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ABSTRACT 

Scientific interest in oxidative stress has grown considerably over the last two decades. Studies have demonstrated that several 
reactive oxygen species (ROI) such as superoxide radical, hydrogen peroxide, and hydroxyl radicals, participate in the cause of 
oxidative stress under different environmental conditions. Plants have defense mechanisms comprising mainly enzymatic defense, 
which removes the intermediates of dioxygen reduction, has received much attention. Enzymes like ascorbate peroxidase, 
glutathione reductase, superoxide dismutase, catalase, are key enzymes and various studies on the activities/induction/expression 
of these enzymes during a range of stresses indicate the importance of ROI scavenging components in tolerance to the oxidative 
stress being imposed upon by O2

.. The interpretation of these studies is often difficult due to the complex stress responses in 
plants. This review deals with the use of gene transfer technology for the ability to modify the levels of different components in 
single genetic strain(s) without using any chemical agents or stress treatments. 

Keywords: Oxidative stress, reactive oxygen species, Genetic Engineering, SOD. 

 
INTRODUCTION 

lants are continuously exposed to environmental 
cues such as varying temperature, solar radiations 
and unpredictable limitations of availability of 

water or nutrients. The cues would make plants to adopt 
adaptive strategies at different level of organization to 
survive and complete its life cycle. One of the 
consequences of the stressful environment is the 
activation of paramagnetic oxygen leading to the 
generation of superoxide radical and hydrogen peroxide, 
which react with each other to produce highly reactive 
hydroxyl radical. These reactive oxygen intermediates 
(ROI) react with proteins, nucleic acids, fatty acids and 
virtually with all other organic compounds causing 
colossal damage to the cell and consequently, to the 
plant. Oxygen is activated by many diverse cellular 
reactions; chloroplasts and mitochondria being the major 
site1.  Plants have defense mechanisms comprising of 
ascorbate peroxidase (APX), glutathione reductase (GR), 
superoxide dismutase (SOD), catalase (CAT), and other 
peroxidases to scavenge ROI and hence protecting the 
plant. However, when the rate of production of ROI 
exceeds the rate of scavenging, damage occurs and the 
plant is said to be under oxidative stress. Under stressful 
environment the stability, activity, and sensitivity of these 
enzymes would determine the adaptation conferred to 
the plant2,3. SOD is the key enzyme catalyzing dismutation 
of super oxide anion (O2

.¯) into hydrogen peroxide (H2O2) 
and oxygen (O2) 104 times faster than the spontaneous 
dismutation reaction4. In plants, the role of SOD during 
environmental adversity has received much attention 
since ROI have been found to be produced during many 
stress situations. Several reports have shown that under 
stressful environments, such as in drought, low 

temperature, there is an increase in SOD activity with 
concomitant appearance of new isozymes of SOD 5. It was 
shown that SOD orchestrating with APX and GR are 
critical to lower oxidative stress induced damage and 
improve plant growth and development6-8. Further, 
working with high altitude flora Potentilla atrosanguinea 
(potentilla) a novel Cu/Zn-superoxide dismutase (Cu/Zn-
SOD) enzyme was discovered that can be autoclaved and 
can function at temperature ranging from <-10 ᵒC to >60 
ºC. Its gene was cloned and a heterologous expression 
system was developed for production of potential SOD in 
E. coli5. Using this gene transgenic plants of arabidopsis 
and potato have been developed. Transgenic plants 
under stress conditions performed much better as 
compared to the non-transgenic control. Thus one of the 
approaches to improve drought tolerance would be to 
mitigate the production of ROI such as superoxide radical, 
hydrogen peroxide, and hydroxyl radicals. In fact, 
exposure of plants to abiotic stresses such as drought 
causes oxidative stress in which increased production of 
ROI is evident9,7. Studies have shown that over-expression 
of ROI scavenging enzymes had marked effect on yield 
enhancement10 - 12. 

