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Sponges are arguably the earliest branching metazoans, and as such a key group for 

understanding evolution of animal development. In great majority of sponge species, 

radially symmetrical larvae with clear anterior-posterior polarity metamorphose and grow 

into amorphous adult forms, lacking any symmetry axes. In contrast, syconoid calcareous 

sponges display radial symmetry throughout their life. The adult bodies are column-

shaped, and their apical-basal polarity is preserved during regeneration from tissue 

pieces, suggesting the tissue carries positional information. Recently, we begun to 

investigate development and regeneration of Sycon ciliatum, an abundant and broadly 

distributed species with a relatively short life cycle. We find that conserved metazoan 

genes are expressed in patterns suggesting they play similar roles in development of 

Sycon as they do in higher metazoans: A eumetazoan germ line marker, Piwi, is 

expressed during gametogenesis. Brachyury, which is involved in gastrulation of animals 

ranging from Cnidarians to vertebrates is expressed during gastrulation-like process 

occurring in metamorphosis of larvae to juveniles. Transcription factors from the Sox 

family display dynamic spatio-temporal expression patterns in embryonic and 

postembryonic development. We are currently developing transcriptome resources and 

molecular methods for Sycon ciliatum, which will allow to investigate molecular 

mechanisms governing development and regeneration in this important group of sponges.  
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Stem cells are essential for animal development and adult tissue homeostasis, and the 

quest for an ancestral gene fingerprint of stemness is a critical task for evolutionary cell 

biology. The translational activator Vasa and the retrotransposon silencer Piwi, well-

known to developmental biologists as germline markers, are potential candidates for 

ancient stem cell genes. While these genes play specific roles in germline determination 

and maintenance in classical bilaterian models (e.g. vertebrates, fly), recent studies have 

shown that in some other lineages (flatworms, hydrasé) they are more generally 

expressed in adult somatic stem cells, yet able to provide germinal derivatives. It remains 

therefore unclear whether Vasa and Piwi were ancestrally linked to stemness, or to 

germline specification. Our expression study in a member of the basally-branching 

phylum Ctenophora revealed that Vasa and Piwi transcripts localise not only to the germ 

line, but also to various populations of somatic stems cells and undifferentiated 

precursors, each confined to a particular tissue and providing specific somatic derivatives 

but no germ cells. This strongly suggests that Vasa and Piwi were part of an ancestral 

fingerprint of stem cells, and that their restriction to the germline in some bilaterian 

lineages like vertebrates is a derived feature. 
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In most groups of arthropods there is no intraspecific variation in segment number; yet 

different groups are often characterized by different segment numbers. How do such 

differences arise in the absence of intraspecific variation, which is their source in a 

typical Darwinian scenario? One possibility is that intraspecific variation occurs from 

time to time as a transient phenomenon; and that it is during these brief periods that 

speciation events can produce segment number changes. Although this is a plausible 

hypothesis, it is impossible to test it directly. However, the centipede order 

Geophilomorpha is exceptional in that most of its 1,700 constituent species do, 

`permanently', have intraspecific variation. They thus provide an opportunity to study the 

nature of the variation, and possible relationships between it and interspecific differences 

in segment number. One particular geophilomorph has become the `model species' for the 

order: Strigamia maritima. In this talk, I discuss recent findings on the heritability and 

plasticity of segment number using this model. 
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Changes in gene expression during development play an important role in the evolution 

of morphological and behavioral differences between populations and species. Studies of 

extant non-human primates also have the potential to inform us about changes that have 

been important in human evolutionary history. However, relatively little is known about 

the functional and evolutionary genetics of primates, especially within wild primate 

populations. Studies in the wild can inform us not only about standing genetic variation 

per se, but also about variation that may have functional consequences in different 

genetic backgrounds or at different stages of development. Here, we report on changes in 

gene expression within in a well-studied population of baboons living in Amboseli 



National Park in Kenya. This population is primarily composed of yellow baboons (Papio 

cynocephalus), but recent natural introgression from a second species, the anubis baboon 

(Papio anubis), means that some individuals exhibit mixed ancestry. We used whole-

transcriptome sequencing (RNA-Seq) to profile gene expression in a sample of 

individually known female baboons with different genetic backgrounds and at different 

developmental stages. Within this population sample, we find that hundreds of transcripts 

are differentially expressed between two life-history stages (juvenile and adult). We also 

report on gene expression variation between individuals with different degrees of genetic 

admixture. Together, our results illustrate how the combination of novel genomic data 

collected via transcriptome sequencing and detailed life history data on the same 

population gives a fine-grained picture of how genetic variation within a population can 

be effected by developmental and genetic contexts. 
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Segmentation or the periodical repetition of anatomical units along the main body axis is 

a trait found in a numerous metazoans. For more a decade, a debate has been ongoing on 

the segmented nature (or not) of the last common ancestor of bilaterian animals 

(Urbilateria), reviving some ancient themes dating back from the era of descriptive 

anatomy in the nineteenth century. I will defend the view that the segmented Urbilateria, 

far from being a speculative idea, is already strongly supported by a combination of 

arguments coming from anatomy, phylogeny and developmental biology. A strictly 

metameric building of the body is found only in annelids. However, repetitions in organs, 

that are likely remnants of an ancestral annelid-like anatomy, are widespread among 

bilaterians. I will illustrate how the diversity of bilaterian body plans could be derived 

from a metameric organization. Examples show that metamery is useless per se, or at 

least evolved in a selection context that was largely different from what segments are 

used for in most extant bilaterians. Only annelids, because of their archaic body plan, can 

give us a hint into the true origin of segmentation. I will then sum up arguments coming 

from the genetic field. I will argue that one common trait of annelids, axis elongation 

through posterior sequential addition, was likely present in Urbilateria and how the role 

of signalling pathways (Wnt, Notch) and transcription factors (Cdx) support this 

conclusion. I will show that the striking conservation of patterning mechanisms of 

individual segments, i.e. segment polarity, between one annelid and arthropods, indicate 

that parasegmentation in arthropods is an embryonic recapitulation of the protostome 



ancestral segmentation.  
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While there have been many studies of the evolution in gene expression after duplication, 

most studies involving large datasets have been performed on one species at a time, or on 

very closely related species, and usually on very few anatomical structures. Evo-Devo 

studies typically can compare distant species with exquisite detail of the expression 

patterns, but on few genes at a time, and are highly biased toward the study of 

developmental genes 

Here we use Bgee, a database for the study of gene expression evolution 

(http://bgee.unil.ch/). Bgee includes large expression dataset in different vertebrate 

species, and includes homology relationships between hundreds of species-specific 

anatomical structures, allowing for automated high-throughput gene expression 

comparisons between species. Bgee offers then a unique opportunity to analyze i) large 

gene expression datasets, ii) in numerous anatomical structures, iii) for distant species, iv) 

taking into account development. 

We present a novel method to use these data to quantify patterns of sub- or neo-

functionalization. 

We have compared the expression of hundreds of zebrafish whole genome duplicates to 

their mouse orthologs. We show that subfunctionalization, previously reported as a major 

mechanism based on a few case studies, is not dominant, but that a combination of 

neofunctionalization and gene dosage effects accounts for most gene retention in 

zebrafish. 
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Widely analyzed model plant species like Arabidopsis thaliana, Antirrhinum majus, or 

Petunia hybrida all develop a fixed number of floral organs. However, considering the 

enormous diversity in floral forms across the early branching angiosperm and dicot 

phylogeny, variation in stamen numbers seems to be more the rule than an exception.  

Stamen organ identity in A. thaliana is specified by a combination of floral homeotic C 

and B gene expression, carried out by AGAMOUS (AG) and PISTILLATA (PI) plus 

APETALA3 (AP3), respectively. Floral homeotic B and C genes belong to different 

subclades of the MADS-box transcription factor gene family. B and C floral homeotic 

genes in flowering plants have undergone several rounds of gene duplication, underwent 

subfunctionalization, and have experienced gene loss. We have analyzed all class C and 

B genes of the basal eudicot species Eschscholzia californica (California poppy), a 

species with multiple whorls of stamens and variable stamen numbers. Our results 

obtained by mutant analysis and Virus-induced gene silencing (VIGS) suggest that B 

function genes are required for the maintenance of organ identity in the outer stamen 

whorls via enhancing the expression of C function genes. Moreover, C function genes 

repress B function expression in the central whorl of E. californica flowers and even a 

slight decrease in C function expression leads to the development of significantly higher 

stamen numbers. We hypothesize that an interactions between B and C function genes in 

E. californica ensure proper organ identity and number of stamens and introduce a model 

on how modifications of these interactions could explain the smooth transitions between 

petals and stamens seen in several basal angiosperm species. 
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In bilaterian animals, the nervous system usually comprises a central nervous system 

(CNS), composed of a ``brain'' and a longitudinal nerve cord, along with a peripheral 

nervous system (PNS) that comprises sensory organs and neurons. A large-scale analysis 

of genes involved in the patterning of the nerve cord in the annelid Platynereis dumerilii 

has shown that its neuroectoderm is subdivided into longitudinal neurogenic columns 

through the action of NKL and PAX homeobox genes, in a similar way to what is 

observed in vertebrates (Denes et al, 2007). These data established that the last common 

ancestor of bilaterians already possessed a complex CNS, generated from neurogenic 

columns specified by the same homeobox gene combinations. 

We have extended this analysis by studying Platynereis PNS architecture and 

development. We first describe the presence of peripheral ganglia associated with the 

worm appendages, the parapodes. These peripheral ganglia are derived from neural 

precursor cells characterized by the expression of neural basic Helix-Loop-Helix genes, 

such as neurogenin, achaete-scute, and olig. We then demonstrate that these precursors 

arise on both sides of the CNS primordia, from neurogenic columns that express the 

Pax3/7, zic and msx genes. In vertebrates, these homeobox genes are expressed in the 

lateral parts of the neural plate, and later dorsally in the neural tube. Finally, the 

expression pattern analysis of orthologous genes required for neuronal subtype 

specification or differentiation in vertebrates, lead us to conclude that the molecular 

signatures of Platynereis peripheral ganglia neurons are remarkably similar to those of 

dorsal interneurons in the vertebrate neural tube. 

Thus, we propose that the chordate neural tube originated from the folding upon itself of 

a protostome-like nervous system followed by the fusion of its two bilateral chains of 

peripheral ganglia. This evolutionary event would be recapitulated during the embryonic 

process of neurulation in present-day chordates. 
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While a restriction (``canalization'') of evolutionary pathways by certain ``developmental 

constrains'' is now widely accepted, these restrictions are regarded in most cases as a set 



of discrete ``prohibitions'', rather than the consequences of real generative rules able to 

vectorize both individual development and evolution. If however it is possible to 

formulate such rules, the next question would be whether they are the result of a mere 

addition of a large set of highly specific local microscopic instructions, or instead they 

describe quite a narrow manifold of universal macroscopic (morphological) 

transformations.  

A morphomechanical model corresponding to the latter version is presented. Its main 

idea is that each embryonic shape is linked with a definite pattern of mechanical stresses, 

the latter ones tending to return, under any externally imposed deviation, towards their 

initial values with a certain overshoot. The model predicts several universal 

morphomechanical feedbacks, one of the most important ones being established between 

contraction and extension of the adjacent parts of a cell layer. While starting from a 

``generalized blastula'' shape, this feedback reproduces the main types of Metazoans 

gastrulation: immigration (Cnidarians), formation of slit-like (Protostomia) and actively 

contracting circular blastopores (Deuterostomia). By changing experimentally the 

mechanical stress patterns in amphibian embryos a switching between far removed 

evolutionary Bauplans is possible.  
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Fibroblast Growth Factors (FGF) and their receptors are well known for having major 

implications in cell signalling controlling embryonic development in all metazoans. In 

vertebrates, 22 genes coding for FGFs and 4 genes coding for their receptors are known 

whereas only three genes coding for FGFs and two genes coding for their receptors were 

described in the model system Drosophila. In Ciona intestinalis, which belongs to 

urochordates that are the sister group of vertebrates, only 6 FGF genes can be found. Did 

the diversification of the FGF family in vertebrates participate to the acquisition of 

vertebrates' specific morphological features? How FGF signalling implication during 

development evolved at the transition between invertebrate chordate to vertebrate? In 

Ciona the control of early developmental events is not inductive as it is in vertebrates and 

comparison of early developmental processes between the two groups do not give 

information on how they evolved during the invertebrate to vertebrate transition. The 

cephalochordate amphioxus is placed at the base of the chordate lineage and represents 

the best model to answer our questions. We have characterized in Branchiostoma 



lanceolatum 8 genes coding for FGFs as well as a unique gene coding for their receptor. 

The expression during embryonic development of these genes reveals putative conserved 

and non-conserved function of FGF signalling in chordates, and treatments with inhibitor 

of the FGF receptor during embryonic development shows that mesoderm induction 

seems to be controlled in amphioxus as in vertebrate by the FGF pathway, whereas neural 

induction is not dependent on the FGF signalling in amphioxus. 
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The genetic pathway that specifies the neuronal functions which are required in male 

courtship has been extensively studied in Drosophila. In this model system, the gene 

fruitless, a target of the sex-determining cascade, acts as a pivotal regulator of dimorphic 

development of the CNS. We will present evidence that the fruitless ortholog in the 

housefly, Mdfru, is also involved in controlling male courting behavior. Mdfru is a target 

of the sex-determining cascade and, as a result, expresses functional products only in 

individuals with a male genotype. Residual activity of its upstream regulator, the 

transformer ortholog, Mdtra, prevents the male mode of Mdfru expression in males and 

causes severely impaired courtship performance. Removal of the residual Mdtra activity 

by RNAi shifts Mdfru back into its functional male mode of expression and, 

concurrently, reinstalls normal male courtship performance. In line with a neurogenic 

function, we find that expression of Mdfru is confined in neural tissues of the brain and in 

peripheral sensory organs. We conclude that, like in Drosophila, overt sexual 

development of the housefly depends on a sex-determining pathway that bifurcates 

downstream of the transformer gene to coordinate dimorphic development of both non-

neuronal and neuronal tissues. 
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The early evolution of animals, that predated the emergence of Bilaterians complexity, is 

still contentious. This is mainly due to both still debated relationships between non 

bilaterian animals (Porifera, Placozoa, Cnidaria and Ctenophora) and important lack of 

genomic and functional data concerning these taxa. Sponges (Porifera) were often shown 

to branch basally in the metazoan phylogenetic tree. There position and peculiar 

bodyplan features make their comparison to other animals a promising approach to 

provide insights into the early evolution of molecular mechanisms controlling 

morphogenetic processes and its link with the diversification of animal forms. While no 

obvious consensus was found concerning the monophyly vs paraphyly of Porifera and 

their exact branching relatively to other non-bilaterian, it is now clear that 

Homoscleromorpha, previously defined as part of Demospongiae, are a fourth high level 

sponge taxon, alongside the three classically recognized (Calcarea, Demospongiae and 

Hexactinellida). Thus they constitute a valuable comparison with the distantly-related 

Demospongia, Amphimedon queenslandica, the only sponge which genome is presently 

sequenced. Interestingly, Homoscleromorpha own characteristics reminiscent to 

eumetazoan ones, absent from other sponges, noteworthy true epithelial level of tissue 

organization. This peculiarity may have important consequences concerning cell 

communication and morphogenetic mechanisms. We thus chose to focus our studies on 

the evolution of molecular mechanism involved either in the differentiation and 

patterning of neuro-sensory cells or in epithelial patterning and morphogenesis. In these 

two cases, two signalling pathways, Notch and Wnt are known to be implicated in 

Eumetazoa. From a genomic point of view, our studies have shown that these pathways 

are highly conserved in Demospongiae and Homoscleromorpha sponges but that the gene 

repertoire of homoscleromorphs is often more diversified. Concerning possible functions 

in which these molecular tools may be implicated, we suggest that Wnt signalling is a 

common and perhaps ancient feature of metazoan epithelial patterning and 

morphogenesis, in addition to a previously proposed role in body axis patterning. And 

our results can provide new arguments in favor of a potential neuro-sensory like role of 

choanocytes. 
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The evolution of diverse and elaborate floral morphologies have permitted flowering 

plants to achieve an astounding level of species-level diversity. Despite remarkable 

advances in understanding the fundamental genetic determinants of floral organ 

specification, the mechanisms by which floral organs have become so elaborately 

modified have only recently been considered. The floral nectar spur is an excellent 

example of a complex floral elaboration that is evolutionarily labile and known to 

influence speciation in a broad range of angiosperm taxa. 

Nectar spur development was investigated in Linaria vulgaris (Plantaginaceae) and two 

closely related species of orchid, the primitively longer-spurred Dactylorhiza fuchsii, and 

more derived short-spurred D. viridis (Orchidaceae). Despite considerable morphological 

and phylogenetic differences, spur ontogeny is fundamentally similar, proceeding from 

an abaxial bulge formed relatively late in petal morphogenesis that appears to be 

associated with class 1 KNOTTED1-like homeobox (KNOX) expression in the petals. 

Furthermore, constitutive expression of class 1 KNOX proteins in transgenic tobacco 

produces flowers with ectopic outgrowths on the petals, indicating that KNOX proteins 

alone are, to some degree, capable of inducing structures similar to nectar spurs in a 

heterologous host. 

Although principally involved in maintaining indeterminacy in the shoot apical meristem 

(SAM), KNOX genes have also been co-opted for compound leaf development where 

they suppress differentiation and extend the morphogenetic potential of the leaf. A 

similar model is presented here in which KNOX gene expression in the maturing perianth 

delays cellular differentiation, facilitating the development of the spur in combination 

with canonical ABC expression, floral zygomorphy and a number of, as yet undetermined 

proteins, to determine nectar spur fate. As facilitators of nectar spur development, 

changes in the spatio-temporal patterns of KNOX expression may alter the potential for 

nectar spur development and explain the critical length differences observed between the 

orchids D. fuchsii and D. viridis. 
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Using Caenorhabditis nematodes, we combine developmental genetics and natural 

genetic variation to study how developmental systems respond to environmental variation 

and how such responses evolve.  

To examine how the environment impacts developmental precision, we study the process 

of C. elegans vulval patterning involving a signaling network of Ras, Notch and Wnt 

pathways. We previously showed that this process generates an invariant phenotypic 

output across various environments although the underlying signalling pathways may be 

highly environmentally sensitive. We now aim to identify how specific environmental 

signals, such as starvation, alter activities and interplay of vulval signaling pathways. Our 

current results indicate that the observed alterations in molecular activities are partly 

mediated by neurotransmitters also involved in the regulation of starvation behaviour. 

To study the mechanisms and evolution of developmental plasticity, we focus on the 

environmental sensitivity of the Caenorhabditis hermaphrodite germline. I will present 

our initial data on how germline proliferation and progression adjust to different 

environments, and how such plasticity varies within and between the three 

hermaphroditic species, C. elegans, C. briggsae and C. sp.11. 
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Radiations of related species in morphospace fascinate biologists. Nevertheless, issues 

such as why certain regions of morphospace are explored whereas others are not, and 

why some regions are more densely occupied than others, remain unresolved in any 

detail. Such a resolution would reflect an impressive understanding of the evolutionary 

dynamics within any related group of higher organisms. It would include revealing the 

extent to which contingency and various modes of bias and drive inherent to the 

processes of generating phenotypic variation contribute to patterns of occupancy 

alongside those of natural selection and the screening of the performance of phenotypes. 

Evo-Devo is providing the tools and concepts necessary to more fully understand the role 

of developmental processes in evolving patterns in morphospace. Here I will explain how 

this can be achieved for a speciose tribe of mycalesine butterflies by combining the 

results of field and laboratory studies of a model species, Bicyclus anynana, with 

morphological, ecological and phylogenetic descriptions of three spectacular radiations of 

these butterflies in Africa, Madagascar and Asia.  
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The vast diversification of body plans shown by arthropods is arguably associates with 

the process of segmentation at the base of their development. The best-known model of 

segmentation, Drosophila, is clearly a very derived one and cannot represent a typical 

model for the whole phylum. Recent phylogenies support Myriapoda (mostly millipedes 

and centipedes) as sister group of Pancrustacea, and, in any case, they represent a basal 

group that retains an ancestral body plan, with a very limited diversification of their 

numerous segments. To try to understand the evolution of the segmentation process in 

arthropods, we are studying the development and the expression pattern of major early 

patterning and segmentation genes in the centipede Strigamia maritima, whose genome 

has been recently sequenced as the only representative of the myriapods.  

Our data show that, although Strigamia's egg is rather large, the blastoderm, originally 

radially symmetric, covers the whole egg to provide enough material and space for the 

formation of all segments (around 50) during embryonic development. Here, early 

patterning genes, such as dpp, otx, cad and various segmentation genes, have wide 

expressions that are originally regulated as bands or concentric rings roughly centred on 

the blastopore/proctodeum and from here they extend out in a dynamic way apparently as 

waves of expression. A detailed analysis of the blastoderm movement (as inferred by 

both the morphology and the independent expression of the different genes) and the 

timing of transcription (as inferred by the distribution of nascent transcripts) shows that 

most of those dynamics are in fact the result of the whole blastoderm radially extending 

out of the proctodeum and converging toward the head. Beside this specificity, they show 

similarities with both spiders and insects, thus helping shedding some light for an 

interpretation of a possible ancestral state of arthropod early embryo patterning. 
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Both genetic and environmental factors underlie phenotypic variation. While research at 

the interface of evolutionary and developmental biology has made exceptional advances 

in understanding the contribution of genes to morphology, perhaps less well understood 

is the manner in which environmental cues are incorporated during development to 

influence the phenotype.  

Unwinged pea aphids respond in ``real time'' to deteriorating environments by producing 

winged daughters that fly away to better conditions. Because this wing dimorphism 

occurs during the asexual portion of their life cycle, the unwinged and winged morphs are 

genetically identical yet phenotypically distinct. Aphids experience a sexual generation in 

the fall. Interestingly, the pea aphid also produces winged and unwinged males. For 

males, this dimorphism is not a plastic response to the environment. Rather, a single 

locus on the X chromosome determines morphology in males.  

In summary, the pea aphid exhibits an environmentally determined wing dimorphism in 

asexual females (a polyphenism) and a genetically controlled dimorphism in males (a 

polymorphism). The two dimorphisms might be fundamentally similar despite their 

contrasting control mechanisms: they have parallels in morphology, development, 

behavior, and gene expression. Further, genetic variation for the female polyphenism is 

genetically linked to the male polymorphism locus. Therefore, the male polymorphism 

locus may play a role in the development of the asexual female wing dimorphism. If so, 

mapping and identifying the male polymorphism locus will ultimately inform us about 

the developmental genetic basis of the wing polyphenism. I will present our recent efforts 

to identify this locus. 
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The Caryophyllales are a large clade of core eudicots that include many arid adapted 

families such as Cactaceae, Aizoaceae and Portulacaceae. We have generated a multi-

gene phylogeny of the Caryophyllales and used this phylogeny to reconstruct patterns of 

perianth evolution across the order. Consistent with the hypothesized anemophilous 

ancestry, the ancestral perianth structure is reconstructed as simple and undifferentiated. 

Furthermore, there has been a minimum of ten independent origins of a differentiated 

perianth within the Caryophyllales. In these multiple origins of differentiated perianth 



different floral organs have been recruited to perform the function of petals. We present 

developmental data, quantitative PCR analyses, and RNA-RNA in-situ hybridizations of 

MADS-box genes to show that in different Caryophyllid lineages, non-homologous petal-

like organs are differently regulated at the level of MADS-box gene expression. In 

particular some petal organs appear to develop in absence of B-gene activity.These data 

point to the convergent evolution of petals rather than the redeployment of an ancestral 

petal identity program. Despite these developmental differences, separately evolved 

petals still exhibit shared adaptive traits including epidermal papillate cells. We will 

discuss the convergent evolution of papillate cell types in petals that exhibit anomalous 

MADS-box gene expression and explore the phylogenetic history of the MIXTA-like 

genes which are implicated in the control of papillate cell formation. 

 

Session number - Session day - Session start:  S7.8 - Thursday - 11.10 

 

Evolution of the neural crest from a gene regulatory perspective  

Bronner* Marianne (Division of Biology 139-74, Pasadena, UNITED STATES) 
 

email: mbronner@caltech.edu 

 

The neural crest is a multipotent stem cell-like population that forms a plethora of 

derivatives, including neurons and glia of the peripheral nervous system, craniofacial 

skeleton and melanocytes. Data compiled from vertebrate model organisms has led us to 

propose a multi-module GRN that underlies neural crest formation (NC GRN). We have 

used a basal vertebrate, the lamprey, to test, for the first time, the validity of the proposed 

NC GRN in a single vertebrate. Our results show that the majority of regulatory modules 

responsible for early steps in neural crest ontogeny are in place in the most basal 

vertebrate, and thus were fixed early in vertebrate evolution. This includes regulatory 

mechanisms responsible for specification of bona fide neural crest specification and 

control of their migration. We have tested linkages in this hypothetical neural crest gene 

regulatory network by systematically perturbing a subset of the transcription factors 

involved in early neural crest specification and examining the effect of these 

perturbations on likely downstream genes in order to test the predicted interrelationships. 

In addition, we are isolating cis-regulatory regions of genes in this putative neural crest 

regulatory network to identify neural crest enhancers, determine additional inputs to the 

network and determine which interactions are direct. The results suggest that a series of 

gene regulatory circuits are involved in the production of migratory neural crest cells in 

the early vertebrate embryos and that many of these events may be conserved to the base 

of vertebrates. While many neural crest derived cell types and structures also are 

conserved, lampreys lack several crest derivatives, most notably jaws and sympathetic 

nervous system. We find that the genes that regulate differentiation of the 

sympathoadrenal and other autonomic lineages in higher vertebrates are present in 



lamprey but only co-expressed in the notochord. The results suggest that evolution of the 

vertebrate autonomic nervous system may have involved cooption of genes present in 

other embryonic structures. 
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Proper Wnt signalling is essential to normal development of all metazoans. In short-germ 

arthropods, including the red flour beetle Tribolium castaneum, Wnt signalling is 

implicated in posterior patterning and germband elongation; depletion of positive 

pathway regulators produces embryos lacking abdominal segments (Bolognesi et al, Curr 

Biol, 2008), a phenotype conserved with other arthropods and vertebrates, but not 

Drosophila. We have investigated the effects of ectopically activating Wnt targets by 

performing RNAi with Tc-axin, a conserved negative regulator of the pathway. The 

resulting embryos displayed loss of anterior segments, indicating a graded requirement 

for Wnt signalling along the A-P axis with highest levels required at the posterior pole. 

The same is true for the vertebrate neural plate (Niehrs, Trend Genet, 1999; Heisenberg, 

et al, Genes Dev, 2001). Thus, proper control of Wnt signalling at the anterior as well as 

the posterior pole of the egg appears to be an ancient requirement for normal bilaterian 

development.  
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Many questions regarding evolution and ontogeny of the insect head remain open and the 

genetic basis of insect head development is poorly understood. We have established the 

red flour beetle Tribolium castaneum as model system for head development because of 

its insect typical head development and its technical amenability. Comparing the 

blastodermal fate maps of Tribolium with Drosophila heads reveals profound differences 

which are reflected in differences of early regulation of head patterning genes.  

In order to identify novel head patterning genes, we have screened orthologs of vertebrate 

neural plate patterning genes for a function in Tribolium. Indeed, most of them are 

required for head cuticle development. Moreover, the similarities of the expression 

patterns suggest that the spatial subdivision of the early neuroectoderm is similar in all 

bilaterian animals. More specifically, the ocular parasegment boundary appears to 

correspond to the Mid-Hind-Brain boundary of vertebrates and the preocular region to 

fore- and midbrain. Finally, we identify six3 as a crucial regulator of head patterning in 

Tribolium and reveal its interactions. Despite the conserved expression patterns, the 

interactions between six3 and other head genes do not appear to be highly conserved 

between Tribolium and the vertebrate Xenopus laevis.  

Finally, we identify an anterior median region (AMR) in the embryo which gives rise to 

anterior median structures like labrum and stomodeum. Interestingly, it appears to be 

patterned by a different set of genes than the lateral head lobes. RNAi with AMR genes 

affects this region while RNAi with genes outside the AMR appear not to affect it.  
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Much progress has been made in recent years in clarifying the sequence of the arthropod 

stem group; and the evolution of several organ systems and other features of the 

arthropod body plan has been traced. Nevertheless, an obvious lacuna exists in our 

understanding, which is at a critical point; ie the top of the stem group and the actual 

origin of the extant crown group euarthropods. This node remains unclear both because 

of disputes from a palaeontological perspective about systematization of crucial taxa such 

as the lamellipedians, and from a neontological perspective because of the ongoing 

controversy over the Mandibulata vs Paradoxopoda. Here I focus on recent fossil 

descriptions to examine recent hypotheses about arthropod head evolution, and show that, 

whilst the area of disagreement amongst most workers is rather small, it has important 

implications for arthropod head evolution. There is some evidence for the key possibility 



that the lamellipedians (including the trilobites) are a paraphyletic assemblage that gave 

rise to the crown group euarthropods, which would have a decisive clarifiying effect on 

the debate. Whether or not this is a sustainable suggestion remains to be seen; new fossils 

from China, Greenland and Canada may yet solve the problem. 
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The vertebrate cerebellum develops from rhombomere 1 of the hindbrain and is 

responsible for the integration of sensory and proprioceptive inputs and the coordination 

of motor function. In addition, it represents one of the most morphologically diverse 

structures in the central nervous system of vertebrates. This variation in structure is 

mirrored by variation in the production of granule neurons, the most numerous cell-type 

in the mammalian brain, which develop from a distinct dorsal proliferative zone, the 

rhombic lip, and are marked by the expression of the bHLH transciption factor atonal1. In 

amniotes, granule neuron progenitors (GNPs) tangentially migrate over the dorsal surface 

of the developing cerebellum and, uniquely amongst rhombic lip derivatives, maintain 

atonal1 expression. These GNPs form an external germinal layer (EGL) of cells that 

proliferate in response to local sonic hedgehog signalling before migrating radially and 

undergoing terminal differentiation. This proliferation yields the large number of granule 

cells in the adult cerebellum, which is heavily foliated. Recent data from more basal 

vertebrates suggest that the EGL is absent in zebrafish and shark, implying that it evolved 

in the sarcopteryigian lineage. In order to characterise more precisely the position of the 

evolutionary appearance of the EGL, and of heavily foliated cerebella, we have 

investigated the molecular anatomy of the developing cerebellum in the frog, Xenopus 

laevis. We highlight significant differences in cerebellar organisation and patterning 

between frogs and amniotes, and present a model whereby the evolution of the complex, 

foliated cerebella of amniotes was dependent upon the recruitment of atonal1-dependent, 

shh-mediated proliferation in tangentially migrating granule neuron precursors. 
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It is now well established that there were four Hox gene clusters in the genome of the last 

common ancestor of extant gnathostomes. To better understand the evolution of the 

organization and expression of these genomic regions, we have studied the Hox gene 

clusters of a shark (Scyliorhinus canicula). We sequenced approximately 225,000 ESTs 

from several embryonic cDNA libraries. Blast searches identified corresponding 

transcripts to almost all the HoxA, HoxB and HoxD cluster genes. No HoxC transcript 

was identified, suggesting that this cluster is absent or highly degenerate. Using Hox gene 

sequences as probes, we selected and sequenced seven clones from a BAC library 

covering the complete region of the three gene clusters. Mapping of cDNAs to these 

genomic sequences showed extensive alternative splicing and untranslated exon sharing 

between neighbouring Hox genes. Homologous non coding exons could not be identified 

in transcripts from other species using sequence similarity. However, by comparing 

conserved non coding sequences upstream of these exons in different species we were 

able to identify homology between some exons. Some alternative transcripts are probably 

very ancient and were already coded for by the ancestral chordate Hox gene cluster. We 

also identified several transcripts that do not code for Hox proteins, are probably not 

translated and all but one are in the reverse orientation to the Hox genes. This survey of 

the transcriptome of the Hox gene clusters of a shark shows that the high complexity 

observed in mammals is an gnathostome ancestral feature. 
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The evolution of stomata enabled land colonisation by sporophyte-dominant plants over 

400 million years ago. The oldest fossil stomata appear on tracheophytes, but 

phylogenetic evidence suggests that gametophyte-dominant bryophytes are the most 

ancient surviving lineage with stomata. Crucially, it is unknown whether stomata, as 

environmentally responsive gas-exchange systems, evolved once or whether they have 

multiple evolutionary origins. Comparative genomic and physiological studies of 

Physcomitrella with the model angiosperm Arabidopsis provide evidence that stomata are 

monophyletic. Our results indicate that the core regulatory genetic module involved in 

guard cell ABA signalling has been conserved since the divergence of seed plants and 

mosses from their common ancestor over 450 million years ago. 
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There is a reason to consider embryonic bauplans, from Coelenterates to Chordates, as 

primarily geometrical entities, which means that cells have different positions in the 

embryo if, and only if, the shape of the embryo is not uniform. Polarity and symmetry 

originate from mass cell movement geometry, vice versa to what the positional 

information theory claims. Shape geometry is generic because there are a few geometric 

archetypes in which local shape differences predict and explain shaping trends. Cell 

movement in the epithelial sheet plane bends the radii of the sheet surface curvature, 

which makes the surface to change its shape as to normalize the radii of curvature and 

minimize the surface energy. This movement-shaping algorithm is robust even at 

unstable equilibriums, as the movement in the sheet surface plane corresponds to a series 

of robust mappings of the plane into the plane 

Geometry of embryonic surfaces has a self-oscillating dynamics basing on alteration of 

changes in the average surface curvature with those in the degree of its spatial 

heterogeneity, a spatial analog of variance. The surface tends to a spherical shape, which 

is unstable, making the system to oscillate between spatially uniform and non-uniform 

states. 

