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ABSTRACT

High altitude areas are the most different terrains with cold/freezing as
one the major problem which reduces the crop duration, affects quality and
productivity as most part of the year is covered with unfavourable climatic
conditions not suited for crop growth. Despite continued efforts, traditional
breeding gave limited success in imparting crop plants with better freezing
tolerance due to very little understanding about the mechanisms that regulate
chilling and freezing tolerance. The constraints of conventional breeding can be
overcome by application of modern biotechnology tools. Various traits such as
biotic stress resistance, quality and storage life have been successfully engineered
into vegetable crops and some of them have been commercialized to some extent
in different countries. Although the progress in commercialization of transgenic
vegetable crops has been relatively slow, transgenic vegetables engineered for
cold tolerance will contribute significantly to the high altitude agriculture in near
future. In this review article we discuss the effect of cold stress on plants, the
mechanism developed by plants to cope with cold stress and also mention about
different techniques that can be applied for crop improvement for cold stress in
particular. This review also focus on different cold related genes identified so far
for development of transgenics for cold tolerance in different crops and DRDO,
biotechnology initiatives in identification, isolation, characterization and cloning
of cold tolerant genes for developing transgenic vegetables for cold tolerance for
high altitude agriculture.
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INTRODUCTION

Food security and food sufficiency has
always been a looming problem in Indian context
and also in developing and underdeveloped
nations where agriculture contributes majorly to
the economy. Vegetables play an important role
in human nutrition and health. Cultivation of
vegetable crops is an integral part of the
agricultural economy of many developing

countries. Vegetable crop productivity and quality
are seriously affected by several biotic and abiotic
stresses, which destabilize rural economies in
many countries. Cold, drought, heat and salinity
are environmental stress factors, which cause
major economic loss to agriculture worldwide. Al
these forms of abiotic stress primarily affect the
water relations of a plant on cellular as well as
whole plant level causing specific as well as
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unspecific reactions, damages and adaptation
reactions (Beck et al, 2007). Inhigh altitude areas
cold/ freezing is the major problem. This reduces
the crop duration, affects quality and productivity
as most part of the year is covered with
unfavourable climatic conditions not fit for
growing crops. Despite continued efforts,
traditional breeding gave limited success in
imparting crop plants with better freezing
tolerance due to very little understanding about
the mechanisms that regulate chilling and freezing
tolerance. Marker and mapping technology has
enriched diversity analysis in existing germplasm
of different crops. It also provides phylogenetic
relationship based on which germplasm selection
can be made for crop improvement through
hybridization and selection. Different techniques
that canbe applied for crop improvement for cold
stress are:

Q Germplasm collection and evaluation for

novel cold tolerant genes
O Diversity analysis using molecular
markers like RAPD, ISSR, SSR, AFLP, etc.

QO Gene isolation and characterization for
cold tolerant genes through differential
display (DD), subtractive subtraction
hybridization (SSH), microarray
technology etc.
Transgenic development for cold tolerance
Molecular mapping of cold related genes
using molecular markers
In the past four decades, conventional
breeding has contributed significantly for the
improvement of vegetable yields, quality, post-
harvest life, and resistance to biotic and abiotic
stresses. However, there are many constraints in
conventional breeding, which can only be

Q
Q
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overcome by application of modern biotechnology
tools. Various traits such as biotic stress resistance,
guality and storage life have been successfully
engineered into vegetable crops and some of them
have been commercialized. Significant progress
has been made to manipulate vegetable crops for
abiotic stress tolerance, quality improvement,
pharmaceutical and industrial applications. With
the advent of molecular genetics and
biotechnology, it is now possible to genetically
engineer plants to be more tolerant to many
environmental adversities, including low
temperature. Genetic engineering and tissue
culture technology has been used effectively to
isolate, clone and characterize useful genes for their
further use to develop transgenics. Effective
regeneration and transformation systems are the
prerequisite for successful genetic transformation
(Sharmacet al, 2005). Still today the most widely
and cost effective method of transformation is
Agrobacterium mediated marker free method. The
transgenics can be either released directly after
testing as essentially derived variety as the
cultivars generally chosen are best ruling cultivar/
varieties with specific defect, which needs biotech
attention. The transgenics can also be used as non-
recurrent parent in further breeding program to
transfer the gene in any desirable background
without inviting biosafety concerns. Presently
development of transgenics and moreover it
commercialization is under hammer in lot of
countries owing to its unpredicted effect on
environment and health in long term, which
nothing but time can answer. Till date there is no
single report of commercialisation of any abiotic
stress tolerant transgenic crop. Although the
progress in commercialization of transgenic
vegetable crops has been relatively slow,
transgenic vegetables engineered for cold
tolerance will contribute significantly to the high
altitude agriculture in near future.
EFFECT OF COLD STRESS ON PLANTS
Low-temperature stress includes two
different processes, chilling and freezing. Chilling
stress (0-10°C) causes membrane leakiness and
inhibition of photosynthetic processes, whereas
freezing stress (below 0°C) leads to cellular

