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Plant Drought Tolerance Mechanisms

Plants respond to their changing environment in a
complex, integrated way that allows them to react
to the specific set of conditions and constraints
present at a given time. Therefore, the genetic
control of tolerance to abiotic stresses is not only
very complex, but is also highly influenced by other
environmental factors and by the developmental
stage of the plant.

The physiological responses of plants to a deficit of

water include leaf wilting, a reduction in leaf area,

leaf abscission, and the stimulation of root growth by directing nutrients to the underground
parts of the plants. Plants are more susceptible to drought during flowering and seed
development (the reproductive stages), as plant’s resources are deviated to support root
growth. In addition, abscisic acid (ABA), a plant stress hormone, induces the closure of
leaf stomata (microscopic pores involved in gas exchange), thereby reducing water loss
through transpiration, and decreasing the rate of photosynthesis. These responses improve
the water-use efficiency of the plant on the short term.

Plant cells are required to maintain water balance.
To mantain this water balance, plants absorb water
when water potential is negative Cells can decrease
their water potential through the accumulation of
solutes, such as sugars, amino acids, organic acids
and ions — especially potassium (K+). As cellular
enzymes are severely inhibited by the presence
of ions, these must be removed from the cytosol
(the ground fluid substance of the cell) and stored
in special storage cell organelles, the vacuoles.
Compatible solutes that accumulate in the cytosol and do not interfere with enzymatic
reactions comprise sugar alcohols (mannitol and sorbitol), the amino acid proline, and
glycine betaine. The synthesis of these compounds by the plant enhances tolerance to
drought®.

The plant’'s response to drought is accompanied by the activation of genes involved in
the perception of drought stress and in the transmission of the stress signal. One group
are genes that encode proteins that protect the cells from the effects of desiccation®.
These genes include those that govern the: accumulation of compatible solutes; passive
transport across membranes; energy-requiring water transport systems; and protection and
stabilization of cell structures from desiccation and damage by reactive oxygen species®.

A second group of genes activated by drought is
comprised by regulatory proteins thatfurtherregulate
the transduction of the stress signal and modulate
gene expression. At least four independent stress-
responsive genetic regulatory pathways are known
to exist in plants, forming a highly complex and
redundant gene network®°. Two of the pathways are
dependent on the hormone ABA, and two are ABA-
independent. These pathways are also implicated
in the perception and response to additional stress
factors, including cold, high temperature and salinity.

Genetic Engineering Drought Tolerant Plants

Although not a crop plant, Arabidopsis has played a vital role in the elucidation of the basic
processes underlying stress tolerance, and the knowledge obtained has been transferred
to a certain degree to important food plants’®. Many of the genes known to be involved
in stress tolerance have been isolated initially in Arabidopsis. The introduction of several
stress-inducible genes into plants by genetic engineering has resulted to increased tolerance
of transgenics to drought, cold and salinity stresses® °. Some examples are reviewed in the
following section.

Genetic manipulation of the siress response to abscisic acid (ABA)

ABA levels in the plant greatly increase in response to water stress, resulting in the closure
of stomata thereby reducing the level of water loss through transpiration from leaves and
activate stress response genes. The reaction is reversible: once water becomes available
again, the level of ABA drops, and stomata re-opens. Increasing the plant’s sensitivity to ABA
has therefore been a very important target for improving drought tolerance.

ERA1, ageneidentified in Arabidopsis, encodes the R-subunit
of a farnesyl-transferase, and is involved in ABA signaling.
Plants lacking ERA1 activity have increased tolerance to
drought, however are also severely compromised in yield.
In order to have a conditional, reversible down-regulation
of ABA, a group of Canadian researchers used a drought-
inducible promoter to drive the antisense expression of
ERA1, in both Arabidopsis and canola plants". Transgenic
plants performed significantly better under water stress,
with consistently higher yields over conventional varieties.
Importantly, there was no difference in performance between transgenic and controls in
conditions of sufficient water, demonstrating that the technology has no yield-drag''. Multi-
location trials have confirmed yield increases due to enhanced protection to drought to be
15-25 percent compared to non-transgenic controls (http://www.performanceplants.com).

Performance Plants Inc, a Canadian plant biotechnology company, is developing the
technology for commercialization, under the name Yield Protection Technology™ (YPT™).
YPT™ is also being developed for maize, soybean, cotton, ornamentals and turf grass to be
available to farmers in early 2011.

ABA-independent gene regulation to drought stress

The transcription factors DREB1 and DREB2, are
important in the ABA-independent drought tolerant
pathways, that induce the expression of stress response
genes. Over-expression of the native form of DREB1, and
of a constitutively active form of DREB2, increases the
tolerance of transgenic Arabidopsis plants to drought,
high salinity and cold. Although these genes were initially
identified in Arabidopsis plants, their presence and role in
stress tolerance have been reported in many other important crops, such as rice, tomato,
barley, canola, maize, soybean, rye, wheat and maize, indicating that this is a conserved,
universal stress defense mechanism in plants®. This functional conservation makes the
DREB genes important targets for crop improvement for drought tolerance through genetic
engineering.




