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Mammalian face as an evolutionary novelty
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The anterior end of the mammalian face is characteristically composed of a semimotile
nose, not the upper jaw as in other tetrapods. Thus, the therian nose is covered
ventrolaterally by the “premaxilla,” and the osteocranium possesses only a single nasal
aperture because of the absence of medial bony elements. This stands in contrast to those
in other tetrapods in whom the premaxilla covers the rostral terminus of the snout,
providing a key to understanding the evolution of the mammalian face. Here, we show that
the premaxilla in therian mammals (placentals and marsupials) is not entirely homologous
to those in other amniotes; the therian premaxilla is a composite of the septomaxilla and
the palatine remnant of the premaxilla of nontherian amniotes (including monotremes). By
comparing topographical relationships of craniofacial primordia and nerve supplies in
various tetrapod embryos, we found that the therian premaxilla is predominantly of the
maxillary prominence origin and associated with mandibular arch. The rostral-most part of
the upper jaw in nonmammalian tetrapods corresponds to the motile nose in therian
mammals. During development, experimental inhibition of primordial growth
demonstrated that the entire mammalian upper jaw mostly originates from the maxillary
prominence, unlike other amniotes. Consistently, cell lineage tracing in transgenic mice
revealed a mammalian-specific rostral growth of the maxillary prominence. We conclude
that the mammalian-specific face, the muzzle, is an evolutionary novelty obtained by
overriding ancestral developmental constraints to establish a novel topographical
framework in craniofacial mesenchyme.
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Skulls of extant tetrapods (mouse, echidna, chicken, gecko, and frog) and fossil synapsids. A typical amniote embryo and
simplified distribution of trigeminal nerves are also shown.
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