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Developmental genetics and birth defects

R. Rezsohazy 11.2.2022

Regulators of Development

Ontogenesis is a hereditary phenomenon
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Differentiation of cell lineages Shaping the embryo

Genetic equivalence of cells

http://www.nikonsmallworld.com/

Paul Cudden, Jan Schmoranzer

www.freewebs.com/

?

© Dunod ed., L. Wolpert © Sinauer Associates, Inc., S.F. Gilbert

Genetic equivalence of cells ?

Differentiation of cell lineages Shaping the embryo

Symmetry breaking

« epi »-genetic factors

« stuff » acting on genes
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© Sinauer Associates, Inc., S.F. Gilbert

Signaling molecules

© Dunod ed., L. Wolpert

Gene regulators (transcription factors, etc…)
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…Oogenesis !!!

What is the first « symmetry breaking event » in development?
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signaling

signaling

gene regulatory networks developmental programme 

Next…: networks of cells and molecules in interaction
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What is the first « symmetry breaking event » in 

human development?

https://www.youtube.com/watch?v=MV5ccRW4SAQ

Ontogenesis is a hereditary phenomenon

Differentiation of cell lineages Shaping the embryo

Genetic equivalence of cells

gene regulatory networks

developmental programme 

Signaling molecules

Gene regulators

From «symmetry breaking» to : 
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Patterning the embryo Hox genes

The Interactive Fly © Thomas B. Brody. 

Gilbert, S, et al., Developmental Biology, 8th Ed, Sinauer, 2006 D. Lemons and W. Mc Ginnis, Science 2006

« Homeobox » genes… Hox genes

Specification of body segments
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7p15

17p21

12q13

2q31

In mammals….

Santagati and Rijli, 2003

© Schafer, E.A., Symington, J. and T.H. Bryce, Eds. Quain's Anatomy, 11th Ed.,. Longman, Green, and Co., London, 1915. 

Vertebrae, ribs
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Signaling molecules Transcription factors

Nolte et al, 2009

C1

C2

C1

C1*

L5 L5

S1

S1*

Remacle, Gofflot, Rezsohazy

Hoxa1 mutant
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© http://www.biology.lsu.edu/; S.B. Carroll
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© AAAS, D.M. Wellik and M.R. Capecchi

Hox genes and neural development
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Branchial arches

Signaling molecules

Transcription factors

Tumpel et al, 2009
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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

Inner / middle ear : 
reduction / ossicles 
missing or fused

Basioccipital bone 
is malformed

WT Hoxa1WM-AA

Remacle et al, 
2004

The «Hoxa1 » syndrome

+ frequent Autistic spectrum disorder
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Makki and Capecchi, 2012

IAAB: interrupted aortic arch (B)
ASC: aberrant sub-clavian artery
RAA: right aortic arch
BAV: bicuspid aortic valve
VSD: ventricular septal defect
TOF: tetralogy of Fallot
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Rijli et al, 1993; Davenne et al, 1999; Oury et al, 2006 

Hoxa2 loss of function
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Q44K

+ Middle ear: malformed ossicular chain

Signaling molecules

Transcription factors

Hox genes the limbs
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Synpolydactyly

HOXD13

poly-alanine tract expansion

… regulatory mutations predominate

Most disease-related variations:

regulatory…
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…and topological !

Topological domains

Hox genes:

Patterning the embryo

Organogenesis

Vertebrae, ribs

Neural development

Neural crest

Branchial arches

Limbs
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Heart development

© Schoenwolf et al., « Larsen’s Human Embryology », Elsevier Inc., 2009

© Davidson, E.H., « The Regulatory Genome », Elsevier Inc. 2006
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©Davidson, E.H., « The Regulatory Genome », Elsevier Inc. 2006
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Teeth

©  David Monniaux; Palais de la Découverte, Paris  ©  Inra , centre de Tours

© Masson ed., L.J. Langman, T.W. Sadler © Appleton & Lange, I. Berman
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© Appleton & Lange, I. Berman © Sinauer Associates, Inc., S. F. Gilbert

© The national Academy of Sciences, Y. Chen et al.

© Dreamworks
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Hedgehog signalling

Neural tube

Limb bud

Hh Signalling Pathway

McMahon, Cell, 2000
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Chiang et al., Nature 1996

Sonic Hedgehog (Shh)
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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
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Thanks for listening !!!