Conditions Leading to Oxidative Stress 

Transformation of life from O2 free reducing atmosphere 
to O2 rich oxidizing atmosphere, some of 2450 million 
years ago, necessitated modulation in the metabolism to 
account for the change13. While O2 provided advantage to 
aerobic organisms in terms of high-energy production and 
better substrate utilization, generation of toxic species of 
O2, known as ROI, was inevitable. ROI are produced at 
almost all the sites where O2 is involved in metabolic 
processes14. The major sites of ROI production in plants 
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include chloroplasts, mitochondria, endoplasmic 
reticulum, microbodies, cell wall and plasma membranes. 
ROI are fatal to cells. Recently, these are believed to act 
as signaling molecules as well. Toxicity of ROI is conferred 
due to their capability to cause lipid peroxidation, protein 
denaturation, DNA mutation and virtually oxidizing any 
biomolecule present in the cell. Therefore, the fitness of 
aerobic organisms depends upon their ability to maintain 
the balance between the production and scavenging of 
ROI. This delicate balance is well maintained by the plants 
under the optimal growth conditions. However, non-
optimal growth conditions shift the balance towards their 
increased accumulation forcing the system to undergo 
oxidative stress15. Recent literature indicates the 
involvement of ROI in several important reactions during 
different stages of growth and development in plants. ROI 
play important roles in the plant’s defence system against 
pathogens16,17, mark certain developmental stages such 
as tracheary element formation, lignification and other 
cross-linking processes in the cell wall18,19 and act as 
intermediate signaling molecules to regulate the 
expression of genes20. On the other hand, ROI are 
extremely reactive and react virtually with all the organic 
molecules present in the cell. Although, ROI are produced 
even during the normal metabolic reactions, their 
production increases enormously under certain 
physiological conditions that are responsible for causing 
stress. Environmental conditions such as exposures to 
high light intensities, UV irradiation, extremes of 
temperature, drought, flooding, heavy metals, high salt 
concentration, air pollutants including ozone, herbicides, 
mechanical and physical stress and biotic factors like 
invasion by various pathogens are responsible for 
imposition of oxidative stress in plants9. Protective 
enzymes and antioxidants are constitutively present in 
leaves. However, the capacity of this system is not 
constant but responds to intrinsic as well as exogenous 
factors. Several types of environmental and physiological 
stresses have been found to reduce or enhance the 
activities of various ROI scavenging systems in both 
prokaryotes and eukaryotes. Much variation was 
however, observed in the expression of these in relation 
to the type/severity of stresses, the species type and the 
type/physiological status of tissues21. Detectable increase 
in total ascorbate, APX and GR activity was observed in 
pea plants grown in winter22. However, significantly 
higher amounts of ascorbate, APX, GR and 
dehydroascorbate reductase (DHAR) were found at high 
light intensities in the same. Jahnke et al.23 observed low 
specific activities at 5ºC of SOD, GR, APX and DHAR in 
sensitive variety of maize. SOD and APX activity were 
double in tolerant variety. High light stress when 
combined with low temperatures enhanced the activities 
of ROI scavenging enzymes except CAT24. A large number 
of studies implicate the role of various components of ROI 
scavenging system during various stressful physiological 
conditions. 

 

Defence Systems against Oxidative Stresses 

The defence systems of plant cell are not restricted to the 
intracellular compartments but are also found in the 
apoplast to a limited extent. Antioxidative defence in 
plants consists of enzymatic as well as non-enzymatic 
constituents. Non-enzymatic components are generally 
small molecules including ascorbate, glutathione, 
carotenoids and lipid soluble -tocopherol. The non-
enzymatic machinery largely restrict ROI dependent chain 
reaction by capturing the ROI. The enzymatic defence 
includes SOD, APX and other peroxidases, CAT and the 
enzymes involved in the synthesis and regeneration of 
the reduced forms of the antioxidants25. In spite of having 
an array of antioxidants, the first and best defence for the 
plants is avoidance. This is achieved by cytochrome 
oxidase and similar enzymes, which by dint of several 
metal prosthetic groups; carry out the tetravalent 
reduction of the dioxygen to water without releasing 
intermediates. Cytochrome oxidase is responsible for 
most of the dioxygen reduction in respiring cells and thus 
markedly decreases the cell burden of O2

 and H2O2. 