It follows, first, that the alteration of nodal (``phylotypic'') and intermediate 

developmental stages is not a reflection of the evolutionary history. Second, when 



moving to a nodal stage, the system tends to minimize its spatial variance at a rate 

proportional to its amount, which is mathematically identical to within-individual 

selection with no respect to the notion of fitness. This seems to explain why the evolution 

of morphogenesis perfectly fits to a principle of within-individual divergence, yet, at the 

origination point, any new pattern has zero heritability and adaptive value. 
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The early embryo of the milkweed bug, Oncopeltus fasciatus, appears as a single cell 

layer ï the embryonic blastoderm - covering the entire egg. It is at this blastoderm stage 

that morphological domains are first determined, long before the appearance of overt 

segmentation. Central to the process of patterning the blastoderm into distinct domains 

are a group of transcription factors known as gap genes. In Drosophila melanogaster 

these genes form a network of interactions, and maintain sharp expression boundaries 

through strong mutual repression. Their restricted expression domains define specific 

areas along the entire body. We have studied the expression domains of the four trunk 

gap gene homologues in O. fasciatus and have determined their interactions through 

dsRNA gene knockdown experiments, followed by expression analyses. While the 

blastoderm in O. fasciatus includes only the first six segments of the embryo, the 

expression domains of the gap genes within these segments are broadly similar to those in 

Drosophila where the blastoderm includes all 15 segments. However, the interactions 

between the gap genes are surprisingly different from those in Drosophila, and mutual 

repression between the genes seems to play a much less significant role. This suggests 

that the well-studied interaction pattern in Drosophila is evolutionarily derived, and has 

evolved from a less strongly interacting network. 
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Much progress has been made in our understanding of how genes control patterns of cell 

types or regional identities within an organism during its development. However, the link 

between this process of patterning and growth or morphogenesis is much less well 

understood. Bridging this gap is essential for understanding the evolution of diverse 

forms and requires a quantitative approach. We have been addressing this problem using 

a combination of genetic, morphological, computational and imaging approaches in 

collaboration with Andrew Bangham (University of East Anglia) and Przemyslaw 

Prusinkiewicz (Calgary). The results provide new insights into how genes interact with 

tissue polarity and growth to modify shape, and how this may influence diversity in 

forms between species.  
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Empirical and experimental results from developmental biology can help investigate 

dental characters used for palaeontological phylogenetic and evolutionary analyses. 

Using wild-type (empirical data) and Tabby (experimental data) mice, and ShhGFP 

fluorescent reporter genes plus cutting-edge soft-tissue 3D nano-CT, we examined the 

order of cusp appearance and cusp mineralization to determine whether the two were 

linked. Results confirm this - the first appearing and first mineralizing cusps of the lower 

molar are the protoconid and metaconid. Features located lower in the crown appear later; 

those at the anterior and posterior extremities of the tooth appeared and mineralized latest 

and are also the first to be lost and gained under novel quantitative manipulation of 

ectodysplasin (Eda) levels. 

We then examined a recent comprehensive data matrix of fossil and extant primate 

relationships from a developmental perspective. Empirical development and population 

level variation studies show that features which appear chronologically later during 

development tend to be more variable intra-specifically. To determine whether these 

patterns also hold at the macro-evolutionary level, we examined a) the frequency of 

polymorphisms scored in the data and b) the number of character states of features in 

different regions of the tooth crown, as measures of variability.  



Our results show statistically significantly higher polymorphism and average character 

state numbers in late developing tooth features. Dental characters important for 

elucidating the phylogenetic position of Darwinius massilae, a widely publicised near 

complete Eocene primate fossil, are found to follow these patterns. We conclude that a 

developmental perspective is useful for uncovering patterns in character states across 

taxa. Conversely, in addition to containing hierarchical phylogenetic information, 

phylogenetic data may inform on development, an underlying mechanism of evolutionary 

change. 
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We are comparing the mechanisms by which the life cycles of annual and perennial 

plants are synchronised to the changing seasons. Arabidopsis thaliana is a model annual 

plant and we have shown how circadian-clock regulation of transcription of specific 

regulatory genes and photoreceptor signaling combine to promote flowering of this 

species in response to long summer days. As a perennial species, we have used Arabis 

alpina, which diverged from Arabidopsis around 30 million years ago. We have studied 

the effects of vernalization (exposure to low winter temperatures) on the life cycle of 

Arabis alpina and propose that genes involved in vernalization of Arabidopsis are 

differently regulated in A. alpina to confer perennial-specific traits. Evolution of the 

regulation of these genes involves changes in chromatin regulation. The talk will expand 

on these comparative approaches to study flowering-time control.  
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The neural crest (NC), a defining feature of vertebrate embryo, generates most of the 

skeletal tissues encasing the developing forebrain and provides the prosencephalon with 

functional vasculature and meninges. The emergence of this highly plastic cell population 

is considered as an essential asset in the evolution of the chordate phylum, since it was 

responsible for the formation of a "New Head" characterized by the spectacular 

development of the forebrain and associated sense organs. Here, the developmental 

relationships between the cranial NC (CNC) and the brain are examined in order decipher 

the molecular mechanisms whereby the migratory CNC cells control cephalic neurulation 

and brain morphogenesis. Our results show that CNC early regulates the morphogenetic 

activities of secondary brain organizers by modulating the signaling emanating from 

these territories. These cells act in these processes through a multistep control and exert 

cumulative effects counteracting Bmp signaling produced by the neighboring tissues. By 

this mechanism, CNC opposes ventralizing influences and enables the elaboration of the 

prosencephalic alar and roof plates. Altogether, these data extend the coverage of CNC 

beyond its skeletal vascular and meningeal contribution to forebrain development and 

suggest that the CNC itself acts as a ``secondary brain dorsalizing organizer''. These data 

open up new avenues for the understanding the molecular mechanism whereby the NC 

has accompanied the development of the forebrain. In addition, they provide an 

explanation to the fact that the advent of the NC has concurred to the considerable 

expansion of telencephalic hemispheres over vertebrate evolution. 
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We are performing a comparative, systems-level study of the gap gene network, involved 

in patterning in the early embryo, across three species of diptera: Drosophila, the scuttle 

fly Megaselia abdita, and the moth midge Clogmia albipunctata. We present the first 

results of this comparative study. While the gap gene network of Drosophila has been 

elucidated previously, the networks of the other two fly species are unknown. We use a 

reverse-engineering approach (the gene circuit method) to infer regulatory interactions 

among gap genes from mRNA-based spatial gene expression data in these species. In 

addition, we perform evolutionary simulations (in silico evolution) to investigate possible 



transitions between the networks in different flies. This allows us to predict which 

specific regulatory changes can account for the observed differences in gap gene 

expression between species, and to assess whether the evolution of gap genes is 

constrained by the regulatory topology of the network. 
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The segmentation gene cascade as known from the fruit fly Drosophila still forms one of 

the paradigms in developmental biology. One controversial question in animal evolution 

is whether the last common ancestor of the segmented phyla, chordates, annelids and 

arthropods, was itself segmented. We use the spider Achaearanea tepidariorum, which is 

an emerging model organism, to study the evolution of body segmentation. The anterior 

segments of the spider form more or less simultaneously, while the posterior segments 

are added sequentially from a posterior segment addition zone (also called growth zone). 

Our data suggest that segmentation in the spider involves two different mechanisms for 

regulating the specification of the segmental boundaries. Anterior segmentation in the 

spider requires genes like orthodenticle and hunchback, which seem to act as gap genes, 

and shows a number of similarities to Drosophila segmentation. Posterior segmentation, 

however, depends on two signalling pathways, Delta-Notch signalling and Wnt8 

signalling, which is reminiscent to vertebrate somitogenesis, but is in contrast to 

Drosophila segmentation. Delta/Notch signalling is required for dynamic gene expression 

preceding segmentation in both spiders and vertebrates. Furthermore, knockdown of 

Wnt8 suggests that Wnt8 has a similar role in vertebrates and spiders in establishing and 

maintaining a posterior segmentation zone. Both Delta-Notch and Wnt8 signalling may 

be part of an ancient regulatory network for segmentation that could have been present in 

the common ancestor of segmented animals.  
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Three physiological factors determine over 95% of the variation in body size and 

development time in the tobacco hornworm (Manduca sexta): growth rate (GR), the 

critical weight (CW) which measures the timing of the onset of the cessation of JH 

secretion (initiating the processes leading to pupation), and the time interval between 

attainment of the critical weight and secretion of the molting hormone 20-

hydroxyecdysteroid (the interval to cessation of growth, ICG). On the EcoDevo scale, 

this framework shows that in response to variation in temperature, body size is regulated 

primarily by ICG and GR, while variation in diet quality affects body size through CW 

and GR. Additionally, variation in mean body size is regulated primarily through 

variation in CW and ICG while plasticity in size is regulated primarily through plasticity 

in GR. At the EvoDevo scale, this mechanism allows us to make explicit predictions as to 

how these life history traits should respond to simultaneous selection. Our initial results 

support these predictions and show that when body size and development time are 

selected in the same direction (both to increase or decrease), the response to simultaneous 

selection is determined primarily by CW and ICG and constrained by GR. When body 

size and development time are selected in opposite directions (one to increase and the 

other to decrease) the response to simultaneous selection is determined largely by growth 

rate and constrained by the two hormonal traits, CW and ICG. I argue that an effort to 

incorporate the molecular level control of body size and development time, such as that 

of the insulin signaling pathway into this framework, will greatly enhance our 

understanding of the EcoEvoDevo of these two fundamental life history traits.  
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Natural variation at a single amino acid alters the ability of a 

MADS-box transcription factor to specify male and female organ 

identity. 

Airoldi Chiara (Centre for Plant Sciences, University of Leeds, Leeds, UK), Bergonzi Sara 
(Max Planck Institute for Plant Breeding Research, Cologne, Germany), Davies* Brendan 
(Centre for Plant Sciences, University of Leeds, Leeds, UK),  

email: b.h.davies@leeds.ac.uk 

 

Genome duplications allow the evolution of new biological functions and have been 

implicated in Darwin's `abominable mystery'; the rapid and massive diversification of 

flowering plants. Duplication generated the four groups of `ABCE' MADS-box 



transcription factors that interact to specify development of the floral organs, allowing 

each organ type to be independently controlled. The C-function genes are necessary to 

specify the formation of male and female floral organs. A gene duplication in the dicot 

lineage followed by subfunctionalisation has resulted in C-function genes with different 

developmental roles in different species. Whereas in Arabidopsis it seems that a single C-

function gene, AG, controls both male and female organ identity, in Antirrhinum the C-

function genes PLE and FAR are both involved, to differing degrees, in these processes. 

Whilst PLE can fully specify female organs and partially specify male organs, FAR can 

only specify male organs. Naturally occurring variation at a single amino acid in these C-

function proteins determines their ability to specify reproductive organs by altering their 

potential for interaction with E factors. The morphological consequences of this change 

are only manifest because of the differing expression patterns of the interacting E factor 

proteins. This shows that developmental outcomes are driven by both changes to protein 

sequence and expression of components of the regulatory network and suggests an 

explanation for the widespread E factor duplications.  
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The enhancer of split complex, evolution of a genomic regulatory 

domain. 

Dearden* Peter (University of Otago, Dunedin, New Zealand), Duncan Elizabeth (University 
of Otago, Dunedin, New Zealand),  

email: peter.dearden@stonebow.otago.ac.nz 

 

 

The Enhancer of split complex (E(spl)-C) of Drosophila is a twelve gene complex 

containing three different classes of genes. Two of these the bHLH (basic helix loop helix 

transcription factors) and bearded class genes, have roles in Notch signalling. E(spl) 

bHLH proteins act in response to activated Notch signalling to repress proneural genes, 

while bearded genes regulate components of the Notch signalling pathway. 

We have traced the evolution of the E(spl)-C in Arthropod genomes and have discovered 

that the Drosophila complex is unusual. The E(spl)-C is derived from an ancestral four-

gene complex found in the common ancestor of insects and Crustacea. Two of these 

genes have been lost in the Drosophila complex and all of the bHLH genes have arisen 

from duplication of a single ancestral bHLH gene. We have analysed the expression of 

the E(spl)-C genes in honeybees and aphids and show that this complex ancestrally had a 

role in Notch signalling. 

Examination of modifications of histones within the complex in Drosophila, and other 

species, implies that this complex is regulated as a genomic domain by Notch signalling. 

The E(spl) complex is thus an ancient genomic component of Notch signalling. 



Examination of the expression of genes that have, over evolutionary time, moved into 

complex indicates that that they come to be regulated by Notch. Moving a gene out of the 

complex causes it to lose its Notch regulation. Genomic domains regulated in this way 

may provide a mechanism by which novel components, which become inserted into the 

domain, can be co-opted into ancient cell signalling pathways. 
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Effects of temperature on the structure of the G matrix of insect 

wing shape 

Debat* Vincent (MNHN-CNRS, Paris, France), Roff Derek (University of California Riverside, 
USA), Klingenberg Christian (University of Manchester, UK),  

email: debat@mnhn.fr 

 

The predictive power of quantitative genetic models of selection is conditioned by the 

stability of the genetic architecture (G matrix) over evolutionary timescales and across 

environments. In this study, the stability of the G matrix is examined across different 

rearing temperatures in Drosophila and in Gryllus. In both cases, wing shape is analyzed 

using geometric morphometrics, allowing to visualize the patterns of wing genetic 

variation and the GxE effects. The results are discussed in relation to the hypothetical 

functional modularity in the two models ï flight and courtship function in Drosophila and 

courtship in Gryllus ï and the implications in the context of the genetics of phenotypic 

plasticity are presented.  
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Functional conservation of a forebrain enhancer from the elephant 

shark (Callorhinchus milii ) in zebrafish and mice. 

Debiais-Thibaud* Melanie (CAREG, Department of Biology, University of Ottawa, Ottawa, 
Canada), Macdonald Ryan (CAREG, Department of Biology, University of Ottawa, Ottawa, 
Canada), Martin Kyle (CAREG, Department of Biology, University of Ottawa, Ottawa, 
Canada), Poitras Luc (CAREG, Department of Biology, University of Ottawa, Ottawa, 
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Singapore), Ekker Marc (CAREG, Department of Biology, University of Ottawa, Ottawa, 
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email: melanie.debiais@gmail.com 

 

The phylogenetic position of the elephant shark (Callorhinchus milii) is particularly 

relevant to study genome evolution in vertebrates. Here we examine the evolution of Dlx 

homeobox gene regulation during vertebrate development with focus on the forebrain. 

We first identified the elephant shark sequence orthologous to the URE2 cis-regulatory 

element of the mouse Dlx1/Dlx2 locus (named CmURE2). We then conducted a 

comparative study of the sequence and enhancer activity of CmURE2 with that of 

orthologous regulatory sequences from zebrafish and mouse. The CmURE2 sequence 

shows a high percentage of identity with its mouse and zebrafish counterparts, 

respectively named MmURE2 and DrURE2, but is overall more similar to MmURE2. In 

transgenic zebrafish and mouse embryos, CmURE2 displayed enhancer activity in the 

forebrain that overlapped with that of DrURE2 and MmURE2. However, we detected 

notable differences in the activity of these three sequences in the zebrafish diencephalon.  

Our transgenic assays show that the URE2 enhancer activity is conserved throughout 

jawed vertebrates although new characteristics have evolved in the different groups, 

notably in teleosts. Our study demonstrates that the elephant shark is a particularly useful 

outgroup to study the evolution of regulatory mechanisms in vertebrates. 

Supported by NSERC and CIHR. 
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Cis-regulatory (epi) divergence between Arabidopsis species 
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Stress hormones: mediators of developmental plasticity 

Denver* Robert (The University of Michigan, Department of Molecular, Cellular and 
Developmental Biology, and Department of Ecology and Evolutionary Biology, Ann Arbor, 
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Developmental plasticity is the property of a given genotype to produce different 

phenotypes in response to environmental conditions experienced during development, 



and is now recognized as a major driving force in evolution. Amphibian larvae have 

immense capacity for developmental plasticity, and therefore offer unique opportunities 

to study the proximate and ultimate causes for plasticity, and their relationship to 

phenotypic evolution. Most amphibians have complex life cycles, where the animal 

begins life as a larva then undergoes a metamorphosis to the juvenile adult. 

Environmental conditions experienced during the larval stage affect larval behavior, 

morphology, the timing of metamorphosis, and can lead to variation in adult phenotypic 

expression. Hormones of the neuroendocrine stress axis play pivotal roles in mediating 

environmental effects on animal development. The vertebrate hypothalamo-pituitary-

adrenal (HPA) axis is activated by exposure to environmental stressors, and is controlled 

centrally by peptides of the corticotropin-releasing factor (CRF) family. These 

neuropeptides are potent signaling molecules, controlling pituitary secretion, and 

influencing stress-related behaviors such as anxiety and fear. CRF-like peptides control 

the timing of amphibian metamorphosis by upregulating both the thyroid and the HPA 

(corticosteroids) axes. Thyroid hormone is the primary morphogen controlling 

metamorphosis, and corticosteroids synergize with thyroid hormone at peripheral tissues. 

Thus, environmental stress acts centrally to increase the activity of the two principle 

endocrine axes controlling metamorphosis, and the effectors of these axes synergize at 

the level of target tissues to promote morphogenesis. While stress hormones may favor 

survival in a deteriorating larval habitat, costs may be incurred such as reduced tadpole 

growth and size at metamorphosis. Furthermore, exposure to elevated corticosteroids 

early in life can lead to epigenetic `programming', with lasting effects that may persist 

into adulthood, leading to altered physiology and behavior in the juvenile/adult stage. 

(Supported by NSF grants IBN 0235401 and IOS 0922583.) 
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Reptilian-mammalian transition and enamel development 
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The reptilian mammalian transition is characterized by a number of fundamental changes 

in diet and feeding behavior. With the increasing number of herbivorous species, tooth 

cusp number and surface relief undergo significant changes. Here we have asked the 

question how these changes in feeding behavior as they occur during the reptilian 

mammalian transition correlate to changes in amelogenin enamel protein sequence and 

corresponding enamel structure. In order to address this question, we have cloned and 

sequenced several previously not known reptilian amelogenin sequences and generated 

mouse models that mimic the changes in amelogenin sequence that occur during the 



reptilian mammalian transition. Our data indicate that throughout vertebrate evolution, 

the length of polyproline tandem repeats in the central domain of the tooth enamel protein 

amelogenin increases significantly Here we show that an increase in PXX/PXQ tandem 

repeat motif length results in a compaction of protein matrix subunit dimensions, reduced 

conformational variability, an increase in polyproline II helices, and promotion of apatite 

crystal length. Our studies establish a direct relationship between polyproline tandem 

repeat fragment assemblies and the evolution and the design of vertebrate mineralized 

tissue microstructures. Together, these studies suggest that the changes in diet that occur 

during the reptilian mammalian transition are correlated with changes in the central 

amelogenin polyproline repeat region and tooth enamel structure. Studies were 

generously supported by NIH grant DE0181900 to TGHD.  
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Misexpression of gap genes during germband growth of Tribolium 

can result in supernumerary segments 

Distler* Jutta (Friedrich Alexander Universität, Developmental Biology, Erlangen, Germany), 
Cerny Alexander (Univerisity Hohenheim, Institut of Genetics, Stuttgart, Germany), Klinger 
Martin (Friedrich Alexander Universität, Developmental Biology, Erlangen, Germany),  
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The knock-down of gap genes like hunchback (hb) and giant (gt) by parental RNAi in 

Tribolium results in segmentation and homeotic defects. Both genes are expressed in 

several domains during embryogenesis, i.e. in the blastoderm as well as during 

subsequent growth stages. Parental RNAi cannot distinguish between separate functions 

in early and late stages. To overcome this problem, hb dsRNA was injected into germ 

rudiment embryos, which resulted in homeotic defects but did not identify a segmentation 

function for the posterior domain of Tc'hb. 

As an alternative method to interfere with gap gene function in germband stages, we 

generated transgenic strains based on the Tribolium heatshock promoter (Schinko and 

Bucher, unpublished) which allow to induce gap gene expression at any timepoint of 

development. While overexpression of Tc'gt, which is normally active in the anterior 

abdomen of the embryo, results in anterior abdominal defects, Tc'hb overexpression in 

the early germband often results in larvae displaying additional abdominal segments. 

Given that we do not induce spatially specific expression in these experiments, we 

interprete this as evidence for a segmentation clock mechanism in short germ 

segmentation while a stripe-specific function of the posterior hb domain seems less 

likely. 
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Palaeontological perspectives and fossil evidence for the evolution 

of neural crest and its deployment 

Donoghue* Philip (University of Bristol, Department of Earth Sciences, Bristol, United 
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The neural crest, a transient stem-like cell population, is a shared primitive feature of 

chordates, but its characteristic repertoire of derivative cell phenotypes is a feature of 

vertebrates only. Lampreys and hagfish demonstrate the vast majority of vertebrate neural 

crest cell type derivatives, but ectomesenchymal fates are restricted to living jawed 

vertebrates.  

Although the The fossil record provides little direct insight into the origin and early 

evolution of neural crest, the acquisition of derived morphological characters that can be 

attributed to neural crest ectomesenchyme fates is clearly documented among an array of 

extinct jawless vertebrates that are more closely related to living jawed vertebrates than 

they are to the living jawless vertebrates. , These stem-gnathostomes reveal not only the 

gradual emergence of ectomesenchymal cell type derivatives, but also the sequential 

emergence of the skeletal systems that are generally (but incorrectly due to a lack of 

consideration of their phylogenetic history) considered features of the vertebrate bauplan.  

The dermoskeleton is the primitive mineralised skeleton of vertebrates and, given that 

dentine is always present, this is evidently a product of neural crest. The pharyngeal 

skeleton is primitively unmineralised and its ossification is a feature of jawed vertebrates, 

principally crown-gnathostomes. Paired fins are a derived feature of the gnathostome-

stem, but paired bodywall outgrowths are widespread through the gnathostome-stem. 

These outgrowths are entirely dermoskeletal, and a comparison to paired fins indicates a 

dermal origin that was gradually replaced by mesoderm.  
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Epigenetic regulation of Hox genes during the development and 

evolution of the vertebrate body axis 
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During vertebrate development, Hox genes follow a time sequence in their transcriptional 

activation, which progresses in cis along their respective genomic clusters. While the 

importance of this `Hox clock' phenomenon to secure and coordinate the patterning of the 

body has been recognized, the underlying mechanism remained elusive. Recently, we 

showed that successive Hox gene activation in the embryo is closely associated with a 

directional transition in chromatin status, as judged by the dynamic replacement of 

repressive marks by transcription-competent modifications. Therefore, collinearity can be 

in part regulated by an epigenetic mechanism, leading to the progressive accessibility of 

Hox clusters to the transcription machinery. 

Because Hox genes play a central role in the specification of regional identities along the 

anterior to posterior body axis, we looked for the genomic organization of Hox clusters in 

different reptiles, i.e. in vertebrates with extreme AP morphologies. We showed that all 

Squamata lineages have massively and unexpectedly accumulated transposable elements 

at these loci, reflecting extensive genomic rearrangements of coding and non-coding 

regulatory regions in these species. Comparative analyses of Hox expression patterns 

between two species showing different axial skeletons, the corn snake and the whiptail 

lizard, revealed major alterations in Hox13 and Hox10 expression features during snake 

somitogenesis, in line with the expansion of both caudal and thoracic regions. We 

speculate that transposable elements may have impacted gene regulation, either at the 

transcriptional level, or via modifications of the epigenetic landscapes at the Hox clusters, 

thus accompanying the emergence of these extended body plans 
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The early metazoan evolution in the fossil record 

Dzik* Jerzy (Instytut Paleobiologii PAN and Instytut Zoologii UW, Warszawa, Poland),  

email: dzik@twarda.pan.pl 

 

A reliable interpretation of the fossil evidence on the early metazoan evolution depends 

on proper evaluation of preservational bias. Mineral skeletons and traces of burrowing 

emerged, rather unexpectedly, almost at the same time near the beginning of the 

Cambrian. In both cases a pressure from newly evolving macroscopic predators was 

apparently the main cause, not necessarily resulting in a sudden transformation of 

anatomy of the skeletonized early metazoans or trace makers. Occurrences of three-

dimensional fossils of animals lacking mineral skeletons are restricted to environments of 

intense phosphogenesis that occur mostly in geological epochs of increased marine 

biological productivity and of generally low sedimentation rate. If interpreted too 

literally, their distribution gives a false impression of sudden increase of diversity at the 



beginning of the Cambrian and its slow decrease during the early Palaeozoic, together 

with the gradual disappearance of environments of early diagenetic phosphatization. Also 

the abundance and disappearance of the Ediacaran-style imprints of soft bodied animals 

was apparently a result of widespread development of microbial mats, destroyed by 

increase in sediment bioturbation depth near the Ediacaran-Cambrian boundary. After all 

those factors disturbing the fossil record of evolution are subtracted, a picture emerges 

that does not fit traditional views on the metazoan phylogeny but is surprisingly 

consistent with the molecular evidence. Thus, contrary to earlier expectations, no 

flatworms are known among fossils and medusae do not appear before the late 

Palaeozoic. Instead, among the most diverse taxa in the Early Cambrian are lobopodians, 

priapulid nemathelminths, and ctenophores. The Ediacaran organisms, although still 

controversial, show aspects of their anatomy suggesting their proximity to the 

deuterostomes and ctenophores. All those early metazoans were of macroscopic size and 

of complex anatomy, indicating that anatomical simplification was a widespread 

phenomenon in the Phanerozoic evolution of the Metazoa. 
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In the sunflower family of plants (Asteraceae), floral diversity is apparent within single, 

tightly packed inflorescences as they are composed of flowers that differ in size, shape 

and function according to their position in the inflorescences. Our recent studies in 

Gerbera hybrida have shown that ancient, plant-specific TCP domain (CYC/TB1-like) 

transcription factors are involved in regulating this complexity (Broholm et al., PNAS 

2008). 

Interestingly, both in gerbera and sunflower, the CYC/TB1-like gene family shows 

extensive expansion. While Arabidopsis has only three of these genes, we have identified 

ten in gerbera. Recent analysis of nearly 1 million ESTs representing various species in 

Asteraceae revealed that the expansion of the TCP family dates back to a single 

polyploidization event near the origin of the Asteraceae family and to independent 

genome duplications in the tribes Heliantheae (sunflower) and Mutisieae (gerbera) 



(Barker et al., Mol. Bio. Evol. 2008). Therefore, we suspect that these genes have 

diverged and obtained novel functions contributing to the unique characteristics of the 

Asteraceae inflorescence, as already shown for GhCYC2.  

We are currently focusing on analyzing the CYC/TB1 gene family and the regulatory 

network connected with them. Expression analysis using qPCR indicates distinct 

expression domains for CYC2 and CYC3 subclade members in developing ray and disc 

flowers, respectively. Yeast two-hybrid assays show that TCP factors make homo- and 

heterodimers among themselves. However, we have also identified interactions with 

novel transcriptional regulators. In addition to functional studies using transgenic plants 

we are performing promoter analyses to identify upstream regulators of GhCYC genes. 

