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Abstract
It is well documented that global warming has resulted in clearly visible ecological changes in many species. However, knowledge about the genetic adaptation to changing ambient temperatures is scant. This is particularly important for ectotherms which depend on external temperatures for maintaining their body heat. The aim of this workshop is to explore the underlying genetic mechanisms, including gene networks and genomic adaptation to  changing temperature conditions.

Background
The biological effects of global warming have been shown primarily in ecological patterns such as the northerly spread of exotic species, or as variable expressions of plastic phenotypes such as earlier flowering in plants and altered feeding strategies in animals. Apart from this, species can also genetically adapt to a warmer climate. Genetic adaptation can be achieved by a change in the physiological and genetic responses to warmer temperatures, or by evolving fitness-related traits such as altered life cycles that are better adapted to the changed climatic conditions. In both cases, our understanding of the molecular genetic mechanisms underlying the adaptation to a warmer environment is very limited. This is specifically the case for ectotherms.
  Unravelling the molecular mechanism of temperature adaptation is hampered by the fact that temperature affects nearly all biochemical processes in a cell. Therefore instant temperature changes have been used to identify specific pathways involved in temperature-induced physiological and genetic responses (Morgan & Mackay, 2006). For instance in Drosophila melanogaster gene expression analysis revealed that the expression of a senescence marker smp-30 could be induced by a temperature shift (Goto 2000). Van ‘t Land et al. (2000) reported the association of the heat-shock response gene Hsr-omega with temperature changes in D. melanogaster. Besides an instant temperature shift, a gradual change in temperature can also lead to genetic responses. Using the nematode Caenorhabditis elegans Li et al. (2006) discovered that gene networks are very plastic to changing temperature and display widespread genetic variation of differential gene expression responses within species. Evidence supporting thermal adaptation to climate warming has been provided by (Balanya et al. 2006) who determined the magnitude and direction of shifts over 24 years in chromosome inversion frequencies and in ambient temperature for populations of the fly D. subobscura on three continents. In most populations, climates warmed over the intervals, and genotype characteristics of low latitudes (warm climates) increased in frequency. Thus, genetic changes in this fly are tracking climate warming and are doing so globally. 
  Recently, the genetics of the temperature-size rule was studied in C. elegans. The wildtype N2 complies with the temperature–size rule, whereas another wildtype strain, CB4856, defies the rule (Kammenga et al. 2007). Likewise, a SNP within CB4856 tra-3 leads to a F96L substitution in its protein product; this alteration attenuates the ability of CB4856 to grow larger at low temperature.

  Yet there are only very few studies that provide insight into the adaptive nature of genetic temperature adaptations. For instance the case of the pitcherplant mosquito, Wyeomyia smithii, where later onsets of winter as a consequence of global warming, have led to a shift in the genetically controlled photoperiodic response inducing diapause. The altered life cycle represents an adaptive evolutionary response to longer growing seasons caused by global warming (Bradshaw and Holzapfel 2001).
  The objective of this workshop is to explore the genetic mechanisms, including genomic adaptation, to temperature conditions. A new approach in adaptive genetics is to look at gene network patterns rather than single genes and we will explore if and how gene networks have adapted to a changing climate. Therefore we selected participants with diverse backgrounds who have experience in thermal adaptation, genetics of adaptation or genomics in ectotherms, terrestrial, marine or freshwater. This will help us understand the genetics of changing ecological patterns set off by global warming. The results of the workshop will provide new insights which will spark research into the genetic control of evolutionary trajectories of ectotherms in an increasingly warmer world. 
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Programme (2 days)

Day 1

- Evidence for thermal adaptation (Balanya, Hofmann, Laurila)

- Genetics of temperature-induced phenotypic plasticity (Kammenga, Portner)
- Genetic pathways underlying thermal adaptation (Ellers, Hofmann, Portner)

Day 2

- Evidence for genetic variation in thermal response (Ellers, Loeschcke)
- Genetics of fitness related traits in thermally adapted populations (Laurila, Loeschcke)
- Potential for gene network patterns to adapt to climate change (Kammenga, Teotonio)
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