Enzymatic Defence 

Enzymatic defence, which removes the intermediates of 
dioxygen reduction, has received much attention. SOD 
dismutates O2

. into H2O2 plus O2; the catalases catalyses 
conversion of H2O2 into H2O and O2; and the peroxidases 
utilize a variety of electron donors to reduce H2O2 into 
H2O. SOD is differentiated by the type of metal cofactor 
as, Cu/Zn, Mn and Fe-SOD. There are catalases based 
upon heme and others, which contain Mn (III) at their 
active sites. Peroxidases also occur in great variety26, 
some utilizing aromatic amines and phenols as the 
electron donor, while the other utilizes NADPH, 
glutathione, and even halides.  

Glutathione and Glutathione Reductase  

Numerous studies have shown that foliar Glutathione 
(GSH) contents increase in winter27,18. Therefore, it has 
been suspected that GSH plays a role in protecting against 
freezing injury 29. However, maximum content of GSH is 
found in young needles during emergence of the plant 
30,31 when they are particularly freezing-sensitive32. In 
herbaceous species with artificially enhanced GSH 
contents, elevated GSH concentrations neither protected 
leaves from freezing injury nor provided enhanced cold 
tolerance33. These observations do not support a role of 
GSH as a cryoprotectant per se. Correlative evidence 
suggests, however, that GSH is involved in protection of 
plants from photooxidative stress in winter as a substrate 
of glutathione reductase30. Cold-hardening and enhanced 
cold tolerance were generally accompanied by significant 
increases in glutathione reductase activities in 
herbaceous and coniferous plants34,35. In peas, cold 
treatment resulted in about 2-fold increase in glutathione 
reductase activity, but not in mRNA levels, suggesting that 
the glutathione reductase present in cytoplasmic tissues 
get activated due to cold treatments36. These results 
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emphasize that glutathione reductase activity plays a 
central role in mediating resistance from cold-induced 
photooxidative stress. 

Ascorbate and Ascorbate Peroxidase  

Increases in ascorbate content and ascorbate peroxidase 
activity have been observed in evergreens in winter like in 
needles of eastern white pine37. In contrast, 
dehydroascorbate reductase activity was lower in spruce 
needles in winter than in summer, suggesting that this 
enzyme may not be involved in frost tolerance. In spruce 
needles in winter, monodehydroascorbate reductase 
activity was about two times higher than in 
light-protected dormant buds38. In herbaceous plants 
such as maize and spinach, and in foliar buds of beech, 
monodehydroascorbate radical reductase activity seemed 
to be more important for the maintenance of the 
ascorbate pool under cold conditions than 
dehydroascorbate reductase39,23. Taken together with the 
observation that glutathione reductase activity also 
increases in winter, it appears that leaves have an 
increased need for the regeneration of antioxidants at 
low temperatures. 

Superoxide Dismutase 

Accumulating data on correlative and experimental 
studies have indicated that SOD’s play a significant role(s) 
in protecting organisms against oxidative stress. Its 
expression under various physiological conditions makes 
it a stress responsive enzyme in the true sense. The 
response of SOD in lower organism and yeast depend 
much on the growth conditions than on the 
environmental factors. Little is known about the 
regulation of Cu/Zn-SODs in prokaryotes; however, 
Cu/Zn-SODs in E. coli are induced upon entry into 
stationary phase40. Expression of Fe-SODs in E. coli is 
generally unaffected by a variety of conditions including 
oxidative stresses. However, Mn-SOD production in 
microorganism is modulated in a variety of environmental 
stimuli such as presence of oxygen, where it is induced. 
Campbell and Laudenbach41 analyzed the response of 
SOD genes in cynobacterium P. boryanum to the 
environmental conditions and found that the cytosolic 
protein is produced only in stress conditions, including 
iron and nitrate starvation and oxidative stress. Other 
environmental conditions such as heat shock and factors 
such as metals, pH and DNA topology also influences SOD 
expression in microorganisms42. In yeast, S. cerevisae, 
induction of Mn-SOD was found by pretreatment with 8% 
ethanol or by low-level heat shock43. However, little 
induction of SOD by menadione, a dye that generates O2