The nature of the signals that specify TCP gene expression to developing ray and disc 

flowers is currently not known. The latest results of these ongoing studies will be 

presented. 
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Epithelial morphogenesis in homoscleromorph sponges: evidence 
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Homoscleromorpha in contrast to other sponge lineages (Demospongiae, Hexactinellida 

and Calcarea) have a true epithelium organization, including basal membrane with 

collagen IV, laminin, and adherent junctions. The consequence of this peculiar 

organization is the predominance of epithelial morphogenesis during development, 

metamorphosis, growth and asexual reproduction of these sponges. In order to understand 

the fine mechanisms of homoscleromorphs morphogenesis, we investigated reparative 

regeneration of an ectosome in our model species Oscarella lobularis. Full regeneration 

of exopinacoderm and restoration of functional peripheral parts of aquiferous system 

finished up to 72 hours. There are three main sources of new exopinacoderm: (1) intact 

exopinacoderm, surrounding the wound surface, (2) the layers of endopinacoderm of 

peripheral exhalant and inhalant canals, and (3) the intact choanocytes and apopylar cells 

find on the wound surface. The basic morphogenetic processes during regeneration are 

spreading and fusion of epithelial sheets (exo- and endopinacoderm) that merge into one 

continuous epithelium. Other mechanism is the transdifferentiation of choanocytes and 



apopylar cells into exopinacocytes. In O. lobularis, the archaeocytes (totypotent cells of 

demosponges) are absent both in intact and in regenerated sponges. Moreover, we cannot 

reveal any other morphologically distinct totypotent cells. Any elements of epithelial-

mesenchymal transition are also absent during regeneration. We can conclude that the 

morphogenesis during ectosome regeneration in O. lobularis is correlated with its true 

epithelial organization. Knowledge of morphological basis of morphogenesis during 

Oscarella regeneration makes now possible its investigation by molecular methods.  
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The relationships within arthropods remain controversial as for example the question if 

insects, crustaceans and myriapods form a monophyletic group, the Mandibulata, or if 

myriapods group with the chelicerates to form the Myriochelata. Besides molecular 

phylogenies, the Myriochelata are supported by morphological similarities in the 

development of the nervous system. While in insects and higher crustaceans 

(malacostracans) the nervous system is generated by single stem-cell like cells 

(neuroblasts), groups of precursors are specified for the neural fate in chelicerates and 

myriapods, which directly differentiate into neural cells. But do the shared neural 

characters of myriapods and chelicerates represent synapomorphies that can support the 

Myriochelata grouping? Or do they rather reflect the ancestral pattern of neurogenesis 

which has been retained in these groups and thus cannot be used to resolve arthropod 

phylogeny? Here we analyse the morphological and molecular processes of neural 

precursor formation in the ventral neuroectoderm and the brain of a representative of the 

onychophorans, a sister group to the arthropods. Neural precursors in Euperipatoides 

kanangrensis seem to be generated at random positions rather than in distinct spatio-

temporal domains as has been shown in insects and chelicerates. The different mode of 

neural precursor formation is reflected in the homogeneous expression of the proneural 

and neurogenic genes. Furthermore, the morphogenetic events that generate the three-

dimensional structure of the onychophoran brain are significantly different from 

arthropods. Despite the different mode of neural precursor formation in the individual 

arthropod groups (neuroblasts versus neural precursor groups), neurogenesis shares more 

similarities in arthropods as compared to the onychophorans. Our data show that the 

neural precursors of onychophorans are not comparable to insect neuroblasts and thus the 



formation of single neural precursors has evolved convergently in insects and 

onychophorans.  
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Embryonic development is a coordination of multi-cellular 

biochemical patterning and morphogenetic movements 

Farge* Emmanuel (Curie Institute, Paris, France) 

email: emmanuel.farge@curie.fr 

Last decades revealed the close control of Myosin-II dependent biomechanical 

morphogenesis by patterning gene expression. Here we describe the reverse control of 

developmental gene expression and of Myosin-II patterning by the mechanical strains 

developed by morphogenetic movements. We describe the innovative magnetic tweezers 

tools we have set up to measure and apply physiological strains and forces in vivo, from 

the inside of the tissue, to modulate and mimic morphogenetic movements in living 

embryos.  We discuss the incidence in tumor development, and perspective in evolution, 

of the mechanical control of master genes expression. 
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Most biological processes are studied in the laboratory under one standard condition in 

one reference genetic background. We study the impact of environmental and genetic 

variation on vulva development, as an example of a biological system that is quite robust 

to stochastic noise and environmental change. The system output - the cell fate pattern - 

is quasi-invariant in the Caenorhabditis genus.  



We measured the precision of vulva development output in six laboratory environments 

and for several wild isolates of C. elegans and C. briggsae. Deviations that result in a 

strongly defective vulva occur at low frequency and the types of variant outputs depend 

on environment and genotype. Furthermore, we explore the evolvability of the vulval 

developmental system upon random mutation. 

The observed buffering of the system's output to environmental variation could 

potentially result in buffering of some genetic variation, thus allowing for evolution in the 

process without change in its output. Consistent with this scenario, we reveal such cryptic 

evolution within C. elegans and among different Caenorhabditis species using various 

experimental approaches. We combine experimental studies with computational 

modeling to study the mechanistic dynamics and evolution of the network underlying 

vulval cell specification. 
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Evolution of animal genomes from a homeobox gene perspective 

Ferrier* David (University of St Andrews, The Scottish Oceans Institute, St Andrews, UK),  

email: dekf@st-andrews.ac.uk 

 

The homeobox genes constitute one of the major groups of developmental control genes. 

Evolution of their expression can provide insight into the evolution of animal 

development. In addition, homeobox genes are often found in clusters in the genome. 

These clusters can have functional implications for how the genes operate, and they also 

provide important insight into the origin and evolution of the genes. Here I will draw on 

some recent examples of comparisons of homeobox gene organisation from across the 

animals to illustrate the utility of these genes in understanding genome evolution and 

animal evo-devo. 
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The eye, with its multiple, interacting and exacting requirements for adaptive function, 

has long served as a test problem in evolutionary biology. An evo-devo approach to eye 

and retinal organization illuminates how development coordinates these requirements 

over a range of eye sizes, in nocturnality versus diurnality, and for a range of ecological 

variations. The visual variations of New World monkeys, particularly Saguinus midas 

niger, Callicebus moloch, Saimiri sciureus, Alouatta caraya and Cebus apella, and one 

nocturnal monkey, Aotus azarae, have offered the opportunity to compare mature visual 

system variations to the organizational properties of the developmental mechanisms that 

produce them. First, a conserved order of retinal neurogenesis (cones and their associated 

neurons first, rods and their associated neurons last) automatically links the numbers of 

functionally associated elements, and can allow the nocturnal cohort to be increased as a 

group by a single alteration of developmental timing. The kinetics of neurogenesis 

associated with the late proliferation of rods automatically scales to produce the 

exponentially greater numbers of rods in larger eyes, allowing rods to tile the retinal 

surface at every eye size, while cones become widely spaced. Across mammals, the 

number of optic nerve axons is kept low, while receptor numbers and the amount of 

visually-receptive cortex vary more dramatically. The peculiar way niche-specific retinal 

topologies (e.g. visual streaks and areae centrales) are produced by differential stretch of 

an initially uniform surface, rather than by the more intuitive means of greater cell 

generation in cell-dense, high-acuity regions, defends low optic nerve numbers. Finally, 

the epigenetic mechanism of activity-dependent stabilization has proved sufficient to 

extract chromatic contrasts made possible by single mutations in opsins, without 

additional genetic changes in the central nervous system. Supported by NSF IBN-

0138113 and NSF/CNPq 910149. 

 

Session number - Session day - Session start:  S9.5 - Friday - 11.10 

 

Mesoderm and muscle development in Platynereis ï insights from a 

lophotrochozoan 

Fischer* Antje (EMBL Heidelberg, Heidelberg, Germany), Brunet Thibaut (École normale 
supérieure, Paris, France), Steinmetz Patrick (University of Vienna, Department for 
Theoretical Biology, Vienna, Austria), Christodoulou Fay (EMBL Heidelberg, Heidelberg, 
Germany), Tomer Raju (EMBL Heidelberg, Heidelberg, Germany), Arendt Detlev (EMBL 
Heidelberg, Heidelberg, Germany),  

email: afischer@embl.de 



 

In this study, we focus on the development of the mesoderm and musculature of 

Platynereis dumerilii (Annelida), which is a representative of the lophotrochozoans. 

In all bilaterians muscles are a derivative of the mesoderm. Previous studies in other 

model organisms such as Drosophila or mouse revealed which genes are involved in 

muscle differentiation. Twist is essential for muscle development in Drosophila, where it 

acts as a master regulator. High levels of twist are needed to induce somatic muscle 

development in flies. In contrast, twist represses the differentiation of mesodermal cells 

in vertebrates.  

On the other hand, members of the myod family function as master regulators for muscle 

development in vertebrates but are far less important during muscle development in 

Drosophila. Up to now, only little is known about the mesoderm development in 

lophotrochozoans ï although such data are needed to unravel the bilaterian ground 

pattern. Which genes where involved in the muscle development of the last common 

ancestor of all bilaterians and what are the ancestral functions of twist and myod? 

In order to gain insights into these questions and to understand the muscle development 

in Platynereis, we characterized the developing muscles morphologically and 

molecularly. We investigated the temporal and spatial expression of 30 genes and 4 

microRNAs, involved in muscle development by whole mount in situ hybridization and 

quantitative PCR. Using the  

Wholemount In Silico Expression Profiling technique newly developed in the lab, which 

allows expression profiling in single cell resolution, we define the molecular fingerprint 

of different muscle cells in Platynereis. This analysis shows that at 48h after fertilization 

longitudinal muscles express myod whereas the inner and outer parapodial muscles 

express twist. 

However, the knockdown of Pdu-myod using morpholinos reveals that myod is needed 

for the development of all muscles, and is therefore closer to a vertebrate-like situation.  
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Early mammalian embryos include pluripotent cells that have the capacity to differentiate 

into any adult cell type including the germ line. This property is induced and maintained 

by a small number of key transcription factors, of which the POU-domain protein, Oct4, 

is considered central. In contrast to mammals, basal invertebrates, such as cnidarians and 



planarians, maintain pluripotent stem cell populations throughout their life cycles. These 

cells endow them with high regenerative capabilities, but the molecular mechanisms 

controlling invertebrate stem cell pluripotency remain unknown. To study the evolution 

of pluripotent cells and investigate whether invertebrate pluripotency evolved 

independently, we analyzed the expression and function of Polynem (Pln), a POU-

domain gene, from the marine cnidarian Hydractinia echinata. We found that Pln is 

expressed in the stem cells of the animal, detectable by in situ hybridization and by an 

anti-human Oct4 antibody. Ectopic expression of Pln in epithelial cells can transform 

them into stem-like cells in vivo, and its downregulation by retinoic acid or RNAi leads 

to differentiation. Pln is a target of its own protein, together with Sox2 and other 

orthologues of known Oct4 targets. Hydractinia Sox2 is also expressed in stem cells, but 

has a broader expression pattern that probably includes committed stem cells. Ectopic 

expression of Sox2 is lethal, as is downregulation of both Pln and Sox2 in early 

embryogenesis. Our results push back the history of POU protein-mediated pluripotency 

at least to the common ancestor of cnidarians and bilaterians, suggesting it to be a basal 

feature in metazoans. 
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The fossil records of stomata, dating almost continuously from the early Devonian 

period, show a remarkable consistency in form: two elongated cells with a 

complementary asymmetry allowing them to form a pore when turgid. Molecular and 

physiological evidence is mounting to suggest also that the elaborate functional attributes 

of stomata may have been well established in the very early stages of their evolution. 

However, the overall size of the stomatal structure, critical to establishing the maximum 

leaf diffusive conductance, gc(max), has co-evolved with atmospheric CO2 

concentration, increasing gc(max) under falling CO2, and decreasing it under increasing 

CO2. We present a biophysical analysis of the evolution of stomatal size over 400 Myr 

and consider the role of atmospheric CO2 concentration in selecting for a 100-fold 

increase in gc(max) over the course of vascular plant evolution, via changes in stomatal 

size.  
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Although teeth are well represented in the fossil record, their origin remains a hotly 

contested topic. Both oral and skin denticles (odontodes) appeared in extinct vertebrates 

before jaws, but the relative evolutionary order and the relationship among these 

structures has polarized the field. Classic theories suggest that (i) skin denticles evolved 

first and odontode-inductive surface ectoderm merged inside the oral cavity to form teeth 

(the `outside-in' hypothesis) or that (ii) patterned odontodes evolved first from endoderm 

deep inside the pharyngeal cavity (the `inside-out' hypothesis). We review and integrate 

recent data from extant organisms which shows (a) how teeth can form equally from any 

epithelium, be it endoderm, ectoderm or a combination of the two and (b) that the gene 

expression programs of oral vs. pharyngeal teeth are remarkably similar. We propose a 

new perspective that views odontodes as structures (inside or outside, endoderm or 

ectoderm) sharing a deep molecular homology, united by sets of co-expressed genes 

defining a competent thickened epithelium and a collaborative neural crest derived 

ectomesenchyme. Simply put, odontodes develop `inside AND out,' wherever and 

whenever these co-expressed gene sets signal to one another. Our perspective 

complements the classic theories and highlights an agenda for specific experiments and 

manipulations in model and non-model organisms. 
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From the orbital asymmetry of flatfishes to the lures of anglerfishes, some of the most 



striking cranial innovations in vertebrates are found among acanthomorphs, a diverse 

teleost clade containing over 18,000 living species. One of the most bizarre 

acanthomorph cranial designs characterises echeneids (remoras), a small group 

distinguished by a depressed skull bearing a large, segmented disc on its dorsal surface 

that is used fasten to host animals. Although the developmental origin of remora cranial 

architecture is reasonably well understood, its evolutionary roots have long been unclear. 

Ontogenetic data, coupled with the serial construction of the adhesion disc, imply that 

that this structure is derived from the anterior, spinous portion of the dorsal fin of other 

acanthomorphs. However, remora outgroups bear spiny fins that differ considerably in 

architecture, meristic counts, and position from the adhesion disc, and most fossil 

remoras are anatomically `modern', yielding no clues beyond those already provided by 

living taxa. Drawing on a morphologically primitive remora from the Oligocene 

(Rupelian; 30 Ma) of Europe, I shed new light on the evolutionary origin of the echeneid 

adhesion disc. This fossil lacks a series of derived skeletal characters shared by modern 

remoras, and phylogenetic analyses place it outside the echeneid crown clade. This early 

remora bears an adhesion disc, but its structure diverges substantially from that found in 

other echeneids, and instead shows striking positional and meristic similarities to the 

spiny dorsal fins of outgroup taxa. This palaeontological evidence corroborates 

hypotheses of homology drawn from Recent anatomical and developmental datasets, 

implies a sequence of character transformations across phylogeny paralleling that 

occurring during ontogeny, and highlights the complementary roles of palaeontological 

and developmental data in documenting the evolutionary assembly of specialised 

anatomical structures. 
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The evolution of the visual system enhanced the capacities of animals in the context of 

movement, prey capture, and communication. These advancements, however, came with 

a price. The function and maintenance of photoreceptors and higher order neurons 

impose significant energy demands. A possible indicator of these costs is the convergent 

reduction of visual organs in species that adapt to energy-limited ecologies such as caves. 

The resulting question of whether eye reduction is the consequence of positive selection 

or relaxed purifying selection in the light deprived habitat constitutes a longstanding 

debate, which has been reenergized through the recent studies in the Mexican cavefish. 



Further important aspects of cave adaptation are the emergence of compensatory sensory 

qualities and the evolutionary developmental basis of such changes. I will present first 

results from studying cave adaptation in the fungus beetle genus Ptomaphagus, which 

diversified into over 50 species that range from ancestral surface dwellers to facultative 

and obligatory cave inhabitants. 
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Enhancers and other animal cis-regulatory modules are typically conserved with respect 

to other non-coding genomic sequence. Computational search for conserved non-coding 

sequence in the vicinity of a gene of interest has indeed become a major tool for cis-

regulatory module discovery and isolation. Similarly, when non-coding patches of 

genomic sequence are isolated on the basis of interspecific sequence conservation alone, 

and tested for cis-regulatory activity, they very frequently display specific cis-regulatory 

activity. 

However, most cis-regulatory sequence conservation is detectable only at relatively close 

phylogenetic distance, just sufficient to prohibit alignment of entirely non-conserved 

sequence, and at greater evolutionary distance the incidence of indels and snp's soon 

obliterates the contiguous patches of sequence similarity that computers easily detect.  

In spite of this, we have surveyed seven metazoan genomes encompasing more than 600 

MYears of evolution and found several conserved non-coding regions (CNRs), of which 

few were present in the last ancestor of Eumetazoans. By trans-phylum gene transfer 

experiments we have determined the basal function of these modules, which is to respond 

to a conserved, cell type specific regulatory state.  

We anticipate that these elements may be the tip of the iceberg, and that similar 

approaches as our's will reveal other pan-eumetazoan, cell-type specific regulatory states.  
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Evidence from comparative developmental genetics and from transgenic experiments 

support the claim that changes in the structure and function of developmental gene 

regulatory networks underlie the evolution of important morphological differences 

between species and phyla. The origins of these changes, however, remain subjects of 

considerable debate: Do changes in gene regulatory networks result from the gradual 

accumulation of variation within populations, or from rare mutations of large effect? Are 

all changes in developmental gene regulatory networks equally visible to natural 

selection, or are the effects of mutations in some loci buffered by the actions of the 

network itself? To investigate these questions, we have made use of a quantitative 

genetics breeding design to estimate the heritability of gene expression variation within 

the well-studied regulatory network underlying the specification and development of the 

embryonic endomesoderm and larval skeleton in the purple sea urchin. Our data consist 

of gene expression measurements from 32 half-sib families for 74 interacting genes at 

seven stages of development. We find evidence of substantial heritable genetic variation 

influencing the expression of genes within the network at all stages of development, 

including important early developmental regulators such as Pmar. By analyzing patterns 

of correlation in the expression of pairs of interacting genes and between gene expression 

and skeletal morphology, we find that changes in gene expression are, in general, more 

highly buffered earlier in development. We hypothesize that developmental networks are 

able to buffer the consequences of variation in early development and discuss several 

mechanisms by which this buffering can be achieved. However, this buffering does not 

preclude evolutionary change. On the contrary, we argue that it allows for the 

accumulation of substantial levels of heritable genetic variation that can provide the 

substrate for future evolutionary change following changes in the environment or genetic 

background.  
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Of the 20 or so signal transduction pathways that orchestrate cell-cell interactions in 

metazoans, at least seven are involved during development. One of these is the Notch 

signalling pathway which regulates cellular identity, proliferation, differentiation and 

apoptosis via the developmental processes of lateral inhibition and boundary induction. In 

light of this essential role played in metazoan development, we surveyed a wide range of 

eukaryotic genomes to determine the origin and evolution of the components and 

auxiliary factors that compose and modulate this pathway. Thus, we searched for 22 

components of the Notch pathway in 35 different species that represent 8 major clades of 

eukaryotes, performed phylogenetic analyses and compared the domain compositions of 

the two fundamental molecules: the receptor Notch and its ligands Delta/Jagged (DSL 

proteins). We confirm that a Notch pathway, with true receptors and ligands is specific to 

the Metazoa. This study also sheds light on the deep ancestry of a number of the genes 

involved in this pathway (Notchless, &;#947;-secretase complexe members), while other 

members are revealed to have a more recent origin (Jagged, Delta). The origin of several 

components can be accounted for by the ``shuffling'' of pre-existing protein domains, or 

via lateral gene transfer. In addition, certain domains have appeared de novo more 

recently, and can be considered metazoan synapomorphies. We also proposed two 

evolutionary scenarios for the origin of DSL proteins. 

In conclusions, the Notch signalling pathway emerged in Metazoa via a diversity of 

molecular mechanisms, incorporating both novel and ancient protein domains during 

eukaryote evolution. A functional Notch signalling pathway was probably present in 

Urmetazoa. 

 

Session number - Session day - Session start:  C17.3 - Friday - 16.25 

 

Evolution of a duplicate gene regulatory system in Solanaceae 

Geuten* Koen (K.U.Leuven, Laboratory of Plant Systematics, Leuven, Belgium), Irish Vivian 
(Yale University, Molecular Cellular and Developmental Biology, Leuven, Belgium),  

email: koen.geuten@bio.kuleuven.be 

 

B-class MADS box genes have been shown to specify petal and stamen identities in 



several core eudicot species. Members of the Solanaceae possess duplicate copies of 

these genes, allowing for diversification of function. In order to examine the changing 

roles of such duplicate orthologs, we have assessed the functions of B-class genes in 

Nicotiana benthamiana and Solanum lycopersicum (tomato) using virus-induced gene 

silencing and RNAi approaches. Loss-of-function of individual duplicates can have 

distinct phenotypes, yet complete loss of B-class gene function results in extreme 

homeotic transformations of petal and stamen identities. We also show that these 

duplicate gene products have qualitatively different protein-protein interaction 

capabilities, as well as having different regulatory roles. These observations indicate that 

compensatory changes in B-class MADS box gene duplicate function have occurred in 

the Solanaceae, in that individual gene roles are distinct, but their combined functions are 

equivalent. Furthermore, we show that some species-specific differences in the stamen 

regulatory network are associated with differences in the expression of the microRNA 

mir169. Our results indicate that there is considerable plasticity in individual B-class 

MADS box transcription factor function, yet overall conservation in the roles of the 

multimeric MADS box B-class protein complexes, providing robustness in the 

specification of petal and stamen identities. Such `hidden' variability in gene function we 

observe for individual B-class genes, can provide a molecular basis for the evolution of 

novel regulatory functions resulting in new morphologies. But because no existing model 

for gene diversification after duplication is strictly applicable to the regulatory system we 

investigated, our data argue in favor of integrating existing models into a more 

generalized model of which aspects can be more or less applicable to the system 

investigated. 
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The gene cramped (crm) was identified as a candidate gene for adaptation to northern 

latitudes of Drosophila melanogaster. crm is involved in position effect variegation and 

Polycomb silencing, two processes linked to chromatin regulation and known to be 

strongly modulated by temperature. Here we test the effect of temperature on crm 

network to analyze its involvement in adaptation. We show that crm is limiting for 

distinct regulatory processes at low and high temperatures. crm contributes to 

environmental canalization of plastic traits. In particular, crm buffers the effect of 



temperature on a particular genomic region integrating regulation by both constitutive 

heterochromatin and Polycomb silencing. This region encodes Hedgehog and Wingless 

signaling effectors. Its temperature sensitive regulation leads to the phenotypic plasticity 

of several traits such as abdominal pigmentation. We analyze the response of natural 

selection on crm variation by quantifying the effect of European and African alleles on 

crm sensitive traits at different temperatures in isogenic backgrounds. We show that 

natural crm variants evolved as an adaptation to different temperatures by shifting the 

reaction norms of plastic traits. In addition, we observe strong epistasis between 

polymorphic amino acids located in rapidly evolving domains. Local adaptation of 

poikilotherm organisms may strongly impact natural variation in temperature sensitive 

gene regulatory networks. 
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The microevolutionary bases of macroevolutionary diversity remain unclear. It is still not 

well understood how the mechanisms involved in the diversity at the macroevolutionary 

level originate from the integration of microevolutionary processes.  

The Drosophilids represents a fascinating example of macroevolutionary diversity and 

well-studied microevolutionary processes. Drosophilids are a diversified group with 

cosmopolitan and specialised species, which adapted to temperature. Their wing shape 

varies among species and temperatures, along latitudinal clines. Wing plasticity to 

temperature is also variable among populations and species. These observed changes are 

adaptive but their functional meaning is not known. A question still remains: what is the 

role of the developmental plasticity of the wing due to temperature in predicting the 

divergence among species? 

Here we explore the patterns of macroevolutionary changes and phenotypic plasticity of 

the wing in a well-known subgroup of Drosophilids: the Drosophila melanogaster 

subgroup. Wing plasticity was measured by raising the nine species of the subgroup, at 

three different temperatures (14°C, 21°C and 28°C). The study also included two 

different localities for two cosmopolitan species (D. melanogaster and D. simulans). 

Variation of wing shape was therefore investigated at different hierarchical levels: among 

species adapted to contrasted temperatures, among populations within species and among 

temperatures. A morphospace was built using geometric morphometrics, to compare 

these different levels of variation. This allowed us to compare the directions of 



interspecific variation between temperatures and the patterns of wing shape variation 

between species. By exploring the patterns of phenotypic plasticity and macroevolution, 

the study contributes to identify the processes involved in the adaptation to climate 

change at both micro and macro-evolutionary scales. 
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The sources of selectable variation can be genetic, epigenetic, or a mixture of these. 

Genetic variation provided by mutations and recombinations can produce heterochronic, 

heterometric, heterotopic alterations of gene expression, as well as heterotypic changes in 

gene structure. In addition, the environment plays an active role in the development of 

form and function. As such, it can play an important role in the production and 

inheritance of phenotypic variation. This talk will look at data providing evidence that 

three developmental mechanisms may enable environmental agents to contribute to 

selectable variation: 

Å epialleles, wherein environmentally induced conformational alterations of the chromatin 

(DNA methylation, histone acetylation) can be stably inherited from one generation to 

the next. 

Å developmental symbiosis, wherein organisms co-develop and need the signals from 

another species in order to develop normal parts and bodily functions. 

Å developmental plasticity, wherein signals from predators, diet, sunlight, and 

conspecifics can alter a developmental trajectory towards one of greater fitness. Models 

such as genetic assimilation predict that such environmentally induced changes can 

become fixed into the genome.  
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Invertebrates exhibit associative learning and have a relatively simple nervous system 

that allows retracing this phenomenon to the cellular levels in different kinds of 

laboratory preparations. Invertebrates allow, therefore, determining the basic neural 

architectures enabling basic forms of associative learning. We argue that it is possible to 

identify elemental, common architectural principles, which underlie the establishment of 

experience-dependent associations in the nervous system of animals as diverse as 

mollusks, insects and crustaceans. Invertebrate nervous systems present dedicated 

pathways, devoted to the processing of specific sensory signals (e.g. visual, olfactory). 

Reinforcement encoding is achieved through `value systems', i.e. neural pathways which 

convey reinforcement signals to other circuits in the brain. Such neural modules allow 

therefore labeling specific sensory signals in terms of their outcome (e.g. appetitive, 

aversive). They exhibit the basic property of stimulus substitution, which allows them not 

only to fire in the presence of the appropriate reinforcement but also in the presence of 

the stimulus that has gained the capacity to predict the reinforcement. These two kinds of 

interconnected systems constitute, together, a basic block for associative learning. 

Besides, specific architectural principles seem to have evolved in some but not all 

invertebrates. Among these, one can cite the presence of higher-order integration centers, 

which combine information from different sensory pathways, and provide multimodal 

output. They allow associating stimuli of different modalities during learning and during 

recall. They could be the substrate in which complex forms of learning implying transfer 

between sensory modalities and categorization of novel stimuli could occur. Interestingly, 

these capacities have been recently uncovered in invertebrates for which this architectural 

principle applies. We will discuss the selective pressures that have lead to these specific 

solutions and what can be learned from the `simple' nervous system of invertebrates for 

understanding general principles of learning and memory. 
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Flowering plants represent by far the largest extant seed plant group, consisting of around 

400,000 species. The rapid radiation of the angiosperms is usually attributed to their 

flowers, and to the co-evolution between those flowers and the animals that pollinate 

them. The amazing variety of extant floral forms represents the evolution of unique 

features that either enhance the attractiveness of a flower to multiple species of pollinator 

or else specifically target a restricted number of pollinators. Our recent work has focused 

on the petal spot, a significant floral feature that functions as a pollinator attractant and is 



often composed of several specialized traits, each of which has been studied to some 

extent in a model system. Petal spots have evolved in a phylogenetically broad range of 

angiosperm species and are formed by the accumulation of pigment in the pavement cells 

of the petal epidermis. In some cases they also contain elaborated epidermal cell 

morphologies. Identifying the genes encoding the regulators of petal spot morphology 

will allow us to formulate a model for the pathway of petal spot development, ultimately 

defining the molecular events that have led to the evolution of this floral feature, and, 

crucially, which continue to drive its evolutionary change today.  
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The evolution of flower shape has attracted the attention of biologists for at least two 

hundred years. Although much information is accumulating on the genetic architecture of 

flower shape, the information on its adaptive significance is much scarcer. By using 

geometric morphometrics, we have explored the microevolution of corolla shape in E. 

mediohispanicum during the last 10 years. We have found that, contrasting with 

conventional wisdom, corolla shape shows great variation even between co-occurring 

individuals. This variation can have strong fitness consequences, with reproductive 

success being associated to specific corolla shapes. Furthermore, we have shown that 

corolla shape has significant heritability, suggesting that it can be modified by natural 

selection. Corolla shape seems to act in E. mediohispanicum as an honest signal, since it 

is associated to reward (nectar and pollen) and determines the preference pattern of 

important pollinators. Finally, since pollinator fauna varies geographically in this 

generalist plant species, we have detected a geographic mosaic of selection on E. 

mediohispanicum corolla shape in SE Spain, which has even resulted in a pattern of local 

adaptation. We hope other evolutionary biologists will explore the ecological factors 

driving corolla shape evolution in other plant species, helping to unravel Darwin's 

abominable mystery.  
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Skeletogenic potential of the neural crest: the emergence of 

ectomesenchyme  

Graham* Anthony (King's College London, London, UK),  

email: anthony.graham@kcl.ac.uk 

 

A defining feature of vertebrates is the presence of skeletal elements in the head, which 

experimental studies have suggested are likely to be derived from the neural crest. It has 

been suggested that vertebrates are defined by their possession of neural crest cells. The 

skeletogenic potential of neural crest cells had long been thought to be an intrinsic 

property of the cranial crest. Trunk neural crest cells were believed to lack this potential. 

However, we, and subsequently others, have challenged this view and have shown that 

trunk neural crest cells do have the potential to generate skeletogenic derivatives. They 

will do so in vitro when cultured under appropriate condition and in vivo when 

transplanted to sites of skeletogenesis. Hence, the realisation of skeletogenic potential in 

the developing head must be the result of local cues. More recently, we have shown that 

the allocation of neural crest cell to an ectomesenchymal lineage involves, in part, FGF 

signalling from the pharyngeal epithelia. The lack of neural crest derived skeletal 

structures in the trunk of amniotes is likely due to the repression of this potential in more 

caudal regions. The finding that ascidians possess ``neural crest-like'' cells further 

suggests that vertebrates are not defined by their possession of neural crest cells per se, 

but rather by possession of ectomesenchymal crest. Thus the evolution of the neural crest, 

and the acquisition by this cell type of the ability to generate skeletogenic derivatives was 

central to the evolution of the vertebrates. 
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Morphogen gradients from the root up 

Grieneisen* Verônica (John Innes Centre, Computational &; Systems Biology, Norwich, UK),  
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In developmental biology, there has been a recent focus on the robustness of morphogen 

gradients as possible providers of positional information. Specifically, it has been debated 

that functional morphogen gradients generated through source-decay processes present 

unrealistically strong biophysical constraints and lack of robustness to noise. During this 

talk I will argue that the details of the mechanism that underlies the generation of a 

morphogen gradient can dramatically influence those limitations. As a paradigm system I 

will look at root development in plants. It has been experimentally and theoretically 



shown that in this system an auxin morphogen gradient is established as a result of a so-

called `reflux-loop' mechanism. I will analyse mathematically and through computer 

simulations several alternative mechanisms that could generate comparable gradients, to 

identify what requirements are posed on them by the typical temporal and spatial 

characteristics of root growth. These "gedanken simulations" elucidate what would have 

been the necessary biophysical requirements for a plant root to maintain a functional, 

graded morphogen distribution when an alternative gradient-forming mechanism would 

have been used. In the evolutionary context, such theoretical explorations bring forth a 

clearer understanding on what sort of constraints and fitness landscapes plants have been 

facing while becoming multi-cellular and organising itself into relatively large and 

extremely plastic developing organisms. Said differently, why a fast diffusive molecule 

and the 'reflux-loop' are so fundamental for having evolved plant-like development. 
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Contrary to the criticisms directed at evolutionary biologists by a number of leading evo-

devo proponents, evolutionary models do not ignore development, but rather, 

approximate the complexity of ontogenesis into a single linear step. By placing ontogeny 

into this ``black box'', evolutionary theorists have been extremely successful in 

characterizing a number of basic principles of evolutionary change. Further, in principle, 

treating ontogeny as a ``black box'' should be sufficient to describe evolutionary 

dynamics as long as realized ontogenesis can be reduced to a linear genotype-to-

phenotype (G-P) mapping function. However, when the properties of ontogeny produce 

non-linear mappings, these models may only be sufficient to explain or predict 

evolutionary dynamics over one or a few generations, when a non-linear map is 

approximately linear. Basic evo-devo research now provides a foundation to generalize 

our population and quantitative genetics models by elucidating the general properties of 

ontogeny (e.g., dynamical, hierarchical, self-organizing, etc.) that may create non-linear 

G-P maps, and which may then be translated into non-linear parameters for evolutionary 

models. 

