Unit V: Morphogenesis and Organogenesis in Plants
Course : BB404

ROOT DEVELOPMENT

Roots are adapted for growing through soil and absorbing the water and mineral
nutrients in the capillary spaces between soil particles. These functions have
placed constraints on the evolution of root structure. For example, lateral
appendages would interfere with their penetration through the soil. As a result,
roots have a streamlined axis, and no lateral organs are produced by the apical
meristem.

Branch roots arise internally and form only in mature, nongrowing regions.
Absorption of water and minerals is enhanced by fragile root hairs, which also
form behind the growth zone. These long, threadlike cells greatly increase the
root’s absorptive surface area.

The Root Tip

Roots grow and develop from their distal ends. Although the boundaries are not
sharp, four developmental zones can be distinguished in a root tip:

(a) the root cap,

(b) the meristematic zone,

(c) the elongation zone, and

(d) the maturation zone.

These four developmental zones occupy only a little more than a millimeter of
the tip of the Arabidopsis root. The developing region is larger in other species,
but growth is still confined to the tip.

(a) The root cap protects the apical meristem from mechanical injury as the root
pushes its way through the soil. Root cap cells form by specialized root cap stem
cells. As the root cap stem cells produce new cells, older cells are progressively
displaced toward the tip, where they are eventually sloughed off. As root cap
cells differentiate, they acquire the ability to perceive gravitational stimuli and
secrete mucopolysaccharides (slime) that help the root penetrate the soil.



(b) The meristematic zone lies just under the root cap, and in Arabidopsis it is
about a quarter of a millimeter long. The root meristem generates only one
organ, the primary root. It produces no lateral appendages.

(C) The elongation zone, as its name implies, is the site of rapid and extensive
cell elongation. Although some cells may continue to divide while they elongate
within this zone, the rate of division decreases progressively to zero with
increasing distance from the meristem.

(D) The maturation zone is the region in which cells acquire their differentiated
characteristics. Cells enter the maturation zone after division and elongation
have ceased. Differentiation may begin much earlier, but cells do not achieve
the mature state until they reach this zone. The radial pattern of differentiated
tissues becomes obvious in the maturation zone.

Lateral or branch roots arise from the pericycle in mature regions of the root.
Cell divisions in the pericycle establish secondary meristems that grow out
through the cortex and epidermis, establishing a new growth axis. The primary
and the secondary root meristems behave similarly in that divisions of the cells
in the meristem give rise to progenitors of all the cells of the root.

Root Stem Cells

Meristems are populations of dividing cells, but not all cells in the meristematic
region divide at the same rate or with the same frequency. Typically, the central
cells divide much more slowly than the surrounding cells. These rarely dividing
cells are called the quiescent center of the root meristem.

Cells are more sensitive to ionizing radiation when they are dividing. This is the
basis of the use of radiation as a treatment for cancer in humans. As a result, the
rapidly dividing cells of the meristem can be killed by doses of radiation that
nondividing and slowly dividing cells, such as those of the quiescent center, can
survive. If the rapidly dividing cells of the root are killed by ionizing radiation, in
many cases the root can regenerate from the cells of the quiescent center. This
ability suggests that quiescent-center cells are important for the patterning
involved in forming a root.

The most striking structural feature of the root tip, when viewed in longitudinal
section, is the presence of the long files of clonally related cells. Most cell



divisions in the root tip are transverse, or anticlinal, with the plane of cytokinesis
oriented at right angles to the axis of the root (such divisions tend to increase
root length). There are relatively few periclinal divisions, in which the plane of
division is parallel to the root axis (such divisions tend to increase root
diameter).

Root Apical Meristems Contain Several Types of Stem Cells

The patterns of cellular organization found in the root meristems of seed plants
are substantially different from those observed in more primitive vascular
plants. All seed plants have several stem cells instead of the single stem cell
found in plants such as the water fern Azolla.

The Arabidopsis root apical meristem has the following structure:

(A) The quiescent center is composed of a group of four cells, also known as the
center cells in the Arabidopsis root meristem. The quiescent-center cells in the
Arabidopsis root usually do not divide after embryogenesis.

(B) The cortical-endodermal stem cells form a ring of cells that surround the
guiescent center. These stem cells generate the cortical and endodermal layers.
They undergo one anticlinal division (i.e., perpendicular to the longitudinal axis);
then these daughters divide periclinally (i.e., parallel to the longitudinal axis) to
establish the files that become the cortex and the endodermis, each of which
constitutes only one cell layer in the Arabidopsis root.

(C) The columella stem cells are the cells immediately above (apical to) the
central cells. They divide anticlinally and periclinally to generate a sector of the
root cap known as the columella.

(D) The root cap—epidermal stem cells are in the same tier as the columella stem
cells but form a ring surrounding them. Anticlinal divisions of the root cap—-
epidermal stem cells generate the epidermal cell layer. Periclinal divisions of the
same stem cells, followed by subsequent anticlinal divisions of the derivatives,
produce the lateral root cap.

( E) The stele stem cells are a tier of cells just behind the quiescent-center cells.
These cells generate the pericycle and vascular tissues.

The stem cells, together with theirimmediate derivatives in the apical meristem,
are called the promeristem.