, 
was observed by Jamieson et al.44 in yeast. It was 
however, attributed to high constitutive level of 
expression of Cu/Zn-SOD. Induction of Mn-SOD to high 
oxygen status (Autor45) and paraquat (Pinkham46) has also 
been reported. The activity of Cu/Zn-SOD in yeast is 
always present at a fairly high level and is further induced 
by various conditions, including but not limited to aerobic 
growth, high oxygen, drug induced oxidative stress, 

copper ions, growth on respiratory carbon sources and 
entry into stationary phase47. A concept of cross tolerance 
has conceptualized in which tolerance to certain 
environmental stresses can clearly arise by several 
possible mechanisms, each likely to involve pleiotropic 
effects, and a biotype tolerant to one condition can also 
be tolerant to others48. This was first observed in C. 
ellipsoidea where sublethal concentration of paraquat 
(which induces Mn-SOD activity) can decrease the injury 
resulting from chilling mediated photoinhibition49. The 
diurnal expression of chloroplastic SOD in light and dark 
was not affected much, but when the plants were kept in 
three days dark prior to illumination, dramatic increase in 
the Fe-SOD mRNA level was observed50. When 3-(3,4-
dichloro phenyl)-1, 1- dimethylurea (DCMU) was used to 
block the O2

.· production in PS II, this induction could not 
be obtained51, thereby suggesting that the induction in 
the levels of SOD is not the direct response to light but to 
the increased O2

. formation. The exposures to UV-B, 
which is common in light conditions, also enhanced the 
total SOD activities in A. thaliana52. 

Low temperature induces SOD activity in A. thaliana of 
which Cu/Zn-SOD formed the major chunk during early 
stages whereas; Mn-SOD was more during the senescent 
stages53. In another study, Abarca et al.54showed that 
mild stress treatments of low temperatures and high light 
increases mRNA levels of chloroplastic Cu/Zn-SOD, Csd2, 
up to the growth period of 48 h. The complementary 
increase in the activities of chloroplastic Cu/Zn-SOD was 
recorded up to 40%. Increase in the levels of SOD activity 
was observed in roots of wheat during exposures to low 
temperature followed by cold acclimation, whereas, 
leaves showed decrease in the SOD activity55. Studies on 
the differentially chilling sensitive genotypes in maize56,57 

showed that the tolerant cultivar had better management 
of SOD activity than the susceptible cultivar. Chilling 
stress enhances SOD activities in a number of other plants 
like cucumber58, maize59, potato3 and rice60. These results 
thus indicate that the inhibition of photosynthesis and the 
occurrence of photooxidative damage due to chilling 
stress in light may largely depend on the oxy-radical 
scavenging capacities of the plant.  A large number of 
other conditions also lead to induction in the activity of 
SOD. These include anoxia61, water stress62, paraquat63, 
NaCl64, ozone65, fungal infection66, ethylene67, ABA and 
high osmoticum68, salicylic acid69, H2O2

70 and SO2
71. 

Sharma et al.38 correlated different environmental 
conditions such as drought, chilling, anoxia and 
pathogenic injury with SOD activity levels. 

Genetic Engineering of Oxidative Stress 

The corroborative studies on the activities/induction/ 
expression of SOD during a range of stresses indicate the 
importance of ROI scavenging components in tolerance to 
the oxidative stress being imposed upon by O2

.·. 
However, these are only correlative studies and indicative 
to the importance of scavenging system. The 
interpretation of these studies is often difficult due to the 
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complex stress responses in plants. Therefore, the use of 
gene transfer technology provides the ability to modify 
the levels of different components in single genetic 
strains without using chemical agents or stress 
treatments. 