dehydration caused by the formation of ice
crystals in the extracellular space (Zhang et al,
2004; Ensminger et al, 2006; Verslues et al, 2006).
Freezing temperatures are responsible for more
crop losses worldwide than any other single cause
and may be a significant factor influencing plant
distribution (Li et al, 2005). As the temperature
decreases ice formation begins on the epidermal
surface, followed by ice formation withinthe plant
tissues. At about —1°C, the extra-cytoplasm, where
the concentration of the solution is the lowest,
begins to freeze and as a result withdraws water
from the cytoplasm, dehydrating the cells and
withering the cell membranes (Steponkus and
Webb 1992). The secondary stress effect is damage
caused by reactive oxygen species (ROS), which
arises from imbalance between their generation
and scavenging (Randy, 1995). Low temperature
affects plants by causing dehydration of the cells
and tissues due to crystallization of the cellular
water (Beck et al, 2004). Plants have developed a
variety of defences against low temperatures.

1. There is shrinkage of protoplast because
of movement of water outside the cell and
extracellular ice formation.

2. Membrane lipid composition and
membrane viscosity changes owing to
disintegration of membrane bilayer by
freeze dehydration. This causes membrane
leakage (Verlues et al, 2005)

3. Thereisreduction of metabolic activity to
minimum or nil in extreme conditions.

4. The expression of Cold regulated genes
(COR) increases (Thomashow, 1999).

5. There is accumulation of compatible
solutes e.g. sucrose and proline, which acts
as osmoprotectants or cryoprotectants.

6. Hydrophilic proteins such as dehydrins
accumulate in plant parts during cold
exposure.

7. Chilling induces photoinhibition affecting
photosynthetic machinery and efficiency
(Liuetal, 2001).

8. Low temperature promotes free radical
formation and oxidative stress by delayed
dissipation of photosynthetic energy (Vogg
et al, 1998). There is increase in level of
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radical scavengers to remove ROS (singlet

oxygen, hydrogen peroxide, hydroxyl

radicals (Veranova et al, 2002).

9. Levels of enzymatic antioxidants
{Superoxide Dismutase (SOD), Ascorbate
Peroxidase (APX), Glutathione Reductase
(GR), Di-Hydro Ascorbate Reductase
(DHAR)} and non-enzymatic antioxidant
metabolites (alpha-tocopherol,
carotenoids, ascorbate, and glutathione)
also increases.

10. lonic homeostasis takes place to maintain
normal metabolic reactions. Plant cells
maintain high K* (100-200mM) and lower
Na* (<ImM) levels in the cytoplasm.

MECHANISMS DEVELOPED TO COPE
WITH COLD STRESS

To cope with unfavourable environmental
conditions plants undergo certain physiological
adjustments to adapt and acclimatize in due
course of time to cold stress.

Acclimatization: Most temperate plants
can acquire tolerance to freezing temperature by
aprior exposure to low non-freezing temperature,
a process known as cold acclimatization (Browse
and Xin, 2001). Plants sensitive to chilling
temperature are incapable of cold acclimation.
Different studies support the fact that cold
regulated gene expression is critical in plants for
both chilling tolerance (Hsieh et al. 2002) and cold
acclimation (Thomashow 1999; Tamminen, 2001).
Cold responsive genes encode numerous proteins
such as enzymes involved in respiration and
metabolism of carbohydrates, lipids,
phenylpropanoids and antioxidants: molecular
chaperones, antifreeze proteins, and others with
a presumed function in tolerance to dehydration
caused by freezing (Thomashow 1999). During
cold acclimatization there is change in the gene
expression in plants resulting in increased tolerance
(Steponkus et al. 1993). Certain COR (cold
regulated) genes might have role in freezing
tolerance. These COR genes were identified,
isolated and characterized to establish their role
in cold stress. Number of COR genes have been
identified in Arabidopsis thaliana (Gilmour et al,
1998; Liuet al, 2004).

