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Potential double-edged sword effect of gene re-usage toward evolutionary diversification
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Toward prediction and control of microbial evolution: Analysis of phenotypic constraints in
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Integration and Canalization and the Developmental Determinants of Evolvability
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Can evolvability predict macroevolution? Insights from phenomic data of wing morphology in
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Potential double-edged sword effect of gene re-usage toward evolutionary
diversification
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Keywords: Evolvability, EvoDevo., Embryogenesis, Bioionformatics

Why do variety of vertebrates retain the same "bodyplan (basic anatomical feature) for more than
600 million years of evolution? Recent studies indicated that this is due to conservative mid-
developmental phase (or phylotypic period), however, no consensus has been made toward their
evolutionary mechanism. By using several vertebrate embryos, we found that mid-embryonic,
organogenesis phase is enriched with genes recruited in other developmental processes, suggesting
that "pleiotropic constraint" may have limited diversification of bodyplan. Since gene recruitment is
known to be involved in variety of evolutionary novelty, our findings suggest that gene recruitment
could be a double edged-sword toward diversification. We will also discuss over recent findings
that these conservative developmental stages have less fluctuations during development, and it's
potential link toward evolvability.
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Toward prediction and control of microbial evolution: Analysis of phenotypic
constraints in laboratory evolution
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Keywords: experimental evolution, Escherichia coli, resequencing, transcriptome, automation

Biological systems change their state to evolve and adapt to changes in environmental conditions.
Despite the recognized importance of characterizing the biological capacity to adapt and evolve,
studies on biological evolvability and plasticity have remained at a qualitative level. To unveil how
the course of evolution is constrained in high-dimensional phenotype and genotype spaces, we
performed laboratory evolution under various (more than 100) stress environments using an
automated culture system we developed. Then, we quantified the changes in gene expression
profile, resistance profile to various stresses, and genomic sequence. The results of these
comprehensive analyses demonstrated that the phenotypic and genotypic changes were constrained
on a relatively small number of possible patterns even under diverse selection pressures. Based on
these results, we will discuss the nature of phenotypic plasticity and constraint in bacterial
evolution, and strategies to predict and control the evolutionary dynamics.
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Integration and Canalization and the Developmental Determinants of
Evolvability
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("University of Calgary, >Alberta Children's Hospital Research Institute)

Keywords: evolutionary developmental biology. integration, canalization, mouse, craniofacial

The relationship between development and evolution hinges on how phenotypic variation is
structured by developmental processes. This occurs primarily in two ways. In the first, processes
can influence multiple traits, producing phenotypic covariation. The tendency for such patterns of
covariation to arise is known as integration. In the second, the magnitude of phenotypic variation
can be modulated by developmental mechanisms. These phenomena, integration and canalization
are the central developmental determinants of evolvability. Understanding the mechanistic basis for
these phenomena requires new ways of combining phenomics and imaging with mechanistic
developmental biology. We review recent progress in this area, focusing on the more general
implications for the developmental determinants of evolvability.
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Can evolvability predict macroevolution? Insights from phenomic data of wing
morphology in Drosophilidae
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One of the major remaining challenges in evolutionary biology is to understand whether and how
short-term evolution at the population level (microevolution) predicts long-term evolution at the
across-species level (macroevolution). To address this long-standing issue, we collected accurate
phenotypic data of wing morphology for 37668 individuals across 111 species of Drosophilidae
using an automated phenotyping tool. We quantified phenotypic evolvability according to Hansen
and Houle (2008, J. Evol. Biol. 21:1201-1219) and tested whether and how evolvability can predict
macroevolution. In my talk, I will present results from a new statistical method that relates
evolvability with the rate of phenotypic evolution across phylogeny, and discuss how the concept of
phenotypic evolvability could help us linking micro- and macroevolution.
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