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            Abstract
Evolution involves interplay between natural selection and developmental constraints1,2,3. This is seen, for example, when digits are lost from the limbs during evolution1,3,4. Extant archosaurs (crocodiles and birds) show several instances of digit loss3,5,6 under different selective regimes, and show limbs with one, two, three, four or the ancestral number of five digits. The ‘lost’ digits sometimes persist for millions of years as developmental vestiges7,8,9,10. Here we examine digit loss in the Nile crocodile and five birds, using markers of three successive stages of digit development. In two independent lineages under different selection, wing digit I and all its markers disappear. In contrast, hindlimb digit V persists in all species sampled, both as cartilage, and as Sox9- expressing precartilage domains, 250 million years after the adult digit disappeared. There is therefore a mismatch between evolution of the embryonic and adult phenotypes. All limbs, regardless of digit number, showed similar expression of sonic hedgehog (Shh). Even in the one-fingered emu wing, expression of posterior genes Hoxd11 and Hoxd12 was conserved, whereas expression of anterior genes Gli3 and Alx4 was not. We suggest that the persistence of digit V in the embryo may reflect constraints, particularly the conserved posterior gene networks associated with the zone of polarizing activity (ZPA11). The more rapid and complete disappearance of digit I may reflect its ZPA-independent specification, and hence, weaker developmental constraints. Interacting with these constraints are selection pressures for limb functions such as flying and perching. This model may help to explain the diverse patterns of digit loss in tetrapods. Our study may also help to understand how selection on adults leads to changes in development.
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                    Figure 1: Changes in adult digit number across archosaur phylogeny.[image: ]


Figure 2: Comparison of developmental and adult limb phenotypes in archosaurs.[image: ]


Figure 3: Developmental sequences of digit loss mapped onto phylogeny, with inferred ancestral conditions.[image: ]


Figure 4: Constraints versus selection pressures in the forelimb.[image: ]
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        Editorial Summary
Developmental consequences of selection for digit loss
The archosaurs are a group of land vertebrates that included the dinosaurs; birds and crocodiles are their only living representatives. Throughout their history, archosaurs show a persistent pattern of digit loss from the ancestral condition of five digits per limb. In all cases, however, rudiments for digits persist in the embryo even though they are not present in the adult, and the most persistent is digit five. Looking at embryology in crocodiles and five bird species, Michael Richardson and colleagues show that from the Nile crocodile (where adults have all five digits) to the emu (with a rudimentary wing containing just one digit) the signs for digit five are always present, if transiently. The authors suggest that this persistence might be a developmental constraint resulting from the association between digit five and the zone of polarizing activity, the region of the embryonic limb that governs digit development as a whole.
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