Physiological adjustment: Plants vary

greatly in their ability to withstand low
temperature stress. Cold stress signal transduction
isacomplex process. As an adaptation strategy
during cold acclimatization many biochemical
and physiological changes take place. Many
physiological changes like tissue break down and
senescence occur due to cold stress. Upon exposure
to low temperature, temperature sensors inthe cell
membrane generates stress signals which are
transmitted and amplified through multiple steps
that include sensors like Ca?* permeable channels,
histidine kinases, receptor kinases and
phospholipases. The massage eventually reaches
the nucleus and regulators of gene expression
called transcription factors, which act as master
switches to regulate the expression of groups of
genes, resulting in the increase of proteins and
other organic molecules that protect the cell from
freezing damage. Subsequently, cytoskeleton
reorganization and cytosolic Ca?* influx takes
place (review Solanke and Sharma, 2008). Increase
in cytosolic Ca? is sensed by CDPKs (Calcium
dependent protein kinase), phosphatase and
MAPKSs (Mitogen activated protein kinase), which
transduce the signals to switch on transcriptional
cascades. Photosynthetic apparatus have also
been thought to be responsible for low
temperature perception and signal transduction.
Many cold induced pathways are activated to
protect plants from deleterious effects of cold
stress, but till date, most studied pathway is ICE-
CBF-COR signaling pathway. Cold stress
signalling has certain pathways common with
other abiotic and biotic stress signalling, which
suggest cross talks among these. The plants
response to cold acclimation is quite complex and
diverse. Hence the actual biochemical and
physiological changes are still poorly understood
at the molecular level.
TRANSGENICS FOR COLD STRESS
TOLERANCE

When plants are exposed to environmental
stress, they undergo physiological and
biochemical adaptations (Choi et al, 2002; Xiong
et al, 2002). Plants acclimate to environmental
stresses by activating cascades or network events
starting with stress perception and ending with
the expression of many effector genes (Shinozaki
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Table 1. Different cold related genes studied so far:

Genes Source Reference

Transcription factors

DREB1B/CBF1, DREB1C/CBF2, Arabidopsis Yamaguchi-Shinozaki and
DREB1A/CBF3 Shinozaki 1994; Liu et al, 1998;
GhDREB1 Gosypium hirsutum Shanetal, 2007

Ethylene-responsive element-binding proteins
(EREBP)

Capsicum annuum

Hwang et al, 2005

Interleukin 1-alpha Converting Enzyme (ICE1) | Arabidopsis Benedict, et al, 2006
GIGANTEA Arabidopsis Cao et al, 2005
ABF3(ABRE binding factor) Arabidopsis Enkhchimeg et al, 2005

Dehydrin genes

Cadhn Capsicum annuum Chung et al, 2003
ThCAP Tamarix hispida Lietal, 2009

Zinc finger proteins

SCOF-1 (CH, type Zinc finger protein) Glycin max Kimetal, 2001

STZ (Salt tolerant Zinc finger protein) Arabidopsis (Sakamoto et al, 2004)
ZTP2 Petunia sp. Sugano etal, 2003

OSISAP1 (Oryza sativa sub sp. indica stress
associated protein), ZFP245

Oryza sativa

Mukhopadhyay et al, 2004;
Huang et al, 2005

H2-type zinc ring finger protein

Citrus relative Poncirus
trifoliata

Sahin-Cevik and Moore, 2006

RDCP1 (Ring domain containing protein)

Capsicum annum

Kim et al, 2007

Others
FeSOD (Iron-Superoxide Dismutase)

Nicotiana tabacum

Van Camp et al, 1996

AFP (Antifreeze protein) Winter flounder Cheng and Merz, 1997
Osmyb4 Oryza sativa Candida et al, 2004
Osmotin Nicotiana tabacum Larosa et al, 1992

et al, 2003; Shou et al, 2004). There are different
pathways leading to cold tolerance. These
pathways are under the control of several enzymes
the genes for which are under the control of
different transcription factors. Anumber of studies
have demonstrated that overexpression of cold-
induced genes can confer cold tolerance to
transgenic plants (Puhakainen et al, 2004; Shou
et al, 2004; Zhu et al, 2004). During the past
decade, a family of transcription factors known
as dehydration-responsive element binding
proteins (DREBs) has been identified in
Arabidopsis, and a number of DREB-like proteins

