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Commentary on cell polarity in plants: Quatrano 1973
Bacterial, fungal, plant, and animal cells all respond to extrinsic signals to establish intrinsic polarities, which are essential for a whole
host of subsequent developmental processes. In this month’s commentary, I review a set of classic papers authored by Ralph Quatrano and
his colleagues (Crayton et al., 1974; Kropf et al., 1989a, 1989b, 1988; Quatrano, 1973; Quatrano and Crayton, 1973; Shaw and Quatrano,
1996; Stevens and Quatrano, 1978), that set the stage for our understanding of how plant cells achieve polarity. These papers, many of
which were published in Developmental Biology in the 1970′s and 1980′s, provided a valuable counterpoint to similar studies being un-
dertaken in animal systems at the time, and now serve to illustrate some of the overarching commonalities as to how cells can acquire and
maintain polarity to assure specific developmental outcomes.

Quatrano used zygotes of the brown alga, Fucus vesiculosis, as an experimental system. The ease of obtaining large numbers of synchro-
nously developing Fucus zygotes provided an excellent entry point into defining the cellular processes involved in establishing polarity.
Extrinsic asymmetric signals, such as the point of sperm entry or unidirectional light, can polarize the zygote; however, polarity is initially
labile and only becomes fixed after several hours. By assessing the ability of zygotes to repolarize after treatment with a variety of biochemical
inhibitors, Quatrano and colleagues carefully dissected the roles of a number of biological processes in polarity establishment. Importantly, this
approach allowed these researchers to distinguish between the formation of a polar axis and the differentiation of specific cell types.

This strategy was explicitly laid out in Quatrano’s paper (Quatrano, 1973), reprinted in this issue, where he showed that the actin cytoskeleton
was crucial to the establishment of polarity. In subsequent studies using the same approach, Quatrano and colleagues showed that both Golgi-
mediated secretion and an intact cell wall were necessary for normal polarization to occur. These and other investigations led to a model in
which local alterations in Caþ þ

flux result in a reorganization of the actin cytoskeletonwhich is stabilized via transmembrane protein linkages to
the cell wall. In turn, this directs the polarized secretion of Golgi-derived vesicles. This targeted secretion serves in part to orient the plane of the
first cell division, since plant cells divide through the laying down of a new cell wall between incipient daughter cells. As a result of this oriented
division, the daughter cells differ in their size, in their cytoplasmic constituents, and even in their cell wall composition.

These early studies in Fucus set the stage for investigating polarity in a variety of plant cells and tissues, with many key transcriptional
control mechanisms and signaling components required for polarized growth now being defined in Arabidopsis and other genetically
tractable systems. Nonetheless, the studies with Fucus arguably remain the best example of our understanding of how specific cellular
machineries operate in establishing polarity in plants. Furthermore, the processes by which plant and animal cells establish polarity bear
some similarities. In animals, the actin cytoskeleton is linked to the extracellular matrix via integrins to establish cell polarization, critical
for asymmetric divisions and directed cell migration. While many of the molecular players are distinct, nature seems to have settled on a
common mechanism to ‘tie’ cytoskeletal asymmetries to the cell exterior to promote a wide variety of developmental outcomes.
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