The issue of limitations in the explanatory power of evolutionary models caused by 

simplifying assumptions is not new to evolutionary theorists. One effort to address non-

linear G-P maps uses a statistical property of populations, directional epistasis, to model 



the change in the additive genetic variance over time when the trait is under linear 

selection. The directional epistasis parameter is meant to capture ontogenic properties in 

the genetic architecture of a trait that produce a systematic and directional non-linear 

change in genetic effects as the genetic background changes; or, in other words, a non-

linear G-P map.  

For this presentation, we show the effects of a non-linear G-P mapping function on the 

evolutionary dynamics of simulated populations, as well as on a natural population of 

Wyeomia smithii, the pitcher-plant mosquito. 
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Trichomes are epidermal structures on aerial plant surfaces with diverse morphologies 

protecting plants from biototic and abiotic stressors such as herbivores, transpiration, 

freezing or UV radiation. Transcriptome and metabolome analyses indicate that 

trichomes are also involved in detoxification processes. In accordance with their 

protective functions and targets for adaptation to adverse environments, rosette leaves 

exhibit extensive variation in trichome density among Arabidopsis accessions. Field 

studies have shown that a reduction of herbivore damage correlates with trichome density 

suggesting that selection favours increased trichome density. Using two accessions with 

contrasting trichome densities on late rosette leaves, we mapped the trait "trichome 

density" to one major QTL. By association mapping, we identified a causal single amino 

acid substitution in ENHANCER OF TRYPTICHON AND CAPRICE2 (ETC2). ETC2 

belongs to a gene family of seven repressors with partially redundant functions on the 

patterning of trichome and root hairs. Interestingly, ETC2 has no effect on root hair 

development. We reason that the low pleiotropy allowed for an amino acid replacement 

affecting specifically trichome density. The high sequence divergence between low-

trichome and the remaining ETC2 alleles suggests that the low-trichome haplotype is not 

of recent origin. We propose a mechanism where the K19E substitution in the low-

trichome ETC2 allele causes in a higher stability of the repressor function and therefore 

fewer trichomes are formed on rosette leaves on accessions coding for this allele. 
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Expanding the species-list for evo-devo studies. the case of the 

brachiopod Terebratalia transversa 
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The comparative approach is the fundamental basis for Evo-Devo. It is thus of interest to 

expand developmental studies to a broad range of animals to allow us to understand the 

evolution of animal body plan diversity and to evaluate the possible changes on the 

molecular and cellular level that led to the evolution of novelties. To establish new 

species from the field as objects for the study of evolutionary developmental 

investigations is a difficult task. Different aspects of their biology such as phylogenetic 

position, ability to culture animals in the lab, reproduction rate and season and the 

accessibility of the embryos to different methods such as injections, gene expression 

studies and microscopy often have to be evaluated against each other. Here I present a 

case-study for establishing a new species as target for developmental studies. The 

brachiopod Terebratalia transversa can help to understand the evolution of germ layers, 

alimentary tract and organ systems such as photoreceptors and eyes. Recent molecular 

phylogenies place the brachiopods as members of the clade Spiralia (=Lophotrochozoa). 

Expression of genes that are affiliated with bilaterian digestive system development 

(foregut, midgut and hindgut) show changes of their pattern that reflects evolutionary 

novelties of the adult morphology of Terebratalia transversa but also allow conclusions 

about the general developmental mechanisms in Bilateria. E.g, the expression patterns of 

`foregut' genes during gastrulation show, that the oral ectoderm is specified 

independently from the blastopore. Furthermore, bilaterian `hindgut' genes are as well 

expressed separate from the blastopore suggesting that the blastopore is specified 

independently from mouth and anus in Bilateria. The expression of the hindgut genes 

decays during later development, reflecting the evolutionary loss of the hindgut in the 

brachiopod lineage leading to Terebratalia. Other gene expression patterns in the 

brachiopod deliver insights into eye/photoreceptor and mesoderm evolution in the 

Bilateria. 
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The pattern of branch outgrowth is a key determinant of the flexible plant body plan, and 

varies among and within species. In angiosperms, branches are produced from axillary 

meristems, which either remain dormant or grow out. This decision is affected by several 

hormones, either repressing or promoting outgrowth.  

Strigolactones, originally identified as germination stimulants for parasitic plants, and 

more recently as signals in the formation of mycorrhizal symbioses, have now been 

shown to repress branching in the angiosperms rice, pea and Arabidopsis. MAX1 in 

Arabidopsis encodes a cytochrome P450 family member, which is required for the 

synthesis of the strigolactone-related signal, and forms part of a biosynthetic and signal 

transduction pathway containing at least three other genes in Arabidopsis. 

While other known components of the strigolactone signalling pathway are conserved 

throughout the land plants, genes closely related to MAX1 are present in all plant 

genomes published except the `basal' land plant, moss, the only fully sequenced plant 

without branching in the diploid sporophyte generation. These findings suggest that 

MAX1 is an evolutionarily later addition to pathway. We test this hypothesis by 

investigating the ability of homologues from a range of species to complement 

Arabidopsis max1 mutants. We also investigate whether the loss of mycorrhizal 

symbiosis in Arabidopsis has freed strigolactone signalling from a coevolutionary 

constraint imposed by the fungal partner, and allowed diversification of the endogenous 

signal in this species, by analysing the complementation of max1 with homologues of the 

putative strigolactone receptor MAX2 from other species. We complement these 

molecular and genetic approaches with physiological investigation of the actions of 

strigolactones in non-angiosperm species, including spruce and Selaginella species. 
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Our aim is to understand the relative contributions of cell rearrangements, division 

orientation and growth to embryo elongation in amphioxus. In amphioxus similarly to 

vertebrates, elongation along the animal-vegetal axis starts during gastrulation. To 

understand the contribution of gastrulation cell behaviors to elongation, high-quality 3D 

time-lapses encompassing gastrulation have been produced and processed through 

automated nuclei detection and tracking. This led to the reconstruction of digital 

embryos, allowing for in silico analysis of cell behaviors. 

Preliminary analysis of such a digital embryo shows that, unlike in vertebrates, 

gastrulation is decomposed in two non-overlapping processes: invagination then 

blastopore closure (or epiboly). Invagination is isotropic around the blastopore. Unlike 

invagination, blastopore closure is asymmetric: a defined region of the blastopore lip is 

fixed while the other regions move towards this fixed point to close the blastopore.  

Our analysis shows that little to no exchange of neighbors are occurring during 

gastrulation. However cells move away from each other only when aligned along the 

elongation axis, probably because most divisions are oriented along the direction of 

elongation. In the case of the fixed region, cells move away from each other even when 

aligned perpendicular to the elongation direction and orientation of cell divisions is likely 

random. Elongation is thus not homogenous over the entire embryo: most of the embryo 

elongates, the fixed region does not. The confrontation of these two regions generates the 

fixed point and the asymmetric closure of the blastopore. 

This preliminary analysis therefore suggests that, unlike in most vertebrates where cell 

movements are intense, cell rearrangements hardly occur in amphioxus gastrulation and 

that oriented cell divisions are strong candidates to mediate elongation.  
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Canonical Wnt signalling regulates positional information and patterning along the 

cnidarian oral-aboral axis. In Hydra, noncanonical Wnt signalling acts in tissue 

evagination during asexual bud and tentacle formation. The canonical Wnt pathway 

activates at particular positional values noncanonical Wnt signalling, which in turn 

controls the actin cytoskeleton to properly polarize cells during morphogenesis. 



Evolution of such a rather complex Wnt signalling network may have been essential for 

the diversification of eumetazoan body plans. Based on this, we follow two approaches: 

First, we perform life imaging using stable transgenic lifeact Hydra polyps in order to 

analyze in great detail the actin dynamics during various morphogenetic processes. 

Second, we have started to study Wnt signalling in basal acoel and rhabditophoran 

flatworms to obtain a better understanding of the relationship between cnidarian and 

basal bilaterian body plans. 
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We examine generic features of Darwinian evolution in multilevel systems with high 

degrees of freedom, in particular in systems which allow complex genotype-phenotype 

mappings to evolve. Evolution of development is an example par excellence for this. 

We will focus on the following issues: 

(1) the interlocking of cell division, cell movement and cell differentiation to 

maintain out of equillibrium conditions leading to morphogenesis. 

(2) the ``tempo and mode'' of evolution at the genotypic vs phenotypic level. 

- Does genome complexification generally precede phenotypic 

complexification/adaptation?  

- Does reduced selection facilitate genome expansion - or is the potential for genome 

expansion a side-effect of selection for robustness? 

- What is the role of whole genome duplication in adaptation and species radiation? 
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Cnidarians are positioned phylogenetically as a sister group to the Bilateria, and so can 

offer an informative evolutionary perspective on basic questions of developmental 

biology. We have been using a new cnidarian model, Clytia hemisphaerica, to dissect the 

cellular and molecular mechanisms of early developmental patterning events. I will 

describe various studies from our group concerning maternally stockpiled RNAs, both 

localised and non-localised. Interesting maternal RNA lacking specific subcellular 

localisations include the kinase Mos, required for regulation of meiosis, the WD-40 

domain protein Poc1, required for centriole function, and a mitochondrially targeted GFP. 

In addition, an unexpectedly large number of maternal RNAs with specific intracellular 

localisations have been identified, showing at least four distinct distributions with respect 

to the animal-vegetal axis. We have shown that three of these localised mRNAs, coding 

for Wnt pathway regulators, are responsible for setting up the oral-aboral axis of the 

embryo. Maternallyïdirected Wnt pathway activation was thus probably a feature of the 

eubilaterian ancestor. In contrast, another maternally localised RNA, coding for the T box 

transcription factor Brachyury, appears to have no significant patterning role, although 

zygotically expressed Brachyury has a conserved essential function in gastrulation. 

Another group of maternal localised RNAs showing ``germ plasm''-like distribution 

patterns at the animal pole of the egg are also currently under investigation. 

The differentially localised maternal RNAs identified in Clytia reach their destinations by 

temporally and mechanistically distinct pathways, operating at successive stages of 

oocyte growth and maturation. These pathways appear to share mechanisms with RNA 

localisation pathways operating in bilaterian models such as Drosophila and Xenopus, 

including interactions with the surrounding gonad tissues, microtubule-dependent and 

independent cellular polarisation, selective RNA degradation and cortical anchoring. 

 

Session number - Session day - Session start:  S3.5 - Wednesday - 11.10 

 

The correlation of gene duplication and morphological shifts in 

floral symmetry genes 

Howarth* Dianella (St. John's University, Biology, Jamaica, United States), Boyden 
Geraldine (St. John's University, Biology, Jamaica, United States), Donoghue Michael (Yale 
University, Ecology and Evolutionary Biology, New Haven, United States), Hardej Diane (St. 
John's University, Biology, Jamaica, United States),  

email: howarthd@stjohns.edu 

 

Shifts in symmetry of flowers between radial and bilateral symmetry have been common 

among angiosperms, with initial studies from the genetic model organism, Antirrhinum 

majus. Transcription factors such as CYCLOIDEA, DICHOTOMA, RADIALIS and 

DIVARICATA are implicated in dorsoventral asymmetry of flowers in angiosperms. We 

have been examining the phylogenetic relationships and duplication history of these gene 



clades, using data from Dipsacales and published data to map duplications that span the 

Pentapetalae. Members of two floral symmetry genes lineages (CYCLOIDEA and 

DIVARICATA) duplicated near the divergence of the Pentapetalae and additionally 

duplicated in each of these paralogous lineages in different Dipsacales clades. We discuss 

our findings from the third known floral symmetry gene lineage, the MYB gene 

RADIALIS. It appears from our data that RAD-like genes may contain three eudicot 

clades, with at least one duplication near the divergence of the Pentapetalae paralogs. To 

examine function we have utilitized Virus-induced gene silencing (VIGS), which is a 

powerful, high throughput reverse genetic tool used to study the function of genes in 

plants. We have shown that VIGS can be applied to species in the campanulid Asteridae 

clade, specifically Fedia cornucopiae (Dipsacales). We have initially focused on the 

effects of silencing a copy of CYCLOIDEA (CYC2A). Orthologs of CYC2 genes in 

other organisms are expressed in dorsal regions of the flower, and mutants have resulted 

in the shifts in symmetry patterns. In Fedia the knocked down phenotype showed marked 

variation in development compared to the wildtype, where flower buds were opened 

prematurely, displaying green petals with prominent underdeveloped anthers. The green 

flowers developed while opened (splayed petals) and did not attain the customary pink 

color until maturity (the later stages of development). Therefore, CYC2A appears to play 

a role in maintaining bud closure in developing Fedia flowers. 
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Using techniques such as in situ hybridisation, the activities of genes controlling 

embryonic pattern formation can be visualized as spatially and temporally defined gene 

expression patterns. In this way, specific ontogenetic programs in various species can be 

analyzed and compared. These gene expression patterns also raised the hope of having an 

analytical criterion based on developmental mechanisms, which makes it possible to 

identify homologous organs or body regions in anatomically very different animals. 

In the talk it will be shown, that using gene expression patterns in this way presupposes a 

concept of structure, which makes it possible to characterize similarity at the level of 

gene expression independent from the level of anatomical organization. Otherwise the 

argument can become circular. I will present such a dynamical concept of structure in the 

talk, based on the concept of the morphogenetic field (as used by Huxley and de Beer, 



1934). Based on this concept of structure, it is possible to define the conditions, which 

must be given if gene expression patterns are to be used as analytical criteria to identify 

homologous organs or organ systems on the level of anatomical organization.  
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Hox genes have played major contributions to many morphological innovations along the 

antero-posterior (AP) axis of bilaterian animals. Hox genes are also present in the 

Cnidaria group, where it was found that they are expressed in staggered axial domains 

along the oral-aboral axis. Recent studies have shown that Hox genes can critically 

impinge on lineage specification along the oral-aboral axis of cnidarians. It was therefore 

speculated that Hox patterning of the primary body axis was already present in the 

cnidarian-bilaterian ancestor. Here, we tested this hypothesis by studying the molecular 

functions of Hox genes from the anthozoan Nematostella vectensis (Nv). Nv Hox genes 

were expressed in Drosophila melanogaster, and their ability to induce generic homeotic 

transformations was assessed. Their capacity to interact with the PBC cofactor 

Extradenticle (Exd) was also monitored by in vitro and in vivo assays. Our preliminary 

results show that Nv Hox proteins not only convey classical Hox functions in the 

Drosophila embryo or adult, but also present specific anterior and posterior activities in 

accordance with their genomic organization in Nematostella. This suggests that Hox 

molecular cues were already at work in cnidarians and latter co-opts for AP specification 

in bilaterians.  
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Current deep sequencing studies have identified more than 8600 animal microRNAs 

(miRNAs). Only three are known to produce miRNAs from both sense and antisense 

transcripts. The Drosophila iab-4 homeotic miRNA locus is unique in that both sense and 

antisense transcription through a 70 bp region of DNA produces two hairpins that are 

processed to form 4 mature miRNAs. Surprisingly, the mature miRNA products of both 

the sense and antisense miR-iab-4 share a common set of Hox gene targets and can 

produce similar homeotic mis-expression phenotypes in the adult fly wings and halteres. 

Although sequence searches show that homologous iab-4 hairpins are conserved in 

position in the Hox complexes of all arthropods, it is unknown if both sense and antisense 

miRNAs are produced. Using whole transcriptome small RNA sequencing, we find that 

the iab-4 locus of beetle Tribolium castaneum produces both sense and antisense 

transcripts that are processed into 4 mature miRNAs. The spatial and temporal expression 

of the Tribolium (Tca)-miR-iab-4-sense (S) and Tca-miR-iab-4-antisense (AS) are 

similar to the Drosophila (Dme)-miR-iab-4-S and Dme-miR-iab-8-AS. This expression is 

confined to the abdominal region; with the sense transcription more anterior and 

occurring earlier than the antisense transcription. Finally, we examined the Hox gene 

targets of Tca-miR-iab-4-S and Tca-miR-iab-4-AS. We find that the products of the 

Tribolium iab-4 locus modulate translation of two of the same Hox genes as Drosophila 

iab-4, but that there has been gain and loss of specific target sites for particular mature 

miRNAs. This study shows that both sense/antisense transcription and function of the 

iab-4 microRNA locus is a conserved Hox regulatory mechanism that has existed for 

more than 300 million years. 
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The controlled development and maintenance of tissues depends upon programs of gene 

expression in particular cell types. Such programs are maintained in a heritable state 

through complex patterns of histone and DNA modifications. Aberrations in epigenetic 

patterning have been linked to numerous diseases including cancer. The N-termini of 

histone polypeptides are both highly accessible and extensively modified by various 

covalent modifications that include mono-, di- or tri-methylation of lysine residues. 



Lysine methylation displays the highest degree of complexity among known covalent 

modifications, and each site of methylation can influence gene activity independently. 

Defining the spatial distribution of histone modifications provides important clues for the 

elucidation of biological function. 

Here we present genome wide profiles of spatial distributions for 6 histone trimethlyation 

``marks'' using a combination of ChIP with genome-wide massively parallel sequencing 

(ChIP-Seq). We generated more than 294 million reads from 81 Illumina 1G flow cell 

lanes, yielding more than 7.9 gigabases of sequence data. Success in uniquely mapping 

reads to the reference human genome from each of the 21 ChIP-seq libraries averaged 

61% (85% overall, including ambiguous mappings), and resulted in a dataset of more 

than 165 million quality filtered uniquely mapped reads, an average of more than 20 

million uniquely mapped reads for each mark profiled.  

We associated the distribution of these marks with annotated genes across the human 

genome. To explore the relationships between histone methylation and transcription 

status we analyzed the transcriptome, using Affymetrix exon tiling microarrays and a 

novel Illumina-SAGE technique, and related the expression status of genes with the 

marks we found associated to them.  
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Understanding the emergence of complex biological functions requires characterizing the 

assembly of the molecular networks underlying these functions. The vertebrate central 

nervous system (CNS) shows a high level of alternative splicing, with complex networks 

of splicing regulation. Perhaps the most thoroughly understood network involves 

regulation of a variety of genes involved in synapse function and axon guidance by the 

CNS-specific NOVA family of proteins. By binding to clusters of YCAY motifs in pre-

RNAs, NOVA differentially inhibits or encourages the inclusion of a set of exons in 

neuron-expressed transcripts with respect to transcripts from the same genes expressed in 



non-neural tissues. We sought to investigate the origin of the vertebrate NOVA network 

by studying, in key invertebrate species: (i) YCAY-binding splicing function of NOVA, 

(ii) NOVA developmental expression, and (iii) presence of exons and signals targeted by 

NOVA. We find that CNS-specific NOVA network is a vertebrate novelty, and 

reconstruct the step-by-step emergence of this network. In addition, we find widely 

varied NOVA expression patterns across metazoans, and particularly different tissue-

specific expression in multiple lineages, suggesting parallel assembly and elaboration of 

NOVA-regulated networks in diverse metazoans. 
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Crop domestication can be considered a model system of plant speciation although it 

occurred under strong selection by ancient people. Recent genome analyses of rice have 

revealed the fine population structure of this major crop associated with local origins of 

landraces. These enabled us to classify rice cultivars into several sub-groups (or sub-

species). Distributions of retrotransposons in the genomes and some estimation of dates 

upon the insertions strongly suggested at least two largely independent domestication 

processes in rice. However, these analyses did not tell us the history of rice domestication 

since people often used relatively neutral DNA markers to elucidate rice diversity. After 

we cloned several rice domestication related genes and identified the responsible 

functional nucleotide polymorphisms (FNPs) in landraces, while taking into account their 

population structures, we examined how these FNPs were distributed in rice cultivars and 

considered the existence of an FNP as an ``event marker'', which is a historical footnote 

of some selection event in the rice genome fragment. These historical signatures in rice 

genomes imply the importance of multiple selection steps wherein natural variants were 

combined to improve crop performance during rice domestication. These analyses will 

provide new insights into the relationship between Darwinian selection for agronomical 

phenotypes and DNA changes during crop domestication. 
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More than a 150 years after the publication of the 'Origin of Species' we have a very good 

understanding of natural selection. In contrast, we do not yet have a very good grasp of 

the distribution and the (genetic and environmental) sources of the phenotypic variation 

on which selection acts. It is one of the main aims of evolutionary developmental biology 

to close this gap in our knowledge by investigating how developmental processes 

generate phenotypic variability. In this talk, I would like to illustrate how concepts from 

the theory of complex systems can be used to understand the interplay between 

developmental and evolutionary dynamics. In this framework (which is a mathematically 

explicit formulation of developmental systems theory) evolving developmental processes 

are represented as dynamical systems whose parameters represent contributions to 

development by environmental as well as genetic factors. These parameters themselves 

are governed by dynamical processes providing genetic as well as epigenetic, behavioral 

or even cultural inheritance, which all act with typical time scales and levels of reliability. 

I will show how this framework easily accommodates not only genetically-, but also 

behaviorally- or environmentally-driven mechanisms of evolution, such as the Baldwin 

effect and polyphenism, and therefore provides an explanation for true punctuated 

equilibrium, and sudden phenotypic changes that occur during evolution. 
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Historically, Evo-Devo has long been backed by palaeontology, or conversely, whatever 

the theoretical and conceptual links which underlie the relationships between these two 

fields of comparative biology. However, the progress of these respective fields now 

appears to have been rather unbalanced. Developmental biology shows a dazzling 

progress, thanks to the integration of genetics, functional genomics and now systems 

biology, whereas palaeontology evolves at the pace of its field discoveries or in the wake 

of theoretical systematics. Yet Evo-Devo would perhaps not have the same explanatory 



power if in a world without fossils. By providing extinct character combinations, fossils 

may fill some of the major morphological gaps of the tree of life, but they provide 

frustratingly poor information about the kinds of data that developmental biologists now 

need. Growth series in a fossil species, individual variation in large fossil populations, or 

exceptional preservation of soft tissues, remain relatively rare or have long been regarded 

as anecdotal by palaeontologists, despite some remarkable attempts at integrating such 

data in an Evo-Devo framework. Beyond the bare bones of classical comparative 

anatomy, palaeontologists now have the possibility to considerably increase the 

resolution of the data that fossils provide, and which had long been constrained by their 

matrix; that is, the mineral screen that hides what could be biologically relevant. The 

time-consuming and destructive slicing of the fossils, the hazardous chemical 

preparations, are now overstepped by new imaging technologies, such as conventional or 

synchrotron X-ray nano-and microtomography. Early vertebrate fossils, which can 

provide key anatomical information about deep divergences in vertebrate evolution, were 

reputedly a difficult material: rare, small, fragmentary and often embedded in hard 

Palaeozoic rocks. These new technologies make the mineral barrier translucent, to some 

extent, and sometimes help elucidating the relations between skeletal and soft tissues 

when the latter happen to be mineralized. Recent developments show that such data, may 

bring palaeontological and neontological data on much the same level when dealing with 

Evo-Devo questions.  
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The various criteria that can feed into choosing new model organisms for evo-devo 

research have been discussed in the recent literature from the perspectives of 

contemporary scientific practice, history of science, and philosophy of science. In an 

ideal world, these criteria could in principle be integrated to produce a list of potential 

new model organisms about which one would expect at least a broad consensus. 

However, it has become apparent that real world constraints on funding, as well as 

differences in the scientific backgrounds of researchers, have the power to polarize the 

evo-devo community about the best choice of new model organisms. One can envision a 

scale between the artificial extremes of strictly earmarking available evo-devo funding 

for the establishment of new model organisms, and the consolidation of established 

model organisms. I will argue that: 1) where along this scale real funding will be located 

determines how well different aspects of evo-devo's research agenda can be tackled; 2) 



the funding preferences of any given research council or grant agency will likely be 

located closer to either one of the extremes of the scale, with implications for point 1; and 

3) researchers with either primarily developmental, or primarily evolutionary 

backgrounds and interests are not likely to prefer the same optimal location of funding 

along this scale, but that pressure to obtain funding causes researchers to adapt by 

modifying their research program to fit funding opportunities, again with implications for 

point 1. 
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Evolution of phenotypes can often involve reduction or increase in morphological 

features. Mammalian cheek tooth evolution during the last 65 million years is a good 

example of a general tendency, through the evolutionary addition of new cusps, to 

increase complexity. This macroevolutionary pattern is well evident at the population 

level of many mammals, where cheek teeth show variation in cusp numbers. Moreover, 

recent computational models indicate that both decreases and increases in the number of 

cusps should be developmentally equally simple. Yet, when we examine mouse strains 

with loss or gain of function gene mutations, the predominant change in the tooth 

phenotype is the loss of cusps. Here we examine the principles of reduction and increase 

in cusp number, and show experimentally which kind of developmental changes are 

required to substantially increase cheek tooth complexity. Implications to the evolution of 

novelty and to the links between microevolution and macroevolution will be discussed. 
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Division of labor in the honey bee is an elaborate developmentally based system of 

phenotypic plasticity that has been the subject of intense study for many decades. Bees 

pass through four distinct developmental phases as they mature from newly emerged 

worker to forager. Each of these phases is characterized by specialized neurophysiology, 

glandular development, and behavior. Each behavioral phase also plays a pivotal 

functional role within the superorganism in a manner convergent with how organs serve 

key roles within metazoan physiology. In this talk, I will conceptualizes the key 

experimental results on honey bee division of labor into two models: one at the 

behavioral level that explains the form and adaptive basis of division of labor and another 

at the proximate molecular level that explains how colony level needs are translated into 

individual level patterns of physiological development. I will then use this example of 

bee division of labor to highlight how one can use an integrative approach to identify 

candidate evo-devo mechanisms for the drastic changes in phenotype exemplified by the 

evolution of the advanced superorganisms. This integrative approach differs from some 

previous efforts by stressing that behavioral ecology is the natural starting point for 

integrative biology.  
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For a number of reasons Nematostella vectensis is a very attractive organism for 

developing models of morphogenesis. It is one of the basal animal phyla and shares a 

remarkably high number of genes with other metazoans. Although many typical 

developmental genes are present it develops into a relatively simple anatomy, compared 

to bilaterian animals. Early development is characterized by a relatively simple cell 

division pattern without unequal cell division. In this project we have collected recently 

published in situ hybridization patterns and quantitative gene expression data from 

various developmental stages in Nematostella in a spatial database (``the virtual 

embryo''). We use this three-dimensional data to construct a mathematical model of the 

developmental regulatory network and to infer regulatory network parameters. The 

regulatory network is modelled using a set of coupled reaction-diffusion equations, while 

the model parameters are inferred from the database using optimization techniques. In 

Nematostella vectensis it is known that processes like apical constriction, differential 



adhesion, invagination and cell motility play a fundamental role in gastrulation. We have 

developed a computational model of these processes to investigate the question if these 

processes are sufficient to explain gastrulation. The final aim is to couple the regulatory 

network model to this biomechanical model of gastrulation. We intend to validate this 

computational model of embryogenesis by comparing our modelled results to actual 

morphologies and trying to predict the outcome of perturbation experiments (for example 

experiments in which the activity of certain genes are experimentally blocked). 
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During normal development, cells undergo a unidirectional course of differentiation that 

progressively decreases the number of cell types they can potentially become. pluripotent 

stem cells can differentiate into several types of cells, but terminally differentiated cells 

cannot differentiate any further. A fundamental problem in stem cell biology is the 

characterization of the difference between pluripotent stem cells and terminally 

differentiated cells. To address the problem, we developed a dynamical systems theory 

for cell differentiation by using intracellular dynamics with cell-cell interactions. We 

have carried out extensive simulations of a model of interacting cells with intracellular 

gene-expression dynamics and cell divisions. We have carried simulations of more than 

hundred million gene-regulation networks, and selected those networks that show 

pluripotency, i.e., both proliferation and cell-differentiation. The selected cells show 

oscillatory gene expression dynamics with itinerancy over states. The oscillations, at a 

certain stage, exhibit transient irregular oscillations or stationary chaotic oscillations. 

During development, such complex oscillations are lost successively, leading to a loss of 

pluripotency. Gene regulation networks that show hierarchical differentiation to several 

cell types through the increase in cell number by cell division are naturally designed 

based on this itinerant oscillatory dynamics. Recent single-cell-level measurements in 

stem cells support such oscillatory dynamics in gene expression. Based on these 

numerical, theoretical, and experimental studies we propose the following hypothesis: 

Itinerant oscillation dynamics in the expression of some genes leads to cell pluripotency 

and affords cellular state heterogeneity, which is supported by transitions over quasi-

stable states. Differentiation stabilizes these states, leading to a loss of pluripotency. Our 

hypothesis suggests a feasible route to recover the potential to differentiate, i.e., by 



increasing the variety of expressed genes to restore chaotic expression dynamics, as is 

consistent with the recent generation of induced pluripotent stem (iPS) cells. 
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Phalanges (finger and toe bones) originate from a single condensation that grows and 

segments sequentially along each digit, repeatedly deploying the same activator-inhibitor 

gene networks as each element is formed and each joint is initiated. We show that the 

size of the initially-segmented distal mesenchymal condensation predicts the final size of 

a given phalanx; as such, the location of the joint initiation along the developing digit is 

the central developmental ``decision'' determining the relative size of adjacent phalanges. 

The key developmental signals involved in this joint positioning are unknown. In this 

analysis, we use two approaches to understand how variation is produced in this system 

and assess how developmental variation may influence evolution. First, using chicks as a 

model system, we are experimentally probing the developmental processes influencing 

variation along the digit, and secondly, we are examining the patterns of evolutionary 

variation within diverse vertebrate taxa to assess whether development can bias 

evolutionary patterns. We have found that simple developmental rules can explain a large 

range of variation in phalanges' size proportions in nature. 
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While the roles played by the central nervous system have been conserved across 

evolutionary time, its constituent parts have changed, in some cases quite markedly, since 

divergence from the last common ancestor of bilatarian life, the Urbilateria. We have a 

good understanding of the structures and functions of neural genes in Deuterostomes and 

Ecdysozoans, however, our knowledge of these in the Lophotrochozoa is still limited. By 

investigating the nature of neuroreceptor diversity in a representative of this 

underresearched superphyla we hope to gain a window into the diversification of these 

genes, which fulfil a vital role in modulating neural and neuromuscular signalling 

throughout the body. 

Employing a recent transcriptome analysis we have investigated a number of neural 

receptor subtypes within B. plicatilis. Using a range of molecular methods, we have 

confirmed their sequence, diversity and phylogeny, and, using RNA labeled probes, 

determined their expression. Furthermore, we are developing RNAi techniques to allow 

confirmation of gene functionality within this species. 

