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Regulators of Development



Ontogenesis is a hereditary phenomenon



Differentiation of cell lineages Shaping the embryo

Genetic equivalence of cells
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Genetic equivalence of cells ?

Differentiation of cell lineages Shaping the embryo

Symmetry breaking

« epi »-genetic factors

« stuff » acting on genes
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Signaling molecules
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Gene regulators (transcription factors, etc…)





signaling

signaling

…Oogenesis !!!

What is the first « symmetry breaking event » 

in development?



gene regulatory networks developmental programme 

Next…: networks of cells and molecules in interaction



What is the first « symmetry breaking event » in 

human development?



Ontogenesis is a hereditary phenomenon

Shaping the embryo

Genetic equivalence of cells

Differentiation of cell lineages

gene regulatory networks

developmental programme 

Signaling molecules

Gene regulators

From «symmetry breaking» to : 



Patterning the embryo Hox genes

The Interactive Fly © Thomas B. Brody. 
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« Homeobox » genes… Hox genes

Specification of body segments



7p15

17p21

12q13

2q31

In mammals….

Santagati and Rijli, 2003
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Vertebrae, ribs



Signaling molecules Transcription factors

Nolte et al, 2009
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Remacle, Gofflot, Rezsohazy, unpublished

Hoxa1NA-KR mutant
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Hoxa10/c10/d10

Knockout mutant
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The « Evo-Devo » connection
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Hox genes and neural development



Signaling molecules

Transcription factors

Tumpel et al, 2009



Remacle et al., 2004

Hindbrain patterning : 

loss of rhombomeres 

fusion of r4-r5-r6

Cranial nerves : 

reduction or absence 

of nerves VIII, IX and X

WT Hoxa1WM-AA

Remacle et al, 

2004



The «HOXA1» syndrome

+ frequent Autistic spectrum disorder



Makki and Capecchi, 2012

The Hoxa1 KO mice display 

Bicuspid Aortic Valve (BAV)

Makki and Capecchi, 2012
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→ 89% of heritability. 

Bicuspid Aortic Valve: 2 ‰ for the girls and 7 ‰ for the boys.

Most common cardiovascular malformation.
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Neural crest cells 

The Hoxa1 cell lineage colonizes the developing heart



Hexapeptide HomeodomainNH3+ COOH10-His 5-His

33 His tract variants / 338 patients (Gnomad: 0,000778)

Odelin et al., 2023

The HOXA1 protein

BAV patients
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Hoxa18-His

Hoxa110-His

Hoxa112-His

Hoxa113-His

alleles

Odelin et al., 2023

The His mutant versions of HOXA1

provoke valvular malformations in vivo 

Hoxa110-HisHoxa1



Signaling molecules

Transcription factors

Hox genes the limbs

Oberg, 2019



Synpolydactyly

HOXD13

poly-alanine tract expansion



Heart development
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The « Evo-Devo » 

connection



Teeth
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The « Evo-Devo » connection







Hedgehog signalling

Neural tube

Limb bud



Hedgehog Signalling Pathway

McMahon,2000



Murdoch and Copp, 2010

Sonic Hedgehog (Shh)







… regulatory mutations predominate

Enhancer variants: evaluating functions in common disease

Most disease-related variations:

regulatory…



HOX

NKX

MSX

PAX

(….)

SHH

Master regulators of 

gene regulatory networks

developmental programme 
Signaling molecules

Transcription factors

Cascades of events:

from patterning the embryo to organogenesis



Thanks for listening !!!


