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Embryogenesis Requires Specific Gene Expression
Analysis of Arabidopsis mutants that either fail to
establish axial polarity or develop abnormally during
embryogenesis has led to the identification of genes
whose expression participates in tissue patterning
during embryogenesis.

The GNOM gene: Axial patterning. Seedlings
homozygous for mutations in the GNOM gene lack
both roots and cotyledons. Defects in gnom embryos
first appear during the initial division of the zygote,
and they persist throughout embryogenesis. In the
most extreme mutants, gnom embryos are spherical
and lack axial polarity entirely. We can conclude that
GNOM gene expression is required for the
establishment of axial polarity

Genes whose functions are essential for Arabidopsis
embryogenesis have been identified by the selection of
mutants in which a stage of embryogenesis is blocked,
such as gnom and monopteros. The development of
mutant seedlings is contrasted here with that of the wild
type at the same stage of development. (A) The GNOM
gene helps establish apical–basal polarity. A plant
homozygous for gnom is shown on the right.



The MONOPTEROS gene
 Primary root and vascular tissue.

 Mutations in the MONOPTEROS (MP) gene result in
seedlings that lack both a hypocotyl and a root, although
they do produce an apical region.

 The apical structures in the mp mutant embryos are not
structurally normal, however, and the tissues of the
cotyledons are disorganized.

 Embryos of mp mutants first show abnormalities at the
octant stage, and they do not form a procambium in the
lower part of the globular embryo, the part that should give
rise to the hypocotyl and root.

 Later some vascular tissue does form in the cotyledons, but
the strands are improperly connected.

The MONOPTEROS gene is necessary for basal
patterning and formation of the primary root. Plants
homozygous for the monopteros mutation have a
hypocotyl, a normal shoot apical meristem, and
cotyledons, but they lack the primary root.
(A from Willemsen et al. 1998; B from Berleth and
Jürgens 1993.)

 Although the mp mutant embryos lack a primary root when they germinate, they will form adventitious roots as the seedlings
grow into adult plants.

 The vascular tissues in all organs of these mutant plants are poorly developed, with frequent discontinuities.
 Thus the MP gene is required for the formation of the embryonic primary root, but not for root formation in the adult plant.
 The MP gene is important for the formation of vascular tissue in postembryonic development.



The SHORT ROOT and SCARECROW genes

Ground tissue development: Genes have been identified that
function in the establishment of the radial tissue pattern in the
root and hypocotyl during embryogenesis.

These genes also are required for maintenance of the radial
pattern during postembryonic development.

To identify these genes, investigators isolated Arabidopsis
mutants that caused roots to grow slowly.

Analysis of these mutants identified several that have defects in
the radial tissue pattern.

Two of the affected genes, SHORT ROOT (SHR) and SCARECROW
(SCR), are necessary for tissue differentiation and cell
differentiation not only in the embryo, but also in both primary
and secondary roots and in the hypocotyl.

Mutants of SHR and SCR both produce roots with a single-celled
layer of ground tissue.

Mutations in the Arabidopsis gene SCARECROW (SCR)
alter the pattern of tissues in the root. (A) The cell
divisions forming the endodermis and cortex. The
endodermal cells and cortical cells are derived from the
same initial cells as a result of two asymmetric cell
divisions. The cortical–endodermal stem cell
(uncommitted cell) expands and then divides anticlinally,
reproducing itself and a daughter cell. The daughter cell
then divides periclinally to produce a small cell that
develops endodermal characteristics and a larger cell
that becomes a cortical cell. The second asymmetric
division does not occur in scr mutants, and the daughter
cell formed as a result of the anticlinal division of the
initial has characteristics of both cortical and
endodermal cells.



 Cells making up the single-celled layer of ground tissue
have a mixed identity and show characteristics of both
endodermal and cortical cells in plants with the scr
mutation.

 These scr mutants also lack the cell layer called the
starch sheath, a structure that is involved in the growth
response to gravity.

