
 

Less genes for a life in water
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Whales and dolphins are descended from ancestors living on land. Some of their
genes were superfluous for life in water. Credit: Carl Buell/John Gatesy
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While whales and dolphins spend their entire life in the ocean, these air-
breathing mammals actually evolved from terrestrial species. The
transition from land to water in the ancestors of modern whales and
dolphins about 50 million years ago was accompanied by profound
anatomical, physiological, and behavioral adaptations that facilitated life
in water. However, which changes in the DNA underlie these adaptations
remains incompletely understood. To reveal them, researchers at the
Max Planck Institutes of Molecular Cell Biology and Genetics and for
the Physics of Complex Systems as well as the Center for Systems
Biology Dresden systematically searched for genes that were lost in the
ancestor of today's whales and dolphins. The research team discovered
85 gene losses, some of which likely helped whales to thrive in their new
habitat.

Given the appearance of a whale or dolphin, it is easy to mistake them
for large fish. However, just like their closest living relatives such as
hippopotamuses or cows, whales are air-breathing mammals whose
evolutionary ancestors adapted to spending their entire live in water.
During this transition from land to water, remarkable changes in the
anatomy and physiology occurred. For example, whales and dolphins
have streamlined bodies and lost their body hair to become faster
swimmers. They evolved a thick layer of blubber for insulation. Their
hind limbs were lost while large tail flukes evolved for propulsion.
Increased oxygen stores facilitate long dives and a flexible ribcage allows
their lung to collapse while diving to depths of 100 meters and more.

The changes in the genome that made those adaptations possible were
poorly understood so far. That's why a team of Dresden researchers
around Michael Hiller together with colleagues from the University of
California and the American Museum of Natural History in New York
carried out a systematic search for genes that got lost during this
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evolutionary transition. To this end, the researchers examined the
genomes of today's whales, dolphins and other mammals for mutations
that inactivate genes. Matthias Huelsmann, the lead author of the study,
explains: "We searched for mutations that occur in all whales and
dolphins, but not in the Hippopotamus or other terrestrial mammals.
Such shared mutations tell us that the respective gene got lost in the
whale ancestors."

Saliva is superfluous under water

This systematic search revealed 85 gene losses. Many of these genes
were probably lost because their function was no longer useful. For
example, saliva is no longer useful in lubricating food in an aquatic
environment, which likely explains why a gene involved in saliva
secretion was lost. Remarkably, the loss of other genes may have even
provided an advantage for ancestral whales. "One gene loss that we
discovered likely improves how whales repair a specific type of DNA
damage. This type of DNA damage is caused by severe oxygen shortages
that whales regularly face when diving. If the DNA is not repaired
properly, this could lead to tumors or have other negative consequences,"
reports Matthias Huelsmann. Similarly, losses of other genes likely
protect diving whales from the formation of blood clots and lung
damage.

But not only anatomy and physiology changed in the aquatic
environment, behavioral characteristics of whales and dolphins changed
too. In particular, the necessity to constantly surface for breathing led to
a peculiar type of sleep. Similar to migrating birds, only half of a whale's
brain sleeps at a time, while the other half coordinates movement and
breathing. Interestingly, the researchers found that all genes required to
produce melatonin, the hormone that regulates sleep, have been lost in
whales and dolphins. These gene losses may have been a precondition
for adopting this special type of sleep.
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Michael Hiller, who oversaw this study, concludes: "We found new
evidence that loss of genes during evolution can sometimes be
beneficial, which supports previous results from our lab suggesting that
gene loss is an important evolutionary mechanism."

  More information: Matthias Huelsmann et al. Genes lost during the
transition from land to water in cetaceans highlight genomic changes
associated with aquatic adaptations, Science Advances (2019). DOI:
10.1126/sciadv.aaw6671
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