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Abstract
Water stress affects almost all aspects of plant growth and development starting from seed
germination to yield. The molecular events that lead to the differences in plant responses to
water stress brings about an over all biochemical and physiological changes. These effects are
externally manifested by the reduction in green leaf are, retarded growth and decreased yield.
All these parameters affect photosynthesis to a greater extent either through regulation of water
relations by stomatal mechanism or through non-stomatal metabolic regulation of
photosynthetic processes. The major events for water stress resistance and adaptation to stress
is manifested through the accumulation of osmotica. The osmatic adjustment in plants is the
key feature for improvement and adaptation to water stress conditions. In this review we
explain the molecular events that occur during osrnc-ic adjustment and their possible
manipulation for water stress resistance in plants.

(Keywords: adaptation! metabolites!osmolyte/osmotic stress!photosynthesis! water stress)
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Introduction
Water is one of the key inputs "to any agricultural system. Because of strong link

between photosynthesis and transpiration at the level of the individual leaf, crop and
pasture production are highly correlated with water use', For agricultural system to be
both productive and sustainable in the long term, management of the water resource is
required to ensure that sufficient water is available for plant growth and excess water
is not allowed to contribute to land degradation'.

Water is an essential resource for plant life and metabolism. At the cellular level,
it is used in chemical reactions as well as to separate and arrange membranes and

"organelles. At the whole plant level, it is the main carrier for substances traveling
among plant organs and tissues. Moreover, because of the large difference in water
potential between the hydrated plant cell and dry atmosphere, ",0 other substance in
plants is replaced in the same quantities as water. Thus" any limitation in the
availability of water, generally known as water stress, affects almost all plant
functions', The Food and Agricultural Organization of the United Nations estimates
that 600 million hectares of potentially arable land is unused because of limited
water", That area is almost equivalent to the area currently utilized in arable
production. The role of global climate changes needs to be recognized that the
predicted changes resulting from global warming may have significant effects on
water use and the sustainability of future agricultural systems.

Development of water deficit in plants
The plant growth is controlled directly by plant water deficit and only indirectly

by soil water deficits. The plant water deficit that develops in any particular situation
is the result of a complex combination of soil, plant and atmospheric factors, all of
which interact to control the rate of water absorption and water loss9. The increasing
demands being placed on both food and water resources throughout the world require
that agriculture become more efficient in its water use without sacrificing production
of food and fiber. Thus in both irrigation and dry land agriculture, a greater
understanding of crop water deficits and their influence on growth, development and
yield is essential.

Effect of water stress on plants
Water is a fundamental constituent of all life, comprising about 90% of the

fresh weight in most physiologically active plants. Water stress, affecting various
physiological and biochemical functions involved in plant growth and
maintenance, develops when the cellular water content drops and plants are unable
to derive from soil to maintain the required level of cellular water content. The
degree to which soil water deficit influences the plant depends on the degree of
aridity of atmosphere and also on a number of plant characteristics which influence
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water uptake, the rate of the transpiration, rate of photosynthesis and various
metabolic activities. In most plants, if the water content falls much below this level,
numerous processes are modified or impaired'. Water deficit reduce physiological
activity of the cell, cell enlargement, growth potential, metabolic process, leaf area,
leaf development, hydraulic conductance of xylem vessels in roots, root density and
depth, photosynthesis, carbon dioxide uptake and carbohydrate synthesis. The leaf
roles, internodes become short and stomata close due to water stress. The time scale of
plant response to water stress is given in Fig. I.

Time delay Responses Processes

Minutes

Apoplast water tension increase
! l-.~{;==========~

".,., Decrease in Cell turgor, Root
··L

water potential, transpiration

ABA moves to guard cells

Hours

Carbon allocation for osmotica

Polysome disaggregatioo

New mRNA transcription

Days
ABA synthesis increases

Accumulation of osmotica

Weeks
Increased root growth

Drought hardening.

Fig. I-Time scale of plant responses to water stress.

