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Evolution of diversity and complexity using the modular structure of wing
patterns in butterfly moths.
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What are the design principles underlying various colors and patterns in
animals, such as special resemblance to dead leaves and crypsis in tree bark? In this study, |
focused on the colors and patterns of butterflies and moths to elucidate the modular designs in gene

regulatory mechanisms and phenotypic morphological structures. First, | investigated the enhancer
of the black-associated gene yellow in Bombyx mori and revealed the modular structures of
cis-regulatory elements using silkworm transgenic technology. Next, | examined butterfly mimicry
(dead leaves, rocks, lichens, Muller, and Bates) and revealed that these complex patterns were
formed by combining multiple pattern components in different combinations. Furthermore, | proposed a
unifying conceptual framework, "phenotypic systems biology," which enables systems biological
approaches to various phenotypes, not only morphological traits (e.g., color and pattern) but also
behavioral and life-history traits.
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Combinations of flexible and fixed components facilitate colorful divergence and complexity in butterflies
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