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Researchers from King's College London have provided the first
experimental evidence confirming a great British mathematician's theory
of how biological patterns such as tiger stripes or leopard spots are
formed.

The study, funded by the Medical Research Council and to be published
online in Nature Genetics, not only demonstrates a mechanism which is
likely to be widely relevant in vertebrate development, but also provides
confidence that chemicals called morphogens, which control these
patterns, can be used in regenerative medicine to differentiate stem cells
into tissue.

The findings provide evidence to support a theory first suggested in the
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1950s by famous code-breaker and mathematician Alan Turing, whose
centenary falls this year. He put forward the idea that regular repeating
patterns in biological systems are generated by a pair of morphogens that
work together as an 'activator' and 'inhibitor'.

To test the theory the researchers studied the development of the
regularly spaced ridges found in the roof of the mouth in mice. Carrying
out experiments in mouse embryos, the team identified the pair of
morphogens working together to influence where each ridge will be
formed. These chemicals controlled each other's expression, activating
and inhibiting production and therefore controlling the generation of the
ridge pattern.

The researchers were able to identify the specific morphogens involved
in this process – FGF (Fibroblast Growth Factor) and Shh (Sonic
Hedgehog – so-called because laboratory fruit flies lacking the fly
version have extra bristles on their bodies). They showed that when these
morphogens' activity is increased or decreased, the pattern of the ridges
in the mouth palate are affected in ways predicted by Turing's equations.
For the first time the actual morphogens involved in this process have
been identified and the team were able to see exactly the effects
predicted by Turing's 60-year-old speculative theory.

Dr Jeremy Green from the Department of Craniofacial Development at
King's Dental Institute said: 'Regularly spaced structures, from vertebrae
and hair follicles to the stripes on a tiger or zebrafish, are a fundamental
motif in biology. There are several theories about how patterns in nature
are formed, but until now there was only circumstantial evidence for
Turing's mechanism. Our study provides the first experimental
identification of an activator-inhibitor system at work in the generation
of stripes – in this case, in the ridges of the mouth palate.

'Although important in feeling and tasting food, ridges in the mouth are
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not of great medical significance. However, they have proven extremely
valuable here in validating an old theory of the activator-inhibitor model
first put forward by Alan Turing in the 50s.

'Not only does this show us how patterns such as stripes are formed, but
it provides confidence that these morphogens (chemicals) can be used in
future regenerative medicine to regenerate structure and pattern when
differentiating stem cells into other tissues.

'As this year marks Turing's centenary, it is a fitting tribute to this great
mathematician and computer scientist that we should now be able to
prove that his theory was right all along!'
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