Effect on growth and yield: Water stress has long been known to affect the
growth and yield of plants. Growth depends on the ability of a plant to intercept solar
radiation and the ability to convert this intercepted energy into biomass. Therefore, the
influence of water deficits on the processes ofleaf area developments and carbon gain
are of fundamental importances.

Cell membranes are one of the first targets of plant stresses". lijinlO first reported
alternation of membrane structure under water stress. These alternation are due to
modification of cellular compartments' and increase in cell permeability. The cell
permeability leads to an increase in ion efflux".

The inhibition of leaf growth by moderate water stress in seedlings of rice,
maize and barley were found to be uniformly associated with reduction in cell
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division and cell expansion 12. In the first leaves of maize and barely seedlings this
growth inhibition was also associated with stress induced decrease in the
extensibility of the expanding cell walls J3. Cell wall extensibility in the emerging
first leaf of rice seedling did not decrease in response to water stress, although leaf
growth was inhibited 12.

Effect on metabolism : Metabolic responses of plants to water deficit can be
viewed in two different ways. First as rearrangements that stem from stress-induced
lesions at vulnerable sites in metabolism. The second as potentially adaptive changes
that reflect ordered operation of metabolic regulatory mechanisms, and which favor
the performance of the plants as a whole during or after stress 14. Adaptive responses in
the metabolism of any organism during environmental stress must reflect changes
either in activities of enzymes or in gene expression. Activities of enzymes are
function of substrate and cofactor availability, interaction with enzyme modulators,
and physical and physico-chemical variables like pressure, temperature and total water
potential. Gene expression determines the types and amount of enzymes present
through the processes of DNA transcription and mRNA processing and translation. In
principle, enzyme activity changes are instant whereas changes in gene expression
develop over hours to days.

Changes in enzyme activity : Carbon dioxide concentration in leaf mesophyll
tissue decreases due to the stress induced closure of stomata. This results in the
accumulation ofNADPH and NADP becomes limiting. Under such condition, oxygen
acts as an alternate acceptor of electron resulting in the formation of superoxide
radical" (Asada 1999). Superoxide radical is reduced to H202 by superoxide
dismutase (SOD). Further, hydroxyl radical is formed by Haber-Weiss reaction. Super
oxide, H202 and hydroxyl radicals are toxic to cellular system and can cause lipid per-
oxidation, membrane injury, protein degradation, enzyme inactivation, pigment
degradation and disruption of DNA strands". However, plants protect the cellular
systems from these oxygen radical damage through a series of enzyme systems like
superoxide dismutase, ascorbate peroxidase, glutathione reductase, catalase and
through the formation of reductants like glutathione, ascorbate, a-tocopherol and
carotenoids 17. Modulation in the activity of these enzymes are utmost importance for
adaptation of plants to stressful environment.

Nitrogen metabolism: A characteristic physiological response of many organism
exposed to osmotic stress is the selective accumulation of intracellular aminoacids'".
The most widely reported stress induced amino acid accumulation in plants is the
accumulation of Proline.
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Proline: Proline accumulation in the vegetative tissues of drought stressed cereals
is well documented I9. This could be due to stimulated synthesis of precursors, low
rates of proline oxidation", slow incorporation into protein due to impaired protein
synthesis or accelerate protein breakdown resulting in the increase of free aminoacids
including proline. It is reported that the ability of high proline accumulation is
positively correlated to drought resistance".

Glycine betaine : All betaine containing plants are halophytes and by all means
halophytes accumulate betaine'". The pathway of betaine synthesis by a two step
oxidation of choline in higher plants is shown below:

Choline
Mono-oxygenase

CHOLINE ~ BETAINE ALDEHYDE

Betaine aldehyde
dehydrogenase

----------~~~ BETAINE

Betaine is found in both shoots and roots. Root levels are usually lower than or
equal to shoot levels", Wheat anthers and pollen contain high concentration of betaine
and its precursor choline". Betaine accumulation upto about 5 fold in leaf tissue of
grasses and chenopods subjected to water deficits in control environment". Betaine
also accumulates in the upper leaves of barely crops grown in non irrigated field
conditions",

