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From fertilized egg to...

All multicellular organisms start out as a single cell: a 
fertilized egg, or zygote.
– Between fertilization and birth, developing multicellular 

organisms are called embryos. 

This process of progressive change is called 
development.   Various aspects:
– Differentiation: how a single cell gives rise to all the many cell 

types found in adult organisms
– Morphogenesis: how is the spatial ordering of tissues into 

organs and a body plan realized?
– Growth: how is proliferation (and cell death) regulated?  How 

do cells know when to divide and when not to?

The life cycle

Although there are tremendous differences in the path 
of development among organisms, there is a 
remarkable unity in the stages of animal development,
called the 
life cycle.
Fertilization to
birth is 
embryogenesis
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Cleavage

Immediately following fertilization, there is a period of 
very rapid cell division called cleavage.
– There is very little new cytoplasm made. The relatively large 

zygote divides into numerous, much smaller cells.
– The resulting ball of cells is a blastula.  The cells in it are 

blastomeres.

Gastrulation

After a while, the rate of mitoses slows, and the 
blastomeres dramatically rearrange themselves, 
forming three (or sometimes two) germ layers.  This is 
gastrolation. 
– The layers are Endoderm, (Mesoderm) and Ectoderm.
– At this point cellular differentiation is

well along.  E.g.
nervous system
cells will all come
from ectoderm 

Germ layer cell fates

Cells from each germ layer have specific fates
Ectoderm:
– Epidermis, hair, nails, etc.
– Brain and nervous system

Mesoderm:
– Muscle, cardiovascular system, bones, blood, dermis, gonads, 

excretory systems, etc.

Endoderm:
– Inner lining of digestive tract
– Lining of lungs
– glands
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Organogenesis

Once the germ layers are established, they migrate and 
combine to form organs.
Organs generally contain cells from more than one 
layer
– The outside of an organ (e.g. epidermis arises from the 

endoderm) can come from one layer and the inside from another 
(dermis arises from the mesoderm)

Some cells migrate a very long way during 
organogenesis. 

Larval stages

In many organisms, the organism that is born (or 
hatched) is not yet able to reproduce. 
The organism between birth and sexual maturity is 
called a larva.  
– Often, larva have significantly 

different appearance than the 
adult organism

– In some organisms, the 
larval stage lasts much 
longer than maturity.

Development evolves slowly

Developmental markers
were once the basis
of many evolutionary
trees
– Naming from development

remains in use.
Protostome means 
mouth first.  
Deuterostome means
mouth second.
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Gene expression
and development

Differential regulation of gene expression is the basis 
of development. 
– Gene expression control is specific to each tissue and 

developmental stage.  
Stable repression of genes that are not expressed in a 
particular tissue is accomplished by 
methylation of 
promoter regions.

Induction

Development is controlled not only by factors internal 
to each cell, but
also by cell-cell 
communication.
Moving embryonic cells
can change their fate.
– This ability of a neighborhood to influence differentiation is 

called induction and it is the basis of organogenesis
– Some cells cannot be induced to particular developmental 

trajectories.  The susceptibility of a cell to induction is called its 
competence for a particular trajectory. 

Epithelial-mesenchymal 
interactions

Mesenchyme refers to loose, unconnected cells, mostly 
derived from mesoderm.
– All organs consist of an epithelium and a mesenchyme

Mesenchyme instructs 
epithelium about what 
kind of organ to produce.
– Mesenchyme from different

origins can be transplanted,
causing different organs to 
form.  Even across species!
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Mechanisms of induction

Molecular induction signals are growth and 
differentiation factors. 
Paracrine induction factors diffuse into a local region 
(either from a 
cell or extracellular
matrix)
Juxtacrine factors
come from cellular
contacts
– Endocrine is through 

blood

Paracrine growth factors 

4 major families of paracrine factors.  Same 
throughout animals (e.g. flies and people).  Each 
family has many related members. 
– Fibroblast growth factor family.  Alternative splicing! 
– Hedgehog family.  Tissue boundaries, left/right 
– Wnt family. Establishes polarity in limbs
– TGF-� family. Bones, kidneys, sex determination...

Various other important growth factors
– e.g. epidermal growth factor (EGF), neurotrophins
– Also, blood and immune specific growth/differentiation factors, 

e.g. erythropoietin,  cytokines, and  interleukins

Growth factor receptors
and signal transduction

Receptors for growth factors are membrane-bound 
proteins with extracellular, intracellular
and transmembrane domains
Receptor binding to a ligand causes an intracellular 
change, often triggering
phosphorylations.
Resulting signal cascade
ultimately causes changes
in gene expression
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RTK signal transduction

One major class of signal transduction systems are 
receptor tyrosine kinases (RTKs)
Each RTK is sensitive to a particular ligand
When bound to a ligand, the RTKs are able to 
dimerize, which causes them
to phosphorylate each other
at tyrosine residues.
G proteins (e.g. RAS, a key
human oncogene) catalyze 
the phosphorylization of GDP

More signaling pathways

Other receptor types use variations on the theme of 
transmembrane receptors & phosphorylation-based 
multi-enzyme signal transduction.

Juxtracrine signalling

Particularly important in nervous system development, 
where direct cell-cell contact is more determinative 
than diffusive factors.
Delta signals through 
Notch for cells not
to become neurons.
– Regulates which cells

become glia
Mechanism is cleavage,
not phosphorylation
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Transduction integrates signals

Each receptor does not have its own signal 
transduction pathway.
– Some pathways respond to multiple signals
– Some receptors trigger multiple transduction pathways.

Pathways share mid-level components
Downstream results (e.g. transcription) depend on 
interactions among pathways
Information integration (and processing?) allows 
nuanced responses to complex cellular & molecular 
environments.

Programmed cell death 

Proper development requires that certain cells die after 
fulfilling their “scaffolding” purposes. This process is 
called apoptosis.
– Important in nervous system development, digits, etc.

Apoptosis signals transduction involves genes BCL2, 
Caspase 8, 9...  
In nematode worms (next slide), 151 cells die by 
apoptosis during embryogenesis
(compare 558 cells in hatched larva)

Development in C. elegans

Caenorhabditis elegans, a nematode worm. 
– 959 total cells (~1/3 nervous system) in the adult, with 

deterministic developmental trajectory.  Clear, clear egg shell, 2 
week lifespan.  19,000 genes.  Nobel prize, too.
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Axis determination

There are three axes along which organisms generate 
polarity:
– Anterior/Posterior (top/bottom

or head/tail)
– Dorsal/Ventral (back/belly; 

think of a shark's dorsal fin)
– Lateral (left/right).  Not all

is symmetric (e.g. heart/liver)
Different organisms do 
this in different ways. 

Fly development

Fruit fly, Drosophila melanogaster, classically studied 
for genetics.  Also a key developmental model
Much more complex than 
worm.  Not deterministic 
cell lineages
Syncytial blastoderm

(no cell walls, “bag of
nuclei).  

Axis determination in flies

“Stripe formation”
Starts with maternal
protein gradient
Hunchback forms 
broad gradient
Response to transcription factor
concentration creates increasingly
fine gradations
Ultimately causing “homeobox”
genes to define small regions


