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The Humunculus



Epigenesis

New structures arise 
by progressing 
through a number of 
different stages.
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Blastocyst embryo

4-cell embryo

1-cell embryo



Beyond the blastocyst



Gastrulation

Fig: Larsen’s Human Embryology



Nervous 
system

Outer skin

Visceral Organs
Muscle, Skeleton

Inner linings

Carlson: Human embryology and Developmental Biology







Picture of RAstat

335 13Transgenic embryo carrying green fluorescent reporter for retinoic acid activity (unpublished)
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end of 4 weeks

end of 8 weeks



• All organ systems 
are formed by the 
end of the eighth 
week

• Activities of the 
fetus are growth 
and organ 
specialization

• The fetal stage is 
one of 
tremendous 
growth and 
change in 
appearance

335

The fetal period



Photo: Peter Chinn





Blastocyst embryo

4-cell embryo

1-cell embryo



All cells from 4-8 cell stages are 
totipotent

335 21

Willadsen, S. M. (1981). The development 
capacity of blastomeres from 4- and 8-cell 
sheep embryos. J Embryol Exp Morphol, 65, 
165-172.



1. Harnessing inherent 
processes and chance to 

generate lineage differences
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Master regulators
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Identity

Bias

Commitment

Lineages
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Embryo-
specific genes

Placenta-
specific genes

Gene regulatory
network 1 (GRN1)

GRN1 leads 
to fluctuations 

in master genes 

Master gene 
circuitry 

stabilises bias

Master gene 
targets

impart new identities 
(GRN2,3) 



Is the regulatory circuitry 
conserved across all mammals?

Theodor Philipsen, 1890



Berg DK, Smith CS, Pearton DJ, Wells DN, Broadhurst R, Donnison M, Pfeffer PL. 2011. 
Trophectoderm lineage determination in cattle. Dev Cell 20: 244-255.
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Species specific 
differences:



Not so hasty…..

Mouse:

Cattle:  

Blastocyst           Implantation Gastrulation

Blastocyst          Gastrulation          Implantation

Day 3.5                            Day 4.5                             Day 6.5   

Day 7                             Day 14                               Day 20   

Oct4 switch-off
In the TB

humans



1. Harnessing inherent 
processes and chance to 

generate lineage differences



2. Using lineage boundaries and 
signalling centres to pattern an 

embryo



The “organiser”



The Node is equivalent to the Spemann’s organiser in the frog. Also 
shown in mice, though anterior-most structures are not induced.

Wolpert: Principles of Development



The midbrain and hindbrain are separated 
by an organiser
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Patterning 
the brain
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The French flag model of patterning
boundary

inducing 
cell(s)

Wolpert, Principles of Development



Node
High levels of 

SIGNAL

Mid levels of 
SIGNAL

Low levels of 
SIGNAL

W
ol

pe
rt,

 P
rin

ci
pl

es
 o

f D
ev

el
op

m
en

t

SIGNAL = NODAL



Forming the NODE: The boundary 
between ICM and TE

Blastocyst

Placental precursor (=“TE”; Cdx2+)

Embryo precursor (=“ICM”; Oct4+)



Creating a longer border

NODAL

NODAL 
inhibitor NODAL



Cattle embryos, top view, stained for gastrulation marker

PhD student Jessica van Leeuwen





Development as a series of successive autonomous steps

Inherent properties of cells 
leading to differences

Communication between different
cell types leading to new cell types

Cell migration creating 
new possibilities
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