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Biology's next revolution

The emerging picture of microbes as gene-swapping collectives demands a revision of such

concepts as organism, species and evolution itself.

Nigel Goldenfeld and Carl Woese

One of the most fundamental patterns of
scientific discovery is the revolution in
thought that accompanies a new bady of
data. Satellite-based astronomy has, dur-

ing the past decade, overthrown our most
cherished ideas of cosmolog
those relating to the size, dynan
composition of the Univer:

Similarly, the convergence of fresh theo-
retical ideas in evolution and the coming
avalanche of genomic data will profoundly
alter our understanding of the biosphere —

more powerful carly forms of HGT.
Refinement through the horizontal shar-
ing of genetic innovations would have trig-
gered an explosion of genetic novelty, until
the level of complexity required a tra
tion to the current era of vertical evolution.
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Thus, we regard as regrettable the conven-
ncatenation of Darwin's name with
n, because other modalities must

also be considered.

This is an extraordinary time for biology,
because the perspective we have indicated
places biology within a context that must
necessarily engage other disciplines more
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COD]plltaﬁOIlal Biology (The development and application of data-analytical and
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Predict the dynamics of systems so that the

validity of the underlying assumptions can be
tested.
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(Probability theory)
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“Most of the problems in computational sequence
analysis are essentially statistical.”

—Biological sequence analysis”
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(Regression, fitting,
correlation & association)

— BREAFT AT ®

Regression: the relation between selected values of x and observed
values of y (from which the most probable value of y can be predicted for
any value of x)
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(HMM method)
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(Perceptron & ANN
method)

——A collection of mathematical models that emulate some of
the observed properties of biological nervous systems and
draw on the analogies of adaptive biological learning.

——The key element of the artificial neural network (ANN)
model is the structure of the information processing system. It
is commnosed of manv hichlv interconnected processing
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