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            Abstract
The complex, geometric colour patterns of many animal bodies have important roles in behaviour and ecology. The generation of certain patterns has been the subject of considerable theoretical exploration, however, very little is known about the actual mechanisms underlying colour pattern formation or evolution. Here we have investigated the generation and evolution of the complex, spotted wing pattern of Drosophila guttifera. We show that wing spots are induced by the Wingless morphogen, which is expressed at many discrete sites that are specified by pre-existing positional information that governs the development of wing structures. Furthermore, we demonstrate that the elaborate spot pattern evolved from simpler schemes by co-option of Wingless expression at new sites. This example of a complex design developing and evolving by the layering of new patterns on pre-patterns is likely to be a general theme in other animals.
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                    Figure 1: The  D. guttifera  wing exhibits a complex pigmentation pattern.[image: ]


Figure 2: Two  yellow  CREs encode the elaborate  D. guttifera  pattern.[image: ]


Figure 3: The pattern of wingless expression foreshadows the adult wing spot pattern.[image: ]


Figure 4: Wingless is sufficient to induce wing pigmentation.[image: ]


Figure 5: Co-option of wingless expression and the origin of a complex colour pattern.[image: ]
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                Data deposits

                Gene sequences from D. guttifera and D. deflecta have been deposited at GenBank under accession numbers GU591398â€“GU591403.
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        Editorial Summary
Wingless is elusive pattern-inducer in Drosophila
The generation of complex colour patterns on animals' bodies, such as those found on sea shells, tropical fish and leopards, is a classic puzzle for developmental biologists. Most efforts to explain pattern formation have been theoretical, focused on reactionâ€“diffusion mechanisms where the interplay of diffusible local activators (morphogens) and long-range inhibitors is hypothesized to generate stable patterns. But no candidate morphogens or inhibitors had been identified, until now. Sean Carroll and colleagues use the spectacular polka-dot wing pattern of Drosophila guttifera as a model and show the that wing spots are induced by the Wingless morphogen, and that the elaborate spot pattern probably evolved from simpler schemes by co-option of Wingless expression at new sites.
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