NMDA receptor sequences, for example, appear generally well conserved both in 

sequence and expression, although its NR2 subunit has been found to lack the 

intracellular C-terminal domain that is believed to regulate postsynaptic signaling in 

vertebrates. In contrast, nicotinic acetylcholine receptors have a phylogeny that indicates 

clear divergence across the course of evolution, and their subunit types are expressed in 

specific locales across the body, some in neural regions, others in cryptic neuromuscular 

zones.  

Studying these important gene families will allow us to start to understand the 

diversification and evolution of neural signaling in basal Lophotrochozoans. From there 

we will be able to draw conclusions as to the shape of the original neural cassette found 

in the Urbilateria, 550 million years ago. 
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Marsupial mammals are born at an embryonic state compared to their eutherian 

counterparts, yet to aid in survival certain features are accelerated. One particularly 

notable heterochrony is the steep gradient in development along the anterior-posterior 

axis in which anterior structures are generally well developed relative to posterior ones. 

For example, the forelimbs, considered to be essential for the journey to the teat 



immediately following birth, are well differentiated and relatively large. The 

developmental mechanisms by which the steep anterior-posterior gradient arises as well 

as how the forelimbs become so well developed at birth are unknown. Here we show in 

the opossum, Monodelphis domestica, that the steep anterior-posterior gradient in the 

axis arises from changes in somitogenesis rate. Additionally, somitogenesis begins early. 

Forelimb acceleration is achieved early in the limb development program through both 

heterochronic and heterotopic changes. Using Tbx5 and Tbx4 as fore- and hind limb field 

markers respectively, we have found that both limb fields arise extremely early. Shh 

expression in the zone of polarizing activity (ZPA) appears early relative to the 

outgrowth of the bud itself, indicating that patterning of the limb buds is also accelerated. 

In addition, the relative size of the forelimb fields has increased, and myocyte allocation 

from the somites has increased. This shift in the extent of the forelimb field along the 

anterior-posterior axis is accompanied by shifts in Hox gene expression. In contrast to all 

other known instances, in which the limb fields appear in their entirety, we find that both 

fore- and hind limb fields arise gradually during gastrulation. These results show that the 

early limb development program of amniotes has a surprising evolutionary flexibility. 

Additionally, the induction of the limb fields by mature structures, such as the somites or 

mesonephrous, is ruled out. 
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A combination of historical, biological, and technical features make the semi-aquatic 

bugs a sustainable model for cellular, genetic, developmental and evolutionary studies. 

This lineage of predatory hemipterans contains over 1900 described species, classified in 

eight families, whose evolutionary history has been estimated from the fossil record to 

120 million years of geological time. Semi-aquatic bugs are established model systems 

for ecology and evolutionary biology, population genetics, phylogenetics, and 

biomechanics studies. In addition, studies of comparative morphology and molecular 

evolution, combined with a good fossil record, allowed the establishment of reliable 

phylogenies. Semi-aquatic bugs offer diverse and innovative morphologies that are 

strikingly adapted to their various aquatic habitats. Appendages constitute one of the 

most diverse structures across this lineage in terms of shapes and sizes, between segments 

of a single individual, between sexes, as well as between species. Finally, we have 



established RNAi-induced gene silencing across species of this group for single, double 

and multiple gene knockdowns. These features constitute the necessary foundation for 

establishing the semi-aquatic bugs as a sustainable model for the study of animal 

diversity. 
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The molecular basis of diversity in the shapes of organisms is one of the most fascinating 

themes in evolutionary developmental biology. Horned beetles in general, and the genus 

Onthophagus in particular, provide excellent opportunities to study this fundamental 

question due to dramatic diversity in horn location (expressed either or both on pronotum 

or dorsal head), number, size, and shape both within and between species and sexes. 

Especially location of cephalic horns varies in Onthophagus species, suggesting that there 

are differences in the horn developmental patterns between head segments. 

Recently we developed cDNA library and microarray resources for O. taurus, a species 

that expresses a pair of cephalic horns, and analyzed gene expression patterns in 

developing beetle horns and legs. We found that overall gene expression patterns 

between horns and legs were remarkably similar, suggesting the possibility of recruitment 

of leg patterning genes. Recently, we have focused on one particular candidate gene that 

emerged from these microarray analyses: doublesex (dsx). As doublesex plays a critical 

role in sexual trait development in Drosophila and other insects, Onthophagus dsx was 

also expected to be involved in the development of horns, the secondary sexual trait of 

beetles. RNAi animals showed significant differences in horn size and shape relative to 

controls, although the response varied between sexes and species and also affected the 

location of head horn expression. In this symposium, we discuss how the development of 

cephalic horns in Onthophagus is regulated. We also discuss how the gene dsx may be 

involved in the development and diversification of horns in Onthophagus. 
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Changes in regulatory genes have been implicated in a range of evolutionary changes. It 

has been largely believed that these changes occur independently in different lineages. 

However, it is also possible that an interspecific hybridization can transfer traits between 

species.  

A well-documented example of such interspecific exchange of trait is the flower head 

trait of Senecio vulgaris (Groundsel, Asteraceae) in UK. S. vulgaris is polymorphic in 

forms of flower heads (radiate and discoid). The radiate S. vulgaris form was introgressed 

from a radiate Sicilian species, S. squalidus when S. squalidus was introduced to the 

Oxford Botanic Garden about 300 years ago. Here, we have identified a locus (RAY 

locus) controlling radiate vs. discoid flower head forms in S. vulgaris, and confirmed that 

this locus was indeed introgressed from S. squalidus to S. vulgaris. This RAY locus 

turned out to be two clustered CYCLOIDEA homologs (named RAY1 and RAY2). CYC 

has known as a key regulator controlling flower symmetry in Antirrhinum. RAY genes 

were expressed in the ray floret primordium and the over-expression of RAY genes was 

able to change flower head forms (radiate to discoid), confirming their role in 

determining the ray floret identity.  

This result was the first identification of the gene that controls flower head development 

and also the first example in eukaryotes of inter-species trait transfer wholly produced 

from a single gene. These findings highlight how genes can flow horizontally between 

species (multi-cellular organisms), making evolution as a ``web'' of life, instead of a tree 

of life. 
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Higher plants display an enormous diversity with regard to flowering time and 

inflorescence architecture. In racemose inflorescences the apical meristem is 

indeterminate and flowers derive from lateral meristems, resulting in single (monopodial) 

axis bearing many lateral flowers. In cymose inflorescences, however, the apical 

meristem is determinate and terminates by forming a flower while growth continues via a 

lateral (sympodial) meristemresulting in a zigzag-shaped `truss' consisting of many 

sympodial units that each terminate with a flower. We identified and characterized 

several genes that determine the development of apical and lateral meristems in the 

cymose petunia inflorescence, a cyme. Their orthologs in Arabidopsis and Antirrhinum, 

which generates racemes, encode functionally similar proteins, but display major 

differences with regard to expression pattern and regulation. Transgenic experiments 

revealed that such altered expression patterns were a major cause for the diversification 

of inflorescence architecture. The picture that emerges is that architectural diversity is 

largely due to changes in cis-regulatory elements that control transcription, rather than 

changes in regulatory proteins, and an extensive rewiring of the transcriptional network 

that determines when (flowering time) and where (architecture) flowers are formed 
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The role of mechanical tensions in morphogenesis and cells differentiation has currently 

become a matter of extensive research. We have studied the influence of mechanical 

relaxation and artificial bending on shape formation, collective cell movements and 

expression patterns of tissue-specific genes in Xenopus laevis early development. In the 

first group of our experiments we locally relaxed the suprablastoporal area (SBA), a site 

of the main tension nodule at the gastrula stage embryo. The relaxation of the SBA 

suppressed normal convergent cell intercalation (CCI) towards the dorsal midline. 

Remarkably, in 12-24 h the operated embryos acquired pharyngula-like shapes, their 

antero-posterior and dorso-ventral polarity as well as expression patterns of neural (Sox3 

and Otx2) and mesodermal (cardiac actin) genes significantly differed from the normal 

ones. The pharyngula-like shapes are the ``bottle-necks'' of Vertebrates and are common 

for Amniota embryos. The appearance of such shapes in Anuran embryos is non-trivial 



and we discuss the role of tissue tensions and collective cell movements in their creation. 

In another group of experiments we artificially bent double explants of SBA and 

compared the arrangement of neural and mesodermal rudiments (identified by tissue-

specific gene expression and conventional histology) with that of intact explants. The 

polarity of the bent explants was lost;the neural rudiments were shifted towards the 

concave while the mesodermal tissues moved towards the convex side. By tracing cell 

movements in the artificially bent explants, we demonstrate that the imposed 

deformations trigger active extension of the explants' convex surface and active 

contraction/folding of the concave surface. We speculate that these movements play an 

important role in establishing a mutual neuro-mesodermal positioning in both SBA 

explants and during normal development. Such arrangement of neural and mesodermal 

rudiments was also observed in the embryos, obtained in SBA relaxation experiments and 

closely resembles Cambrian Chordata, the evolutionary ancestors of Vertebrates. 
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Anacamptis pyramidalis is evolutionary plastic species in inflorescence and lip shape, lip 

spur length, flower colour. In the Botanical Garden in Geneva, few flowers plants were 

found with a normally developed lip spur and an additional spur developed on one or 

both lateral sepals. The phenomenon of var. fumeauxiana is that the additional spurs 

developed on lateral sepals (!). This kind of mutation in Orchidaceae was not known. 

The feature which is created in a new location on the organism is called neoheterotopy 

(Bateman, Rudall 2006). The anatomy of both spurs revealed the same features 

(Kowalkowska et al. 2010). The inner and outer epidermis was built by a single layer of 

cells. A thick irregular undulating cuticle was visible on the external epidermal cells, 

stained positively for lipids, proteins, polysaccharides. Light and scanning electron 

microscopic observations revealed that the inner spurs' epidermis has small cuticular 

striations and lipid substances on the surface. An appendix was present at both spurs, but 

its role is unknown.  

We suppose that the development of additional lateral sepal spur(s) can be explained by 



the mutation in MADS box genes. The radical floral changes may attract different 

pollinators and cause rapid sympatric speciation (Rudall, Bateman 2002). What kind of 

new pollinator may be attracted by two/three floral spurs in Alpine region? 

 

 

Session number - Session day - Session start:  S4.8 - Wednesday - 11.10 

 

Genomic level views of novel floral organ morphology. 

Kramer* Elena (OEB, Harvard Univ., Cambridge MA, USA), Sharma Bharti (OEB, Harvard 
Univ., Cambridge MA, USA), Rosin Faye (OEB, Harvard Univ., Cambridge MA, USA), Puzey 
Joshua (OEB, Harvard Univ., Cambridge MA, USA),  

email: ekramer@oeb.harvard.edu 

 

Across the angiosperms there are many examples of independently derived, novel floral 

organs. The presence of such structures results in five or more distinct floral organ 

identities, which is difficult to reconcile with the canonical ABC model. In the emerging 

model system Aquilegia there are five differentiated floral organ types: petaloid sepals, 

spurred petals, stamens, staminodia and carpels. This morphology would seem to require 

modifications of the ABC model, namely the capacity to specify two types of petaloid 

organs as well as a fifth organ identity. Detailed expression studies of the three 

APETALA3 (AP3) paralogs and one PISTILLATA (PI) homolog in Aquilegia 

demonstrate that each organ type expresses a specific combination of genes. Furthermore, 

RNAi-mediated knock-down of B homolog function has found that these loci are 

essential to staminodium, stamen and petal identity, but play only subtle developmental 

roles in the petaloid sepals. Our findings show that pre-existing floral organ identity 

programs can be partitioned and modified to produce additional organ types. As an 

extension of this work, we are using RNAi to knock down the function of each AP3 

paralog independently, which has revealed evidence for both sub- and 

neofunctionalization. To complement our candidate gene approach, we are using 

Illumina-based sequencing of homeotic mutants as well as laser microdissected samples 

to gain greater insight into the genetic basis of identity and developmental elaboration in 

the novel floral organs of Aquilegia. 
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The expression of male sexual behavior depends on gonadal androgens in most species 

that have been investigated from all major vertebrate lineages, including reptiles. 

However, male sexual behavior includes several distinct phases (e.g., courtship, 

mounting) with potentially different hormonal control. Different proximate control of the 

courtship and mounting phases could enable selective evolutionary losses and gains of 

some, but not all, aspects of male sexual behavior. The male courtship display, consisting 

of vigorous tail vibration and scent marking, which is activated by testosterone in most 

lizards, is an ancestral trait in the lizard family Eublepharidae. However, the ancestor of 

Coleonyx elegans (Mexican banded gecko) lost this courtship display, retaining only a 

highly simplified male sexual behavior. We performed hormonal manipulations (surgical 

castration with and without testosterone replacement in adult males; implantation of adult 

females with exogenous testosterone) to investigate hormonal mechanisms involved in 

this evolutionary novelty. Our results indicate that the expression of male sexual 

behavior, which lacks the appetitive courtship phase in C. elegans, does not require 

elevated circulating levels of testosterone, a novel finding in lizards. Nevertheless, male-

like sexual behavior (i.e., mounting) was promoted by exogenous testosterone in females. 

We conclude that the simplification of male sexual behavior and its independence from 

circulating gonadal androgens in the ancestor of C. elegans evolved via 1) elimination of 

the androgen-activated courtship display, and 2) retention of the consummatory mounting 

phase, which probably requires post-natal organization by androgens during maturation. 

We speculate that the evolution of simplified male sexual behavior was related to the 

marginal role of female choice in C. elegans, which exhibits a high incidence of forced 

copulations. 
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The phylum Cnidaria is of crucial importance for understanding the origin and evolution 

of the axial patterning. It was shown that in all the cnidarian species investigated, the 

future oral pole of a polyp is determined by the localized activation of the canonical Wnt 

signalling pathway. 

To gain deeper insight into the process of axis formation in cnidarians, we experimentally 

perturbed the normal axial patterning in Nematostella. Outcomes of all the experiments 

were assessed using the histology and EM techniques as well as with the use of the 

molecular markers.  

We have already shown that the blastopore lip of the Nematostella gastrula is able to 

induce formation of the secondary body axis upon transplantation into the blatocoel roof 

of the host embryo (Kraus et al., 2007). We found that the inductive capacity of the 

blastopore lip changes in the course of gastrulation and that the result of transplantation 

depends on the age of the host. The highest inductive capacity is observed at mid-

gastrula. We also performed ectopic activation of the Wnt pathway by incubating the 

embryos in the solution of azakenpaullone, which is a specific inhibitor of GSK-3ß 

(Plickert et al., 2006). The outcomes of these experiments strongly depended on the age 

of embryos subjected to treatment. The treatment beginning at the blastula stage resulted 

in the formation of an oversized mouth at the oral pole of the embryo and multiple 

mouth-like openings on its aboral surface. Such embryos never produced primary polyps. 

When late gastrulae/planulae were subjected to treatment, they produced a secondary 

body axis containing a complete set of morphological structures. Our results suggest that 

the early Nematostella embryo has areas with organizing capacity and areas responsive to 

the signal from the organizer. Later in development (after gastrulation), the cells become 

more restricted in their developmental capacities. 
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Animal-mediated pollination is essential in the reproductive biology of many flowering 

plants and tends to be associated with pollination syndromes, sets of floral traits that are 

adapted to particular groups of pollinators. The complexity and functional convergence of 

various traits within pollination syndromes are outstanding examples of biological 

adaptation, raising questions about their mechanisms and origins. Elucidation of the 

molecular-genetic basis of this interesting reproductive biology requires a model system 

that combines distinct pollination syndromes with excellent molecular and classical 

genetics. In the genus Petunia, complex pollination syndromes are found for nocturnal 



hawkmoths (P. axillaris), diurnal bees (P. integrifolia) and hummingbirds (P. exserta), 

with characteristic differences in petal color, corolla shape, reproductive organ 

morphology, nectar quantity, nectar quality and fragrance. We dissected the Petunia 

syndromes into their most important phenotypic and genetic components. Several 

quantitative trait loci were identified for each syndrome component. Using petal color as 

an example, we show that a polymorphism in a single gene can have a major effect on 

pollinator preference. Identification of such polymorphisms at the molecular level will 

help us understand how the evolution of pollination syndromes contributed to the 

restriction of gene flow during incipient speciation.  
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Hagfishes and lampreys represent the earliest extant lineages of vertebrates, and provide 

ideal systems for dissecting evolutionary novelties in the transition from early chordates 

to vertebrates, such as the neural crest, fins, and vertebrae. By means of accumulating 

sequence resources and bioinformatic tools, we are conducting various projects regarding 

early vertebrate genomics including annotation of the sea lamprey genome. In fact, our 

results suggest that whole genome duplications brought about different modes of genome 

evolution between cyclostome and jawed vertebrate lineages, and that more peculiarities 

in evolution of protein-coding genes were adopted specifically in the lamprey lineage. In 

this presentation, we report our analytical infrastructure customized for this animal group, 

and summarize current understanding of molecular phylogeny, gene repertoires and 

genomic organization of cyclostomes. Integration of knowledge at the molecular level 

should be dedicated to elucidating molecular background of phenotypic novelties in 

vertebrate evolution. 
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As the sister group of gnathostomes (lineage of jawed vertebrates), the cyclostome 

embryos are very important for the understanding of the early vertebrate evolution since 

they are expected to exhibit traits that were lost or never obtained in the lineage of 

gnathostomes. Also, the shared developmental features found between gnathostomes and 

cyclostomes can be identified as established already by the common ancestor of 

vertebrates. In the lamprey embryo, although three cephalic crest cell populations exist as 

in gnathostome embryos, the distribution pattern of the trigeminal crest cells is partially 

non-comparable with that of the gnathostomes. This is mainly due to the difference in 

positions of nasal- and adenohypophysial placodes in the early embryonic head, resulting 

in the topographicallly dissimilar tissue interactions and patterning of the oral apparatus 

that is morphologically non-homologous between the cyclostomes and gnathostomes. 

The gnathostome jaw is thus explained to have been obtained through the heterotopic 

shift of tissue interactions to define the oral region, secondarily restricted to the 

mandibular arch domain (heterotopy theory of the jaw evolution). Interestingly, early 

placodes and ectomesenchymal components in hagfish embryos are found to develop 

with topographical patterns identical to those in the lamprey. The secondarily protruding 

naso-pharyngeal septum of the hagfish is directly comparable to the upper lip of the 

ammocoete larvae: they are both derived from postoptic-premandibular crest cells, 

surrounding the secondarily migrated mandibular arch muscles. Therefore, only two 

major morphological patterns can be distinguished among vertebrate craniofacial 

morphology, as Haeckel (1877) once suggested in 'Anthropogenie'. Acquisition of 

diplorhiny is thus suggested to be a prerequisite for gnathostome evolution. 
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The universe of cellular forms has received scarce attention by mainstream neo-

Darwinian views. Thirty years ago Lynn and Tucker studied the biological mechanisms 

responsible for defining organelles position inside cells. The fact that differentiated 



structures performing a specific function within the eukaryotic cell (i.e. mitochondrion, 

vacuole, or chloroplast) were occupying specific positions in the protoplasm was the 

observational and experimental support of the `morphogenetic field' notion at the cellular 

level. In this communication we present the morphogenetic field evolution yielding from 

an initial population of undifferentiated cells to diversified unicellular organisms as well 

as specialized eukaryotic cell types. The cells are represented as Julia sets and Pickover 

biomorphs, simulating the effect of Darwinian natural selection with a simple genetic 

algorithm. The morphogenetic field ``defines'' the locations where cells are differentiated 

or sub-cellular components (or organelles) become organized. We found that Pickover 

cells show a higher diversity of size and form than those populations evolved as Julia 

sets. Another novelty is the way that cellular organelles and cell nucleus fill in the cell, 

always in dependence on the previous cell definition as Julia set or Pickover biomorph. 

Our findings support the existence of specific attractors representing the functional and 

stable form of a differentiated cell (Evolutionary Stable Morphology) ï genuine cellular 

bauplans. The configuration of the morphogenetic field is ``attracted'' towards one or 

another attractor depending on the environmental influences as modeled by a particular 

fitness function. The model promotes the classical discussions of D'Arcy Thompson and 

the more recent views of Waddington, Goodwin and others that consider organisms as 

dynamical systems that evolve through a `master plan' of transformations, amenable to 

natural selection. Intriguingly, the model also connects with current developments on 

mechanobiology, highlighting the informational-developmental role that cytoskeletons 

may play. 
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From jellyfish to humans, neurons interact with muscles and sensory organs, enabling 

animals to rapidly sense their environment and react to it in a coordinated manner. 

Sponges are the only animals without neurons or muscle and thus do not display complex 

behaviour. However, one of the striking features of the Amphimedon sponge genome is 

that it contains an intriguingly high number of "neural" and "muscle" genes for an animal 

lacking these fundamental animal cell types. A number of "neural" transcription factors 

are expressed during development of the larval photoreceptor pigment ring ï suggesting 

that eumetazoan neurons and sponge non-neural sensory cells are homologous. As 



sponges are likely the most ancient living animals, they may reflect the ancestral 

condition of the first animals and sponge non-neural sensory cells may represent the 

evolutionary progenitors of eumetazoan sensory neurons.  
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In its original formulation, the nearly-neutral theory of molecular evolution makes 

specific predictions concerning the relation between substitution rate, generation time and 

population size. This nearly-neutral model can be extended, so as to test more complex 

connections between patterns of substitution, sequence composition, and key 

developmental, phenotypic, ecological, or life-history variables such as body-size, 

longevity, metabolism and temperature. In this direction, we introduce a probabilistic 

framework that estimates the correlations between molecular and continuous phenotypic 

characters, and uses those correlations to jointly reconstruct divergence times and 

phenotypic evolution along the phylogeny. The method is applied to several datasets at 

various phylogenetic scales, with particular applications to mammals and metazoans. 
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The change from outbreeding to selfing is one of the most frequent transitions in the 

evolution of flowering plants. In many cases, this transition is accompanied by a 

characteristic suite of changes to flower morphology, termed the selfing syndrome. This 

includes a reduction in the size of the flowers, in the amount of nectar and scent 

production, in the pollen-to-ovule ratio, and in the degree to which the flower opens up. 

Despite its frequent occurence, a number of basic questions about the genetics and the 

evolution of the selfing syndrome remain unanswered. The two diploid species in the 

genus Capsella, C. grandiflora and C. rubella, offer a promising model for addressing 

these questions; the selfing C. rubella was recently derived from the outbreeding C. 

grandiflora and shows all the hallmarks of the selfing syndrome. We have initiated a 

quantitative-genetic analysis of the transitions in flower morphology between the two 

species and will present our current progress. 
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The genetic architecture of a quantitative trait determines its evolutionary properties. Of 

major interest is the additive variance, which by itself provides a very good indication of 

the immediate capacity for the population to respond to selection. However, little is 

known about the properties of genetic architectures over long periods of selection, and in 

particular how additive variance changes over time. An interesting experimental tool for 

studying the changes of genetic architectures during evolution is artificial selection. 

Artificial selection consists in simulating 'in vivo' an episode of selection (directional 

selection in most cases, although stabilizing or disruptive selection are also possible), and 

tracking for several generations its consequences in terms of phenotypic mean and 

variance.  

 

Knowing both the fitness function and the evolutionary change for several generations is 



a good opportunity for understanding the features of a population. We have thus defined 

a set of models designed to catch the dynamical properties of genetic architectures from 

artificial-selection time series. Several families of models are proposed, 

"phenomenological models" aim at catching the changes in genetic architecture 

components (e.g. additive or environmental variance) without heavy assumptions on the 

genetic basis of the traits, while "mechanistic" models try to estimate genetic parameters, 

assuming an underlying model (Mendelian or polygenic character, significant impact of 

mutations, epistasis, genetic or developmental canalization, etc). We illustrate the interest 

of the method by analyzing two artificial-selection data sets: the selection experiment on 

the color pattern in rats, carried on in the 1910s by W. E. Castle, and a more recent 

artificial selection procedure aiming at changing the shape and the vein pattern of the 

wing in Drosophila.  
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Genetic control of the flower development is one of the most thrilling and the most 

complicated topics in plant developmental genetics. Until recently experimental studies 

in this field were confined to several model species with well characterized genomes, 

primarily Arabidopsis thaliana. For better understanding of the genetic basis of the 

evolutionary changes in flower development new model objects representing different 

lineages should be selected. Buckwheat (genus Fagopyrum) belongs to the family 

Polygonaceae from the order Caryophyllales and represents within in it a separate 

lineage, the so called non-core Caryophyllales. This group of flowering plants is 

insufficiently explored and distant from any model plant species. Common buckwheat 

(Fagopyrum esculentum) is an example of easily cultivated, economically important plant 

with short life cycle. As well as other Polygonaceae it possesses a peculiar floral 

morphology (uniseriate perianth, single orthotropous ovule). To promote buckwheat as a 

new model for the exploration of flower development we used two complimentary 

approaches: morphological and genetic investigation of the collection of buckwheat 

mutants with altered flower development and high-throughput transcriptome sequencing. 

A range of floral mutants including those characterized by the homeotic conversions of 

one floral organ to another has been studied and revealed the differences in the gene 

regulation and function between Fagopyrum esculentum and Arabidopsis. The most 



striking differences are confined to the determination of petal identity and the regulation 

of AP1 ortholog. Using 454 (Roche) technology we also identified the genes expressed in 

flower and inflorescence in two species of buckwheat ï Fagopyrum esculentum and F. 

tataricum. These species are closely related but differ in their flower morphology. 

Qualitative and quantitative analysis of these two transcriptomes is expected to reveal the 

genes that are responsible for the morphological difference between species. 
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The specification of the germline is a critical process of animal embryogenesis. In 

Drosophila, germline fate is conferred upon nuclei that become associated with the polar 

granules at the posterior pole of the embryo. These nuclei are the first to become 

cellularized (and thereafter are termed pole-cells) and eventually migrate to the 

embryonic gonad, giving rise to the germline cells of the adult fly. osk is a critical 

component of the germ plasm, and in the absence of sufficient levels of this factor neither 

polar granules nor pole cells are formed, leading to sterile adult flies. It had been 

hypothesized that oskar arose within the Dipteran lineage, as osk orthologs had not been 

identified in the sequenced genomes of Bombyx, Tribolium, or Apis. Interestingly, these 

species all lack identifiable germ plasm in the early embryo, and do not form pole cells. 

Here we report the identification of an oskar ortholog (Nv-osk) in the wasp Nasonia. Nv-

osk mRNA is localized to the posterior pole of the oocyte and embryo, and has a 

conserved role in assembling the wasp equivalent of germ plasm (oosome), as well as in 

the production of pole cells. We have also found evidence that the upstream regulators of 

osk translation, such as Bruno and Hrp48, and downstream co-factors in germ plasm 

assembly, such as Vasa and Tudor, have conserved functions in Nasonia. These results 

indicate that a complex regulatory network leading to the maternal generation of germ 

plasm at the posterior pole of the embryo was already present in the most recent common 

ancestor of the Holometabola. Thus, we hypothesize that the use of this maternal 

regulatory network, as well as the osk locus itself, may have been lost independently 

multiple times in holometabolous insect evolution. 
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The queen/worker phenotypic polymorphism in honey bees is a striking example of 

developmental flexibility arising from the same genome. These two contrasting 

organismal outputs are generated by differential feeding of royal jelly to genetically 

identical larvae. Our aim is to understand the epigenetic mechanisms that coordinate the 

activities of gene networks involved in this process. We have shown that silencing DNA 

methyl-trasnferase-3, a key driver of epigenetic reprogramming, in newly hatched larvae, 

mimics the effects of royal jelly on larval development and that this developmental 

switch is accompanied by changes in the DNA methylation levels. Finally, extensive 

bioinformatics combined with transcriptome analyses and intragenic methylation 

profiling uncovered the nature of methylated genes in honey bees. Our data suggest that 

that honey bees utilize DNA methylation to fine tune transcript levels of a core of highly 

conserved, ubiquitously expressed genes to generate developmental and behavioural 

flexibility.  
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Evolution of complex adaptive traits may involve coordinated changes in multiple tissues 

and developmental pathways. Bird beaks, for example, represent a composite three-

dimensional structure that displays tremendous variability in shape along the depth, width 

and length axes. The 15 species of Darwin's finches are among the key examples of 

adaptive morphological evolution by natural selection and their great ecological success 

has been attributed to their remarkably diverse beak shapes. This beak diversity is 

associated with the exploitation of a variety of ecological niches, but its developmental 

basis is not fully understood. Previously, we showed that Bmp4 and Calmodulin pattern 



the prenasal cartilage of the developing beak in species of the genus Geospiza. This 

cartilage forms first during beak development and establishes the initial species-specific 

beak shape. However, these genes do not explain variation in the premaxillary bone, the 

most prominent functional component of the adult upper beak. Here we investigate 

expression and function of genes from a cDNA microarray screen of transcripts 

expressed in developing finch beak and show that our top three candidates, TGFß 

receptor type II (TGFßIIr), ß-catenin and Dickkopf-3 (Dkk3), are expressed in the tissue 

that gives rise to the premaxillary bone in strong correlation with the `grosbeak' shape. 

Functional analyses demonstrated that together these three molecules form a regulatory 

network controlling the depth and length of the premaxillary bone. Natural selection, 

therefore, acts on multiple independent regulatory molecules in two distinct 

developmental modules to generate morphological variation in the beaks of Darwin's 

finches. 
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Animals display a tremendous variety of color patterning across the body. Studies of such 

variations in invertebrates and fishes has provided a wealth of information about the 

molecular and developmental bases of evolution. However, very little is known about the 

evolution of pigment patterning in higher vertebrates. To adress this question, we took 

advantage of the simple color patterning variations observed in natural populations of the 

mice of the genus Peromyscus. We showed that developmental changes in the expression 

of the secreted factor Agouti largely contribute to the evolution of color variation in these 

mice. Specifically, in populations of "beach mice" that have evolved a paler coat as an 

adaptation for crypsis on a light soil, Agouti is over-expressed in the embryonic skin, 

which causes modifications in the terminal differentiation of pigment cells (melanocytes) 

and is responsible for distinct changes in the patterning of pigments across the body. 

These data show how small variations in embryonic development can lead to major 

modifications in a trait under strong selection pressure.  
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Studying enhancer function and evolution through the gene 

regulation of Drosophila pigmentation  

Manoel* Diogo (IBDML, Marseille, France), Su Kathy (IBDML, Marseille, France), Gompel 
Nicolas (IBDML, Marseille, France), Prud'homme Benjamin (IBDML, Marseille, France),  

email: dmanoel@gmail.com 

 

Changes in the expression patterns of developmental genes are known to be a major 

cause of morphological changes between animal species. In this context, the evolution of 

cis-regulatory DNA encoding spatio-temporal regulatory information contributes to 

morphological diversity in animals. It is nevertheless unclear how the base pair 

composition of cis-regulatory elements (CREs), particularly binding site organization, 

can influence the resulting gene expression pattern. Consequently, it is therefore 

unknown how regulatory DNA can evolve to generate new regulatory functions, and thus 

evolve novel expression patterns. To tackle this biological puzzle, we are investigating 

the regulation of the yellow gene, the expression pattern of which foreshadows a 

pigmentation spot present on the wings of some Drosophila species (the wing spot). In D. 

biarmipes, a species in which the wing spot is present, yellow expression pattern has 

changed through the evolution of a CRE: the y spot element. We want to map the binding 

sites present in the y spot element, as well as to identify the transcription factors that 

activate and repress it. Through the scanning the y spot element with point mutations and 

the analysis of the resulting expression pattern in transgenic flies, we are currently 

identifying the regulatory inputs that compose it. Additionally, we are combining a 

genetic screen with in vitro assays to identify the transcription factors that are directly 

upstream of the y spot element. Our results show that the y spot element receives multiple 

regulatory inputs containing spatial information, with permissive or instructive roles. 

