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What can be more curious than that the hand 
of a man, formed for grasping, that of a mole 
for digging, the leg of a horse, the paddle of a 
porpoise, and the wing of a bat should all be 
constructed on the same pattern and should 
include similar bones, and in the same relative 
positions? 

Charles Darwin, 1859


Evolutionary Developmental Biology (Evo-Devo) 

“It is generally acknowledged that all organic beings 
have been formed on two great laws - Unity of Type and 
Conditions of Existence.” 

Charles Darwin, 1859 
 

Evolutionary Developmental Biology (Evo-Devo) 

“Unity of Type” - emphasizes similarities: homologies 

“Conditions of Existence”- emphasizes differences -  

adaptations  

Descent with Modification
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Fig. 1.13 - Homology in Structures


Figure 1.5  The Similarities and Differences among Different Vertebrate Embryos


Figure 23.1(1)  Relationships among Phyla


C. elegans 

Drosophila 
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Features of the Common Ancestor of Protostomes 
and Deuterostomes (ʻthe PDAʼ) 

Triploblastic (3 cell layers)


Bilaterally symmetric


Molecular pathways / systems in common


Table 23.1 Dev Regulatory Genes I 

(PCD pathways) 

Table 23.1 Dev Regulatory Genes II 

(RTK signaling) C. elegans, 
C. elegans 

C. elegans 
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Figure 23.1B


Mouse Pax6 (eyeless homolog) expressed in fly leg generates ectopic eyes


Figure 23.2  Expression of Regulatory Transcription Factors in Drosophila and in 
Vertebrates Along the Anterior-Posterior Axis


Molecular pathways/systems likely in the PDA 
      (just some of them)


RTK signaling


HOX genes in homeotic complex


Programmed cell death / apoptosis pathway


Wnt signaling


Hedgehog signaling
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Some important Evo-Devo concepts


Modularity


Dissociation


Important Evo-Devo concepts 


Modularity 


Module examples: 

    



morphogenetic fields (limb, eye, vulva)


segments


cell lineages


signaling pathways (RTK, Wnt, etc.)


genetic pathways


Important Evo-Devo concepts 

     Dissociation is allowed by modularity  

Temporal: Heterochrony


Spatial: Allometry




6 

Important Evo-Devo concepts 


One type of heterochrony: Neoteny


Classic example: the Axolotl


Other examples of Neoteny: 

Vertebrate evolution: the first vertebrate may have been 
a neotenous chordate (looked like a tunicate larva).


Other examples of Neoteny: 
Human evolution: Note the similarity of baby 
chimpanzee to adult human.
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Figure 23.18  Heterochrony in Bolitoglossa Can Create a Tree-Climbing Salamander


Arboreal 

salamander 

resembles 

juvenile 

terrestrial 

salamander


Important Evo-Devo concepts 


Spatial Dissociation: Allometry 

 
     Different regions (modules) of the body grow  

        at different rates. 



Figure 23.19  Allometric Growth in the Whale vs. Human Skulls
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Important Evo-Devo concepts 


Duplication and divergence of modules 
 


Co-option - taking one structure or pathway for a 

 
new purpose 

Figure 23.21(1)  Evolution of Mammalian Middle Ear Bones From the Reptilian Jaw


Figure 23.21(2)  Evolution of Mammalian Middle Ear Bones From the Reptilian Jaw
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Important Evo-Devo concepts


Example co-opted genes:  

Hox A9-13, D9-13 from body A-P patterning  

Co-option  - use of molecular/genetic pathways / 


signaling pathways for new purposes 

used in tetrapod limb patterning 

Important Evo-Devo concepts


Example co-opted genes:  
         Sonic Hedgehog (Shh) in limb and feather specification 

Co-option - use of molecular/genetic pathways / 


signaling pathways for new purposes 

Shh in limb buds  

Shh in neural tube 

Shh in 
feather 
buds 

Important Evo-Devo concepts


Phyletic constraints - historical limits on variation


Constraints on evolution of development 


Physical constraints - limits arising by law of physics  

 
(such as diffusion, etc.)


Morphogenetic constraints 


- options limited by rules present in system
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Physical constraints - limits arising by law of physics 


Example: Atmospheric O2 concentration likely limits the body 
size of organisms such as insects (tracheal size/diffusion)


Giant Carboniferous

Dragonfly Model

(wingspan 2.5 ft) 

Phanerozoic O2 concentration

[PAL = present atmospheric level]


C=Carboniferous P=Permian 

time of Meganeura 

Giant insects existed when O2 was high (300 MYA)


Fig 23.27  Relationship Between Cell Number & Number of Digits in Salamanders


Morphogenetic constraints


Important Evo-Devo concepts 

        Phyletic constraints and the “Phylotypic stage”


Early development can diverge


All organisms of a given type converge upon a 
common similar structure


Global inductive interactions constrain form 


Later development again diverges 
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Fig 23.28  Mechanism for Bottleneck at Pharyngula Stage of Vertebrate Development


The “Pharyngula” - the Phylotypic stage of the vertebrate


Global inductions 
 Many, more local inductions 


Figure 1.5  The Similarities and Differences among Different Vertebrate Embryos