The highest betaine levels reported in spinach leaf tissues of water stressed
mesophytes are about 450 umol g-I dry wt. Drought tolerance and accumulation of
glycine betaine in sorghum are co-related", The enzyme betaine aldehyde
dehydrogenase showed an increase in activity following water deficits in amaranths'".
However, externally applied glycine betaine does not act as a compatible solute
following osmotic (PEG) shock of leaf disks of Brassica napus",

The probable causes of betaine accumulation based on radio-tracer studies with
water stressed barely, salinized sugar beet and spinach, are : (1) Increased de novo
synthesis of betaine from 2-C and l-C precursors. (2) The potential for oxidizing
betaine aldehyde to betaine'", (3) Increased capacity for oxidation of choline to
betaine aldedyde" (4) Increased capacity for methylating ethanolamine is associated
with betaine accumulation in barell°.31 although only serine decarboxlation seems to
be enhanced by stress in spinach". (5) The rate of betaine degradation in not likely to
be major term governing betaine accumulation in 'leaves. (6) Betaine is phloem mobile
and is exported from mature leaves during moderate stress31.33.There is very little to
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suggest whether stress provokes changes in the amounts or activities of the enzymes
of betaine biosynthesis. The nature of the effector enhancing betaine biosynthesis is
unknown, with respect to changes in water potential or turgor potential vs. changes in
osmotic potential the situation is analogous to that for proline.

Effect on photosynthesis:

Stomatal behavior : The responsiveness of stomata to water deficits has been
known for many years. Because guard cells occupy a key position in the pathway for
gaseous exchange between the plant and atmosphere, their importance as regulators of
water loss and carbon dioxide uptake has been recognized and generated a resurgence
of interest in their response to water deficits. In the leaves of stressed field grown
plants, maximum total water potential is frequently close to the threshold total water
potential value for stomatal closure, so that after initial opening in the early morning,
total water potential fall sufficiently to reduce stomatal aperture by midday". Leaf
temperature increases in field water stressed plants, which affect metabolism via the
kinetic properties of enzymes and by heat injury".

Expansion of the photosynthetic surface: Leaf growth is frequently found to be
more sensitive to water deficits than leaf gas exchange':". Water deficits may reduce
leaf growth to a sufficiently great extent that leaf assimilation rates per unit area are
maintained. Thus growth decreases as water deficits develop and leaf turgor pressure
decreases. Cell growth is determined not simply by cellular turgor pressure and wall
extensibility, but also by the supply of water, solutes, and hormones to the ceIl37

•
38

.

Phytohormones i.e. auxin, play an important role in wall loosening and hence in cell
extensibility". Water deficit influences the phytohormone balance of the plant and the
movement of such phytohormones as cytokinins and abscisic acids form th.e root to
the shoot".

Influence of water deficits on leaf photosynthesis : The primary response of
plants to water deficit is the closure of stomata and reduction in the rate of
photosynthesis. Therefore, prolonged or sever water deficit also damage the internal
photosynthetic mechanism. Stomata close at a critical or threshold water potential".
Then the stomatal conductance, and hence the rate of net photosynthesis, decrease
linearly depending on the species and rate of stress development. Even with very slow
rate of soil drying, stomatal conductance and net photosynthesis decrease markedly
with little or no decrease in leaf water potential in some species39-41. High hydraulic
gradients between the leaf mesophy II cells and guard cells are reported to lead to
closure of stomata at low humidity". Even when leaf hydration is maintained high,
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stomata close and photosynthesis decreases as the soil water content decreases'I. This
probably arises because of the production of absisic acid in the drying roots that is
transferred to the leaf epidermis and induces stomatal closur~42.

Inhibition of photosynthesis in isolated chloroplasts, protoplast, and leaf slices by
dehydration in hypertonic solution" and determination of stomatal and mesophyll
limitation to CO2 uptake in leaves of water stressed plants" indicates that non
stomatal factors can contribute substantially to decreased. photosynthetic rates during
water stress. In vitro studies indicate that the perturbations in the ionic milieu of the
stroma may play an important role in mediating water stress inhibition of the
photosynthetic processes':". The stomatal pH is too low to support optimal
photosynthetic rates in dehydrates plastids, and that cellular processes, which facilitate
stromal alkalization may modulates stress effects on chloroplast.

