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Large-scale clinal variation in quantitative and molecular genetic traits is often linked to seasonal or thermal adaptation.
The wide-spread yellow dung fly, Scathophaga stercoraria (Diptera: Scathophagidae) in Europe shows a Bergmann cline
for body size and a converse Bergmann cline (i.e. countergradient variation) for development time. We present indirect
evidence for the adaptive nature of these clinal patterns by showing that clinal population variation in quantitative traits
(Qst) is much greater than corresponding variation in putatively neutral molecular markers (Fst). Moreover, a causal
relationship between thermal adaptation in quantitative and molecular traits may exist, as thermal adaptation crucially
depends on alterations in the genetic, biochemical and physiological pathways functionally mediating thermal tolerance
of the organism. Indeed, preliminary evidence suggests that phosphoglucomutase (PGM), an enzyme central to the
mobilization and storage of glycogen and flight energetics, is under thermal selection in the yellow dung fly. In vitro
assays further indicate that alleles differ in metabolic efficiency, thus potentially mediating thermal tolerance. Ongoing
work investigates whether the latitudinal clines found in Europe replicate in North America and Japan (where yellow
dung flies also occur), making an adaptation more likely, and whether PGM is indeed thermally selected in this species.
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Ectotherms rely for their body heat on surrounding temperatures. A key question in biology is why most ectotherms
mature at a larger size at lower temperatures, a phenomenon known as the temperature–size rule. Since temperature
affects virtually all processes in a living organism, current theories to explain this phenomenon are diverse and complex
and assert often from opposing assumptions. Although widely studied, the molecular genetic control of the temperature–
size rule is unknown. We found that the Caenorhabditis elegans wild-type N2 complied with the temperature–size rule,
whereas wild-type CB4856 defied it. Using a candidate gene approach based on an N2 x CB4856 recombinant inbred
panel in combination with mutant analysis, complementation, and transgenic studies, we show that a single nucleotide
polymorphism in tra-3 leads to mutation F96L in the encoded calpain-like protease. This mutation attenuates the ability
of CB4856 to grow larger at low temperature. Homology modelling predicts that F96L reduces TRA-3 activity by
destabilizing the DII-A domain. The data show that size adaptation of ectotherms to temperature changes may be less
complex than previously thought because a subtle wild-type polymorphism modulates the temperature responsiveness of
body size. These findings provide a novel step toward the molecular understanding of the temperature–size rule, which
has puzzled biologists for decades.
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