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            Abstract
Morphological characters are the result of developmental gene expression. The identity of a character is ultimately grounded in the gene regulatory network directing development and thus whole-genome gene expression data can provide evidence about character identity. This approach has been successfully used to assess cell-type identity1,2,3. Here we use transcriptomic data to address a long-standing uncertainty in evolutionary biology, the identity of avian wing digits4,5. Embryological evidence clearly identifies the three wing digits as developing from digit positions 2, 3 and 4 (ref. 6), whereas palaeontological data suggest that they are digits I, II and III7. We compare the transcriptomes of the wing and foot digits and find a strong signal that unites the first wing digit with the first foot digit, even though the first wing digit develops from embryological position 2. Interestingly, our transcriptomic data of the posterior digits show a higher degree of differentiation among forelimb digits compared with hindlimb digits. These data show that in the stem lineage of birds the first digit underwent a translocation from digit position 1 to position 2, and further indicate that the posterior wing digits have unique identities contrary to any model of avian digit identity proposed so far5,8.
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                    Figure 1: 
                        Chicken embryonic digit transcriptomes identify forelimb and hindlimb digits I but no clear correspondence between posterior forelimbs and hindlimbs.
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Figure 2: Expression of  Zic3. [image: ]


Figure 3: Expression of  Socs2. [image: ]
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        Editorial Summary
Digit trouble in today's 'dinosaurs'
Birds are now almost universally seen as the modern-day descendants of the dinosaurs, but there has always been a problem. The three digits of dinosaur limbs are usually thought to correspond with digits 1, 2 and 3 of the ancestral tetrapod pattern, whereas those of bird limbs seem to correspond with digits 2, 3 and 4. One solution has been to propose that a 'homeotic frame shift' changed the identities of the digits in evolution. Evidence for this now comes from work by Günter Wagner and colleagues, using transcriptomics to show that hind digit 1 in chicks has the same transcriptome as wing digit 2. In other words, wing digit 1 underwent a homeotic shift in evolution. The identities of all the other digits, however, remain much less clear.
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