Overexpression of Superoxide Dismutase 

Of all the ROI scavenging components, SOD attracted 
maximum attention in development of transgenics. This is 
perhaps for its central role in the involvement of O2

. and 
H2O2. Allen2 predicted yield enhancement due to the 
expression of antioxidant genes as it is speculated that 
frequent, mild oxidative stresses occur in the field 
situation and that these stresses inhibit photosynthesis 
and, therefore, yield meaning that SOD transgenic plants 
should improve the yield. Samis et al.12 found that single 
transgene of either mit Mn-SOD or chl Mn-SOD resulted 
in greater plant and storage organ biomass.  Southern 
analysis revealed that each of the parents had single 
insertion regions of the Mn-SOD cDNA and the 
inheritance followed the expected Mendelian ratios. Fe-
SOD overexpression reduced secondary injury symptoms 
and thereby, enhanced recovery from the stresses 
experienced during winter stress73. Van Breusegem et 
al.74 were able to get significant reduction in foliar 
damage in maize with overproduction of tobacco Mn-SOD 
when exposed to low temperature. Transgenic SOD 
activity contributed to 20% of the total SOD activity in the 
leaves. To examine the relationship between oxidative 
and freezing stress, Mckersie et al.75 produced transgenic 
alfalfa with Mn-SOD cDNA from tobacco with 
mitochondria and chloroplast directing transit peptide. 
The analysis of transformants showed that they had 
enhanced SOD activity, increased tolerance to acifluorfen 
and increased regrowth after freezing stress. The plants 
with functional Mn-SOD transgene had more rapid 
regrowth following freezing stress than those lacking 
functional Mn-SOD transgene suggesting the protective 
role of Mn-SOD after freezing stress. These plants were 
also found to be tolerant to the injuries caused by the 
water deficit stress as determined by chlorophyll 
fluorescence, electrolyte leakage and regrowth from 
crowns. Three-year field trials of the transgenic plants 
supported the importance of SOD for adaptation to stress 
environment by virtue of increased yield and survival of 
transgenic plants76.  Van Camp et al.77 earlier found 
enhancement of oxidative stress in tobacco plants that 
overexpress Fe-SOD in choloplasts. The cDNA coding for 
Fe-SOD was taken from Arabidopsis thaliana. Fe-SOD 
overproduced plants do not confer tolerance to chilling 
induced photoinhibition or to salt stress at the whole 
plant level. The induction of water-soluble chloroplastic 
APX was promoted like in non-transgenic plants, whereas, 
induction of cytosolic and chloroplastic Cu/Zn-SOD was 
suppressed unlike in transgenic where it is shown to have 
2-3 fold increase in activity. This difference was correlated 
to the difference in the membrane affinities of transgenic 
Fe-SOD and Mn-SOD. Earlier, two tomato cDNA’s for 
cytosolic and chloroplast located Cu/Zn-SOD were cloned 

