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Evidence that intracellular calcium ions act as me-
diators of physiological and developmental pro-
cesses in higher plants is reviewed. The article
attempts to integrate the physical/chemical proper-
ties of the calcium ion with its numerous activities
within the cell, thus providing a rationale for under-
standing primary aspects of signal transduction.
[The SCP indicates that this paper has been cited
in more than 405 publications.]
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Although calcium had long been known to be
essential for plant growth, especially in cross-
linking acidic cell wall polysaccharides,1 it was
only in the 1970s that researchers began to
realize that it might be involved as a cytoplas-
mic factor in stimulus/response coupling. Here-
tofore, research on signal transduction had
focused on the possible direct interaction be-
tween plant growth regulators and nucleic acid
metabolism with little thought to ions and mem-
brane transport activity as carriers of informa-
tion. Given the extensive involvement of cal-
cium in a variety of physiological (e.g., muscle
contraction) and developmental (e.g., fertiliza-
tion) processes in animal systems it seemed
only natural that the ion would have a similar
role in plants. Studies from Lionel Jaffe and co-
workers had formed a bridge between plant and
animal systems and had focused on aspects of
calcium currents and transients that seemed
vital to early development and cell polarity. The
often cited "Jaffe's rules" further provided an
experimental framework for studies on the role
of calcium in signal transduction.’

Against this backdrop, the invitation to pre-
pare a review on calcium in plant development
was enthusiastically received. Research was
moving briskly, and the time seemed ripe to
summarize the topic area. But also we intended
to provide a critical analysis and a point of view.
While we wanted to instill a sense of excitement
that permeated the subject matter, we also felt

it was important to alert researchers to pitfalls
encountered with commonly used experimen-
tal protocols. However, while accepting an invi-
tation is easy, delivering the goods by a dead-
line is another matter. We accordingly left the
task of writing to the last possible moment,
knowing that its successful completion would
require a total immersion effort.

PKH, a faculty member at the University of
Massachusetts, had been ensconced at the
Marine Biological Laboratory in Woods Hole
during the summer of 1984, while ROW, a gradu-
ate student engrossed in the calcium-phyto-
chrome interaction in fern spore germination,
was experimenting in Amherst. During the sum-
mer ROW had studied papers on the physical/
chemical properties of calcium while PKH had
examined the physiology of calcium action on
plants. We then brought our thoughts together
and started writing drafts in early September.
Borrowing from sports we referred to the writ-
ing of this article as "Power Reviewing." We
found an empty classroom with yards of black
board and literally spent hours hashing out the
many problems. Inevitably it was a classic case
of the younger teaching the older how things
really worked. It then fell upon the older to
smooth out the writing and join the arguments
into a readable text, while attempting to main-
tain the level of energy that had been infused.
For both of us it was an exhilarating experience,
as we struggled, but then could see the con-
cepts emerge and fall into place. The entire
writing, which for us is normally slow and pain-
ful, was completed within the month of Septem-
ber, and the manuscript was forwarded to
Winslow Briggs, editor of Annual Review of
Plant Physiology, on schedule, but just barely.

We think the review, by pulling together a
loosely knit body of information, synthesized a
cohesive and novel argument that is important
for understanding stimulus/response coupling
in plants. These qualities, together with its pro-
jection of excitement, have been appreciated
by readers who favored its citation. Both of us
have been repeatedly flattered by researchers
who have praised the review, finding it easy to
read and informative, even several years after
publication. However, the subject of signal trans-
duction continues to flourish and thus there are
several current reviews that illustrate many
new insights, such as the recent article by D. M.
Roberts and A. C. Harmon on calcium binding
proteins in higher plants.3
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