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tions expanded, the mutant strains segregated at the wave-
front, giving rise to a distinctive sectoring pattern. The color
pattern resulting from this genetic demixing provides a spatial
record of genetic drift at the radially advancing frontier.

Figure 3c is a computer simulation of such a radial range
expansion. But in that case, unlike the experiments, the
model permits spatial diffusion after the expanding wave-
front has passed through, as might be the case for flagellated
bacteria able to swim in soft agar. But even with such gradual
diffusive blurring, gene segregation continues to be evident
for some distance behind the wavefront. 

Unlike the linear inoculation of figure 2, the radial pop-
ulation expansions of figure 3 are subject to inflation: The cir-
cular circumference of actively dividing cells at the frontier
grows linearly with time, outpacing the diffusive mixing that
eventually leads to complete color segregation in the linear-
inoculation case. In radial expansion, the “phase separation”
predicted by 1D stepping-stone models is incomplete, and
the number of distinct sectors remains finite even in the limit
of long times.

The striking gene segregation of figure 3, caused in this
case by genetic drift, could easily be confused with selection
pressures acting locally. In conventional 2D steady-state
models without range expansions, such high levels of gene
segregation are unexpected.8 In such models, heterozygosity
(the probability that nearby individuals have different 
alleles) decays rather slowly, like 1/ln(t).

The enhanced gene segregation we find for microorgan-
isms reflects a reduction in dimensionality typical of range
expansions. That is, the gene pool for newly colonized re-
gions is sampled from an effectively 1D front population. In
the reference frame that moves with the wavefront, the dy-
namics resembles a 1D population arrayed around a circle.
So one gets the faster segregation of alleles expected for a 1D
model, with heterozygosity decaying like 1/√t. 

The simplicity of the sectoring mechanism suggests that
it could be widespread. Indeed, large zones of pronounced
genetic homogeneity have been found repeatedly in wild
populations of slow-moving organisms such as snails.14 Such
patterns might in fact be explicable in terms of linear or cir-
cular range expansions. Because climatic changes have cer-
tainly promoted many range expansions, it seems important
to take enhanced genetic drift at the frontier (sometimes
called gene surfing) into account when interpreting broad
phylogeographic trends.

This article has focused on the question of how recurrent
population waves alter evolutionary dynamics. The rapidly
growing data on genetic variation within and between
species challenges our understanding of molecular evolu-
tion. Why, for example, are signatures of positive selection so
strong in the fruit fly experiments but so weak in human pop-
ulations? Are patterns of genetic variation more strongly
shaped by genetic drift or genetic draft? Another important
issue is the effect of the gene proximity on the speed of
adapta tion in asexual populations.16 How recombination and
interactions between genes shape evolutionary patterns are
further important questions.17 Insights into those central is-
sues of evolutionary genetics should benefit from further de-
velopments in genome-wide analyses, modeling, and, hope-
fully, simple, repeatable experiments on growing microbial
populations far from equilibrium. 
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Figure 3. Genetic segregation in radial expansion from a drop of inoculant is demonstrated by microbial colonies of (a)
Escherichia coli 6 and (b) Pseudomonas aeruginosa (figure courtesy of J. Xavier and K. Foster). In each case, the colony grows in a
Petri dish from an initial drop containing an equal mixture of two color strains. Genetic drift at the expanding circular frontiers
causes demixing of the two color strains. The circle in panel a indicates the initial well-mixed 2-mm-diameter drop from which
the expanding colony radiates. (c) Computer simulation of such a radial expansion. Unlike the experiments, in which the bacteria
are essentially immobile, the simulation allows significant diffusion due to bacterial motility. Sectoring appears even in that case,
although the diffusion does slowly broaden the domain boundaries. apply theoretical-physics methods 
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