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2 fundamental biological processes 

Ontogeny
the development of an individual organism

Phylogeny
the evolutionary history of a species

Understanding how the nervous system forms 
during embryogenesis and how it has evolved 

across species provides critical insights into both 
normal brain function and neurological disorders
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The relationship between ontogeny (individual
development) and phylogeny (evolutionary history) has long
fascinated biologists.

While the 19th-century notion that “ontogeny recapitulates
phylogeny” (Ernst Haeckel) has been largely revised, modern
biology recognizes a dynamic interplay between these two
processes.

This integration is especially evident in the development and
evolution of the nervous system.
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1. Developmental Biology Reflects Evolutionary History

Embryonic development often mirrors evolutionary stages. For

example:

•The neural tube, a hallmark of vertebrate development,

reflects the ancestral central nervous system structure.

•The tripartite brain (forebrain, midbrain, hindbrain) seen in

vertebrate embryos is conserved across species, suggesting a

common evolutionary origin.

These developmental stages are not literal recapitulations but

modular reuses of ancient genetic programs.



2. Deep Homology and Conserved Genetic Pathways

Modern genomics has revealed that many genes involved in
nervous system development are deeply conserved across
species:

•Hox genes: Define segmental identity in both invertebrates
and vertebrates.
•Pax6: Essential for eye and brain development in flies, fish,
and humans.
•Otx and Emx: Involved in forebrain patterning across
vertebrates.
This conservation supports the concept of deep homology,
where similar structures arise from shared genetic
mechanisms, even in distantly related organisms.



3. Evolutionary Innovations via Developmental Modifications

New nervous system features often arise from changes in 

developmental processes:

•Heterochrony: Changes in the timing of developmental events 

(e.g., prolonged neurogenesis in humans leads to larger brains).

•Heterotopy: Changes in the spatial expression of genes (e.g., 

expansion of cortical regions).

•Gene duplication and divergence: Allow new functions to evolve 

while preserving ancestral roles.

These mechanisms enable evolutionary plasticity while 

maintaining core developmental frameworks.



4. Comparative Embryology as a Tool for Evolutionary Insight
Studying embryonic development across species reveals both
conserved and divergent features:

•Amphioxus (a basal chordate) shows a simple neural tube and
brain vesicles, offering clues to vertebrate origins.

•Lampreys and hagfish (jawless vertebrates) exhibit primitive
brain structures that inform early vertebrate evolution.

•Mammalian embryos show advanced cortical development,
reflecting evolutionary expansion.

Comparative embryology helps reconstruct evolutionary
trajectories and identify ancestral states.



5. Evo-Devo: Evolutionary Developmental Biology
The field of evo-devo (evolutionary developmental biology) bridges
ontogeny and phylogeny by exploring how changes in development
drive evolutionary change.

Key principles include:
•Modularity: Developmental units (e.g., brain regions) can evolve
independently.

•Plasticity: Developmental systems can adapt to environmental and
genetic changes.

•Constraint: Evolution is limited by developmental possibilities and
historical contingencies.
Evo-devo has revolutionized our understanding of how complex
nervous systems evolve.



6. Brain Evolution Through Developmental Expansion

In mammals, especially primates:

•Neurogenesis is extended, allowing more neurons and larger

brains.

•Cortical folding (gyrification) increases surface area without

expanding skull size.

•Radial glia and intermediate progenitors contribute to layered

cortical architecture.



MD NEUROSCIENCE- Gabriele Baj  - gbaj@units.it



MD NEUROSCIENCE- Gabriele Baj  - gbaj@units.it



MD NEUROSCIENCE- Gabriele Baj  - gbaj@units.it



Ontogeny refers to the sequence of events that occur from the 
fertilization of the egg to the formation of a fully functional 
nervous system in the adult organism. 

This process is highly orchestrated and involves several key 
stages:

1. Neural Induction
Neural induction is the first step in the formation of the 
nervous system. It begins during gastrulation, when the three 
germ layers—ectoderm, mesoderm, and endoderm—are 
established. The ectoderm, which will give rise to the skin and 
nervous system, receives signals from the underlying 
mesodermal notochord to become neuroectoderm.



2. Neural Plate and Neural Tube Formation
The neuroectoderm thickens to form the neural plate, which 
then undergoes neurulation—the process of folding into the 
neural tube, the precursor to the central nervous system (CNS).
•Primary neurulation: The neural plate folds to form the neural 
tube.
•Secondary neurulation: Occurs in the caudal regions, forming 
the lower spinal cord.

3. Regionalization and Patterning
Once the neural tube is formed, it undergoes regionalization
into distinct domains:
•Forebrain (prosencephalon)
•Midbrain (mesencephalon)
•Hindbrain (rhombencephalon)
•Spinal cord



4. Neurogenesis and Gliogenesis
Neural progenitor cells within the ventricular zone of the neural tube begin to divide 
and differentiate:
•Neurogenesis: Formation of neurons
•Gliogenesis: Formation of glial cells (astrocytes, oligodendrocytes)
Radial glial cells serve as scaffolds for migrating neurons, guiding them to their final 
destinations.

5. Migration and Layer Formation
Neurons migrate along radial glia to form the layered structure of the brain, 
particularly the cerebral cortex. This process is tightly regulated and involves:
•Reelin signaling
•Cell adhesion molecules
•Cytoskeletal dynamics

6. Synaptogenesis and Circuit Formation
Neurons extend axons and dendrites to form synapses. This involves:
•Growth cones
•Guidance cues (e.g., netrins, semaphorins, ephrins)
•Activity-dependent refinement
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