Moderate water stress of plants reduced oxygen evolution capacity and quantum
yield of photosynthesis of chloroplasts". Cyclic and noncyclic photophosphorylation
were greatly inhibited", Stress induced inhibition of the dark reactions of
photosynthesis has also been reported. Isolated enzymes of the photosynthetic carbon
reduction cycle showed no inhibition by low. osmotic potential". The mechanisms by
which water stress is transduced into a decreased photochemical capacity remain
unclear. Photo inhibition at low internal CO2 concentration caused by stomatal closure
has been proposed and has been demonstrated in leaves. However, photoinhibition did
not occur under conditions, which allowed phororespiration".

Adaptation to water deficits

The mechanisms of adaptation to water deficits were developed into morpho-
logical and physiological adaptation". The ability of a crop variety or species to grow
satisfactorily in areas subjected to periodic water deficits has been termed as drought
resistance. Plants resistant to drought avoid the development of severe water deficit by
maintaining high tissue water potential or tolerate severe deficits with low tissue water
potential".

Mechanism of adaptation:

Morphological changes : Reduction in leaf area leads to less of evapo-
transpiration ", Positive leaf movement to orient the leaf parallel to the incident
radiation (parahelionasty) and rolling of wilted leaves reduce the effective leaf area
and hence the energy load upon the plant. Parahelionasty leaf movements have been
identified in stressed beans". The development of enlarged white hairs under stress in
silver sunflower (Helianthus agrophyllus L.), increases the reflection of radiation by
the leaf and decreases the conductance of water through the boundary layer of the
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leaf". The wax bloom on sorghum leaves help to reduce transpiration. If soil water is
available at depth, the development of deeper roots system is a useful adaptive
feature".

Physiological mechanism: Stomatal closer in response to stress is a powerful
mechanism for regulating water loss and reducing the development of further
stress56

•
57 Lowering of osmotic potential is the most important physiological

mechanism enabling plants to tolerate stress. Osmotic adaptation provides an
explanation for the decrease in threshold water potential for stomatal closure after a
series of cycles of stress". Osmotic adaptation of roots also may be important in
allowing preferential growth of roots under stress'",

Osmotic adjustment: Osmotic adjustment in response to water stress enables
many plants to withstand moderate water deficit or grown in area of limited water
availability", Osmotic adjustment is the accumulation of solutes that occurs as a
results of exposure to water shortage61

•
62

• The degree of osmotic adjustment varies
with species".

Osmotic adjustment has been shown to enable photosynthesis to be maintained at
low leaf water potential", to delay leaf senescence", improve floret survival, and to'
improve yield under water limited conditions. Sorghum genotypes with high osmotic
adjustment has 34 and 24% higher yields when water stress occurred before and after
anthesis respectively, compared to genotypes with low osmotic adjustment.

Abscisic acids as a stress signal: The plant hormone ABA increase as a result of
water stress and ABA has important role in the tolerance of plants to drought".
Abscisic acid (ABA) induces stomatal closure'? and so stomatal closure is frequently
associated with an increase in leaf ABA content". ABA synthesis in leaves and
transport to the root, in addition to synthesis and reduction of ABA in the root, IS

Mevalonic Acid -.
I 2

Farncsyl pyrophosphate -. Zeaxanthin -. Antheraxanthin -.

tn:J3 5 6 7
All-trans Violaxanthin\'Uf 4 9-cis- ncoxanthin-' Xanthoxin -. A!3A-aldehyde -. ABA

I. Zeaxanthinc epoxidase; 2. cpoxidase; 3, isomerisation through all-trans-Neoxanthine;
I

4, isomcrisation or double bond; 5, dioxygenase; 6, oxidation and isomerisation; 7, oxidatiod
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necessary for ABA to act as the signal for deteriorating soil water conditions68• The
pathway of ABA synthesis from Mevalonic acid though isoprene synthesis pathway in
plats is shown below:

Besides signal transduction, ABA plays a vital role in the stress induced gene
expression in plants".