and potato tuber discs were infected using 
Agrobacterium strains78. Lines of both chloroplastic and 
cytosolic Cu/Zn-SOD harbouring transgenic plants showed 
significantly higher tolerance to oxidative stress than 
control. However, the response is tissue specific as 
chloroplastic Cu/Zn-SOD lines were more tolerant than 
cytosolic Cu/Zn-SOD and roots of cytosolic Cu/Zn-SOD 
were more tolerant than chloroplastic Cu/Zn-SOD. 
Transgenic tobacco plants, those expressed a chimeric 
gene encoding for chloroplast localized Cu/Zn-SOD from 
pea were prepared by Sen Gupta et al79. These plants 
were subjected to chilling temperatures with moderate 
and high light intensities. During moderate stress 
conditions, transformed plants showed greater resistance 
to degradation in rates of photosynthesis than control. In 
case of severe stress the rates of photosynthesis in 
control and transformed plants dropped to almost the 
same level. However, recovery of the transgenic plants 
was higher than untransformed ones. Increase in protein 
and mRNA levels of APX, in chloroplast located Cu/Zn-
SOD overexpressing plants, were observed by Sen Gupta 
et al80. They could not find any increase in 
dehydroascorbate reductase and glutathione reductase 
specific activities of transgenic and control plants. It was 
thus inferred that enhancement in tolerance of oxidative 
stress as measured by the rates of photosynthesis in 
transgenic plants was not only from increased SOD levels, 
but from the combined increase in SOD and APX activity.   
Bowler et al.9 for the first time demonstrated that 
transgenic plants with elevated levels of SOD could have 
significantly increased protection from oxidative stress. 
They developed transgenic tobacco plants that expressed 
a chimeric Mn-SOD directed towards chloroplast. The 
leaves of transgenic plants showed reduced levels of 
membrane damage following exposure to UV and light. 
Total Mn-SOD activity of these plants was estimated to be 
between 1.5 and 2 fold higher than in untransformed. 
Increased level of SOD also showed tolerance to other 
stresses including heavy metal toxicity81 and salt 
stresses82. Apart from these successes, a large number of 
variations were also observed in the expression of the 
transgene of SOD in plants. Samis et al.12 found that when 
two elite selected plants were hybridized, progenies 
containing both transgenes (mit Mn-SOD and chl Mn-
SOD) had lower shoot and storage organ biomass 
compared to siblings having only one or the other 
transgene. McKersie et al.10 had earlier found no 
significant difference in the winter survival of the 
transgenic alfalfa that was only 1C more freezing 
tolerant than control. The primary freezing injury was 
similar in chloroplastic-targeted Mn-SOD overexpressing 
and the control plants. Transgenic tobacco plants that 
expressed high levels of petunia chloroplastic Cu/Zn-SOD 
were reported by Tepperman and Dunsmuir83. In addition 
transgenic tomato plants that expressed the same 
petunia Cu/Zn-SOD gene were found to be equally 
sensitive to photooxidative stress as untransformed 
control plants. This is perhaps for the reason that the 
alteration of SOD activity has a number of other possible 
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physiological effects since the product of the SOD 
reaction is H2O2. The ratio of O2

.- and H2O2 were key in 
determining the cellular damage mediated by ROI. SOD 
overproduction shifts the balance towards H2O2 

production, which is then eliminated using light 
dependent H2O2 scavenging systems in the chloroplasts. 
The sensitivity of Cu/Zn-SOD to the H2O2 produced, was 
also cited to be the reason for inactivation of the 
transgene. Also, the visibility of effects only on the high 
levels of Mn-SOD overproduction by Bowler et al.9 is 
supported by shifting of reaction in dark almost 
completely over to H2O2, thus, ensuring little O2

.- is 
available for .OH production. However, low levels of the 
Mn-SOD overexpression merely serve to upset the 
normally optimized balance between O2

.- and H2O2, 

thereby, leading to the formation of .OH and 
consequently increase in the damage. 

Since, different methodologies were adopted by various 
research groups in developing and analyzing transgenic 
plants, therefore, the detailed comparisons in transgenic 
plants is difficult to make. However, elevated levels of 
SOD in a variety of cellular compartments lead to 
detectable increase in cellular protection from oxidative 
stresses. It is clear that SOD can be manipulated to give 
resistance to oxidative stresses although there is clearly a 
fine line between benefit and injury. This depends upon 
the O2

.- : H2O2 ratio, which in fact is affected by the type 
of SOD used, site of overproduction, level of 
overproduction and the endogenous scavenging systems 
of the organisms. 

Overexpression of Ascorbate Peroxidase 

APX is a primary H2O2 scavenging enzyme in the cytosolic 
and chloroplastic compartments of the plant cells. Its 
presence in the glycosomal membranes indicates that it 
may also augment catalase activity. Overexpression of 
cytosolic and chloroplastic APX could provide increased 
protection compared with untransformed control plants. 
The increase in enzymatic activity was found to be three 
fold in cytosolic APX overexpressing plants whereas; it 
was 16 fold in chloroplastic APX overexpressing plants. 
The levels of protection in both lines were comparable to 
the plants that express chloroplastic Mn SOD. It was also 
reported that these plants have higher tolerance to the 
photooxidative stresses. Photosynthesis of 55% of the 
transformed plants with both cytosolic and chloroplastic 
APX returned to the pre-stress rates unlike only 35% of 
the control plants84,85. Earlier, the same group could not 
obtain any significant increase in protection from UV 
mediated membrane damage in chloroplastic 
overexpressing plants. The use of antisense technology in 
the development of the transgenic plants further 
elucidated the role of APX in oxidative stress tolerance 86. 