have beenisolated from other plant species (Guo
etal, 2002; Shen et al, 2003). These factors interact
with cold- and dehydration-responsive elements
(DREs) and enhance tolerance to freezing, drought
and high salinity in plants (Jaglo et al, 2001;
Kasuga et al, 2004). DRE elements contain the
conserved CCGAC core sequence, which is
sufficient to induce gene transcription under cold
stress and is present in the promoters of many cold-
inducible genes (Stockinger et al, 1997; Kim et al,
2002; Narusaka et al, 2003). Expression of DREB1
genes is strongly induced by low-temperature
stress, whereas expression of DREB2 genes is
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Table 2. Status of transgenic research for cold stress

Crops Gene Reference
Rice Glycine betaine, BADH (Betaine Garg et al, 2002
Aldehyde dehydrogenase); trehalose
(otsA and otsB)
Rice Cod A (Cytocine deaminase gene) | Van Camp, et al, 1994
Alfalfa SOD McKerise, 1996
Tobacco DREB1A Kasuga et al, 2004
Rice, Tomato, Capsicum, | CBF1 Lee et al, 2004; Hsieh et al, 2002;
Canola Jaglo et al, 2001
Rice OsDREB Yamaguchi-Shinozaki and Shinozaki, 2005
Carrot, Tobacco, Potato AFP Worrall et al, 1998; Liet al, 2005,
Apple Osmyb4 Pasquali et al, 2008
Arabidopsis Galactinol synthase Tajietal, 2002
Rice CDPK7 Saijo etal, 2001
Rice OsMYB3R-2 Ma et al, 2009
Rice OsbHLH1 Wang et al, 2003
Rice Glutamine synthetase (GS2) Kozakiet al, 1992

Maize, Alfalfa, Tea MnSOD

McKersie, 1993; Karnodle and
Scandalios, 1996; Was and Kumar, 2005

Rice Calreticulin (CRT) Lietal, 2003

Tomato dhn24( dehydrin gene) Glodek et al, 2008

Lettuce ABF3 Enkhchimeg et al, 2005

Tomato osmotin Randhawa et al, 2009

Olive tree Osmotin D*Angeli and Altamura, 2007

Summer squash Cbfl Shahetal, 2008

Papaya Cbfl and 3 Dhekney et al, 2007

Tobacco Omega-3-fatty acid desaturase Khodakovskaya et al, 2006
gene (FAD7)

Populus ThCAP (Cold acclimation protein) | Guo et al, 2009

induced by dehydration, indicating that two
independent families of DREBs function as trans-
acting factors in two separate signal-transduction
pathways under low-temperature and
dehydration conditions (Shinozaki et al, 2003,
Sakuma et al, 2006). It has also been suggested
that low temperature could trigger the expression
of DREBL transcription factors, which play a key
role in cold tolerance, on the basis of the
observation that ectopic expression of AtDREB1A

and AtDREB1B induces the transcription of genes
containing the DRE promoter element and
enhances cold tolerance of transgenic plants
(Gilmour et al, 2000; Hsieh et al, 2002).

The CBF genes represent one of the most
significant discoveries in the field of low
temperature adaptation and signal transduction.
Using CBF genes various plants have been
transformed for cold tolerance such as canola
contain this gene and were able to survive
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freezing temperature as much as 4-5°C lower than
the non transgenic controls (Jaglo et al, 2001).
Tomato plants have also been successfully
engineered using the CBF genes to achieve chilling
tolerance (Hsieh et al, 2002). Over expression of
rice Osmyb4 gene in Arabidopsis lead to increased
chilling and freezing tolerance (Candida et al,
2004). There is strong evidence that the decrease
in fatty acids saturation upon exposure to low
temperature contributes to cold tolerance in plants.
In tobacco a broad-spectrum desaturase gene
from a cyanobacterium (Ishizaki-Nishizawa et al,
1996) was introduced which lead to low
temperature tolerance of transgenic plants.
Expression of a plant phosphatase (At PP2CA) in
transgenic Arabidopsis thaliana accelerates cold
acclimation and increased freezing tolerance.
Transgenic plants expressing a constitutively
active kinase NPK1 were found more tolerant to
chilling and other abiotic stresses (Kovtun et al,
2000). Other transcription factors, like ABI3 and
SCOF-1 have been used to successfully increase
cold tolerance in transgenic plants (Tamminen et
al, 2001). Transcription factor genes ABI3, CBF1
and 3, DREB1A, DREB1 and DREB2 from A.
thaliana, osmolyte biosynthesis genes from
Arthrobacter globiformis and AFP (anti freeze
protein) from A. thaliana are some other important
genes which were found to play significant role
under cold stress in plants.