Molecular responses to water stress:

Water deficit has been shown to induce a wide range of molecular, cellular and
biochemical responses in plants (Fig. 2) Although protein synthesis is generally
suppressed by water deficit, some proteins increase with dehydration and disappear
when the deficit is relieved. One group of proteins that are consistently induced by
dehydration is the dehydrirus)", which is part of the late embryogenesis abundan1
(LEA) class of proteins that is stimulated by.dehydration 71. Synthesis of LEA proteins
has been shown to occur in the above ground parts of a wide range ol
monocotyledonous and dicotyledonous plants, mosses, liverworts and resurrectior
plants in response to desiccation". Similar proteins are synthesized in the developing
seeds as water content declines and the embryo matures". LEA proteins anc
dehydrins production can also be induced by ABA, even in the absence of water
stress, in some but not all plants73

,74. Water deficits also induces accumulation of the

Transcription
ontrol

Fig. 2-Molecular, biochemical and physiological responses of plants to water deficit.
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compatible solutes, such as glycine betaine proline and betaine, and other quaternary
ammonium compounds that are considered to act as osmoprotectants". Genes for their
overproduction have been identified and genetic modification of species to increase
the content of compatible solutes is now feasible".

Gene expression during stress are anticipated to promote cellular tolerance of
dehydration through protective functions in the cytoplasm, alternation of cellular
water potential to promote water uptake, control of ion accumulation and further
regulation of gene expression (Fig. 3). Expressing of a gene during stress does not
guarantee that a gene product promotes the ability of the plant to survive or damage
that occurs during stress. Other genes may be induced, but their expressions do not
alter stress tolerance. Yet others are required for stress tolerance and the accumulation
of these gene products favour adaptive responses.

OSMOTIC CIIANGE

SjIGNAjLTRANjSDUjCTL?O~dmessenger
(Ca2+,1 P3)

Phosphorylation
(CDI'K,MAI'K cascade)
Plant hormone (ABA)

GENE ~SSION

BIOCHEMICAL RESPONSES
I

" • ,r ,

PHYSIOLOGICAL RESPONSES
AND STRESS TOLERANCE

Fig. 3-Cascade of cellular and molecular events leading to gene expression in plants. Changes in gene
expression leads to the biochemical and physiological re~onses. Exploitation of such

network of events leads to stress tolerance in plants.

Genes expressed during water deficit: The number of responses of water deficit
is controlled by an array of genes with many different function. As water is lost from
the cell, regulatory processes are initiated that adjust cellular metabolism to the new
cellular conditions. At the same time growth inhibition and alternations of
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developmental pathways will result in changes in gene expression. Many of the water-
deficits-induced genes encode gene products which protect cellular functions69)o.8o.

Genes for Protection of cellular structures: A number of water- deficit-induced
gene products are predicted to protect cellular structures from the effects of water loss.
These genes, frequently called LEA (late embryogenesis abundant gene) were first
identified as genes that are expressed during the maturation and desiccation phases of
seed development". These genes are also expressed in vegetative tissues during
periods of water loss resulting from water, osmotic and low temperature stress. At
least 6-groups of LEA genes have been identified, based on amino acid sequence
similarities among several species".

(i) 0-7 family or group 3 : plays a role in the sequestration of ions that are
concentrated during cellular dehydration.

(ii) 0-29 family or group 5 : sequester ions during water loss.

(iii) 0-19 family or group 1 : enhanced water binding capacity.

(iv) 0-113 family or group 4 : replace water to preserve membrane structure.

(v) 0-11 family or group 2 : chaperone function or, preserve protein structure.

Genes that are thought to protect cellular structures are induced by stresses that
result in water deficits and during periods of development that result in cellular
dehydration.

