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Vertebrates have expanded their habitats from water to land in tetrapods about 380 million years ago. One
of the difficulties in terrestrial adaptation could be the lack of the water surrounding the body. Indeed, the water
is lost from the body surface through evaporation, and they are unable to exchange water and materials through
the gills in the terrestrial environment. To overcome the above difficulties, tetrapods rely primarily on lung for
respiration and the other organs for regulation of osmotic pressure and excretion of the waste. However, the
evolutionary steps and mechanisms behind these adaptations cannot be elucidated only from fossil records. To
understand how fish adapted to terrestrial environment as they evolved towards amphibians, we investigated
the genetic, physiological, and morphological changes accompanied by the transition from water to land
environment.Our investigation centered on Polypterus, an amphibious fish, reared in a terrestrial environment.

First, we found that the motile cilia newly identified in the gills of Polypterus were plastically lost in
terrestrial and high CO: environments. We examined the possible functions of the by RNA-seq analyses other
than motility but found their roles in chemoreception and/or immunity were unlikely.

Next, we found that osmotic pressure and ammonia concentration are maintained in the terrestrial
environment. Gene expression of ENaC was increased in the kidney, which is believed to compensate for gill
functions in osmoregulation. Next, gene expression of arginase was increased, and the glutamine synthetase
genes were duplicated. These findings suggest that ammonia to urea metabolism was accelerated to compensate
for the loss of gill function in the terrestrial environment. In addition, the increased of the expression of the
ammonia transporters suggests that they may maintain ammonia levels in terrestrial environments by
accelerating excretion of the ammonia.

Finally, through comparative genomics, we found a large expansion of keratin genes in Polypterus and
lungfish, which have occurred independently. The increase of keratin repertoire by gene expansion may be
related to skin barrier mechanisms such as moisture retention.
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