Moreover, we identified candidate transcription factors for the activation of the y spot 

element. Using this data, we are interested in testing the necessity for binding site 

organization in the y spot element and the sufficient binding site gains to evolve a novel 

spot expression pattern.  
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Sox genes at both sides of the progenitor vs. differentiated cell 

equilibrium: insights from a cnidarian and a ctenophore 

Jager Muriel (UPMC, UMR 7138, Paris, France), Quéinnec Eric (UPMC, UMR7138, Paris, 
France), Manuel* Michael (UPMC, UMR7138, Paris, France),  

email: michael.manuel@snv.jussieu.fr 



 

SOX genes encode transcription factors acting in various developmental processes in 

bilaterian animals, such as stem cell maintenance and the control of specification and 

differentiation of cell types, notably in the developing nervous system. The SOX protein 

are characterised by a DNA-binding domain of the HMG family. To gain insights into the 

early evolution of this important family of developmental regulators, we conducted a 

phylogenetic analysis of the SOX HMG domains including up-to-date sampling of 

sequences from non-Bilateria. Furthermore, we investigated the expression of SOX genes 

belonging to subgroups B, C, E and F, in the ctenophore Pleurobrachia pileus (cydippid 

larva and adults) and in the hydrozoan cnidarian Clytia hemisphaerica (planula larva and 

medusae). Group F genes were mostly expressed in the endoderm, while genes of the 

other families were expressed either (i) in differentiating/differentiating neuro-sensory 

cells, or (ii) in various populations of stem cells/undifferentiated precursors and in the 

germ line. These data will be discussed in an evolutionary perspective. 
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Cell polarity in plants and animals: an evolutionary conservation 

of developmental principles 

Maree* Athanasius (Stan) (John Innes Centre, Computational &; Systems Biology, Norwich, 
UK),  

email: Stan.Maree@bbsrc.ac.uk 

 

Animal cells display a fascinating ability to undergo cell shape changes and move. In 

contrast, plant cells are encased in a relatively rigid cellulose cell wall that impedes cell 

motility. Molecular and genetic studies reveal that even though plants and animals 

diverged 1.6 billion years ago, they still share the a similar core machinery required for 

cell shape changes. A fascinating similarity between animal and plant cells with respect 

to the organisation of cytoskeletal elements in the regions of active protrusive growth and 

cell wall extension (the `leading edges'), is parallelled by a striking conserved molecular 

mechanism responsible for the creation and organisation of these `leading edges'. To 

unravel and understand the interplay and feedbacks which brings about animate cell 

motility, we have developed a multiscale model of a motile keratocyte, describing how 

the molecular players cause cell polarity and deformation. We then contrast this to the 

cell shape changes that occur in the pavement cells (PCs) in the leaves of plants. PCs 

grow multiple lobes, which fit perfectly into the indentations of the neighbouring cells, 

generating interdigitating, jigsaw-like patterns. We will show that similar modular 

principles as found in the keratocyte play a role. In short, we are able to unravel both 

mathematically and computationally a 1.6-billion-year-old principle of cell polarity. 
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The genetics of rapidly evolving genital morphology in Drosophila 

Masly* John P. (University of Southern California, Department of Molecular and 
Computational Biology, Los Angeles, CA, USA), Arbeitman Michelle N. (University of 
Southern California, Department of Molecular and Computional Biology, Los Angeles, CA, 
USA),  

email: masly@usc.edu 

 

The external genitalia are some of the most sexually dimorphic and rapidly evolving 

morphological structures in insects. The posterior lobe of the male genital arch shows 

striking differences in both size and shape among closely related species of the 

Drosophila melanogaster species subgroup. Development in the genital imaginal discð 

the larval tissue from which the posterior lobe developsð is under the control of the sex 

determination hierarchy and thus offers a unique opportunity to investigate how 

transcriptional regulatory networks direct gene expression to specify developmental 

change, and how these genes may have evolved to produce distinct morphologies among 

different species. We have taken an integrated approach to dissect the genetic and 

developmental basis of posterior lobe morphology between D. sechellia and D. 

mauritiana, two island endemic species that last shared a common ancestor roughly 300-

500K years ago. Using a large collection of genome-wide interspecific genetic 

introgressions, we fine map several regions of the genome to identify those that have 

significant effects on posterior lobe size and shape. We test the effects of 44 independent 

homozygous D. mauritiana introgressions in a D. sechellia genetic background; these 

introgressions collectively cover ~50% of the genome. Here, we describe one of these 

regions on the second chromosome that causes a significant shift in posterior lobe 

phenotype from D. sechellia towards a more D. mauritiana-like posterior lobe shape, but 

causes no significant reduction in posterior lobe area. Transcriptome analyses using next-

generation sequencing are currently underway to identify gene expression and transcript 

isoform differences in the genital imaginal discs of pure species D. sechellia, D. 

mauritiana, and the introgression hybrid genotypes that have significant phenotypic 

effects. The results of these experiments will identify strong candidates for future 

functional and developmental studies. 
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Stasis in Euphorbiaceae pollen: selection and constraints 



Matamoro* Vidal Alexis (Muséum national d'Histoire naturelle, Systématique et Evolution 
(UMR 7205), Paris, France), Furness Carol (Royal Botanic Gardens, Jodrell Laboratory, 
Kew, UK), Gouyon Pierre-Henri (Muséum national d'Histoire naturelle, Systématique et 
Evolution (UMR 7205), Paris, France), Albert Béatrice (Université Paris Sud-11, Ecologie, 
Systématique et Evolution (UMR 8079), Orsay, France),  

email: matamoro@mnhn.fr 

 

While much attention has been paid to the role of stabilizing selection, empirical analyses 

testing the role of developmental constraints in evolutionary stasis remain rare, 

particularly for plants. This topic is presented here with focus on the aperture pattern of 

pollen grains. This character exhibits a low amount of evolution among the eudicot clade. 

The aperture pattern is determined during the ontogeny of pollen by three 

microsporogenesis features, and it is adaptive. A stasis in this pattern can be explained by 

developmental constraints (microsporogenesis) or by stabilizing selection. Here it is 

shown that the ontogeny of aperture pattern presents a stasis at the scale of the 

Euphorbiaceae family and that this stasis is primarily due to selective pressures. Variation 

in microsporogenesis in species in which it was likely to be neutral was compared, in a 

phylogenetic framework, with cases in which it was not neutral. The analysis shows that 

microsporogenesis features are labile once the selective pressures are released. However, 

the three microsporogenesis features that determine the aperture pattern differ in their 

lability. This implies that their variation is to some extent biased and should therefore 

favour the appearance of some phenotypes rather than others.  
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Origin of extra-embryonic tissues in jawed vertebrates: insights 

from the dogfish 
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Université d'Orléans, ORLEANS, FRANCE), Godard Benoît (CNRS et Université Paris 6 
station biologique ROSCOFF, ROSCOFF),  

email: smazan@sb-roscoff.fr 

 

The rise of extraembryonic tissues is thought to have occurred independently in different 

vertebrate taxa, including amniotes, bony fishes and elasmobranchs. In the dogfish, these 

tissues develop from the anterior part of the blastoderm, opposite to the site of embryo 

formation located to the posterior blastoderm margin. In order to decipher the 

mechanisms involved in their early specification, we have conducted a detailed molecular 



characterization of the dogfish blastula and early gastrula. This analysis shows that the 

early embryonic-extraembryonic organization observed in this species is homologous to 

the early dorso-ventral polarity of amphibians and teleosts. More unexpectedly, it 

highlights striking similarities with amniotes in the relative organization of embryonic-

extraembryonic blastula territories. We suggest that these apparent convergences are 

related to the presence of developmental constraints, related to the conservation of 

ancient blastula patterning mechanisms, which bias the mechanisms controlling the 

formation of extra embryonic tissues in jawed vertebrates. 
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The evolution of caste development in the honey bee 

McCartney* Rosannah (Otago University, Biochemistry, Dunedin, New Zealand), Dearden 
Peter (Otago University, Biochemistry, Dunedin, New Zealand),  

email: mccro532@student.otago.ac.nz 

 

The honey bee Apis mellifera provides a unique opportunity to study developmental 

plasticity. Honey bees produce two different castes from a single genome. The queen and 

worker bees are both female however they differ dramatically in their physical and 

behavioural features. The differences between queens and workers come about through 

changes in gene expression and epigenetic modifications triggered by exposure to royal 

jelly throughout larval development. But how have the castes evolved? Do honey bees 

have genes that are specific to caste development or have they co-opted genes which have 

other functions in different organisms? By studying which genes are involved in caste 

development we can begin to address these questions. 

The work presented here provides the most comprehensive molecular analysis of caste 

development in honey bees to date. Here we examine differences in gene expression 

between queen and worker larvae as young as six hours post hatching. A custom 

oligonucleotide microarray containing all known honey bee genes, expressed sequence 

tags and micro RNAs was used in combination with quantitative reverse transcription 

PCR to confirm differences in gene expression between queen and worker larvae at seven 

points during larval development. The lists of candidate genes produced from this 

analysis have identified numerous genes which have not previously been implicated in 

caste development. 

This study provides a framework for future research into the function of candidate genes 

using approaches such as larval RNAi. By gaining information on gene function we can 

begin to determine how genes have evolved or been co-opted into caste development in 

the honey bee. This will allow us to build a picture of how the process of caste 

development evolved in the honey bee. 
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Morphological evolution within and among species: the view from 

the naked valley 

Murat Sophie (Veterinärmedizinische Universität Wien, Institut für Populationsgenetik, 
Vienna, Austria), Schlötterer Christian (Veterinärmedizinische Universität Wien, Institut für 
Populationsgenetik, Vienna, Austria), McGregor* Alistair (Veterinärmedizinische Universität 
Wien, Institut für Populationsgenetik, Vienna, Austria),  

email: alistair.mcgregor@vetmeduni.ac.at 

 

Understanding the evolution of animal form is a fundamental challenge in biology. In the 

last 20 years great progress has been made in dissecting the molecular changes in 

developmental pathways underlying the evolution of traits ranging from fly pigmentation 

patterns to stickleback pelvic morphology. However, the contribution of standing genetic 

variation in natural populations to the evolution of differences between species remains 

poorly understood. To address this question we have investigated the genetic basis of leg 

trichome pattern differences within and between species of the D. melanogaster species 

subgroup. Our results show that the genetic basis for variation in leg trichome patterns 

segregating in natural populations is different from the cause of differences in this trait 

between species. This supports the view that variation in morphology within and between 

species can often have a different genetic basis. Moreover, our analysis provides insight 

into the underlying genetic regulatory network for trichome development, and how its 

architecture may play a role in determining which genetic changes can cause phenotypic 

variation. 
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Cryptic patterning in the lamprey pharynx supports a new model 

for the evolution of the vertebrate jaw 

Cerny Robert (Charles University, Department of Zoology, Prague, Czech Republic), Cattell 
Maria (University of Colorado, Boulder, Department of Ecology and Evolutionary Biology, 
Boulder, USA), Sauka-Spengler Tatjana (CALTECH, Division of Biology, Pasadena, USA), 
Bronner-Fraser Marianne (CALTECH, Division of Biology, Pasadena, USA), Yu Feiqiao 
(CALTECH, Division of Biology, Pasadena, USA), Medeiros* Daniel (University of Colorado, 
Boulder, Department of Ecology and Evolutionary Biology, Boulder, USA),  

email: Daniel.Medeiros@Colorado.edu 



 

The appearance of jaws was a turning point in vertebrate evolution because it allowed 

primitive vertebrates to capture and process large, motile prey. The vertebrate jaw 

consists of separate dorsal and ventral skeletal elements connected by a joint. How this 

structure evolved from the contiguous unjointed gill bars of a jawless ancestor is an 

unresolved question in vertebrate evolution. To understand the developmental bases of 

this evolutionary transition, we examined the expression of Endothelins (Edns) and their 

downstream targets in the modern jawless fish, lamprey. In jawed vertebrates, Edn 

signals pattern the pharyngeal skeleton and position the jaw joint through the 

combinatorial action of target genes including Msx, Hand, Dlx, Gsc, Barx, Bapx, and 

Gdf5. We find gnathostome-like expression of 3 Edns and an Edn receptor in the lamprey 

head suggesting that Edn-mediated pharyngeal skeleton patterning predates the evolution 

of the jaw. We also find nested expression of Dlx genes and combinatorial expression of 

Msx, Hand and Gsc genes along the DV axis of the lamprey pharynx, indicating 

gnathostome-type pharyngeal patterning evolved before the appearance of the jaw. 

Finally, we find that Bapx and Gdf5/6/7, key regulators of joint formation in 

gnathostomes, are not expressed in the lamprey first arch, while Barx, which is absent 

from the intermediate first arch in gnathostomes, marks this domain in lamprey. Taken 

together, these data support a new model for jaw evolution whereby recruitment of Bapx 

and Gdf5/6/7 into a pre-existing DV patterning program drove the evolution of the jaw by 

altering the identity of intermediate first arch chondrocytes.  
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Histogenetic subdivisons and origin of forebrain complexity and 

diversity in vertebrates 

Medina* Loreta (Univ. of Lleida-IRBLLEIDA, Dept. Experimental Medicine, Lleida, Spain),  

email: loreta.medina@mex.udl.cat 

 

The forebrain is a very complex structure and contains essential centers for control of 

behavior and cognition. Forebrain function cannot be fully understood unless we unravel 

its anatomical organization, including basic divisions, cell types and connections. For 

that, developmental studies have proven to be extremely important, since they help to 

understand the basic units of the neural tube, their cellular derivatives, and how these 

cells differentiate and become organized in the mature brain. Brain structure and 

functional organization in any given species is also the consequence of an evolutionary 

history. Since evolution is the consequence of changes that took place in development, a 

comparison of the development in different vertebrates can help to understand the basic 

mechanisms of formation as well as identify possible changes for evolutionary 

divergence. In our lab, we employed these principles for trying to understand the 



forebrain, and focussed particularly in the amygdala, a forebrain structure controlling 

emotion and social behavior that has been identified in most vertebrates. Studies in 

mammals indicate that the amygdala is a mosaic-like structure consisting of multiple 

subdivisions, each composed of several neuron subpopulations showing distinct 

molecular features and connections. Based on the expression of developmental regulatory 

genes and fate mapping studies, the embryonic origin of these different neuronal 

subpopulations of the amygdala have started to be dilucidated. It appears that many of the 

same subpopulations are also present in the amygdala of chicken and the amphibian 

Xenopus. However, some differences are also evident, such as the striking increase or 

reduction of specific amygdalar parts in some vertebrate lineages. Finally, we will discuss 

whether the amygdala was or was not present in the forebrain of the first vertebrates, and 

will comment on how changes in the forebrain expression of some transcription factors 

may have influence on amygdalar evolution. 
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Next generation sequencing and comparative genomics of 

extremely young species of crater lake cichids of Nicaragua 
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Kathryn (Department of Biology University of Konstanz, Konstanz, Germany), Fan Shaohua 
(Department of Biology University of Konstanz, Konstanz, Germany),  

email: axel.meyer@uni-konstanz.de 

 

Crater lakes provide natural laboratories in which to study speciation of cichlid fishes by 

ecological divergence. Up to now, there has been a dearth of transcriptomic and genomic 

information that would aid in understanding the molecular basis of the phenotypic 

differentiation between young species. We used next-generation sequencing technologies 

to characterize the diversity of expressed sequences (transciptomes) between ecologically 

divergent, endemic and sympatric species of cichlid fishes from several crater lakes 

Nicaragua. Next-generation sequencing data allow us to infer natural selection acting to 

diversify the genomes of young species, such as crater lake cichlids, with much greater 

scope than previously possible, both within small adaptive radiations of endemic cichlid 

species within crater lakes and ecologically equivalent species across crater lakes that 

arose by parallel speciation. 
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The segment, the head - evolutionary products of development and 

adaptation 

Minelli* Alessandro (University of Padova, Department of Biology, Padova, Italy),  

email: alessandro.minelli@unipd.it 

 

Tagmosis, i.e. the longitudinal subdivision of the body into more or less distinct regions 

or tagmata, is principally independent from segmentation, although the latter may 

improve the degree of regionalization, in terms both of unambiguous morphological 

characterization of the units and of functional and thus evolvable 

individuality/modularity. This is peculiarly true of the arthropod head. In principle, 

independent origin of segmentation and tagmosis means that either could be older than 

the other. Historically, specification of relative positions along the main body axis 

evolved prior to segmentation. Additionally, segments emerge evolutionarily by the 

integration of multiple serially repeated features, irrespective, to some extent at least, of 

the specific mechanisms of genetic control on the production of the individual series 

(e.g., pairs of appendages), of the degree of developmental interrelationships among 

these, and of the timing of their appearance, including the possible occurrence of multiple 

segmentation mechanisms, either sequential or hierarchical, within the same animal. 

Rather than an archetype from which all actual kinds of serial body units should be 

derived, the segment emerges as an attractor of form, to whose robustness contribute both 

the genetic and developmental systems and the functional adaptations to which a 

segmented body turns out to be fit. In arthropods, the first grafting of segmentation onto 

an extensively regionalized body led to the head/trunk dichotomy, but the head, although 

affected in very limited way by evolutionary shifting in segmental segmentation, shows 

that it can now retain its morphological complexity even disposing of a large amount of 

its original segmental character. 
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Mitteroecker* Philipp (University of Vienna, Dept. of Theoretical BiologyHeritable phenotypic 
variances and covariances determine how a population responds to a given selection 
pressure. Many classic quantitative genetic theories assume the covariance structure among 
adult phen, Vienna, Austria),  

email: mitterp3@univie.ac.at 



 

Heritable phenotypic variances and covariances determine how a population responds to 

a given selection pressure. Many classic quantitative genetic theories assume the 

covariance structure among adult phenotypic traits to be relatively static during evolution, 

while theoretical considerations lead to the expectation that the covariance structure itself 

may evolve to fit the selective regime. Empirical morphometric evidence is largely 

inconclusive about developmental and evolutionary changes of covariance structures. 

However, the covariance structure among phenotypic traits is the result of a large range 

of developmental factors and processes with different pleiotropic ranges and hence is 

expected to vary in the course of ontogeny. One way to study the developmental and 

evolutionary dynamics of covariance structures is to ordinate the space of phenotypic 

covariance matrices. The natural metric on this space is given by the square root of the 

summed squared log relative eigenvalues. In geometric morphometric studies of 

craniofacial growth in rats and humans, I show that the covariance matrices appear to 

change continually throughout postnatal development. The ontogenetic trajectories alter 

their direction at major changes of the developmental programs whereas they are fairly 

straight in between. Consequently, phenotypic covariance matrices - and thus also 

response to selection - should be expected to vary both over ontogenetic and phylogenetic 

time scales as different phenotypes are necessarily produced by different developmental 

pathways. 
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How to make thousands of different orchid flowers? 

Mondragon-Palomino* Mariana (University of Regensburg, Dept. Cell Biology and Plant 
Biochemistry, Regensburg, Germany), Theissen Guenter (Dept. of Genetics, Friedrich-
Schiller University, Jena, Germany),  
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With nearly 30,000 species, the Orchidaceae is one of the largest plant families and its 

unique variety of flower forms intrigued scientists for centuries. This specific diversity 

and the key role of flowers in plant-pollinator interactions make of the Orchidaceae a key 

group for investigating the genetic basis and evolution of morphological diversity. We 

have approached this topic by investigating how changes in the number, sequence and 

expression of developmental regulatory genes resulted in the formation of orchid-specific 

flower structures.  

 

Specifically, we study class B MADS-box genes because they encode transcription 

factors essential for the development of the perianth and male reproductive structures in 

angiosperms. We isolated all the putative class B MADS-box genes from a representative 

group of orchid species and characterized their molecular evolution, pattern of expression 



and the proteins they encode. We found that although most angiosperms have a single 

DEF-like gene or recent paralogues, orchids have four ancient copies, with orthologues 

present in all major orchid subfamilies. Based on this finding and the patterns of gene 

expression documented in the literature, we developed the `Orchid code', maintaining that 

the identity of the different types of perianth organs in the orchid flower is specified by 

the differential expression of the four DEF-like MADS-box genes. We tested this 

hypothesis by characterizing patterns of gene expression in the organs of regular and 

peloric orchid flowers. Here, we discuss this detailed, comparative analysis of gene 

expression and present a revised version of the `orchid code'. Furthermore, we interpret 

these findings in the context of the developmental modularization of the orchid perianth 

during evolution. Finally, we elaborate on the experimental and conceptual perspectives 

derived from our reviewed model. 
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Time scale in Evo-Devo and macroevolutionary model  
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The study of mammalian evolution is often based on insights into the evolution of teeth 

and paleontologists have usually considered evolutionary patterns from morphological 

trait variations. Recent studies have improved our knowledge of tooth developmental 

processes and the impact of development on resulting phenotype. Different 

morphogenetic processes as reiterative signaling cascade of inhibitor and activator 

balance along the dental row have been described. New methodological advances have 

also been proposed allowing the inference of developmental processes from adult 

morphologies (modularity/integration, see Klingenberg, 2003) and from molar 

proportions (Inhibitory Cascade model, see Kavanagh et al., 2007). 

The characterization of the degree of developmental integration/modularity of 

morphological traits is now approached by studying the patterns of variation within and 

among individuals. Modularity is defined by the fact that organisms are divided into 

biological parts which are hierarchically structured and partially integrated to ensure 

coherence. For instance, most modularity and integration studies on mammals have dealt 

with skulls and mandibules. For a paleontological perspective, we focused our study on 

teeth and particularly on the vole lower molar row. Our results have suggested i) quasi-

independence of each molar at the developmental level (developmental modules), even 

slightly stronger for the third molar as demonstrated by genetic and developmental 

hypotheses, and ii) more pervasive integration processes among molars at the 

morphological level. 



A model established from murine dental development has recently been proposed to 

predict evolutionary patterns in lower mammalian teeth and has been extrapolated in 

extant and fossil species (Polly, 2007). Changes in inhibitor or activator produce 

modifications in molar tooth proportions and lead to different morphotypes. However, 

some taxa do not fit the model as voles, in particular, due to their oversized first lower 

molar. We broaden the scope of the macroevolutionary model by projecting a time scale 

onto the developmental model, including extant, fossil and extinct species of voles but 

also of other rodent families. We thus demonstrated that arvicoline evolution is rather 

characterized by a large gap from the oldest to more recent genera with a rapid 

acquisition of a large first lower molar contemporaneous to their radiation. We described 

a new model that can characterize nonlinear molar proportions in mammals and 

underlined the necessity of adding fossil data in evolutionary developmental studies to 

highlight macroevolutionary trajectories through time. 
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evolutionary scenarios on bisexuality  
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Arabidopsis flowers produce sepals, petals, stamens and carpels in distinct and successive 

whorls. Such flowers are the result of evolutionary innovations which include 

determinate flower meristems (with reduced and fixed numbers of flower organs) and 

bisexuality. 

The floral meristem becomes determinate after the initiation of carpels, when it ceases to 

maintain the stem cell population. In this context, the separation of stamen from carpel 

whorls in the hermaphrodite flower is a critical event during flower mersitem 

development. 

SUPERMAN (SUP) acts to separate the female from the male territory on the same floral 

axis, and in doing so it plays a key role in the architecture of the Arabidopsis flower.  

We made a comparative genetic, morphological, cellular and molecular analysis of the 

main classes of sup alleles and dissected the combined early and late effects of SUP 

mutations in a spatio-temporal manner. For example, during later development stages 

altered SUP results in pistillody (stamen feminization, i.e. individual organs produce both 

micro- and megasporangia). Thus, the stamen can express two sexual fates at the same 

time. 

Our results reveal critical SUP functions for reproductive success: sexual boundary, 



flower meristem architecture, stamen number and structure, carpel closure, and ovule 

integument differentiation. SUP offers therefore a unique opportunity to question 

theories, such as the Mostly Male Theory and Out of Male Theory, in the evolution of 

bisexuality. We will discuss how stamen developmental plasticity and the role SUP plays 

in male ï female boundary optimization adds experimental value to such theories. 
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Molecular analysis of the diversity of sex determination systems can contribute in our 

understanding of how and why pathways and gene functions evolved. Sex in the honey 

bee (Apis mellifera) is determined by heterozygosity at the complementary sex 

determiner (csd) gene which encodes at least 15 allelic variants of an SR-type protein. 

This sex-specific signal is realized by a cascade of genes that involves the fem and the 

Apis mellifera-doublesex (Am-dsx) gene. We propose that Csd protein is a splicing 

regulator that mediates the female-specific splice process of the feminizer (fem) 

transcript encoding a female protein by which the female pathway is activated. Feminizer 

is an orthologue of the Drosophila melanogaster gene transformer and is involved in 

directing female-specific splicing of Apis melliferadoublesex (Am-dsx). Furthermore we 

propose that the female Fem protein directly interacts with its own pre-RNAs to direct the 

splicing of productive female mRNAs. This positive feedback loop serves as a 

mechanism to maintain the female determined state throughout development (Gempe et 

al. 2009, PLoS Biology). Am-Transformer-2 (Am-Tra-2), an ortholog of Dm-Tra-2, is an 

RNA-binding protein that is a potential co-factor to direct splicing of fem and Am-dsx 

pre-mRNA. To show direct interaction between these components, we constructed fem 

and dsx minigene-constructs that include exons and introns essential for sex-specific 

splicing and developed an in vivo splice assay in Sf21-cells by expressing the candidate 

splice regulator proteins. Here we report that under the condition of overexpression both 

minigene derived transcripts were alternatively spliced into a male and a female splice 

variant. Splicing of fem and dsx minigene transcripts was influenced by female Fem 

protein. The impact of these findings in respect to the evolution of sex determination 

pathways in insects is discussed.  
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Buddenbrockia plumatellae is an enigmatic worm-like parasite of freshwater bryozoans 

that was demonstrated to be a myxozoan in 2002 and a cnidarian in 2007. These studies 

signify that the myxozoans represent an adaptive radiation of endoparasitic cnidarians 

that have evolved to exploit freshwater, marine and terrestrial hosts. B. plumatellae is 

unique amongst the Myxozoa in retaining morphological features that have otherwise 

been lost in the rest of the Myxozoa. In particular, B. plumatellae possesses a set of 4 

muscle blocks that run the length of the worm. The muscle configuration and associated 

movements of B. plumatellae are reminiscent of nematodes. However, recent confocal 

studies reveal a unique muscle architecture involving slightly obliquely-orientated muscle 

fibres within each muscle block and an intervening row of cells rich in circumferentially-

orientated actin filaments between the muscle blocks. In addition, it is now clear that the 

movements effected by this muscle system are not characteristic of nematodes. Here we 

consider how the muscle architecture of B. plumatellae provides a foundation for 

movement that is different from systems utilised in other worm-like/soft bodied animals 

(conventional hydrostatic skeletons, muscular hydrostats). B. plumatellae illustrates a 

novel solution to being a worm by cobbling together elements derived from a limited 

cnidarian morphological toolkit. 
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Vertebrate head development has been a major research topic in comparative zoology for 

two centuries, and questions around head segmentation were investigated even earlier (by 

Goethe and Oken around 1800). In the talk we will present our research on the evolution 

of head development, which focuses on understanding the developmental origins of 



morphological innovations and involves asking questions like: How flexible (or 

conserved) are cell fates, patterns of cell migration or the timing of developmental events 

(heterochrony)? How do timing changes, or changes in life-history affect head 

development and growth? Our "model system" is a comparison between lungfishes and 

representatives from all three extant groups of amphibians. We use fate-mapping 

techniques, such as injection of fluorescent dyes or GFP mRNA, to investigate the 

migration and fate of important cell populations that contribute to the skeletal and 

muscular tissues in the head region, i.e. the cranial neural crest and the paraxial 

mesoderm. Changes in the timing of cranial muscle development are investigated using 

histology and whole-mount immunostaining. Cell migration and cell fate are conserved in 

cranial neural crest cells in all vertebrates studied sofar. Patterning and developmental 

anatomy of cranial neural crest and head mesoderm cells are conserved within 

amphibians and even between birds, mammals and amphibians. However, radical 

changes in the timing of cranial neural crest stream emergence and migration can occur. 

Supported by the Deutsche Forschungsgemenschaft (DFG). 
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Vestigial and rudimentary structures have fascinated scientists since Aristotle and have 

been at the heart of evolutionary thought since its very beginning. It is thought that a 

body part that has become useless starts degenerating due to relaxation of stabilizing 

selection. This degeneration can be slowed down by genetic or developmental integration 

with other body parts (e.g. due to the pleiotropy of developmental genes or to inductive 

interactions during development). During that process, greater levels of variation make 



vestigial/rudimentary structures prone to assume new functions, and they could thus play 

key roles in innovation. We can expect that the longer the vestige persists, the higher the 

chance that an evolutionary novelty will occur. However, to our knowledge, few studies 

have supported this conceptual framework. Here, we report the case of two rudimentary 

tooth buds that are found during mouse lower jaw development and are presumably the 

vestiges of premolars lost in mouse ancestors more than 50 MY ago. We show that these 

two buds display a signalling centre very similar to the primary signalling centre of 

mouse molars, although it is more transient and associated with lower levels of gene 

expression. We further show that the two rudimentary buds are integrated in the 

sequential patterning of the three mouse molars, being patterned before and anterior to 

the first molar. Finally, we show that one of the two rudimentary buds becomes 

incorporated in the anterior part of the first molar. Interestingly, this anterior part known 

as ``the anterocone'' evolved following the loss of the last premolar, yet with a gap of 

more than 25 MY. We propose a working model whereby developmental integration 

have impeded the loss of rudimentary tooth buds over > 50MY, which at some point 

allowed for the emergence of a new morphology of the neighbouring first molar. 
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Evolution of cis-regulatory modules (CRMs) is thought to have played a substantial role 

during morphological evolution. However, the comparison of orthologous CRMs from 

distantly related species is often hampered by difficulties involved in their identification. 

Conserved non-coding elements (CNEs) represent a group of highly conserved CRMs 

found in all vertebrate genomes which are preferentially linked to genes required during 

embryonic development. Due to their high degree of sequence identity some CNEs have 

also been found in the invertebrate chordate amphioxus. These CNEs provide a unique 

test set to address the question of how vertebrate-specific expression domains have been 

specified during evolution.  

