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Implications of tensile strands for the siting of the
division plane

The specific aim of this paper was to test an hypothesis
(Flanders et al. 1990) that premitotic strands in
vacuolated cells are under tension. In that study it was
observed in isodiametric cells of D. stramonium, which
approximated regular hexagons in optical section, that
cytoplasmic strands radiating from the nucleus tended
to connect with the middle of walls rather than corners.
Plant tissues are packed in such a way that, in section,
only 3 walls meet at a point (D’Arcy Thompson, 1942),
indicating that there must be some avoidance mechan-
ism preventing the attachment of a cell plate to a corner
where 2 of the cell’s own edges plus a neighbouring wall
meet in three-way junction. Since the premitotic strands
eventually reorganize to form the transvacuolar phrag-
mosome, factors affecting their alignment must also
affect the positioning of the division plane. Flanders et
al. (1990) demonstrated that the behaviour of strands in
premitotic epidermal cells could be modelled by springs
or bubble walls held across a flexible hexagonal frame.
The key point about elements under tension is,
provided they are free to move, that they will tend to
attach to stiffer edges (ie. edges that cannot be distorted
by the tension) by the shortest route, usually attaching
to such edges at right angles. Bubble walls, for instance,
exert equal tension in a foam and therefore meet in
threes, forming equal 120° juncture angles, whereas
they attach to the stiffer walls of a container at right
angles. This behaviour is characteristic of a range of
elastic materials as described at length by D’Arcy
Thompson (1942).

In tissue cells, routes from the central nucleus to the
cell’s corners are likely to represent long rather than
short paths. Since the corner or vertex is where a
neighbouring cell plate has already attached, the
avoidance by strands of the most distant points from the
centre provides a mechanism for the avoidance of
forming four-way junctions. The results of laser
microsurgery experiments in this study confirm that
nucleus-associated, premitotic strands are under ten-
sion as required by the minimal path hypothesis. In
addition to avoidance of four-way junctions, a corollary
of this hypothesis is that in attaching to cell edges
perpendicularly, tensile strands help to explain the
observations crystallized by Sachs’ rule: that the new
plane of division intersects the mother wall at right
angles (see D’Arcy Thompson, 1942; also see Lloyd,
1991 for a review on cell geometry).

In a previous paper (Goodbody and Lloyd, 1990), it
was demonstrated that division planes can be induced
to take long rather than short routes across cells, for
instance, parallel to the long sides of onion epidermal
cells when the wound that induced the division was
similarly parallel to the long axis. Under wound
conditions factors evidently cause the attachment of
strands (and subsequently cell plates) along long paths
and at oblique angles, apparently overriding conditions
prevailing in the unwounded state. The N. lynchii
explants are, in a sense, a wound system,; cells close to a
cut edge are influenced to divide parallel to the edge.

However, the influence of the wound diminishes with
distance, particularly in explants containing several
layers of cells, and in all cases reported here the
epidermal cells were in the centre of the explant where
the overriding effects of the wound were not evident
(Venverloo and Libbenga, 1987).

Another objection to the minimal path hypothesis is
that adjacent cells in wounded tissue can divide
simultaneously, with aligned cell plates, forming four-
way junctions. Avoidance of four-way junctions by
tensile strands can only work where there is a corner, or
indeed any other distant point, which would be
energetically unfavourable for the attachment of a
strand that was free to move relative to the cortex. Korn
(1980) noted that new cell plates did not expand for one
cell cycle, during which time all other older walls
continued to expand. Attachment of a non-expanding
plate to an expanding wall was said to cause the latter to
buckle, converting a perpendicular joint towards three
co-equal angles of 120°. D’Arcy Thompson (1942)
stated that the cell plate could only begin to bend the
older wall, to which it was attached perpendicularly,
when the former had become equally strong. Either
way, the acquisition of a new vertex depends on one cell
dividing ahead of its neighbour. When the other cell
later divides there is a new vertex, marking the
attachment of the neighbour, to be avoided by
premitotic strands if they are free to move towards
minimal paths. By contrast, because wound-induced
divisions occur more or less synchronously (eg. Venver-
loo et al. 1980; Goodbody and Lloyd, 1990) there is
presumably insufficient time for one cell plate to buckle
the common wall before the adjacent cell divides. In the
absence of a vertex there is no reason why adjacent cell
plates should not line up. Indeed, in the latter study on
T. albovittata epidermal cells dividing parallel to a razor
slit, it was shown that actin cables co-aligned across
groups of cells. The actin cables anticipated the path to
be taken by the cell plates that later formed four-way
junctions between adjacent cells. Actin cables can
therefore form mirror images between cells in the way
that cytoplasmic thickenings form supracellular pat-
terns that pass across groups of cells (Sinnott and Bloch,
1945).

Co-alignment of strands between neighbouring cells

Co-aligned strands were sought in the present study in
order to test their connectivity by laser treatment. It is
formally possible that two aligned strands in adjacent
cells are somehow dynamically interlinked. This does
not seem likely from observing the behaviour of strands
in living cells since they show no evidence of moving
either side of the separating wall in pairs. Severing one
strand by laser did not generally cause the other to
move. This indicates that they are independently and
stably attached, albeit to the same point on the
separating wall. However, when entire cells were burst,
by focusing the laser down the x40 objective, nuclear
movement and/or realignment of cytoplasmic strands
was seen in over two thirds of cases. Quantification of
this response was complicated by the fact that mitotic



synchrony is only loose in these explants and so
neighbours are in a variety of stages with — as has been
shown - differing degrees of nuclear stabilization.
Nevertheless, this does tend to show that the positions
of nuclei in sheets are maintained in a dynamic
equilibrium, sensitive to the local topology.
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