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BY BART BRAUN Looking at things from a mathematical angle is
helping biologists to see the wood from the trees, says Professor
of Mathematical Biology, Roeland Merks. “What I cannot create, I
do not understand.”

Maths is crucial to biology. “Traditionally, the emphasis in biology has always
been on measurements”, remarks Roeland Merks, who recently held his
inaugural speech as Professor of Multiscale Mathematical Biology. “Physicists
and mathematicians are often very successful in biology because they have a
different way of working. They realise that you can sometimes to start with an
assumption and take it from there. You may need to re-adjust the assumption,
but it could set you well on your way.”
Nowadays, biologists are better measuring than ever: they have entire DNA
sequences of organisms (genomics), collections of all the substances in a cell
(which, depending the substances, are called proteomics, transcriptomics or
metabolomics), overviews of all the connections between cells (connectomics)
and truck loads of more information: Big Data. They are swimming in -omics –
and therefore data – which makes 2015 a great time to be a biologist.
However, the danger of not being able to the wood for trees looms larger than
ever.
“With Big Data you can unravel a living creature and study the individual
parts. Then you can make connections between its parts to see what happens
if you remove one part, for instance. The famous physicist Richard Feynman
once said ‘what I cannot create, I do not understand’ and biology very rarely
has that sort of understanding.”
“Create” is relative in this context: Feynman never really built a quantum
particle and so far biochemists are still trying to build living cells from
nothing. But he did have a better mathematical understanding of the quantum
world than anyone before him.
Merks adds: “In the same vein: you can learn things about building cars by
copying them with Lego Technic that you can’t by just driving them.”
The classic example in biology is stripes. Every zebra and every tiger has a
different pattern, which is quite remarkable. After all, how does a zebra
“know” that a certain skin cell in the upper left-hand corner of his right
buttock should be white and the one next to it black? Alan Turing, the British
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Looking at things from a mathematical
angle is helping biologists to see the wood
from …

mathematician – featured in The Imitation Game currently showing in
cinemas – suggested a system of two chemicals. Chemical X stimulates the
production of more chemical X and the production of chemical Y. Chemical Y
suppresses the production of chemical X so if chemical Y spreads more
rapidly than chemical X, very soon “islands” of X will appear in a “sea” of Y.
Merks continues: “If the pigment in a zebra stripe is produced under the
influence of X, this mechanism could explain how the zebra got his stripes.”
Further study of stripes – in zebrafish, being a more practical size than zebras
– revealed that the pattern is not caused by chemicals but by coloured cells.
“They flick each other: the yellow cells keep the black ones out of ‘their’
territory. Turing’s model crops up when you see that behaviour in differential
comparisons. So his idea set biologists onto a new way of looking at the
system. It’s not about whether chemicals or cells produce stripes, it’s about
the abstract thought that starts you off.”
Merks builds models showing how arteries are formed for his own research.
“Imagine you are a cell and you secrete a chemical that attracts other cells. If
you smell that chemical, you stretch out towards the source. If you touch
another cell, you don’t react to that chemical any more on the side that’s
touching. That’s enough rules to build a network of arteries.” He has had a
picture of the network printed in on the lining of his academic gown.
“For the past few years, I’ve been teaching Multiscale Mathematical Biology in
Leiden, which attracts maths students but only one or two brave biology
students. It’s a pity, because the answers to many biological questions will be
hard to find without maths. I hope that one day school kids will decide to read
biology because they enjoy the maths.”
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