We have conducted functional analyses of a CNE linked to Sox21 which is also present 

in amphioxus. The 3'-part of this CNE is highly conserved and both vertebrate and 

amphioxus sequences drive GFP-expression in transgenic zebrafish in tissues such as the 

hypothalamus, spinal cord interneurons and mechanosensory cells. Vertebrate-specific 

aspects of the expression pattern such as expression in the lens or in hindbrain 

rhombomeres are encoded in the less well conserved 5'-part of the vertebrate CNEs. A 



BAC that contains the entire pufferfish Sox21 locus but lacks this 5'-prime part fails to 

induce full levels of gene expression in the lens suggesting that it is a crucial activator for 

this tissue. Surprisingly, the 5'-part of the amphioxus CNE also functions as an enhancer 

in vertebrates and can even induce lens expression but only when separated from the 3'-

part. However, amphioxus-vertebrate hybrid CNEs do not support the presence of a lens 

repressor in the amphioxus 3'-part. Instead, a more detailed dissection of the 5'-part has 

been undertaken to further understand the nature of the vertebrate and amphioxus lens 

enhancers. Our results indicate that vertebrate CRMs crucial for proper gene expression 

in vertebrate-specific tissues can evolve from invertebrate regulatory sequences. 
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One of the most important characteristics of any inflorescence is the presence/absence of 

terminal flowers and the rate of terminalisation. Analysis of the genetic control of 

terminal flower formation allows suggesting the mechanisms underlying the evolution of 

this character. 

Arabidopsis thaliana develops bractless indeterminate inflorescence. Mutations in several 

genes such as TERMINAL FLOWER1, BRACTEA, LEAFY, APETALA2, 

BELLRINGER etc. result in a formation of terminal flower or flower-like structure. The 

mutants developing bracts are rarer but also known. Comparative morphological analysis 

of single and double mutants developing terminal flowers/flower-like structures revealed 

the correlation between the presence of the perianth of terminal flower and the presence 

of bracts: in the absence of bracts the perianth is not formed. This rule is broken only in 

case of terminal pseudantia when several flowers are fused and the perianth is formed 

with the sepals and petals of these fused lateral flowers. Based on the present knowledge 

on gene interaction we constructed a mathematical model of functioning of the genetic 

network controlling glower and inflorescence development. Exact values of empirical 

coefficients in model were chosen according to experimental data on time of 

inflorescence terminalization in Arabidopsis wild type and mutants. Analysis of the 

model demonstrates that the transition between different types of inflorescences can be 

caused not only by he alterations of functioning of genes controlling transition to 

flowering (LFY/TFL1) but also by the alterations of genes controlling (directly or 

indirectly) termination of meristem proliferation (for example AP2/AG). It was also 



shown that the second mechanism is mediated by the unevenness in the activation of 

genes repressing meristem activity and their negative regulators. These data suggest that 

the transition between determinate and indeterminate inflorescences may be caused by 

alterations in the functioning of the genetic network controlling inflorescence 

development that do not necessarily affect orthologous genes. 
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While studying molecular interactions during Wnt signaling in the hydroid Hydractinia 

echinata it became obvious that several transcription factors known to control 

development in higher evolved animals are temporally and spatially co-expressed with 

HeWnt3. The T-box transcription factor Brachyury as well as the forkhead box 

transcription factor FoxA2/HNF3-beta are known to be involved in gastrulation-specific 

tissue displacements or foregut/hindgut differentiation including mesodermal/endodermal 

organ development. By transgenic misexpression of the Hydractinia orthologues of these 

two genes and by dsRNA-mediated gene knock down it became obvious that in 

Hydractinia these genes control cell displacements and tissue rearrangements during 

morphogenesis. Both transcription factors are required during the formation of the mouth 

opening. Brachyury, in addition, drives convergent extension cell movements required to 

reshape the spherical embryo into the longitudinally stretched posterior end of the larva. 

As a preparatory step of gametogenesis, brachyury experessing cells rearrange to form an 

opening by which epidermal cells immigrate and form a mesoderm-like third tissue layer 

in the hydroid gonad anlage. Later, primordial germ cells immigrate into this tissue from 

endoderm to commence gametogenesis. He-Forkhead (A2)/HNF3-b overexpression 

caused loss of linearity in body structures normally shaped as monoaxial filaments. 

Functional analysis showed that both genes control morphogenetic movements and 

rearrangement of cells in respect to the mesoglea, the basal lamina equivalent of the 

hydroid. We suggest that these functions reflect the very ancestral and original functions 

of the transcription factors that became preserved to presence in the early diverging 

Cnidaria. During evolution of developmental control the proteins obviously acquired 

elaborate functions. These include blastopore organisation and a contributing action in 

mesoderm formation, or, the invagination of gut and the organisation of endoderm 



derived organs such as a liver, respectively. 
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Cranial placodes are specialized ectodermal regions in the developing vertebrate head 

that give rise to several different cell types of the neuroendocrine system and sense 

organs of the visual, olfactory and acoustic systems. The cranial placodes develop from a 

panplacodal region which is specifically marked by genes of the eyes absent/eya and sine 

oculis homeobox/six (six1 and six4) family. For many years it has been believed that 

cranial placodes are evolutionary novelties of vertebrates. However, data from non-

vertebrate chordates suggests that adenohypophyseal/olfactory placode like structures 

have already been evident in the last common ancestor of all chordates. We analyzed the 

expression and function of the Tribolium orthologs of the panplacodal markers Tc-six4, 

Tc-eya and Tc-so/six1 and find that all three genes are co-expressed in an anterior-

median region of the embryonic head. We show that this region possesses morphological 

features of cranial placodes and expresses specific genes known to be involved in 

adenohypophyseal placode development in vertebrates. Therefore we called the anterior-

median Tc-six4 positive region insect head placode. Further, we show that according to 

the function of vertebrate cranial placodes, the insect head placode is involved in neural 

and epidermal development in the beetle. Finally, we present data showing that Tc-six4, 

Tc-eya and Tc-so/six1 act together in a regulatory network that underlies insect head 

placode development. Based on our data from a protostome model we propose a new 

model of cranial placode evolution, in which a ``placode precursor'' that utilized the same 

set of genes analyzed in this work evolved into the insect head placode and the cranial 

placodes of vertebrates. 
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The surface-dwelling and cave-living forms of Astyanax mexicanus are used as an 

advantageous model system in evolutionary developmental biology. The two forms of 

this single species split from a common ancestor 1 million years ago. Since then, cavefish 

have evolved both regressive and constructive features. Our group has previously shown 

that Shh expression domain is expanded throughout development. Moreover, we found 

that global forebrain patterning is not affected at later stages. 

Here, we have investigated whether other forebrain signalisation centers may compensate 

for Shh expansion in cavefish. We isolated Astyanax Fgf8, Bmp4 and Wnt1, three major 

factors secreted by the anterior and dorsal midline signalling centers, respectively. The 

major difference, at the telencephalic level, was observed for Fgf8 expression pattern: we 

found a heterochrony of Fgf8 expression between the two populations, particularly at the 

anterior telencephalic midline. We thus asked whether any interaction between the Shh 

and Fgf8 signalisation centres could explain this heterochrony. We incubated cavefish 

with SU5402, an inhibitor of Fgf signalling, or with cyclopamine, an inhibitor of Shh 

signalling and observed effects on Shh and Fgf8 expression patterns. Our results suggest 

that, in cavefish, earlier expression of Fgf8 is due to expansion of Shh expression domain 

and that in turn, Fgf8 could maintain Shh expansion in the anterior ventral midline. 

Moreover, we used Lhx2, an anterior neural plate marker as an index of anterior neural 

plate patterning to analyse influences of this interaction between above-cited signalisation 

centers. We show that Fgf8 heterochrony has also important implications for eye 

morphogenesis defect at later stage. By interfering pharmacologically with this Fgf8 

heterochrony, we were able to rescue the ventral quadrant of the cavefish retina. 

Work supported by ANR-Neuro and ARC. 
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Segmented animals have thrived due to their advantageous morphological plasticity. As a 

result a plethora of segmented body morphologies can be found amongst bilaterians. 

Although vertebrates and invertebrates have different types of segmentation, striking 

homologies at the molecular level have been found (Notch(N) segmentation clock). Thus, 



comparing genetic mechanisms between arthropods and vertebrates can provide clues 

about the ancestral regulatory networks controlling metamerism and segmentation. 

Most arthropods, including insects, exhibit a short germ-band mode of development, 

during which the majority of the segments are formed sequentially from a posterior 

growth zone (PGZ). A conserved regulatory network in posterior development, involving 

caudal, Wnt and N signalling pathways, has been found in arthropods. caudal is 

expressed at the PGZ and required for posterior growth in all arthropods. In the spider, 

Wnt1 and Wnt8 are expressed in PGZ. Wnt8 is required for posterior growth by 

maintaining a pool of undifferentiated cells at the posterior. Wnt8 controls the cyclic 

expression of N signalling and activates caudal. A conserved role for Wnt8 has been 

reported in the beetle, although, a functional redundancy has been found with Wnt1, 

which is reminiscent with their patterns of expression. However, there exist some 

differences; N-mediated segmentation has been found in spiders and roaches but not in 

beetles. We have explored this posterior gene network in the cockroach, Periplaneta, to 

elucidate their genetic relationships and to pinpoint which elements were conserved in the 

ancestral arthropod. 

We have characterized the Pa-caudal and Pa-Wnt1 genes and observe that their patterns 

of expression are very similar to other arthropods. Pa-caudal and Pa-Wnt1 pRNAi 

embryos exhibit posterior truncations, indicating a conserved role in posterior 

development. Further interactions between N, Wnt1 and caudal clarifying their regulation 

in posterior development will be presented. 
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We are interested in the evolution of hormone systems. Central to our work is the 

exploration of the marine annelid Platynereis dumerilii. As attested by a number of 

publications, Platynereis is a highly attractive model for evolutionary and developmental 

studies 1-3. Moreover, it is easily maintained and bred in laboratory cultures, adding to 

its attraction as a marine model system. 

Development can be understood as the sequential activation of gene regulatory networks 

encoded in the genome. Due to the central position of Platynereis in animal phylogeny, 

and its slow evolutionary pace, a detailed understanding of its developmental gene 

regulatory architecture provides key data for the comparison with other model systems 

and helps us to reconstruct how these networks originated and diverged over evolutionary 



time. Driven by this interest, we have recently begun to pioneer the establishment of 

regulatory genomic tools for Platynereis. These include genetically defined inbred strains, 

overexpression, stable transgenesis, and phylogenetic footprinting methodology that 

facilitate the identification of regulatory interactions encoded in the Platynereis genome. 

Together with specific ablation techniques, these tools open new ways to label and study 

hormonal components in Platynereis, and provide a powerful basis for functional studies 

at an unprecedented level. 
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Stomata are known from the Lower Devonian onwards from embryophytic plant fossils. 

The best early preservation of stomata is from the permineralised fossils of the Rhynie 

Chert in Scotland (about 410 million years ago). The Rhynie and contemporeous stomata 

have guard cells of the typical kidney shape in the major lineages of vascular plants 

(lycophytes, rhyniophytes and zosterophyllophytes) as well as in ``protracheophytes'' 

which lacked true xylem tissue. Stomata were present on the gametophyte as well as the 

sporophyte phases of the life cycle, contrasting with extant plants where stomata are 

restricted to the sporophyte phases of the plants (hornworts, mosses and tracheophytes) in 

which they occur. Stomata are not known from fossils of moss sporophytes until much 

later. The earliest known stomata are associated with the full suite of homoiohydric 

characters, i.e. below-ground water- and nutrient-absorbing structures, and endohydric 

conducting system, intercellular gas spaces and cuticle. There is a great range of sizes and 

densities (number per unit area) of fossilised stomata, with densities varying inversely 

with the atmospheric carbon dioxide concentration inferred from several proxies (other 

than stomata density!). 

Fossil contributions to the Evo Devo of stomata are very limited. The earliest stomata 

known are structurally similar to extant stomata, and their association with full suite of 

structural characteristics typical of their present-day functioning mean that the fossil 

record cannot be used to falsify (or not) hypotheses as to the sequence of origin of the 

components of homoiohydry suggested by molecular phylogenies and from the possible 

selective significance of one or a few of the homoiohydric attributes. Fossils are also 

silent on the ontogeny of early stomata. Fossil evidence does show the early occurrence 

of genetic adaptation and/or phenotypic acclimation of stomatal density to atmospheric 

carbon dioxide levels, with consequences for the evolution of signalling mechanisms. 
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Biological diversity is evident at many different scales, from variation between 

individuals in a population to the distinctions between different species and other 

taxonomic groupings. A major aim of evolutionary biology is to understand the 

connections between these different levels of variation. To address this issue, we are 

studying natural variation in flower colour in Antirrhinum. Particular advantages of this 

system are well defined molecular genetics and the availability of divergent species that 

form natural hybrid zones. We have previously shown that the differences in flower 

colour in Antirrhinum species involve three major loci: ROSEA and ELUTA, which 

modulate the intensity and pattern of the magenta anthocyanin formation, and 

SULFUREA, a negative regulator of yellow coloured aurone production. We also 

showed that these loci are under selection at a naturally occurring hybrid zone. To gain a 

better understanding of how selection, gene flow and drift may interact, we are now 

studying variation at these three loci at a range of spatial and temporal scales, from 

individual pedigrees at a hybrid zone to variation between geographically distant species. 

We hope that this study will provide a deeper understanding of how phenotypic and 

genetic variation within populations may lead to divergent morphologies between 

species.  
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The dentition exemplifies a case of a complex system composed of evident modules (the 

teeth) that are constantly selected for a strong integration in order to maintain an efficient 

occlusion at whatever stage of evolution. In agreement, a strong integration in molar 

shape was found among occluding teeth in populations of mice, despite some evidences 

of independence between the development of the upper and lower teeth. We investigated 

whether the intra-population integration acted as a line of least evolutionary resistance, 

by quantifying evolution in shape of the first upper and lower molars in a set of mainland 

and insular wild populations of house mice, and by comparing the directions of evolution 

with directions of greatest variance per tooth and co-variance among teeth in the best-

documented populations. Insular populations were used as expected model of accentuated 

divergence.  

Directions of greatest intra-population variance and co-variance were conserved among 

populations, supporting the view of occluding teeth as an integrated system. In contrast, 

the pattern of inter-population differentiation was not congruent for the upper and the 

lower molars, the former evolving faster than the latter. Unexpectedly the upper molar 

shape displayed an allometric pattern, but not the lower one. 

We propose an evo-devo model to explain this apparent paradox of a system highly 

integrated at the intra-population level but evolvable when considering inter-population 

variation. Genetic pathways common to the upper and lower jaws could be responsible 

for the integration at any step of evolution, facing both genetic and environmental 

variation. In contrast, the higher evolvability of the first upper molar, leading to the 

uncoupling of the evolution of the upper vs. the lower molar, might be a consequence of 

known differences in the development of the anterior part of both teeth.  
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As the sister group to bilaterians and one of the earliest-branching phyla with a nervous 

system, cnidarians hold a key position for the reconstruction of the early steps in nervous 

system evolution. We use the sea anemone Nematostella vectensis as model system to 

study several aspects of neural development. As a starting point we have generated a 

stable transgenic N. vectensis line that uses regulatory elements of the elav1 gene to 

express a membrane-attached fluorescent protein in a high number of ectodermal and 



presumably all endodermal neurons. Using this line and immunohistochemistry, we show 

that ectodermal sensory neurons start differentiating at late gastrulation, project initially 

towards the aboral pole, but re-orient to more transverse projections at planula stage. The 

endodermal nervous system begins to differentiate at planula stage and forms a 

basiepithelial network with prominent neurite bundles running longitudinally along the 

muscle bearing mesenteries. In contrast to the early ectodermal projections these 

endodermal longitudinal neurites can run in oral as well as in aboral direction. The 

subsequent transition into a primary polyp does not involve significant changes in the 

structure of the nervous system except the degradation of the apical sense organ. We use 

this anatomical framework for our ongoing functional studies of candidate neural 

developmental genes.  
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Cell fate determination is governed by complex signaling molecules at appropriate 

concentrations that regulate the cell's decision-making process. In vertebrates, however, 

concentration and kinetic parameters are practically unknown and therefore, the 

mechanism by which these molecules interact is obscure. In myogenesis, for example, 

multipotent cells differentiate into skeletal muscle as a result of appropriate interplay 

between several signaling molecules, which is not sufficiently characterized. Here we 

demonstrate that treatment of biochemical events with SAT (satisfiability) formalism, 

which has been primarily applied for solving decision-making problems, can provide 

simple conceptual tool for describing the relationship between causes and effects in 

biological phenomena. Specifically, we applied the Lukasiewicz logic to a diffusible 

protein system that leads to myogenesis. Creation of an automaton that describes the 

myogenesis SAT problem has led to an evolutionary comprehensive overview of this 

non-trivial phenomenon, and also to a hypothesis that was subsequently verified 

experimentally. This example demonstrates the power of applying Lukasiewicz logic in 

describing and predicting any decision-making problem in general and developmental 

processes in particular. 
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The larvae of the fish Astyanax mexicanus develop transiently a flat and adhesive 

structure on the top of their heads, that we have called ``the casquette ``(cas, meaning 

hat). We hypothesised that the cas may be a teleostean homolog of the well studied 

Xenopus cement gland, albeit their different position and structure. Here we show that 

the cas has an ectodermal origin, secretes mucus, expresses Bmp4 and Pitx1/2, is 

innervated by the trigeminal ganglion and serotonergic raphe neurons, and has a role in 

the control and the development of the larval swimming behaviour. These developmental, 

connectivity, and behavioural functional data strongly support homology between the 

frog cement gland and the Astyanax cas, and suggest that attachment organs can develop 

in varied positions on the head ectoderm by recruitment of a Bmp4-dependent 

developmental module. We also show that the attachment organ of the cichlid Tilapia 

mariae larvae displays some of these features. Our data support the idea that attachment 

glands are ancestral to chordates, and has been lost repetitively in many phyla. 

Work supported by ANR. 
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Most core eudicots have sepals and petals that are probably homologous and of bract 

origin. The B class-genes AP3 and PI are responsible for petal expression in the core 

eudicot model species Arabidopsis and Antirrhinum. However, floral evolution in a 

number of clades led to the loss of petals and a need to reinvent them because of shifts in 

pollination strategies.  

Rosales consist of nine families, mainly concentrated in the apetalous `Urticales'. The 

only families with petals are Rosaceae, Dirachmaceae and Rhamnaceae. It is 

hypothesized that petals have become lost at the base of the clade and were reinvented at 



least twice, once in Rosaceae and once in the Rhamnaceae-Dirachmaceae clade.  

The androecium of Rosaceae is highly variable with stamens arising on the inner slopes 

of a hypanthium. Floral developmental evidence demonstrates that in Rosaceae petals 

arise on top of complex stamen primordia by a homeotic replacement of the upper 

stamen. In Rhamnaceae and Dirachmaceae petals arise by the division of common 

stamen-petal primordia or independently. A comparison between different genera of 

Rosaceae with or without petals shows that petals and stamens are interchangeable in the 

family. The genetic expression of petals should be investigated in the Rosaceae and 

Rhamnaceae, as the order present an interesting model to understand the homology of the 

petals and the evolution of perianth differentiation. 
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The role of Hox transcription factors in specifying differences between segments on the 

anterior/posterior axis is among the most ancient and conserved molecular mechanisms 

that establish segmental morphology. Interspersed within the Hox complexes of all 

animals are a conserved set of genes encoding microRNAs (miRNAs). These small single 

stranded RNAs are modulators of mRNA transcript stability and translation in animals 

and plants. Our investigation of the function of these Hox complex miRNAs has 

identified a potentially general mechanism for evolution and modulation of Hox gene 

function. A miRNA can make functional products from one or both arms of the hairpin 

precursor. Usually, one of these products dominates. We show that the Hox miR-10 

miRNA family has undergone at least four independent evolutionary events that have 

switched the arm from which the dominant functional miRNA is processed. The 

dominant miR-10 product in the fruit fly Drosophila melanogaster is processed from the 

3' arm of the precursor, whereas the 5' arm dominates in the flour beetle Tribolium 

casteneum. Expression of the T. casteneum mir-10 sequence in Drosophila S2 cells 

recapitulates the native beetle arm choice, therefore arm usage is encoded in the 

sequence. However, the duplex produced by Dicer cleavage is identical in sequence in fly 

and beetle. The choice of dominant arm is therefore regulated outside this duplex and 

prior to Dicer cleavage. The sequences from opposite arms of the hairpin are not similar, 

and we show that their predicted mRNA targets and inferred functional consequences 

differ significantly. The phenomenon of arm switching is likely to be general, and 

provides a fundamental mechanism to evolve the function of a miRNA gene locus. 
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Flowers are characterised by concentric rings of different organ types in a sepal-petal-

stamen-carpel sequence; sometimes one or more organ types are absent, but the sequence 

is almost never disrupted. This well-conserved spatial arrangement is widely assumed to 

be associated with a strictly centripetal temporal sequence of development in flowers (i.e. 

organ formation from the outside inwards). Wardlaw's (1957) influential concept of the 

developing floral apex as a reaction system identified four distinct but inter-related 

``growth centres'' corresponding with the four different organ types, each successive new 

growth centre forming centripetally and receiving a signal from the one outside it. The 

iconic ABC model of floral architecture (Coen &; Meyerowitz 1991) is also based on a 

successive and combinatorial system of development. However, a significant number of 

angiosperms deviate from a strict centripetal pattern; in these species, at least one of the 

organ zones is initiated centrifugally (basipetally), or organs are initiated centrifugally 

within a particular zone. Following Sattler's (1972) ontogenetic study of centrifugal 

primordial inception in floral development, this phenomenon requires critical reappraisal 

in the light of more recent and extensive research on the developmental genetics of both 

model and non-model organisms. This paper examines whether the many records of 

'anomalous' developmental trajectories represent significant factors in constructing 

models of floral architecture, development and evolution. Topics addressed include the 

pitfalls of contrasting usages of the term "whorl", the significance of fascicles, and the 

much-discussed distinction between inhibition and retardation of floral organs on the 

apex.  
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The emergence of multicellular animals from their protistans ancestors represents one of 

the most profound evolutionary transitions in life's history. Clearly, the best 

methodological approach to further our understanding of this pivotal transition is the use 

of comparative genomics. Even though the genome sequence of several deep-branching 

metazoans have been determined, to date, only a single metazoan relative have been 

sequenced, the choanoflagellate Monosiga brevicollis. To fill this gap, the UNICORN 

project is obtaining extensive genome data from some of the closest extant relatives of 

both animals and fungi. The first data from UNICORN already provides important 

insights into the origin and evolution of genes key to animal development. It also 

demonstrates that if one aims to understand metazoan origins and early evolution, 

particular attention should be paid to their unicellular relatives. 
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Stomata first appear in land plants in the fossil record some 450Mya (Edwards, Kerp &; 

Hass, 1998) this acquisition by terrestrial plants is regarded as one of the `five key 

innovations' underpinning the success of the embryophytes (Raven, 2002). Each stoma is 

formed by a pair of specialised cells (guard cells) that surround a central stomatal pore. 

As the guard cells increase or decrease in turgor the aperture of the pore changes. This in 

turn controls the uptake of carbon dioxide into the leaf for photosynthesis and the loss of 

water vapour from the plant during transpiration. Guard cell turgor is under the control of 

a range of exogenous (light, carbon dioxide concentration, atmospheric relative humidity) 

and endogenous (hormonal) signals. The guard cells integrate this information to `set' the 

optimum aperture to best suit the prevailing environmental conditions. Research in 



`higher plants', especially Arabidopsis thaliana has revealed that a complex intracellular 

signal transduction network is responsible for coupling extracellular stimuli to alterations 

in guard cell turgor (Hetherington and Woodward, 2003). 

In order to gain insights into the evolution of stomata we have been investigating the 

control of stomatal function in a `lower plant' ï the lycophyte 

Selaginella uncinata. We will compare stomatal responses to a range of stimuli in S. 

uncinata and A.thaliana. We shall also report on progress in understanding the signalling 

transduction pathway underlying ABA-mediated closure in S. uncinata. 
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The direction of evolutionary change at the morphological levels is mostly determined by 

which morphological variation arises in each generation and which of that is filtered out 

by natural selection. The first question is largely addressed by developmental biology 

while the second is addressed by ecology. The integration of these two topics, that should 

be central to evo-devo, is a difficult theoretical and empirical task that could benefit from 

the study of generic models. In here I introduce a set of generic models of pattern 

formation and morphogenesis in development. These are two-level model with gene 

interactions within cells and signaling and mechanical interactions between cells that lead 

to macroscopic spatial patterns in cell collectives (the embryo). These are realistic 

enough to shed some light on the specific multivariate morphological variation arising on 

specific organs such as teeth and general enough to simulate the early evolution of animal 

development. Populations of artificial embryos with random mutation (each with a 

genotype and resulting phenotype) where selected according to different ``ecological'' 

selection criteria to mimic evolution by natural selection in populations. Then I checked 

which kinds of development logics and gene network topologies arise under different 

selective pressures and different rates of change in them. In spite of the apparent 

artificiality of the approach the results of these simulations provide inferences about the 

origin of the major differences in the logic of development between extant metazoan 

groups. Thus I will propose how different selective scenarios lead to types of 

development similar to the ones found in specific metazoan groups that may suffer 

similar selective regimes and how the development they end up having may have affected 

their subsequent evolution. I will also present some studies on how this experiments may 

provide some insights on the evolution of complex morphologies in animals 
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Development is robust to environmental, genetic and stochastic variation. To formalize 

the concept of developmental stability C.H. Waddington presented his now famous 

"epigenetic landscape" and "canalization". The further development of Waddington's 

concepts is of great importance because it provides a connection between the reliability 

and invariance of the formation of cell types in the face of underlying molecular 

variability. The morphogenetic field controlling segmentation in Drosophila is a suitable 

model to address these problems due to a thorough characterization of this field at both 

molecular and genetics levels.  

An important class of phenomena concerns variation in the location of expression domain 

boundaries. Recently it was demonstrated that Bcd gradient has much greater variability 

than the variability of hb border. These results point on the existence of the buffering 

mechanism, which decreases the variability of Bcd at the level of target gene expression 

and are in agreement with our data. We showed that the early patterns of segmentation 

genes are highly variable and that this variation is dynamically reduced over time. 

Here we use the systems biology approach to investigate the variance reduction 

phenomena in detail. We showed that the canalization of extensive variation in early gap 

gene expression patterns occurs by gap gene cross regulation. We demonstrated that the 

variation reduction of gap gene expression patterns is a consequence of the action of 

robust attracting states. We further showed that the complex patterning of the gap gene 

system reduces to the three qualitative dynamical mechanisms of (1) movement of 

attractors, (2) selection of attractors, and (3) selection of states on a one dimensional 

manifold. The last of the three mechanisms also causes the domain shifts of the gap 

genes, providing a simple geometric explanation of a transient phenomenon. 
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Neural crest represents a landmark evolutionary innovation with wide reaching 

ramifications for the diversification, evolution and development of vertebrates. The fossil 

record should bring unique and crucial light to bear upon the nature and sequence of 

events surrounding the origin of vertebrates, and thus the origin of neural crest, but the 

relevant organisms lacked biomineralized hard tissues like teeth or bone. Our view of 

vertebrate origins is therefore limited to the narrow, but valuable windows provided by 

exceptional soft-tissue preservation. Such soft bodied fossil remains, are usually 

collapsed and partially-decomposed, making them difficult to interpret unequivocally, 

principally because of a lack of understanding of the sequence of loss and transformation 

of key anatomical characters during decay. In order to provide rigorous taphonomic 

constraints upon the interpretation of soft-bodied chordate and vertebrate fossils, we 

undertook laboratory experiments to investigate the decay of chordate characters using a 

range of extant proxies. Our results indicate that the sequence of loss of soft-tissue 

morphology during decay of amphioxus, ammocoete, adult lamprey and hagfish is non-

random: the more phylogenetically informative characters are the most labile, whereas 

plesiomorphic characters are decay resistant. The taphonomic loss of synapomorphies 

and relatively higher preservation potential of chordate plesiomorphies will thus cause a 

systematic bias towards wrongly placing fossils on the chordate or vertebrate stem. This 

suggests that the phylogenetic affinities of purported Cambrian chordates such as 

Metaspriggina and Cathaymyrus need reassessing. Furthermore, information about how 

individual characters decay enables assessment of the preservation potential of soft-tissue 

neural crest derivatives. Decay data have therefore enabled reappraisal of the fossils 

interpreted as being the earliest to possess neural crest, or cristozoans, both in terms of 

evaluating the specific anatomy of fossils and more generally in terms of the quality of 

the early chordate fossil record.  
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Together with the neural crest, cranial placodes give rise to most evolutionary novelties 

of the vertebrate head. Placodes, in particular, contribute to its specialized paired sense 

organs and many cranial ganglia. Fate mapping studies indicate that all placodes originate 

from the pre-placodal ectoderm, a common precursor region adjacent to the anterior 

neural plate, characterized by expression of Six1 and Eya1 genes, which play central 

roles for placode development. Grafting experiments in Xenopus revealed that only non-

neural ectoderm is competent to express Six1 and Eya1 in response to inductive signals 

(e.g. FGF and BMP inhibitors). In contrast, only neural ectoderm is competent to respond 

to neural crest inducing signals. Together with other important differences between 

placodes and neural crest (formation of different derivatives; regulation of differentiation 

and migration by different mechanisms) this suggests that cranial placodes and neural 

crest cells have an independent developmental origin from non-neural and neural 

ectoderm, respectively. Gain and loss of function experiments in Xenopus demonstrated 

that Six1 and Eya1 play a central and dual role for the regulation of neurogenesis in all 

cranial placodes. At high expression levels they synergistically promote the formation of 

SoxB1-positive proliferative placodal neuronal progenitors, whereas at lower levels they 

promote neuronal differentiation. Comparison with other deuterostomes suggests that this 

dual role of Six1 and Eya1 is unique to vertebrates, although both genes may have an 

ancient role in the regulation of neuronal differentiation. Taking these various lines of 

evidence together, I propose that cranial placodes and neural crest have an independent 

evolutionary origin from cells on the neural and non-neural side of the neural plate border 

in protochordates, respectively. The evolution of placodes probably involved recruitment 

of Six1 and Eya1 to the border of the neural plate and their adoption of novel roles in 

expanding neuronal progenitor pools. 
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Intensive studies on segmentation in arthropods, as in the insects Drosophila 

melanogaster and Tribolium castaneum, have increased our understanding of both 



common and divergent elements of the developmental mechanisms that underlie the 

regular and iterative establishment of post-mandibular segments. The development of the 

anterior, procephalic region of the arthropod embryo, however, appears to be largely 

different from trunk segmentation and is less understood. 

In order to shed light on the evolutionary conservation or diversity of anterior head 

development on a molecular level, we chose the crustacean Parhyale hawaiensis. This 

amphipod resembles a member of the malacostracan sister group of insects within the 

pancrustacea. Based on expression analyses, we identified members of a putatively 

ancestral gene circuitry that is involved in the establishment of the anterior head and 

neuronal developmental fields. They are representatives of different transcription factor 

families and include Parhyale orthodenticle, homeobrain, optix, six4, unplugged, 

arrowhead, and knirps. While the basic developmental processes in which the majority of 

these factors are involved appear to be conserved, the temporal and spatial expression of 

several of these genes reveals a high level of evolutionary plasticity that exceed 

comprehensible adaptations to Parhyale's specific mode of embryonic development. 