 Roots of plants with the shr mutation also have a single
layer of ground tissue, but it has only cortical cell
characteristics and lacks endodermal characteristics.



(B) The growth of a 12-day-old wild-type
seedling (left) is compared with that of two
12-day-old seedlings homozygous for a
mutation in the SCARECROW (SCR) gene
(middle and right).

(C) Cross section of the primary root of a
wild-type seedling. (D) Cross section of the
primary root of a seedling homozygous for
the scr mutant. (From Di Laurenzio et al.
1996; photos © Cell Press, courtesy of P.
Benfey.)





The HOBBIT gene: The root meristem.

 The primary root and shoot meristems are established during
embryogenesis.

 Because in most cases they do not become active at this time, the
term promeristem may be more appropriate to describe these
structures.

 A promeristem may be defined as an embryonic structure that will
become a meristem upon germination.

 A molecular marker for the root promeristem has not yet been
identified, but it appears to be determined early in embryogenesis.
Root cap stem cells (the cells that divide to produce the root cap) are
formed from the hypophysis at the heart stage of embryogenesis,
indicating that the root promeristem is established at least by this
stage of embryogenesis.

 The expression of the HOBBIT gene may be an early marker of root
meristem identity.

The HOBBIT (HBT) gene is
important for the
development of a functional
root apical meristem. (A)
Wildtype Arabidopsis
seedling; (B) hobbit mutant
seedling.



 Mutants of the HOBBIT (HBT) gene are defective in the formation of
a functional embryonic root, as are plants with mp mutants.

 However, these two mutations act in very different ways.
 The hbt mutants begin to show abnormalities at the two- or four-cell

stage, before the formation of the globular embryo.

 The primary defect in hbt mutants is in the hypophyseal precursor,
which divides vertically instead of horizontally.

 As a result, the hypophysis does not form, and the root meristem
that subsequently forms lacks a quiescent center and the columella.

 Embryos of hbt mutants appear to have a root meristem, but it does
not function when the seedlings germinate.

 Furthermore, plants grown from hbt mutant embryos are unable to
form lateral roots.

(C) root tip of wild type showing quiescent center (QC), columella (COL) and lateral root cap
(LRC); (D) root tip of hobbit mutant; (E) quiescent center and columella of wild-type; (F) absence
of quiescent center and columella in hobbit. The seedlings in A and B are both shown 7 days after
germination (4× magnification). Staining with iodine reveals starch grains in the columella cells of
the root cap in the wild type (E). No starch grains are present in the hbt mutant root tip (F). (From
Willemsen et al. 1998.



The SHOOTMERISTEMLESS gene: The shoot promeristem.

The shoot promeristem can be recognized
morphologically by the torpedo stage of embryogenesis
in Arabidopsis.

Oriented cell divisions of some of the cells between the
cotyledons result in a layered appearance of this region
that is characteristic of the shoot apical meristem.

However, the progenitors of these cells probably
acquired the molecular identity of the shoot apical
meristem cells much earlier, during the globular stage.

The SHOOTMERISTEMLESS (STM) gene is expressed
specifically in the cells that will become the shoot apical
meristem, and its expression in these cells is required for
the formation of the shoot promeristem.

Arabidopsis plants homozygous for a mutated, loss-of-
function STM gene do not form a shoot apical meristem,
and instead all the cells in this region differentiate.



 The product of the wild-type STM gene appears to suppress cell
differentiation, ensuring that the meristem cells remain undifferentiated.

 STM mRNA can first be detected in one or two cells at the apical end of the
midglobular embryo.

 By the heart stage, STM expression is confined to a few cells between the
cotyledons.

 Because STM acts as a marker for these cells, the shoot apical meristem
must be specified long before it can be recognized morphologically.

 The STM gene is necessary not only for the formation of the embryonic
shoot apical meristem, but also for the maintenance of shoot apical
meristem identity in the adult plant.

 The role of the nucleus in controlling development was first demonstrated
in the giant algal unicell, Acetabularia.