Genes for Osmotic adjustment: The maintenance of total water potential during
water deficits can be achieved by osmotic adjustment. A reduction in cellular water
potential below the external water potential allows water to move into the cell. The
osmotic potential inside the cell is lowered by the accumulation of osmolytes
(compatible solutes) in the cytoplasm. Genes that encode enzymes for steps in the
synthesis of these osmolytes have been identified and in some cases they have been
shown to be induced by water deficits70.79.8o.Regulation of osmotic potential and ion
compartmentation occurs at the expense of the W electro-chemical gradient.
Integrated control of the different ATPases of the cell and other carriers is required.
Salt regulates the 70kOa sub-units of the tonoplast W -ATPase, a putative ER Ca2+ -
ATPase, and the plasma membrane H+-ATPase8l.

Newly discovered proteins that have six putative membrane-spanning domains
and a channel like structure may also playa role in osmotic adjustment. Members of
this protein family form water-specific ion or solute channels. Two proteins osmotin
and nonspecific lipid transfer proteins, arestress induced and are thought to playa
role in controlling pathogens. Osmotin was first found to accumulate in cells adapted
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to high concentration of salt". Genes involved in two types of protein degrading
mechanisms such as proteases and ubiquitin are induced by water deficits. These gene
products may be induced in the degradation of proteins that are denatured during
cellular water loss. Counteracting these degrading mechanisms are chaperons and
protease inhibitors that are also induced by water deficit.

ABA induced gene expression during water deficit: ABA concentration is
altered during cellular dehydration, i.e. water stress. ABA is synthesized trough the
carotenoid biosynthesis pathway. ABA biosynthetic enzymes or other proteins in the
pathway must be synthesized for elevated levels of ABA to accumulate and before
ABA-requiring genes can be induced69,70,8o. There exists both ABA-independent
and ABA-dependent signal transduction cascades between the initial signal of drought
stress and the expression of specific genes (Fig. 4). Several of these water stress
induced genes are regulated by cis-acting elements69,7o,8o. The genes that are regulated
by cis-acting elements are:

MYB : A family of transcription factors with Trp cluster motif.

MYC : A family of transcription factors with basic-helix, loop-helix (bHLH) and leu-
zipper motif.
bZIP : A family of transcription factors with basic region andleu-zipper motif.

MAPK : Mitogen-activated protein kinase.

CDPK : Calcium-dependent protein kinase.

MAPKK : A protein kinase that phsphorylates MAPK.

MAPKKK : A protein kinase that phsphorylates MAPKK.

RSK : Ribosomal S6 protein kinase.

PLC : Phospholipase C that produces two second messengers, inositol 1,4,5-
triphosphate (IP3) and 1,2-diacyl-glycerol.

Molecular techniques for improvement of drought resistance:

Progress has been mace during past decade in the use of molecular techniques to
improve the disease, insect and herbicide resistance and quality aspects of several crop
species. Many of the agronomic and economically important corps have been
transformed so that genes for pest and disease resistance from a variety of sources can
be and are being inserted. Drought resistance is not a single gene response and
progress in improving drought resistance by the use of molecular techniques has not
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Fig. 4-Signal transduction pathways between the perception of water stress signal and gene expression.
The regulatory elements are represented by : ABRE : ABA-responsive elements (PyACGTGGC), ORE :

Dehydration-responsive elements (TACCGACA T), MYBRS : MYB recognition sequence
(PyAACPyPu), MYCRS : MYC recognition sequence (CANNTG)

been as rapid. However, genetic studies have been conducted for the understanding of
stress tolerance in plants. Application of genetic analysis in plant stress tolerance is
limited because of the scarcity of suitable phenotypes for mutant screening".
Arabiodopsis is taken as a model genetic material to dissect the abiotic stress signaling
in pants. Plants show reduced growth rate or are killed by prolonged or severe drought
stress conditions. However, reduced growth or stress damage is not reliable criteria for
screening the mutagenised population, as many other factors (e.g. sugars, soluble
carbohydrates, protein, betaine and ROS) also affect plant growth and responses to
stress 69,70,79,80,

Water stress induces 'drought rhizogenesis' by causing root hairs to become short
and bulbous". ABA treatment was shown to mimic the phenotypes of water stress on
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root hairs'", It seems that this rhizogenesis may be drought/ABA specific. However,
there is no report using this phenotype to screen drought related mutants. The
inefficiency of visible phenotype screening for abiotic stress signaling is due to the
extensive connectedness in the signaling pathways'", So the effect of mutation in a
single component in the pathway may well be compromised by the signaling
redundancy or connectedness. To overcome these limitations of visible phenotype
screening, alternate approaches like molecular genetic approach is increasingly
utilized for dissecting water stress signaling in plants.

