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Neural tube defects



Cellular Processes during Development

During development, cells 

 Proliferate (divide) 

 Differentiate (acquire novel functions or structures) 

 Migrate (move within the embryo) 

 Undergo apoptosis (programmed cell death) 

These four basic cellular processes act in various combinations 
and in different ways to allow 

 Growth

 Morphogenesis (literally, the “creation of form”)

Thereby creating an embryo of normal size and shape, 
containing organs of the appropriate size, shape, and location, 
and consisting of tissues and cells with the correct 
architecture, structure, and function.



Dysregulation of growth Mutations AKT1
Proteus syndrome



Mutations PIK3CA



Mutations mTOR
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 Undifferentiated cell undergoes the process of 
differentiation, through a series of discrete steps in which 
it manifests various distinct functions or attributes until it 
reaches its ultimate destination, referred to as its fate

 Early during differentiation, a cell undergoes 
specification when it acquires specific characteristics 
but can still be influenced by environmental cues 
(signaling molecules, positional information) to change its 
ultimate fate

 A cell either irreversibly acquires attributes or has 
irreversibly been committed to acquire those attributes, 
referred to as determination

 With the exception of the germ cell and stem cell 
compartments, all cells undergo specification and 
determination to their ultimate developmental fate





Chimerism

Mosaicism



Regulative Development and Twinning
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Left-Right axis



Heterotaxy is defined as an abnormality where the internal thoraco-
abdominal organs demonstrate abnormal arrangement across the left-right 
axis of the body. 



Raya and Belmonte, Nature 
Reviews Genetics, 2006







Ulnar dimelia or mirror hand syndrome
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Achondroplasia



Example of the gene sonic hedgehog (SHH)



SHH mutations: holoprosencephaly
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 Cells must organize themselves with
respect to their position and polarity in 
their microenvironment

 The acquisition of polarity by a cell can
be viewed as the cellular version of 
axis determination with respect to the 
development of the overall embryo



Primary cilium





Chapters

 Basic Concepts of Developmental Biology

 Overview of Embryological Development

 Fate, Specification, and Determination

 Axis Specification and Pattern Formation

 Cellular and Molecular Mechanisms in Development

 Gene Regulation by Transcription Factors

 Morphogens and Cell to Cell Signaling

 Cell Shape and Organization

 Cell Migration

 Programmed Cell Death

 Interaction of Developmental Mechanisms in 
Embryogenesis

 The Limb as a Model of Organogenesis



Neuronal 

migration in 

cortex



Neuronal migration defects in cortex



Neural crests cells



Neurocristopathies

Auriculo-Condylar
syndrome

Treacher-Collins
syndrome

Oculo-auriculo-
vertebral syndrome



Waardenburg syndrome
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Programmed cell death (apoptosis)

 Critical function in development, 
necessary for the morphological
development of many structures

 It occurs wherever tissues need to be
remodeled during morphogenesis
 separation of the individual digits

 perforation of the anal and choanal
membranes

 establishment of communication between the 
uterus and vagina, …







FGFR2 mutation





Craniostenosis



Apert syndrome (FGFR2 mutation)
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 Organogenesis requires
the coordination of 
multiple developmental
processes

 Proliferation

 Differentiation

 Migration

 Apoptosis

 To understand how 
these processes
interact and work
together, 
developmental
biologists typically
study embryogenesis in 
a model organism, such
as worms, flies, or mice







Greig
cephalopolysyndactyly
GLI3 Mutations



Conclusions

 Genes are the primary regulators of developmental
processes

 Their protein products function in developmental genetic
pathways, and these pathways are employed in related
developmental processes in a number of organ systems

 Understanding the molecular basis of gene function, how 
those functions are organized into modules, and how 
abnormalities in those modules cause and correlate with
malformations and syndromes forms the basis of the 
clinical approach to human birth defects

 Understanding of these developmental pathways may also
provide an avenue in the future to devise therapies that
target appropriate parts of these pathways

Questions?
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