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Professor Noboru Hara: An appreciation of his work on the shoot apex

Dr Hara was particularly interested in the shoot apex and made significant contributions to our
understanding of the shoot apical meristem. He showed that longitudinal files of cells were a
characteristic feature of the apical surface. He described sectors of the apex, each sector subtended
by the base of a leaf or a primordium, so that the number of sectors corresponded to the number of
leaves and primordia at the shoot apex. Each sector was characterised by radial longitudinal files of
cells. The initiation of new files at the site of the next primordium was the first sign of initiation of
this primordium, well in advance of any sign of protrusion of the primordium. He made these
studies primarily in Daphne (Hara, 1961, 1962) and Clethra (Hara, 1971abc), but showed that
similar observations could be made on other plants (Hara, 1975, 1980b), including the gy mnosperm
Gingko (Hara, 1980a). They provide some of the key evidence that longitudinal polarity of growth
is characteristic of the shoot apex surface and is consistent with a gradient of increasing growth rate
from the apical summit to the flanks where the leaves are initiated. He went on to show that this
pattern of radial files disappeared when the apex is reorganised to form the reproductive apex (Hara,
1977).

Dr Hara also observed that in the shoot apex of Clethra, the central zone fluctuated in size, being
smallest at the minimal area phase of the plastochron and largest at the maximal area phase (Hara,
1971). Significantly, he could find no evidence for cell divisions frequent enough to account for this
rapid enlargement of the central zone. This supports similar observations in other plants and
suggests that the central zone is a phenomenon in which the cells alter in stainability (and possibly
degree of hydration?) probably indicating physiological and biochemical changes in the central zone
which are linked to leaf initiation, and which are yet to be investigated.

In collaboration with Drs Sakaguchi and Hogetsu, Hara went on to examine the orientation of
microtubules in the cells of the shoot apex by the methods of immunofluorescence and polarising
microscopy (Sakaguchi, Hogetsu and Hara, 1988ab, 1990). He was able to show that the orientation
of the microtubules parallelled that of the cellulose wall microfibrils in the Vinca shoot apex, and
that in angiosperm and gymnosperm apices in general (including Vinca) the microtubules were
mainly anticlinally arranged in the tunica, random in the corpus and transverse in the rib meristem
and thus reflected the planes of cell division throughout the apex The implications of this work are
that the directions of growth and expansion of the apical cells, and thus the apical architecture and
growth, are closely linked to, and perhaps determined by, the orientation of the microtubules. Dr



Hara's work points the way to a deeper understanding of the way microtubules are involved in the
organisation and functioning of the shoot apical meristem.

Dr Robert F Lyndon

Institute of Cell and Molecular Biology
University of Edinburgh, EH9 3JH
Scotland, UK
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