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Adaptation and Responses of Plant Cells to Freezing
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The process of cold acclimation in plants, which elicits an increase in freezing tolerance, is a
complex developmental phenomenon that involves the orchestration of many different processes.
Although seemingly desperate, many of the cold acclimation-associated processes ultimately
contribute to the increase in cryostability of the plasma membrane, destabilization of which is the
primary cause of freezing injury. To understand cold acclimation process comprehensively, we need
to characterize the freeze-induced lesions that determine the freezing tolerance and then the
mechanism of minimization of these freeze-induced lesions during cold acclimation. In this review,
we describe the specific freeze-induced lesions in isolated protoplasts and then several important
changes occurring during cold acclimation, which are associated with the minimization of the
freeze-induced lesions and, hence, the increase in freezing tolerance. This approach allows us to
make strategic plans for molecular breeding of cold-tolerant agricultural plants efficiently.
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pxmol/mg protein

mol% of total lipids

A [ i A
Winter rye 1.04 1.26 38.7 43.4 Uemura & Yoshida (1984)
1.07 1.46 31.7 41.9 Lynch & Steponkus (1987)
36.6 43.3 Uemura & Steponkus (1993)
Oat 28.9 39.5 Uemura & Steponkus (1993)
Orchard grass  1.11 1.38 50.2 53.1 Yoshida & Uemura (1984)
Jerusalem artichoke  1.15 1.50 46.9 46.9 Ishikawa & Yoshida (1985)
Arabidopsis 46.8 57.1 Uemura et al. (1995) .
0.94 1.12 51.5 55.2 Kawamura & Uemura (2000)
Mulberry 1.02 1.72 57.1 69.0  Yoshida (1984)
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