The trans gene approach for the genetic analysis of stress tolerance is used in
recent years. A chimeric gene consisting of the promotor of a stress responsive gene
and a convenient reporter gene is introduced into plants, and the transgenics are used
as starting materials for mutagenesis. In the M2 generation, individual mutants with
de-regulated reporter gene responses to stress treatments are isolated69. These
mutations likely define components in the signal transdiction pathways under stress.
By using a series of marker genes (promoters) in different positions of the signal
network, one can dissect the whole network genetically. Reporters that are commonly
used are : bacterial ~-glucuronidase (GUS), firefly luciferase (LUe) and green
fluorescent protein (GFP)69. A number of plants in which such genetic dissection of
signal transduction pathways for water stress tolerance genes are reported are given in
Table 1.

Table 1- Osmotic stress tolerant genes expressed in plant systems.

Gene Host plant Enhanced tolerance References

Wheat Salt, Drought

Salt, Drought

79

80Rab Rice

Hva22 Drought 84

Cl Maize Water stress 85

rd22 Arabidopsis Water stress

rd22BPl Arabidopsis Drought, Salt

Drought, Salt

Drought, Salt, Cold

Drought, Salt, Cold

86

Atmyb2

rd29A(lit78/cor78)

Kin, Cor6.6 (Kin2), Cor47

rd19, rd21

Arabidopsis 87

Arabidopsis Drought

88

79,80,89

89,90

Arabidopsis

Arabidopsis

Table 1 Contd ..
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ATPLCI

ATCDPK1, ATCDPK 2

ERA 1

ATCDPD 1 Abi 1

AlMPK3

MMK4

Ssk2/Ssk22, pbs2, Hog 1

CPRD 8, CPRD 14, CPRD
22

CPRD 12, CPRD 46

VuNCED I

Arabidopsis

Arabidopsis

Arabidopsis

Maize

Saccharomyces
cerevisiae

Cow pea (Vigna
unguiculata)

Cow pea (Vigna
unguiculata)

Cow pea ( Vigna
unguiculata)

Drought, Salt 90

Drought, Salt 87

Drought 91

Drought 92

Drought, Salt, Cold 93

Drought, Salt, Cold 94

Drought 95

Drought 96

Drought 97

Drought 98,99

The above studies suggest that water stress (drought or osmotic stress) tolerance is
also connected to other stress tolerance pathways such as salinity, cold and ABA
signal. Components of each stress resistant gene(s) can be deciphered by map based
cloning of these mutants.

Future perspectives:

Although an extensive work is done for genetic engineering of plants, especially
the model plant Arabidopsis thaliana for understanding and dissecting the genetic
information for stress tolerance, still the following hurdles are to be overcome before
successfully understanding water stress tolerance of plants and releasing an useful
transgene plant for proper use. The following points are to be tackled in future for the
success of such projects:

(i) A complete genome sequence will facilitate the isolation of mutations
identified by map-based cloning of transgene phenotypes.

(ii) The strong transgene phenotype should have strong physiological phenotype.

(iii) Titrating the gene expression by the use of reporter genes have to be tightly
synergised for the endogenous gene expression in vivo.
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(iv) Genome wide expression profile, using cDNA microarray of plant mutants,
will identify the role of regulatory elements in the regulation of downstream
genes.

(v) Reverse genetic approach for can be used for dissecting the stress signal
transduction pathways isolating the knock out mutant or by the gene
silencing technique.

Most of the studies on the molecular genetics of stress tolerance of plants are being
done extensively on Arabidopsis mutants as a model system. However, there should
be a consorted effort for studies on crop plants where improvement for water stress
tolerance is highly demanding. Looking at the future demands for plant productivity
and diversification of agriculture, molecular breeding for stress tolerance is an
alternate biotechnological approach.
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