Overexpression of Glutathione Reductase 

Of the enzymes that maintain the ascorbate and 
glutathione pools in a reduced state, Glutathione 
Reductase (GR) has been most extensively studied. 
Initially, the effect of overexpression of bacterial GR was 

studied on the oxidative stress tolerance in tobacco. Aono 
et al.87 found 3.5 fold increases in extractable GR activity 
and leaves of these plants were reported to have reduced 
visible damage after exposure to UV but no increase in 
ozone tolerance. These transgenic plants contained 
reduced levels of ascorbate after UV exposure than 
control plants. Visible foliar damage to the plants in which 
foreign GR was transmitted to chloroplast was lower to 
both, UV and sulfur dioxide, in the presence of light88. 
However no such results were obtained in case of ozone. 
A causal relationship between the magnitude of 
glutathione reductase activity and resistance to low 
temperature was demonstrated by Foyer et al.89. 
Photosynthesis in transgenic poplar plants overexpressing 
glutathione reductase in the chloroplasts was found to be 
protected from temperature stress as compared to the 
wild type. Transgenic poplar that expressed chloroplast 
targeted E. Coli GR was found to have GR activities 500 
times higher than the untransformed plants. No 
difference was found in the inhibition of CO2 assimilation 
induced by UV, however, they were found to be more 
resistant to photoinhibition caused by high light intensity 
and chilling temperature. Transgenic tobacco plants that 
expressed pea GR showed variable stress tolerance 
phenotypes. There were differences in these plants 
showing tolerance to damage caused by ozone and UV. 
Also, no correlation was found in the level of GR 
expression and the level of protection. Aono et al.90 found 
decreased expression of GR activity in transgenic tobacco 
plants. Allen et al.91 also identified several plants whose 
GR activity levels were reduced to 10-20%. Sense 
suppression was believed to be the reason for this 
decrease in activity. 

CONCLUSION  

Depending on the nature of the ROS species, some are 
highly toxic and rapidly detoxified by various cellular 
enzymatic and nonenzymatic mechanisms. Whereas 
plants are surfeited with mechanisms to combat 
increased ROS levels during abiotic stress conditions, in 
other circumstances plants appear to purposefully 
generate ROS as signaling molecules to control various 
processes including pathogen defense, programmed cell 
death, and stomatal behavior. The present article is an 
attempt where critical examination of various 
mechanisms of ROS described under biotic and abiotic 
stress conditions is being reviewed. Enzymes like 
ascorbate peroxidase, glutathione reductase, superoxide 
dismutase, catalase, are key enzymes and various studies 
on the activities/induction/expression of these enzymes 
during a range of stresses indicate the importance of ROI 
scavenging components. Since, different methodologies 
were adopted by various research groups in developing 
and analyzing transgenic plants. Studies have shown that 
majority of transgenic plants expressing proteins of 
unknown function and showing enhanced tolerance to 
oxidative stress; therefore, the detailed comparisons and 
inferences from transgenic plants is difficult to make. 
However, elevated levels of these enzymes in a variety of 
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cellular compartments leads to detectable increase in 
cellular protection from oxidative stress. Considering 
recent ROS-induced genome-wide expression analyses, 
the possible functions and mechanisms for ROS sensing 
and signaling in plants are compared with those in 
animals and yeast. Oxidative Stress is a serious problem 
of aerobic metabolism. However it cannot be avoided 
fully and is constantly attracting researchers to identify all 
possible approaches to find the most suitable cure, which 
will eventually help in understanding newer mechanisms 
and targets. This article is an attempt to review such 
targets available in the literature till date and to 
understand the developments for a meaningful 
application in crop improvement. 
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