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Summary of Paper

A paper was published in the Proceedings of the National Academies of Science on cetacean limbs that combines developmental biology and paleontology, and makes a lovely argument about the mechanisms behind the evolution of whale morphology. It is an analysis of the molecular determinants of limb formation in modern dolphins, coupled to a comparison of fossil whale limbs, and a reasonable inference about the pattern of change that was responsible for their evolution.

One important point is that even though what we see in the morphology is a pattern of loss—whale hind limbs show a historical progression over tens of millions of years of steady loss, followed by a near-complete disappearance—the molecular story is very different. The main players in limb formation, the genes Sonic hedgehog (Shh), the Fgfs, and the transcription factor Hand2, are all still present and fully functional in these animals. What has happened, though, is that there have been novel changes to their regulation. 

This retention of major genetic pathways should be obvious just looking at a whale. They evolved from four-limbed tetrapods, and lost their hind limbs as more and more locomotor function was committed to the tail and flukes, yet they still retain forelimbs. It is the same set of genes that operate in the hind- and fore-limbs, so of course you can't just get rid of them—this is a case of selective limb loss. In addition, the genes have multiple functions making simple gene loss untenable. Shh, for instance, is a critical signaling molecule involved in the specification of midline structures in early development, and loss of the gene as a whole is lethal. What evolution did was to modify the expression of the genes, selectively inactivating limb genes in the hind limb region.

One other curious feature of cetacean development is that they start by making perfectly respectable hind limb buds, at about the fifth week of gestation. As is typical, they go through a period where their embryos resemble the embryos of other vertebrates, and they initiate the formation of the full four limbs. What happens next, though, is that the hind limbs regress and their remnants become imbedded in the body wall. This gives us a clue about the change: the molecules involved in limb initiation are still active, but the ones responsible for limb maintenance in early development have been shut down.
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