
Notochord 
Notochord is a rod of 

mesenchymal cells 

 located in the 

midline. 

Dorsal region of 

mesoderm cells 

condense to form rod 

of cells called 

notochord. 

 



Production of chemical signals by notochord 

• Notochordal cells produce chemical signals 

that redirectrate the ectoderm cells above it. 

•    

• Cells of ectoderm are instructed to make the 

nervous system instead of forming 

epidermis. At this stage embryo is called 

neurula. 

 

• The neural precursor cells elongate and fold 

to form a neural tube. 
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Development of Neural Tube 
The notochord forms from mesoderm 

 -Region of dorsal ectodermal cells situated 

above notochord thickens to form the neural 

plate 

  -Cells of the neural plate fold together to 

 form a long hollow cylinder, the neural 

 tube 

       -Will become brain and spinal cord 
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Generation of Somites 
Mesoderm sheets on either side of notochord 

separate into rounded regions called 

somitomeres  

 -These separate into segmented blocks called 

somites 

  -Form in an anterior-posterior wave with 

 a regular periodicity 

       -Ultimately give rise to skeleton,        

muscles and connective tissues 
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Generation of Somites 
Mesoderm in the head region remains connected as 

somitomeres  

 -Form muscles of the face, jaws and throat 

Some body organs develop within a strip of 

mesoderm lateral to each row of somites 

 -Remainder of mesoderm moves out to surround 

the endoderm completely 

  -Mesoderm separates into two layers 

       -Coelom forms in between 
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Neural Crest Cells 
Neurulation occurs in all chordates 

However, in vertebrates it is accompanied by an 

additional step 

 -Just before the neural groove closes to form the 

neural tube, its edges pinch off,  forming a small 

cluster of cells called the neural crest 

  -These cells migrate to colonize many 

 different regions of developing embryo  
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Neural Crest Cells 
Neural crest cells migrate in three pathways 

 -Cranial neural crest cells are anterior cells that 

migrate into the head and neck 

 -Trunk neural crest cells are posterior cells that 

migrate in two pathways  

  -Ventral pathway cells differentiate into 

 sensory neurons and Schwann cells 

  -Lateral pathway cells differentiate into 

 melanocytes of the skin 
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Neural Crest Cells 
A mutation in a gene that promotes survival of 

neural crest cells produces white spotting on 

ventral surfaces of human babies & mice 
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Neural Crest Cells 
Many of the unique vertebrate adaptations that 

contribute to their varied ecological roles 

involve neural crest derivatives 

 -For example gill chambers provided a greatly 

improved means of gas exchange 

  -Allowed transition from filter feeding to 

 active predation (higher metabolic rate) 

 -Other changes = Better prey detection, and 

rapid response to sensory information 
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Epidermis, skin, hair, 
epithelium, inner 

ear, lens of eye 



Somites 
 

Somites are precursor populations of cells that 

give rise to important structures associated 

with the vertebrate body plan and will 

eventually differentiate into dermis, skeletal 

muscle, cartilage, tendons, and vertebrae 

 

After notochord and neural tube formation, 

mesodermal tissues adjacent to the notochord 

and neural tube become segmented and form 

somites like body parts  



Somites 





 Notochord, flexible rodlike structure of mesodermal 

cells that is the principal longitudinal structural 

element of chordates and of the early embryo of 

vertebrates. 

 

 It plays an organizational role in nervous system 

development.  

 

 In later vertebrate development, it becomes part of the 

vertebral column. 

 

 Regulates differentiation of surrounding structures 

including the overlying ectoderm and the mesoderm. 

 

 Provides rigidity to the embryo 

 

 



The Neurulation 
 It is the process by which the neural tube is 

formed. The stages of neurulation include the 
formation of: 

 Neural plate 

 Neural groove  

 Neural folds & their fusion 

 Neural crest cells 

 Neural tube   

 Begins during early part of the 4th week (22-23 

days) 

 Ends by the end of 4th week (27 days) 

 Is induced by the notochord 

 

 

 

 

 

 



The Neurulation 

 Under the 

inducing effect of 

the developing                                      

notochord, the 

overlying 

ectodermal cells 

thickens to form 

the neural plate 



 As the notochord forms & 

elongates: 

 The embryonic disc 

elongates and becomes 

club-shaped 

 The neural plate broadens 

and extends cranially as 

far as the 

buccopharyngeal 

membrane, and later on 

grows beyond it 



 On 18th day: the neural 

plate invaginates to 

form neural groove & 

neural folds 

 

 

 

Neural fold 



 Some neuroectodermal cells along the 

crest of the neural fold differentiate as the 

neural crest cells. 

 Neural crest cells 

Neural fold 



 By the end of 3rd week, 

the neural folds move 

to the midline and fuse 

to form the neural tube 

 

 The fusion begins in 

the future cervical 

region and then 

extends both in cranial 

and caudal direction 

 



Following fusion of 

the neural folds, the 

neural crest cells 

get separated and 

move laterally to 

form the sensory 

neurons of the 

spinal (dorsal root) 

ganglia 

 



The neural tube separates from the surface 

ectoderm, lies in the midline, dorsal to the 

notochord 



The cranial ⅓ of the 

neural tube represent 

the future brain 

The caudal ⅔ 

represents the future 

spinal cord 



Congenital Anomalies of the Nervous 

System 

• Disturbance of neurulation may result in severe 
abnormalities of the brain and the spinal cord 

• Most defects are the result of non-closure or 
defective closure of the neural tube: 

• In the brain region (e.g. anencephaly) 

• In the spinal cord regions (e.g. spina 
bifida) 

• High level of alpha-fetoprotein (AFP) in the 
amniotic fluid is a strong sign of neural tube 
defects 

 

 

 

 

 

 

 





Surface Ectoderm Derivatives 

 Epidermis of the skin 

 Hair 

 Nail 

 Sweat & Sebaceous glands 

 Mammary glands 

 Enamel of the teeth 

 Lens of eye 

 Internal ear 

 Anterior lobe of the pituitary gland 


