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Small evolutionary shifts make big impacts,
study finds

May 20 2009, By Krishna Ramanujan

Left: owl monkey (Aotus infulatus); right: brown capuchin monkey (Cebus
apella). Image: Centro Nacional de Primatas, Ananindeua, Brazil

(PhysOrg.com) -- In the developing fetus, cell growth follows a very
specific schedule. In the eye's retina, for example, cones -- which help
distinguish color during the day -- develop before the more light-
sensitive rods -- which are needed for night vision.

But minor differences in the timing of cell proliferation can explain the
large differences found in the eyes of two species -- owl monkeys and
capuchin monkeys -- that evolved from a common ancestor.

Researchers from Cornell, St. Jude's Children's Research Hospital in
Tennessee and the Federal University of Para, Brazil, have found an
evolutionary mechanism that provides insight into how important
changes in brain structure of primates can evolve.
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That evolution appears to proceed via simple genetic changes that affect
the timing of development of brain regions, they report in a paper
published May 18 online and in a future print issue of Proceedings of the
National Academy of Sciences.

In both monkey species, the specialized eye cells develop in the growing
embryo from a single retinal progenitor cell. In their basic design, the
eyes of these primates have the capability and necessary architecture to
be either nocturnal or diurnal, based on a species' ecological niche and
needs, said Cornell neurobiologist and psychologist Barbara Finlay.

Finlay and her colleagues compared the developing eyes in fetuses of the
two species to better understand how the nocturnal owl monkeys
developed retinas with many more rod cells than cones, while capuchin
monkeys, which are active during the day (diurnal), developed more
cone cells than rods.

"These two species evolved about 15 million years ago from a common
ancestor that had a diurnal eye," said Finlay, a Cornell professor of
psychology and senior author of the paper.

"So we believed that comparing how their eyes develop during
embryonic growth could help us understand what evolutionary changes
would be required to evolve from a diurnal to a nocturnal eye," said
Finlay.

By comparing the timing of retinal cell proliferation in the two species,
the researchers found evidence that an extended period of progenitor cell
proliferation in the owl monkey gave rise to an increased number of rod
and other associated cells that make its eyes adept at night vision; the
eyes also evolved to be large, with bigger light-gathering and light-
sensing structures needed for nocturnal sight.
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"The beauty of the evolutionary mechanism we have identified is that it
enables the eye to almost toggle back and forth between a nocturnal and
a diurnal structure," said neurobiologist Michael Dyer of St. Jude's
hospital. "It is an elegant system that gives the eye a lot of flexibility in
terms of specialization."
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