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Choose the best suited model according to the developmental questions
and level of analysis
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Neuronal connectivity

Axonal pathfinding
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Morphogenetic processes

Synaptogenesis
………..

………..

• Organism level

• Tissue level

• Cell level

• Molecular/genetic level
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Do we need animal models to study
neural development?  

Why?
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Animal Models

A proxy for understanding basic principles 
and processes of animal biology 

To obtain information about other species, 
including humans, that are more difficult 

or impossible to study directly in an 
experimental setting 

Care must be taken when extrapolating
from one organism to another



Animal Models
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A model organism is a species that has been widely studied because:

• it is easy to maintain and breed in a laboratory setting
• has a short life cycle

• large number of offspring
• embryos are easy to obtain

• embryos are accessible for experimental manipulation
• has particular experimental advantages



Main model organisms in developmental neurobiology
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Zebrafish

Chicken

Mouse 

C. elegans

Drosophila melanogaster
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How to chose the best model…?

ü Ethical issues
e.g. three Rs (Replacement, Reduction and Refinement)
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How to chose the best model…?

ü Ethical issues
e.g. three Rs (Replacement, Reduction and Refinement)

Directive 2010/63/EU revising Directive 86/609/EEC on the protection of animals used 
for scientific purposes.

The Directive is firmly based on the principle of the Three Rs, to replace, reduce and refine the use of animals 
used for scientific purposes. The scope is now wider and includes foetuses of mammalian species in their last 
trimester of development and cephalopods, as well as animals used for the purposes of basic research, higher 
education and training. 

It lays down minimum standards for housing and care, regulates the use of animals through a systematic project 
evaluation requiring inter alia assessment of pain, suffering distress and lasting harm caused to the animals. It 
requires regular risk-based inspections and improves transparency through measures such as publication of non-
technical project summaries and retrospective assessment. The development, validation and implementation of 
alternative methods is promoted through measures such as establishment of a Union reference laboratory for the 
validation of alternative methods supported by laboratories within Member States and requiring Member States 
to promote alternative methods at national level.
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How to chose the best model…?

ü Ethical issues
e.g. three Rs (Replacement, Reduction and Refinement)

ü Biological considerations
e.g. it must be meaningful to address the specific research question

ü Practical issues
e.g. access to animal facilities; cost of maintenance; space requirements…
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Drosophila melanogaster

one of the most valuable animal model in developmental biology

easy to grow - advanced genetics and molecular tools  
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Drosophila melanogaster

one of the most valuable animal model

easy to grow - advanced genetics and molecular tools  

life cycle: about 12 days at 25°C
embryo development about 24 hours
3 instar stages – pupa - metamorophosis
sexual maturity reached in 12 hours

12 days
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Drosophila melanogaster

one of the most valuable animal models

easy to grow - advanced genetics and molecular tools  

life cycle: about 12 days at 25°C
embryo development about 24 hours
3 instar stages – pupa - metamorophosis
sexual maturity reached in 12 hours

Model for key processes in neural tissue development:
• Neural stem cell behavior
• Definition of spatial and temporal identity
• Axon guidance and connectivity
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C. elegans (nematode worm)

Genome fully sequenced

Easy to maintain in the lab – embryos can be easily manipulated

Life cycle: form egg to egg 3 days
Life span is around 2-3 weeks

Simple anatomy – limited number of cells - transparent embryos
The nervous system is the 

most complex organ 
in C. elegans. 

Almost a third of all the cells 
in the body (302 out of 959 
in the adult hermaphrodite 
to be precise) are neurons.



18

C. elegans (nematode worm)

Genome fully sequenced

Easy to maintain in the lab – embryos can be easily manipulated

Life cycle: form egg to egg 3 days
Life span is around 2-3 weeks

Simple anatomy – limited number of cells - transparent embryos

Organ development & Programmed cell death
(Brenner, Sulston, Horvitz) Nobel prize 2002

RNAi (Fire & Mello) Nobel prize 2006
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Zebrafish (Danio rerio)

High degree of genetic conservation with humans

Transparent embryos - Accessible to genetic manipulation

Life cycle: embryo development lasts 3 days
Sexual maturity reached at nearly 3 months

Lay hundreds of eggs that develop externally

An excellent model organism to study neurogenesis in the embryo
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Chicken (Gallus gallus domesticus)

Major models for vertebrate early developmental stages:
à development occurs outside the body of the mother

Embryos are highly accessible to experimental manipulations

Genome fully sequenced - share significant genetic conservation with humans

Life cycle:
The egg is laid 25 hours following internal fertilization
A chick hatches after 21 days incubation
Sexual maturity occurs by 31 weeks 
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Chicken (Gallus gallus domesticus)

Major models for vertebrate early developmental stages:
à development occurs outside the body of the mother

Embryos are highly accessible to experimental manipulations

Genome fully sequenced - share significant genetic conservation with humans

Life cycle:
The egg is laid 25 hours following internal fertilization
A chick hatches after 21 days incubation
Sexual maturity occurs by 31 weeks 

Rita Levi Montalcini (Nobel prize in 1986) – discovery of NGF
Nicole Le Douarin – chick-quail chimeras – Neural crest cells
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Mouse (Mus musculus)

Genome fully sequenced - Genetic similarity to humans

Short life cycle:
-gestation: 18-21 days (large offspring)
-sexual maturity by 8 weeks from birth
mature adult (3-6- months); middle aged (10-14 months); old (18-24 months)

Large number of Inbreed strains & Transgenic mice available

C57 black6 About 90% of all the 
animal models used in 
research are rodents, the 
majority of which are 
mice. 
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Mouse (Mus musculus) C57 black6
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In vitro Models

• 2D Systems
e.g. cell lines; primary cell cultures; iPSCs

• 3D Systems
e.g. neurospheres; tissue explants; organotypic slices; brain 
organoids



Neural cell/tissue cultures
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Explanted in vitro cultures represent a powerful method to study distinct neuronal

populations and allow morphological, toxicological and functional studies, among which

migration assays.

Extract brain Section brain

Dissect
brain
region

Cut
brain
slice

Enzimatically
dissociate

Primary culture (2D)
Neurospheres (3D) 

Tissue explant Organotypic slice



Brain organoids or “brain development in a dish”
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MA Lancaster et al. Nature 000, 1-7 (2013) 
doi:10.1038/nature12517

Self-organizing structures



Brain organoids or “brain development in a dish”
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Brain organoids or “brain development in a dish”
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• They can be generated from human cells

• Open up a window into the early events that occur during development of the human 
brain

• Recapitulate many processes with high fidelity

MAIN LIMITS

• Inadequate supply of oxygen and nutrients

• Reproducibility (methodology; starting material; lab-to lab and individual variability; 
inherent stochasticity in self-organizing tissue morphogenesis)

• Important differences remain between brain development in vivo and brain organoid
development in vitro

• Only early stages can be replicated (activity/input dependent processes are difficult to 
study in vitro) 
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