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Figure 1: Confocal microscope images of a fruit fly embryo, stained with fluorescent
antibodies to three different gene products (Bicoid, Hunchback and Even-skipped)
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During embryonic development, orderly patterns of gene
expression eventually assign each cell in the embryo its particular
fate. For the anteroposterior axis of the Drosophila embryo, the
first step in this process depends on a spatial gradient of the
maternal morphogen Bicoid (Bcd). Positional information of this
gradient is transmitted to downstream gap genes, each occupying
a well defined spatial domain' ~*. We determined the precision of
the initial process by comparing expression domains in different
embryos. Here we show that the Bcd gradient displays a high
embryo-to-embryo variability, but that this noise in the posi-
tional information is strongly decreased (‘filtered’) at the level of
hunchback (hb) gene expression. In contrast to the Bed gradient,
the hb expression pattern already includes the information about
the scale of the embryo. We show that genes known to interact
directly with Hb are not responsible for its spatial precision, but
that the maternal gene staufen may be crucial.
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Figure 1: Confocal microscope images of a fruit fly embryo, stained with fluorescent
antibodies to three different gene products (Bicoid, Hunchback and Even-skipped)
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ABSTRACT

Fluctuations in rates of gene expression can produce highly erratic time patterns of protein production
in individual cells and wide diversity in instantaneous protein concentrations across cell populations. When
two independently produced regulatory proteins acting at low cellular concentrations competitively control
a switch point in a pathway, stochastic variations in their concentrations can produce probabilistic pathway
selection, so that an initially homogeneous cell population partitions into distinct phenotypic subpopula-
tions. Many pathogenic organisms, for example, use this mechanism to randomly switch surface features
to evade host responses. This coupling between molecular-level fluctuations and macroscopic phenotype
selection is analyzed using the phage A lysis-lysogeny decision circuit as a model system. The fraction of
infected cells selecting the lysogenic pathway at different phage:cell ratios, predicted using a molecular-
level stochastic kinetic model of the genetic regulatory circuit, is consistent with experimental observations.
The kinetic model of the decision circuit uses the stochastic formulation of chemical kinetics, stochastic
mechanisms of gene expression, and a statistical-thermodynamic model of promoter regulation. Conven-
tional deterministic kinetics cannot be used to predict statistics of regulatory systems that produce probabilis-
tic outcomes. Rather, a stochastic kinetic analysis must be used to predict statistics of regulatory outcomes
for such stochastically regulated systems.
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