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Freezing tolerance of plants growing in temperate and frigid zones has a crucial feature to survive
in cold winter. Interestingly, in Arabidopsis cells, about half of the freezing tolerance depends on
extracellular calcium. Furthermore, extracellular calcium increases tolerance to the mechanical stress
caused by electroporation, which disrupts the plasma membrane, but it does not increase tolerance to
the simple osmotic stress. It has also been indicated that calcium-dependent freezing tolerance involves
plasma membrane resealing via SYT1 in Arabidopsis. However, the generality of this phenomenon in
freezing-tolerant plants remains unknown. Here, we hypothesize that plants which survive in cold
winter generally possess the calcium-dependent freezing tolerance. To test this hypothesis, winter wheat
(Triticum aestivum L. cv. Chihokukomugi) leaves were used as a representative of monocots, and
Jerusalem artichoke (Helianthus tuberosus L.) tubers were used as a dicot other than Brassica species.
The calcium-dependent freezing tolerance was measured with protoplasts or tissue sections by
calculating as the difference between survivals in the presence and absence of calcium. Our results
indicate wheat leaves and Jerusalem artichoke tubers possess the calcium-dependent freezing tolerance.
Thus, it is possible that the calcium-dependent freezing tolerance is a common mechanism for many
angiosperms. On the other hand, the level of calcium-dependent freezing tolerance was quite different
between wheat leaves and Jerusalem artichoke tubers. This suggests that the strategy of freezing
tolerance is different among plants or their organs.
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Fig. 1. Survival rates of protoplasts isolated from
cold-acclimated wheat leaves. Freezing
tolerance tests were performed in the
presence or absence of 1 mM calcium using
protoplasts isolated from leaves

cold-acclimated (CA) for 1, 2, 3 and 4 weeks.
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Fig. 2. Survival rates of protoplasts isolated from
Jerusalem  artichoke tubers. Freezing
tolerance tests were performed at -2, -20 and
-30°C in the presence or absence of 1 mM
calcium. Asterisk indicates a statistically
significant difference based on a Student’s ¢
test (**, P<0.01).
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Fig. 3. Survival rates of tissue sections. Tissue sections
70 um in thickness were prepared from wheat
leaves cold-acclimated for 2 weeks (A) or
Jerusalem artichoke tubers (B). Survivals of
tissue sections were measured in no osmoticum
solution containing either 1 mM or 0 mM
calcium. Asterisk indicates a statistically
significant difference based on a Student’s Z test
(*, P<0.05 ; ** P<0.01).
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