body wall

in the thorax and abdomen

hypaxial myoblasts invade the limb buds

give rise to the limb musculature



Tendons

Defined by Scleraxis gene expression

New (2003) somitic compartment: 

syndetome tendons

Tissue interactions required for 

tendon progenitor induction in vertebrate embryos.

Induction of tendon progenitors, identified as

Scx-expressing cells, depends on a unique 

set of tissue interactions in different parts of the embryo

Connecting muscles to tendons: tendons and musculoskeletal development in flies and 

vertebrates. Ronen Schweitzer, Elazar Zelzer, Talila Volk. Development 2010 137: 2807-2817;



Myostatin

Myostatin (Growth and differentiation factor 8),

a member of the Tgfβ family

negative regulator of muscle differentiation

MYOSTATIN mutations have been 

reported in humans 

and are linked to increased muscle 

strength. ( or ??)

New England Journal of Medicine / AP File

A German boy, seen here at seven-months old,

has a genetic mutation that boosts muscle growth.

http://www.builtreport.com/index.html
http://www.builtreport.com/index.html


Vertebral defects

Anteroposterior MRI of the spine 

1.Patient with an MESP2 mutation showing:

abnormal vertebral segmentation
(spondylocostal dysostosis)

MESP2 is only expressed for a brief period during embryogenesis

in a highly restricted domain in the presomitic mesoderm

Mesoderm posterior protein 2 (MESP2)
plays a key role in defining the rostrocaudal patterning of somites

via interactions with multiple Notch signaling pathways.

This gene is expressed in the anterior presomitic mesoderm

and is downregulated immediately after the formation of segmented somites

http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B8JDD-4RDBM6R-M&_image=B8JDD-4RDBM6R-M-6&_ba=&_user=1517116&_rdoc=1&_fmt=full&_orig=search&_cdi=43612&view=c&_isHiQual=Y&_acct=C000053446&_version=1&_urlVersion=0&_userid=1517116&md5=1eba9dfc42af45d948c684b26ab49969
http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B8JDD-4RDBM6R-M&_image=B8JDD-4RDBM6R-M-6&_ba=&_user=1517116&_rdoc=1&_fmt=full&_orig=search&_cdi=43612&view=c&_isHiQual=Y&_acct=C000053446&_version=1&_urlVersion=0&_userid=1517116&md5=1eba9dfc42af45d948c684b26ab49969
https://en.wikipedia.org/wiki/Somite
https://en.wikipedia.org/wiki/Notch_signaling_pathway
https://en.wikipedia.org/wiki/Mesoderm


Meningomyelocele

Spina bifida

Mfh/Pax1 double mutants

-dorsomedial structures of the vertebrae are missing

(spina bifida ) myelomeningocele

- vertebral bodies and intervertebral discs are missing

in January 1998, the United States Food and Drug Administration mandated fortification with folic 

acid of all cereal and grain products. 

By 2005, the prevalence of Spina Bifida in the United States was two in 10,000 live births. 

2003–2004 showing the dramatic positive effect of food fortification with folic acid 

a strong candidate spina bifida gene(s) for the world 

population has yet to be discovered….
Scientifica (Cairo). 2017;

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5327787/


Explanations

The name Wnt was coined as a combination of Wg (wingless) and Int  and can be pronounced as 'wint'. 

The wingless gene had originally been identified as a recessive mutation affecting wing and haltere development in Drosophila melanogaster[3]

It was subsequently characterized as segment polarity gene in Drosophila melanogaster that functions during embryogenesis

and also during adult limb formation during metamorphosis.

The INT genes were originally identified as vertebrate genes near several integration sites of mouse mammary tumor virus (MMTV).

The Int-1 gene and the wingless gene were found to be homologous, 

with a common evolutionary origin evidenced by similar amino acid sequences of their encoded proteins. 

cMeso-1:  basic-helix-loop-helix (bHLH) protein

cMeso-1 transcripts demarcates the area immediately posterior to the next prospective pair of somites in cyclic waves

which apparently correspond to the formation of new somites

Paraxis is a member of this Twist subfamily of basic helix-loophelix transcription factors subfamily

Pax1 Gene - paired box gene 1

(Synonyms: hbs, hunchback, MGC175950, Paired box protein Pax-1, Pax-1, un, undulated, wavy tail, wt)

cSim1 a basic helix-loop-helix (bHLH) transcription factor are markers of lateral somitic cells

EphB1, EphB4 (other Ephrin receptors), Ephrin-B1 (Ephrin ligand ),

(Delta 1 ( ligand for Notch signaling pathway), Uncx4.1 (a homeobox-containing transcription factor)

Mesoderm posterior 2

Mesp2, mesoderm posterior 2

This gene encodes a member of the bHLH family of transcription factors and plays a key role in defining the rostrocaudal 

patterning of somites via interactions with multiple Notch signaling pathways. This gene is expressed in the anterior 

presomitic mesoderm and is downregulated immediately after the formation of segmented somites. This gene also plays 

a role in the formation of epithelial somitic mesoderm and cardiac mesoderm. Mutations in the MESP2 gene cause autosomal 

recessive spondylocostal dystosis 2 (SCD02)

http://en.wikipedia.org/wiki/Drosophila_melanogaster
http://en.wikipedia.org/wiki/Wnt_signaling_pathway#cite_note-pmid815114-2
http://en.wikipedia.org/wiki/Morphogenesis#Additional_segmentation_genes
http://en.wikipedia.org/wiki/Drosophila_melanogaster
http://en.wikipedia.org/wiki/Mouse_mammary_tumor_virus
http://en.wikipedia.org/wiki/Homology_%28biology%29
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