Preliminary data on siRNA-mediated RNA interference against Parhyale optix and 

knirps1 support the idea that some gene functions are highly conserved whereas others 

are evolutionary changeable. In addition, we present technical perspectives on the 

establishment of RNA interference that is based on inheritable inducible RNA hairpin 

expression. 
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FoxN3 is a member of the fork head/Winged Helix family of transcription factors and is 

highly conserved among vertebrates. We studied the effects of functional knockdown of 

FoxN3 (using morpholinos) on the development of cranial muscles and the 

chondrocranium in Xenopus laevis tadpoles. We found a delay in development. 

Moreover we observed that several visceral arch muscles start to differentiate at their 

origin but fail to extend towards their insertion and show incomplete fibre development. 

Furthermore, cartilage precursors initially condense in their proper positions but later 

differentiate incompletely, which leads to loss of several processes in the visceral arch 

skeleton and to incorrect formation of the larval jaw articulation. In the vertebrate head, 



cranial neural crest cells contribute to different larval cartilages and are also necessary for 

the proper morphogenesis of cranial muscles. In Xenopus laevis little is know about the 

underlying genetic control mechanisms determining the correct development of neural 

crest cells. Our findings indicate that FoxN3 is essential for both cranial neural crest-

derived tissues and (indirectly) for cranial muscle patterning. In order to understand the 

molecular processes that lead to this delayed and distorted development we are analysing 

the expression of genes engaged in chondrification, such as Runx2 and Sox 9. Their 

expression patterns were not modified following FoxN3-Morpholino injection. We are 

also analysing later markers, such as Col2a1, using whole mount in situ hybridisation.  
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In the short germ beetle Tribolium castaneum, the head gap gene orthodenticle (Tc-otd) 

has been proposed to functionally substitute for bicoid, the anterior morphogen unique to 

higher dipterans. In this study we reanalyzed the function of Tc-otd. We obtained a 

similar range of cuticle phenotypes as in previously described RNAi experiments, 

however, we noticed unexpected effects on blastodermal cell fates. Firstly, we find that 

Tc-otd is essential for dorso-ventral patterning. RNAi depletion results in lateralized 

embryos, a fate map change which by itself can explain the observed loss of the anterior 

head, which is a ventral anlage in Tribolium. We find this effect is due to diminished 

expression of short-gastrulation (sog), a gene essential for establishment of the 

Decapentaplegic (Dpp) gradient in this species. Secondly, we find that gnathal segment 

primordia in Tc-otd RNAi embryos are shifted anteriorly but otherwise seem patterned 

quite normally. This AP fate map shift may largely be due to diminished zen-1 

expression and is not responsible for the severe segmentation defects observed in some 

Tc-otd RNAi embryos. Since neither Tc-sog nor Tc-zen-1 are likely to require Otd 

gradient mediated positional information, we posit that the blastoderm function of Tc-Otd 

depends on its initial homogeneous maternal expression and that this maternal factor does 

not provide significant positional information for Tribolium blastoderm embryos.  
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Aldehyde dehydrogenases (ALDHs) catabolize toxic aldehydes and process the vitamin 

A-derived retinaldehyde into retinoic acid (RA), a pivotal chordate morphogen. This gene 

family can therefore be utilized to study the evolutionary origins of signaling pathways 

controlled by small, diffusible molecules. Using large-scale ALDH phylogenies, we show 

that metazoan ALDH1s and ALDH2s are members of a single ALDH1/2 clade. In this 

framework, structural modeling reveals that processing of small aldehydes (e.g. 

acetaldehyde by ALDH2s) versus large aldehydes (e.g. retinaldehyde by ALDH1As) is 

associated with small versus large substrate entry channels (SECs), respectively. 

Applying integrated systems biology with combined phylogenetic, structural, genomic, 

and developmental analyses, we show that after gene duplication, eukaryote ALDH1/2s 

often switch between large and small SECs, transforming constricted channels into wide 

opened ones and vice versa. In particular, invertebrate chordate ALDH1 duplicates 

underwent switches towards smaller and narrower SECs. When combined with gene-

regulatory alterations, these switches lead to neofunctionalization from ALDH1-like 

ancestral chordate embryonic patterning roles to systemic, ALDH2-like functions 

suggesting a shift from patterning to detoxification. On a broader evolutionary scale, 

ancestral sequence reconstructions suggest that during the evolutionary emergence of RA 

signaling, the ancestral, narrow-channeled metazoan ALDH1/2 gave rise to large ALDH1 

channels that can accommodate retinaldehyde. Thus, retinoid-dependent signaling 

appears to arise from ancestral cellular detoxification mechanisms.  
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We are interested in the evolution of the carpel: the female reproductive organ that 

encloses the ovules it the flowering plants, or angiosperms. In particular, we aim to 

identify molecular evolutionary events that contributed to the origin of this structure, 

early in the angiosperm lineage. Many of our studies commence with an analysis of genes 

that control carpel development in model angiosperms such as Arabidopsis thaliana. One 

such gene is SPATULA (SPT), which encodes a transcription factor of the basic Helix-

Loop-Helix (bHLH) family. Mutants in which SPT is inactivated show severely reduced 

cell elongation in the stigma, style and septum tissues, which develop from the margins 

of the two fused carpels present in the A. thaliana gynoecium. To begin to elucidate the 

potential evolutionary importance of SPT, we first attempted to better understand its 

developmental role in A. thaliana by identifying the genes directly targeted by this 

transcription factor. We found SPT to positively regulate a group of genes that respond to 

changes in light quality, revealing an unexpected link between gynoecium development 

and the growth responses of vegetative tissues to conditions of vegetation shade. This 

link was confirmed by the complete restoration of wild-type gynoecium development to 

spt mutants, either by growing these in simulated vegetation shade, or by inactivating the 

negative regulator of shade avoidance responses, phytochrome B. Interestingly, the 

protein structure and phylogeny of the bHLH family suggest SPT to have evolved from a 

light-regulated transcription factor through the loss of an Active Phytochrome Binding 

(APB) domain. An evolutionary survey of SPT orthologs in phylogenetically informative 

taxa will now be necessary to provide further insights into the recruitment of this 

transcription factor to its present role in the development of the angiosperm carpel. 
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The scaling relationship between body and organ size among adults in a population, 

called static allometry, defines the shape of an animal and shows extraordinary variation 

among species, populations, sexes and castes. In fact to a first approximation, the 

evolution of shape is the evolution of allometry. Despite this, there is a fundamental lack 

of knowledge concerning the developmental mechanisms that regulate such scaling 

relationships and that are potential targets for natural selection. Morphological scaling is 

regulated, in part, by relative trait plasticity in response to environmental regulators of 



size, in particular developmental nutrition. Here we show that an organ's nutritional 

plasticity is regulated in Drosophila by expression of the evolutionary conserved 

forkhead transcription factor FOXO. FOXO expression correlates with variation among 

organ's in their nutritional plasticity. Organ autonomous changes in FOXO expression 

alters the extent to which individual organs adjust their size in response to changes in 

developmental nutrition, and so alters their scaling relationship with body size. These 

data suggest that the extent of phenotypic plasticity can be modified by changes in the 

expression and activity of genes involved in signaling environmental information to 

developmental processes. 

 

Session number - Session day - Session start:  C11.1 - Thursday - 17.25 

 

The evolution of bristle patterns in flies 
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Higher Diptera are characterized by species-specific arrangements of sensory bristles on 

the thorax. Development of the bristles depends on the activity of achaete-scute (ac-sc), 

genes encoding bHLH transcription factors that activate the neural programme. The ac-sc 

genes are expressed in elaborate spatial patterns that precede the sites of each future 

bristle. Expression correlates with bristle positions in all species examined implying that 

evolution of the spatial expression of ac-sc underlies evolution of the bristle patterns. In 

Drosophila there are redundant mechanisms regulating ac-sc activity. Transcription of ac-

sc is enhanced in small domains at the site of each future bristle, but at the same time it is 

repressed everywhere else by factors that antagonize the activity of Ac-Sc. How did this 

dual regulation evolve and how is the redundancy maintained? Through the study of 

phylogenetically distant species we have traced the origins of this patterning. 1) Lower 

Diptera are characterized by a uniform array of spaced bristles, thought to represent the 

ancestral state. This is achieved by ubiquitous ac-sc expression coupled with a 

mechanism to space the bristles apart. Spacing is mediated by a regulatory sequence, the 

Sensory Organ Precursor enhancer, SOPE. The SOPE is an ancient regulatory sequence 

that we have traced back to the common ancestor of the arthropods. 2) Patterning of ac-sc 

activity by repression probably preceded patterning by activation because first, it is 

superimposed on ubiquitous ac-sc expression, and second, the antagonists are factors that 

regulate other, ancient features of the Dipteran thorax (tendons, sutures). 3) Patterning 

through local transcriptional activation has involved the evolution of multiple cis-

regulatory elements at the ac-sc gene complex. This has been facilitated by gene 

duplication events specific to lineages of cyclorraphous Diptera. The evolution of one of 

the regulatory enhancers, the dorso-central enhancer will be discussed.  
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Novel environmental challenges are thought to play a central role in the diversification of 

animals. Yet, the ability of a developing organism to accommodate these challenges as 

well as the actual effects on future generations have never been studied experimentally, 

and are largely unknown. 

To address these questions we introduced a unique model system for confronting the 

development of the fly, D. melanogaster, with a synthetic challenge for which no specific 

genetic program could have likely been pre-selected during its evolutionary history 

(novel challenge). This challenge was tailored to provide a driving force that promotes 

changes in the normal patterns of development.  

Using this model we show that the process of development was plastic enough to change, 

within-generation, in a way that conferred tolerance to the otherwise lethal novel 

challenge, and without relying on a dedicated genetic program. Some of the 

implementations of the challenge further drove physiological emergence of dramatic 

morphological variations (e.g. the formation of dwarf flies and flies with abnormal 

wings). Strikingly, we found that the altered course of development was epigenetically 

inherited by subsequent generations of offspring that did not experience any challenge. 

While previous work has demonstrated the possibility of inheritance of epigenetic states, 

this is the first example of inheritance of a modified course of development that was 

induced by an environmental challenge and happened to confer tolerance to that 

challenge.  

The results suggest the possibility of a new mode of evolution in which a novel challenge 

induces transiently heritable developmental patterns that may later be stabilized by 

genetic mutations. 
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Species of the monogeneric basal angiosperm family Hydatellaceae are tiny aquatics with 

compact reproductive units (RU) that have been interpreted either as reduced 

inflorescences or as possible flower homologues. Based on fruit and seed structure, 

Hydatellaceae fall into four clearly defined groups, two occurring in tropical and two in 

subtropical/temperate regions. These groups differ in the presence/absence of (1) fruit 

dehiscence (a type that is highly unusual for angiosperms), (2) epicuticular wax on 

pericarp, (3) papillae on fruit surface, (4) firm cuticle between seed coat and pericarp, (5) 

honeycombed seed surface. The monophyly of each of the four groups is supported by 

molecular phylogenetic data. Each group includes a single dioecious species. All four 

dioecious species exhibit the same pattern of gender-related dimorphism in the number 

and size of the involucral phyllomes surrounding male and female RUs. Three of the four 

dioecious species co-occur in their monophyletic groups with species bearing bisexual 

RUs. We present a comparative developmental study of bisexual RUs of species 

belonging to different clades and show that they are fundamentally similar in terms of 

structure and development. The fourth dioecious species (Trithuria austinensis) is most 

closely related to T. australis, which possesses male and female RUs on the same plant. 

In T. australis, an apparently terminal male RU is surrounded by several female RUs, 

showing the same sex distribution as in bisexual RUs where carpels surround stamens. 

These results show that one of two unusual character syndromes evolved iteratively in 

Hydatellaceae: either (1) the same sex distribution in four lineages and similar structure 

and development of bisexual RUs in three lineages or (2) the same gender dimorphism in 

the four dioecious species. Our results indicate that relatively simple genetic changes can 

result in significant modifications of developmental programs of reproductive structures 

in Hydatellaceae. 
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Biological sciences that pursue questions regarding the influence of genes on behaviour 

have found a number of homologous genes that influence categorically similar 

behaviours in a variety of species. These findings have lead to further questions related to 

the evolutionary conservation of gene function in behaviour. While the topic of 

behavioural homology has been discussed for decades, the appreciation of the role that 

genes play in behaviour sheds new light on this issue. In the present article we address 

the concept of gene function as it pertains to behaviour. Primarily, we discuss the idea 

that gene function, as a hierarchical phenomenon, might be evolutionarily conserved in 

different species and at different levels independently. Several well-known examples 

from behaviour genetics are used to explore this topic. We conclude that gene function in 

behaviour might be conserved in different species but several challenges exist in pursuing 

these questions.  
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Why and how some organisms are able to regenerate is a central question in evolutionary 

and developmental biology. Chordates, and vertebrates in particular, show a wide range 

of regenerative capabilities, the governing mechanisms of which still remain poorly 

understood. Situated at the base of the chordate lineage, prior to the whole genome 

duplication events characteristic of vertebrates, the cephalochordate Amphioxus is in a 

unique position to answer questions about the evolution of regeneration. However, 

although reports of Amphioxus´ regenerative ability exist, citing old or conflicting data, 

no convincing studies have yet demonstrated this phenomenon. Here we present the first 

in-depth study of regeneration in the European Amphioxus, Branchiostoma lanceolatum. 

Strikingly, Amphioxus adults are able to regenerate extensively when amputated at 

multiple anterior and posterior levels, including all major structures of the tail such as 

notochord, neural tube, muscle and fin. Regeneration rate decreases with age as evinced 

by development of a classifier that predicts class belongingness of young and old adults 

with >95% accuracy. The regeneration process involves, at least in part, dedifferentiation 



of existing structures, followed by expression of msx in undifferentiated blastemal cells, 

and neurogenesis. We further demonstrate that regeneration is linked to the mobilisation 

and proliferation of a pool of satellite-like progenitor cells that are Pax3/7+. These results 

suggest that, in spite of apparent differences among vertebrate models, many aspects of 

the regeneration process were present in a common ancestor, with independent losses in 

non-regenerating species. Moreover, insight gained from Amphioxus may have important 

implications for our understanding of the evolution and diversity of regeneration 

mechanisms in chordates.  
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The irreversibility of the loss of complex structures has been considered a ``law'' of 

evolution, and explained as the result of the degeneration of genes required for their 

development. Little empirical evidence is available for such degeneration, however, and 

the extensive pleiotropy of developmental regulatory genes calls its likelihood into 

question. The reduction of dentition in the lineage leading to the zebrafish, Danio rerio, 

provides an opportunity to investigate the developmental and genetic changes associated 

with the loss of complex structures. Teeth in the zebrafish, as in other members of the 

order Cypriniformes, are restricted to a single pair of bones, the fifth ceratobranchials of 

the ventral, posterior pharynx. Reduction of dentition to this state occurred through the 

loss of teeth from the oral cavity and dorsal pharynx over fifty million years ago. Among 

the candidate causes of cypriniform dentition reduction is modification of the signaling 

ligand ectodysplasin. This gene has been shown by others to be necessary for pharyngeal 

tooth development in the zebrafish, and we found through comparative analyses that loss 

of its expression is associated with cypriniform dentition reduction. To test whether 

reversal of this expression loss represents a potential mechanism for the re-evolution of 

lost teeth, we used transgenic methods to express ectodysplasin ubiquitously and 

continuously throughout zebrafish development. Although such over-expression failed to 

restore oral dentition, it resulted in the appearance of dorsal pharyngeal teeth, which have 

been missing from cypriniforms for a similar period of time. This result suggests that, at 

least in the case of meristic systems, long absent structures have the potential to reappear 

through surprisingly simple genetic changes. 
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The evolutionary network that controls neural precursor selection is conserved in all 

arthropods despite morphological differences in the developmental process. In 

chelicerates and myriapods groups of precursors are specified for the neural fate, which 

directly differentiate into neural cells, while in insects and higher crustaceans the nervous 

system is generated by single stem-cell like cells (neuroblasts). The process of neural 

precursor selection seems to have increased in complexity during the evolution of 

arthropods, since in higher insects such as Drosophila melanogaster, neural precursors are 

selected in different ways in the various neurogenic regions of the central and peripheral 

nervous system. The arthropod achaete-scute homologues play a central role in neural 

precursor selection and their expression pattern reflects the different mechanisms of 

formation. Initially, these genes are expressed in broader domains in the neurogenic 

region. The expression becomes restricted to groups or single neural precursors by 

activation of Notch signalling in the cells that are not selected for the neural fate. In 

Drosophila enhancer elements (SOP enhancers) have been detected in the proneural 

genes that mediate both auto-regulation in the selected cells and repression of 

transcription in non-selected cells. We show here that the SOP enhancers are conserved 

in all four arthropod groups. Furthermore, evolutionary modifications in the expression 

patterns of the arthropod achaete-scute homologues correlate with changes in the position 

of the SOP enhancer. Our data suggest that independent gene duplications and changes in 

the position of the SOP enhancer have facilitated the evolution of complex epigenetic 

regulations of neural gene expression. 
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Regulation of transcription involves approx. 10% of all genes in vertebrate genomes. 

Many aspects of the cis-regulatory architecture of vertebrate genomes are conserved 

within the vertebrate lineage.  

In the ventral spinal cord of the mouse, the development of V3 interneurons depends on 

the homeobox transcription factor nkx2.2. In the zebrafish spinal cord, two classes of 

neurons develop from this region (also referred to as the lateral floor plate), Kolmer-

Agduhr" (KA") interneurons and neurons that are homologous to the V3 interneurons of 

the mouse spinal cord. We show that the differentiation of KA" cells depends on the 

activity of the homeobox transcription factor Nkx2.9. This factor acts in concert with 

Nkx2.2a and Nkx2.2b. All three factors are also required for the expression of the zinc 

finger transcription factor Gata2 in the lateral floor plate. In turn, Gata2 is necessary for 

expression of the basic helix loop helix transcription factor Tal2 that acts upstream of the 

GABA synthesizing enzyme glutamic acid decarboxylase 67 gene (gad67) in KA" cells. 

Expression of the transcription factor Sim1 marking the V3 interneurons in the lateral 

floor plate depends also on the three nkx2 factors.  

Our data suggest that the relative importance of individual transcription factors can 

change within families of related factors. I will discuss these and other findings with 

respect to the evolution of transcriptional regulatory systems.  
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A central problem in neuroscience is to identify, or at least suggest, plausible circuits that 

might mediate complex behaviors. It is expected that certain functions that are common 

across a broad range of taxa, such as allocentric behaviors and place memory, or the 

coordination of asymmetric limb movements involved in raptorial behavior and/or object 

or self-manipulation, may have ancient evolutionary origins. To support this notion 

requires, first, that certain brain regions in a few representative taxa are indeed shown to 

be implicated in such behaviors. The second requirement is to determine the ancestry of 

such brain regions by identifying their origins within a phylogeny; in this case that of 

Arthropoda sensu lato. This talk will outline, first, the identification of two such neural 

circuits. It will next summarize a Hennigian cladistics approach that uses neural 

characters to reconstruct a robust arthropod phylogeny, with molecular verification, that 

allows the identification of circuit origins within the Arthropoda. The two circuits 

considered here are the mushroom bodies and central complex. Mushroom bodies, which 

are implicated in allocentric memory, share a common circuit organization across the 



arthropods and annelids, and they have possible homologues in the vertebrate 

archipallium. The central complex, which is absent in annelids, is implicated in 

coordinating limb movements in arthropods, particularly movements that we would 

anthropocentrically refer to as ``dexterous''. The conclusion of these studies is that 

complex behaviors involving place memory and object manipulation evolved in deep 

time, and that the evolutionary ground plan of circuits mediating these behaviors can be 

resolved in modern taxa. 
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Differences in brain region size among species are thought to arise late in development 

via adaptive control over neurogenesis, as cells of previously patterned compartments 

proliferate, die and/or differentiate into neurons. In this talk, I will discuss our research 

aimed to investigate comparative forebrain development among ecologically distinct 

cichlid fishes from Lake Malawi. We demonstrate that forebrains vary among recently 

evolved lineages because of differences in early developmental patterning. 
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Brains often vary across species in the proportional size of their subdivisions. We have 

explored the developmental mechanisms underlying such adult species differences in 

birds. One of our findings is that telencephalic neurogenesis is delayed in parrots and 

songbirds relative to chicken-like birds. This explains, at least in part, why the 

telencephalon is proportionately larger in parrots and songbirds than in chicken-like 

birds. In contrast, in ducks and geese the telencephalon is enlarged prior to neurogenesis 



onset, implying that the telencephalic enlargement stems from a different sort of 

evolutionary change, most likely a change in early brain patterning. One possible 

explanation for this difference in mechanism between ducks and geese, on the one hand, 

and songbirds and parrots on the other, is that delaying telencephalic neurogenesis into 

the posthatching period may not be a viable option for the highly altricial ducks and 

geese, who must be capable of feeding on their own after hatching. Looking beyond the 

telencephalon, we find that the optic tectum is enlarged in chicken-like birds at very early 

stages of development. Again, this points to an evolutionary alteration in brain patterning. 

Another interesting species difference is that brain precursor cells cycle more rapidly in 

chickens than in bobwhite quail at very early stages of development, prior to 

neurogenesis onset. This difference in early cell cycle rates permits chickens to have a 

larger brain than quail without imposing the sorts of concerted changes in brain 

proportions that Finlay and Darlington have described for mammals. Overall, we have 

learned that evolution produced species differences in adult brain region proportions not 

by a single mechanism, such as global alterations in neurogenetic schedules, but by a 

variety of different mechanisms, each of which has different developmental and 

behavioral consequences. Supported by NSF grant IOS-0744332. 
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The evolution of multicellular animals (metazoans) from a unicellular ancestor is one of 

the most significant leaps in the history of life. However, little is known about the 

mechanisms that enabled it. Upon the acquisition of multicellularity, many molecular-

level innovations should have occurred, especially in the systems responsible for cell 

adhesion, differentiation, and cell-cell communication. Investigation of a group of 

protists (unicellular or colonial eukaryotes) that is closely related to metazoans should 

provide deep insights into molecular mechanisms for this event. Among such protists, 

however, only unicellular choanoflagellates have been extensively studied so far. We are 

investigating two colonial and two single-cellular protists (ichthyosporeans and 

filastereans) that are the closest sister group to a clade containing metazoans and 

choanoflagellates. Their genome sequences, which are complete for two out of four 

species, and additional PCR cloning revealed that they possess several genes that play 

important roles for developing the multicellular system, namely, protein tyrosine kinases, 

cadherins, integrins, homeodomain-containing genes, and T-box genes. In our 



presentation, we will first introduce the biology of these organisms and our attempt to 

carry out functional assays on them. Next, we focus on the phylogenetic analysis of 

protein tyrosine kinase, which shows unexpectedly early diversification of this family. 
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The neocortical layer structure originated from the mammalian common ancestor and has 

been retained in all of the extant mammals. The non-mammalian vertebrates commonly 

possess the dorsal pallium, a homologue of the mammalian neocortex, exhibiting 

different cytoarchitecture from the layer structure. To understand the evolutionary origin 

of the neocortical layer structure, I studied the chick dorsal pallial development. 

According to our result of in situ hybridization experiment in the chick pallium for the 

marker genes which are expressed in particular layers of the mammalian neocortex, the 

chick dorsal pallium contained similar set of excitatory neuronal subtypes to the 

mammalian neocortex, whereas the distribution of the neuronal subtypes was different 

from the layer arrangement; the deep and upper layer type neurons were separately 

located along the medio-lateral axis. The medio-lateral segregation of the neuronal 

subtypes was attributed to the spatially biased production of the neuron subtypes, which 

the deep layer type neurons were selectively generated from the medial neural 

progenitors and the upper layer type neurons were generated from lateral neural 

progenitors. Interestingly, the chick neural progenitors intrinsically possessed the 

competence to produce both of neuronal subtypes in vitro, regardless of the spatial origin, 

suggesting that the medio-laterally different neurogenic activity in vivo results from the 

extrinsic regulation. Alterations in such spatial regulation of the neurogenesis may 

underlie the evolutionary emergence of animal group-specific brain structures, such as 

the layer structure of the mammalian neocortex and the medio-laterally separated domain 

structure of the avian pallium. 
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The mammalian middle ear has three ossicles, the malleus, incus and stapes, whereas 

non-mammalian amniotes have only one ossicle, the columella auris. Comparative 

morphological analyses have concluded that the malleus and incus have been derived 

from jaw joint skeletal elements of a pre-mammalian ancestor. Precisely how this 

transformation from jaw joint elements to middle ear ossicles took place has been an 

intriguing question for many years. Based on comparative morphological and molecular 

developmental studies, we thought that the most important issue in mammalian middle 

ear evolution is ``How did the tympanic membrane, which comprises the first pharyngeal 

pouch (later the middle ear cavity: MEC) and first pharyngeal cleft (later the external 

auditory meatus: EAM), form in the lower jaw domain in the mammalian ancestor?'' 

(reviewed by Takechi and Kuratani, 2010). Comparative morphologists have suggested 

that a ventral swelling of the MEC in development of a mammalian ancestor caused the 

mammal-specific position of the tympanic membrane. When we performed a detailed 

comparison of the first and second pharyngeal arch development between chicken and 

mouse embryos using 3D modeling software, however, we found no evidence for the 

swelling of the MEC in mouse embryos. We also found that development of the 

cartilages and some of adductor muscles in the first pharyngeal arch in mouse embryos 

were seen more dorsally than in chicken embryos with respect to the first pharyngeal 

pouch, and that a number of genes central to jaw patterning (Fgf- Bmp- and Endothelin-

cascade genes) were expressed more dorsally in mouse embryos as compared with 

chicken embryos. These results suggest that some kind of heterotopic shift in the 

patterning of mesenchyme-derived elements caused the tympanic membrane in the lower 

jaw domain in mammalian middle ear evolution. 
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On Charles Darwin's birthday, 12 Feb 1988, the starting gun was fired in the race to 

complete a molecule based tree of animal evolution. In a hugely influential paper, 

Katharine Field and colleagues presented the first broad scale phylogenetic tree of the 

animals based on an analysis of molecular sequences. In the two decades that have 

followed the paper by Field et al., a number of major rearrangements of the evolutionary 

tree of animals have been introduced based on new data and new methods of analysis of 

molecular data. I suggest that we are now close to knowing how all of the major animal 

groups are related. I will looks at the progress that has been made since Field et al, review 

the status of some remaining problematic nodes and will ask what this revolution in our 

understanding of animal relationships tells us about the pattern and process of animal 

evolution. 

 

Session number - Session day - Session start:  S8.1 - Friday - 09.00 

 

Evolution of functional -not architectural - modularity in body plan 

patterning 

ten Tusscher* Kirsten (Theoretical Biology &; Bioninformatics, Faculty of Science Utrecht 
University, Utrecht, The Netherlands), Hogeweg Paulien (Theoretical Biology &; 
Bioinformatics, Faculty of Science, Utrecht University, Utrecht, The Netherlands),  

email: khwjtuss@hotmail.com 

 

Biological networks such as the gene regulatory networks involved in developmental 

processes are often suggested to have a modular architecture. In such networks the 

number of interactions between genes within a single module is considerably larger than 

between genes in different modules. It is argued that such modularity increases both 

robustness and evolvability, by reducing pleiotropy and enabling the reusing and 

recombining of entire modules, and thus is selected for.  

Although these hypotheses sound appealing, they lack substantial proof. Currently it is 

for example unclear whether developmental networks are indeed always modular or that 

this is partly caused by observational or experimental bias. Similarly, it is unknown 

whether modularity should be sought on the architectural or rather on the functional or 

dynamic level. Finally, it may be that modularity does not arise through selection for 

robustness or evolvability but arises merely as the neutral side effect of the evolutionary 

dynamics of networks.  

Here we will explicitly test these ideas using the method of in-silico evolution of 

developmental patterning. We simulate an evolving population of one dimensional 

embryos. The fitness and reproductive succes of the embryos depend on the amount of 

segmentation and differentiation along their body axis arising during their developmental 

process. The idea is that by assigning fitness for two distinct patterning processes 



modularity may but need not arise. 

We performed a large number of simulations with our model. Simulations in which 

embryos succesfully evolved both body axis segmentation and differentiation fell into 2 

categories or evolutionary strategies. The most frequent strategy used non-modular 

networks for the evolved developmental patterning, whereas the less frequent strategy did 

use modular networks. We further investigated the dependence of the relative frequency 

of the two strategies on precise evolutionary conditions, and the developmental dynamics 

arising from the different network architectures. 
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Charles Darwin maintained that evolution proceeds only by infinitesimally small 

inherited modifications, a view termed gradualism. However, several lines of evidence 

suggest that also saltational changes occasionally have occurred during evolution. We 

consider homeotic transitions in the angiosperm flower as suitable models for saltational 

evolution. We investigate ``Stamenoid petals'' (Spe), a mutant variant of Capsella bursa-

pastoris (shepherd's purse) to better understand the molecular and developmental genetic 

basis and the ecological and evolutionary potential of floral homeotic mutants that occur 

in populations in the wild. In the flowers of Spe plants the organs in the second whorl 

develop as stamens rather than petals, while all other floral organs are unaffected. We 

report our current understanding concerning the identity of the SPE gene, the molecular 

changes that led to the Spe mutant allele, the mechanism that generates the mutant 

phenotype, and the phenotypic features and ecological circumstances that enable Spe 

plants to develop a fitness that is similar to that of wild-type plants in some environments. 

We will discuss as to whether Spe and wild-type plants of Capsella bursa-pastoris 

represent an early stage of a sympatric speciation event.  
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Structural colour is generated by the interaction of light with the physical properties of 

the surface of a petal or leaf, thus generating a visible colour that is independent of 

chemical pigments. Structural colour, such as iridescence, is very common in the animal 

kingdom and is responsible for the striking green feathers of a peacock and the vivid blue 

wings of a Morpho butterfly. Animals such as birds and insects use structural colours as 

signals for species recognition, mate selection, and camouflage. The physical 

mechanisms by which animals generate structural colour and the adaptive significance of 

its evolution have been very well studied. However, the presence of structural colour in 

the plant kingdom has been almost completely ignored. Our lab recently discovered the 

phenomenon of iridescent petals, which use finely ordered striations of the petal cuticle to 

reflect light in such a way that the petal appears to change colour with changing viewing 

angle (Whitney et al., 2009), much like the diffraction grating on the back of a CD. We 

have identified petal iridescence in over ten different flowering plant families, both 

monocot and eudicot. However, we know that at least one other mechanism, in addition 

to ordered striations, can generate petal iridescence, and there may be even more. The 

objectives of this project are: 1) to characterise the prevalence of structural colour across 

the angiosperms; 2) to map the data we obtain on the presence of structural colour onto a 

phylogeny of the angiosperms, in order to infer evolutionary processes and 

developmental constraints; 3) to identify the different mechanisms by which plants 

generate structural colour and compare them to those of animals; 4) to investigate the 

molecular genetic processes regulating the development of some plant structural colours; 

5) to investigate pollinator responses to structural colours and iridescence. 
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