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Serial Homology



William Bateson 1861-1926

Homeosis: a variation in which ‘something has been
changed into the likeness of something else”





Calvin Bridges at Columbia bithorax 1923
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Homeodomain bound to DNA

Discovery of homeobox, 1984
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Hox proteins are homeodomain-containing transcription factors
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Homeodomains are everywhere
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Posterior-to-anterior transformations of segment identity in
Hox loss-of-function mutants: Ubx- abdA- AbdB-
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Posterior-to-anterior transformations of segment identity in
Hox loss-of-function mutants: abdA- AbdB-
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Segmentation Regionalization

Segmentation Clock Hox genes



Spatial colinearity is observed in the vertebrate Hox genes
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As in flies, vertebrate Hox genes are expressed in over-lapping
anterior-posterior domains during embryogenesis



Regionalisation of Hox expression along the paraxial
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Is there a ‘Hox code’?



Different Hox genes correlate with different vertebral morphologies





Predicted changes in a
Hoxa10 mutant

?
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This analysis has been complicated by genetic redundancy—the expression and function
of two or more similar Hox genes in overlapping domains.

Paralogs are expressed in similar domains, and substitute for each other.

When all Hox10 paralogs are mutated, no lumbar vertebrae form, and instead, ribs
project from all posterior vertebrae.



Transient segmentation of the hindbrain























Synpolydactyly can be caused by alanine repeat expansions
in Hox D13



Motor neuron organization in the spinal cord
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Expression of Hox genes by motor neurons

J. Dasen, T. Jessell



Hox proteins define the intrasegmental diversity of motor pools
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What can evolutionary comparisons tell about Hox function?



Hox genes and the evolution of AP diversity



Wild type fly antenna
Antenna to leg transformation

induced by HoxB6

Human Hox genes work in the fly to make fly structures

W. McGinnis, L. Pick



Mouse and Chick Vertebral Pattern along the Anterior-
Posterior Axis





Differences between fly Hox and vertebrate Hox



Differences between fly Hox and fly Hox

Conclusion: although still in clusters, the invertebrate complexes
are ‘falling apart’, whereas the vertebrate clusters have retained
their integrity, probably because of the way their expression is
regulated.



Big differences in vertebrate and fly segmentation mechanisms
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Selector genes interpret positional information

limits Dpp
signaling



Evolution:

1. Burke, A.C., C.E. Nelson, B.A. Morgan, and C. Tabin, Hox genes and the evolution of vertebrate axial morphology. Development, 1995.
121(2): p. 333-46.

2. Carroll, S.B., Homeotic genes and the evolution of arthropods and chordates. Nature, 1995. 376(6540): p. 479-85.
3. Holland, P.W. and J. Garcia-Fernandez, Hox genes and chordate evolution. Dev Biol, 1996. 173(2): p. 382-95.
4. Cohn, M.J. and C. Tickle, Developmental basis of limblessness and axial patterning in snakes. Nature, 1999. 399(6735): p. 474-9.

Disease:

5. Grier, D.G., et al., The pathophysiology of HOX genes and their role in cancer. J Pathol, 2005. 205(2): p. 154-71.
6. Goodman, F.R., Limb malformations and the human HOX genes. Am J Med Genet, 2002. 112(3): p. 256-65.
7. Abramovich, C. and R.K. Humphries, Hox regulation of normal and leukemic hematopoietic stem cells. Curr Opin Hematol, 2005. 12(3):

p. 210-6.

Axial:

8. Krumlauf, R. Hox genes in vertebrate development.Cell. 1994 Jul 29;78(2):191-201.
9. Wellik, D.M. and M.R. Capecchi, Hox10 and Hox11 genes are required to globally pattern the mammalian skeleton. Science, 2003.

301(5631): p. 363-7.
10.Kmita, M. and D. Duboule, Organizing axes in time and space; 25 years of colinear tinkering. Science, 2003. 301(5631): p. 331-3.
11.Dubrulle, J. and O. Pourquie, Coupling segmentation to axis formation. Development. 131): p. 5783.
12.Davis, A.P. and M.R. Capecchi, Axial homeosis and appendicular skeleton defects in mice with a targeted disruption of hoxd-11.

Development, 1994. 120(8): p. 2187-98.
13.Capecchi, M.R., Hox genes and mammalian development. Cold Spring Harb Symp Quant Biol, 1997. 62: p. 273-81.

Non-axial:

14.Nelson, C.E., et al., Analysis of Hox gene expression in the chick limb bud. Development, 1996. 122(5): p. 1449-66.
15.Davis, A.P., D.P. Witte, H.M. Hsieh-Li, S.S. Potter, and M.R. Capecchi, Absence of radius and ulna in mice lacking hoxa-11 and hoxd-

11. Nature, 1995. 375(6534): p. 791-5.
16.Dasen, J.S., B.C. Tice, S. Brenner-Morton, and T.M. Jessell, A Hox regulatory network establishes motor neuron pool identity and

target-muscle connectivity. Cell, 2005. 123(3): p. 477-91.
17.Dasen, J.S., J.P. Liu, and T.M. Jessell, Motor neuron columnar fate imposed by sequential phases of Hox-c activity. Nature, 2003.

425(6961): p. 926-33.
18.Chisaka, O., T.S. Musci, and M.R. Capecchi, Developmental defects of the ear, cranial nerves and hindbrain resulting from targeted

disruption of the mouse homeobox gene Hox-1.6. Nature, 1992. 355(6360): p. 516-20.

Literature:


