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Evolution and development ("evo-devo") 
 
The last frontier in our understanding of biological forms is an understanding of their developmental origins. 
Much of the ultimate control of form resides in the genome, yet  much also resides in the environment (at levels 
from the internal cellular environment to the external habitat). The highly interactive and complex nature of 
developmental processes make it impractical to deduce phenotype from genotype based on first principles. We 
need to carefully keep in mind what we mean by "homology" as well. The phenotype is an emergent property 
and its origin can be studied most efficiently by backtracking from the phenotype itself to its structural, 
physiological, developmental, ecological, and genetic causes. 
 

 
 
Ontogeny and phylogeny revisited 
The relation between ontogeny and phylogeny has been of longstanding interest to 
biologists, and continues to be a timely topic. It is important of course to take a comparative approach to 
development, within a phylogenetic framework. Our aims are to reconstruct both the developmental pathway 
taken by a given species for a given structure, and the manner in which the developmental system evolved. 
Some terminology (see Humphries 1988 for details):  
 

 



http://www.usm.maine.edu/bio/courses/bio205/Lab_3.html 
 

Heterotopy -- evolutionary change in the position of development 
Heterochrony -- evolutionary change in the timing of development (see figure later) 
Peramorphosis (Hypermorphosis vs. Acceleration vs. Predisplacement) 
Paedomorphosis (Progenesis vs. Neoteny vs. Postdisplacement) 
 
Differences between plants and animals in development 
 

Differences in plant development, as compared to animals: 
Modular growth, at several hierarchical levels 
Growth from an apical meristem (or single apical cell) 
Cells don't move (rigid cell wall) 
Plants do not have a segregated germ line 

 
Ontogeny and genetics 
 
1) Expression studies 

-- use of reporter genes 
-- EST studies (cDNAs from target tissues) 
 

2) Forward genetics 
-- starts with a phenotype and moves towards the gene 
-- screen for & isolate relevant mutants 
-- map locus through genetic crosses 
-- isolate gene & sequence 

 
3) Reverse genetics 

-- Starts with a particular gene and assays the effect of its disruption 
-- Knockouts of candidate genes by transformation, observe change in phenotypes 
 

 
 
4) Gene family evolution 
 

A. Hox genes in animals 
 

 



Hox genes are a subset of homeobox genes. Might have arisen by rounds of duplication of an ancestral gene, 
followed by a quaduplication of the cluster in mammals. Partially overlapping zones of expression which vary 
in the anterior extent of their expression define distinct regions. Tandem gene duplication can allow retention of 
gene while new functions are adopted by one copy. Hox gene cluster arose from rounds of tandem duplication. 
Vertebrates have four Hoxgene complexes. Amphioxus, a vertebrate-like chordate, has one Hox cluster 
which may be close to ancestral Hox complex. (taken from http://www.mun.ca/biology/ desmid/brian/ 
BIOL3530/DB_Ch15/BIOL2900_EvoDevo.html). 

Source: Samadi & Steiner (2009) Dev genes Evol. 22):161. 
 
 
 
B. The ABC model in flowering plants 
 
The MADS box is a highly conserved sequence motif found in a family of transcription factors. By now, more 
than hundred MADS box sequences have been found in species from all eukaryotic kingdoms. The family of 
MADS domain proteins has been subdivided into several distinct subfamilies. Most MADS domain factors play 
important roles in developmental processes. Most prominently, the MADS box genes in flowering plants are the 
"molecular architects" of flower morphogenesis (source: The MADS-box Gene Home Page; 
http://www.mpizkoeln.mpg.de/mads/). 
 
 
 
 



MADS-box genes and the ABC model of organ identity determination 
 

 
 
 
The basic structure of a complete flower consists of four concentric whorls. 
A simple model has been proposed to predict organ formation in flowers, 
where three classes of homeotic genes, the so-called ABC-class genes, act 
alone or together to give rise to sepals (A), petals (A+B), stamens (B+C), 
and carpels (C). According to the ABC-model, organ determination in the 
whorls depends on the combinatorial action of three regulatory functions. 
A mutation disrupting one of the functions causes a homeotic change in 
organ identity. Note that the A and C functions are negatively regulating 
each other: Mutation in one causes expansion in the expression domain of 
the other. Molecular cloning has indicated that most of these ABC 
homeotic genes encode a well conserved DNA binding domain, the MADS box, and that this domain has been 
shown to be capable of binding to specific DNA sequence motifs known as CArG boxes. Because of their 
essential roles in flower development, and due to the high degree of conservation in the MADS box domain, 
MADS box genes have been cloned from diverse angiosperm plant species, including petunia, tomato, maize, 
white campion, sorrel, gerbera, and even one gymnosperm species, spruce. Although the ABC model has 
been shown to apply in several species other than the model species Arabidopsis and Antirhhinum, the precise 
functions of most MADS box genes remain unclear. It seems that, in addition to their essential roles during 
floral development, MADS box genes act also as regulators for various other aspects of plant development. 
Source Gerbera Lab, Univ Helsinki http://honeybee.helsinki.fi/MMSBL/Gerberalab/abc.html 

 

Differences between animals in development 

 Spiral & radial cleavage – mosaic and regulative development  

 

 

Source: http://www.callutheran.edu/BioDev/courses/biol21/slides/show1/sld009.htm 



 
Breaking bilateral symmetry - Nodal family 
 
By enlarge the evolutionary history of multicellular organisms on Earth has featured bilateral symmetry.  The 
fossil record suggests that this general body plan has predominated in metazoan taxa since the Cambrian 
explosion.  However, recent studies of gene regulatory systems have identified regulatory genes that produce 
asymmetry in several phyla.  Thus there are options to bilateral symmetry, they just appear to have a limited 
roles in the history of life. 

Because of the preponderance of bilateral symmetry body plans in Metazoa, asymmetries are often foci of 
special study.  From a developmental perspective asymmetries were of special interest because unlike other 
morphological conditions, symmetry was thought not to be easily 'broken' by natural selection. This idea was 
linked to the importance of positional information for cells during development.  With information provided by 

the antero-posterior, dorso-ventral, and proximo-
distal axes, it is possible for cells to determine their 
position (and thus potential interactions) within the 
developing embryo.  However, these three 
coordinates do not provide information as to 
whether the cells are located on the right or left side 
of the developing embryo.  Thus, default bilateral 
symmetry likely results from the lack of this last 
crucial bit of information.  Moreover, this constraint 
makes possible the evolution of genetic regulatory 
pathways that can emphasize development on one 
side or the other. 
 
 

 Fig. Source:http://www.biology.ualberta.ca/palmer/asym/axes/symmetry.htm 
 

The molecular evidence for regulatory control of asymmetry rapidly accumulated in the 1990s.  In 
vertebrates these signaling molecules include an activin receptor (ActRII), Sonic hedgehog (Shh), 
transforming growth factor-β 
(TGF-β), nodal, and a Snail-
related member of zinc finger 
proteins.  Outside of vertebrates 
groups, studies of molecular 
mechanisms that produce 
asymmetries in invertebrates 
are relatively rare. 

With few exceptions 
morphological asymmetries 
were seldom examined in a 
robust phylogenetic or 
evolutionary context.  This 
problem becomes even more 
severe when our knowledge of  

Source: Oliverio et al. (2010) Am J Med Genet Pact A 152A:2419. 



 

the regulatory genes and pathways are considered.  Within the vertebrates nodal appears pleisomorphic in 
the clade that includes mammals and amphibians, while HNF-3β may represent a apomorphy shared by 
mammals and Aves, but not present in amphibians.  Conservation of pathways, at least in vertebrates, 
appeared rare and there were too few data too even predicate ancestral states or patterns outside of this 
group and certainly too few to speculate about the earliest metazoans at the Cambrian explosion. 

One of the potentially most informative groups for studies of asymmetry are the Mollusca.  Left-right 
asymmetries in gastropods extended from cleavage patterns to the adult morphology.  Shell coiling 
directions, initialized in the developing larvae, may be either left or right handed depending on the group.  
One of the most marked left-right asymmetries in gastropods is the entire loss of all mesoderm-derived 
organs and from the post-torsional right side of the body (i.e., kidney, heart, gill, shell muscle) in the most 
derived members of the group.  Other common vertebrate asymmetries such as gut coiling and organ 
placement are present in the gastropods as well and even in several of the outgroups (e.g., gut coiling in 
chitons, cephalopods and bivalves). 

However, orthologues of nodal had been found only in the deuterostomes and nothing had been identified in 
either the Ecdysozoa or the Lophotrochozoa. With the sequencing of the Lottia gigantea genome it became 
possible to blast search the gastropod genome and look for nodal.  This was done by Cristina Grande and 
Nipam Patel.  They were able to isolated nodal and Pitx  in two species of snails they found that the genes 
were expressed only on the right side of the embryo in the dextral species Lottia gigantea and on the left 
side in the sinistral species Biomphalaria glabrata.  Their study clearly demonstrated that the nodal pathway 

might have been an ancestral 

feature of the Bilateria. 

 

Source: Grande & Patel  (2009) Nature 457      Source: Patel (2009) Nature 462 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Iijima et al. (2006) J Moll. Stud  

 


