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Quantitative characterization of plasticity, robustness, and evolvability is one of the most
important issues in biology. Based on statistical physics and dynamical-systems theory, we
present a macroscopic theory of fluctuation and responses in cellular states. By assuming
that cells undergo steady growth, protein expression of thousands of genes is shown to
change along a one-dimensional manifold in the state space in response to the environmen-
tal stress. This leads to a macroscopic law that cellular-state changes satisfy, as is confirmed
by adaptation experiments of bacteria under stress. Next, we present proportionality be-
tween phenotypic changes by genetic evolution and by environmental adaptation, uncov-
ered both in bacterial experiments and simulations. This relationship is then formulated by
the hypothesis that phenotypic changes in adaptation and evolution are dominantly con-
strained along one-dimensional path. Possible extension of the theory to non-growing cellu-
lar states and to multi-level evolution for multicellularity will be briefly discussed.
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