Frost-hardy plants produce colligative
cryoprotectants such as sucrose and proline to
reduce the dehydration of cells (Wallis et al, 1997).
Several classes of proteins have been found to be

associated with cold tolerance in plants and
animals, some of which are implicated in other
key stress responses, such as tolerances to drought
and salinity. However, some cold-hardy plants
produce specific antifreeze proteins (Urrutiaet al,
1992; Griffith et al, 1994). Antifreeze proteins
(AFPs) have been described in fish and insects
(Griffith and Ewart, 1995), which provides frost
tolerance to organisms. These proteins reduce frost
injury by thermal hysteresis and inhibition of ice
recrystallization. Thermal hysteresis is the process
of lowering the freezing point of a liquid below
the melting point. Antifreeze proteins bring about
thermal hysteresis by inhibiting ice crystal growth
through adsorption to the surface of the crystal
(Davies and Sykes, 1997; Yeh and Feeney, 1996).
Once the ice crystals melt, ice recrystallization
(growth of larger ice crystals at the expense of
smaller ones) is inhibited by the adsorption of
AFPs to the crystal surface. AFPs with similar
properties have also been isolated from cold
acclimated plants. Although plant AFPs exhibit
weak thermal hysteresis, they are efficient in
inhibiting ice recrystallization. A gene, which
encodes a protein proven to inhibit the
recrystallization of ice, has been isolated from
carrots (Worrall et al, 1998). Antifreeze proteins
have exceptional properties and when applied,
these properties could have great benefits. The
expression of carrot antifreeze genes inplantsis a
potential approach to increase the frost resistance.
Raffinose family oligosaccharides (RFO)
accumulating during seed development are
thought to play a role in the desiccation tolerance
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of seeds. Sugar analysis showed that drought,
high salinity and cold treated Arabidopsis plants
accumulate a large amount of raffinose and
galactinol, but not stachyose. Raffinose and
galactinol were not detected in unstressed plants.
This suggests that raffinose and galactinol are
involved in tolerance to drought, high salinity and
cold stresses. Galactinol synthase (GolS) catalyses
the first step in the biosynthesis of RFO from
UDP-galactose. Three stress-responsive GolS
genes (AtGolS1, 2 and 3) were identified among
seven Arabidopsis GolS genes. AtGolS3 was
induced by cold stress but not by drought or salt
stress. Stress inducible galactinol synthase seems
to play akey role in the accumulation of galactinol
and raffinose under abiotic stress conditions, and
galactinol and raffinose may function as
osmoprotectants in drought and cold stress
tolerance of plants.
STEPS TOWARDS TRANSGENIC
DEVELOPMENT FOR COLD STRESS:
Transgenic development for cold stress mainly
comprises of four major steps: - genetic
engineering, establishment of regeneration
protocol, transformation system and finally
segregation analysis and stable gene integration
and expression.
Genetic engineering mainly comprises of
following steps:
- Identification of source of gene
Isolation and full length cloning of gene
Functional characterization of the cloned
gene
Development and evaluation of gene
construct in suitable vector system
Tissue culture towards transgenic
development comprises of:
- Selection of suitable explants showing
regeneration potential
Optimization of culture conditions and
media composition for development of
complete plantlet in vitro
Selection of suitable dose of antibiotics
through sensitivity tests
- Hardening technique
Transformation system comprises of:
Selection of suitable transformation system
like direct or indirect

Molecular confirmation of gene
integration and copy number
Selection of positive plants
Segregatlon analysis comprises of:
Molecular and genetic characterization
transgenic plants using gene specific DNA
markers for stable and efficient gene
expression
Identification of homozygous lines for the
trait of interest.
Stability analyses for the trait under study
over generationsand location.
Identification of homozygous and
homogeneous progenies fromastable line
and its multiplication for different trials.
Morphological, biochemical and
physiological analysis of transgenic lines.
Toxicological evaluation for bio-safety
assessment including food and
environmental safety (Following DBT and
GEAC guidelines).
Evaluation of transgenic plants for their
effectiveness in alleviating the biotic or
abiotic stresses and field performance
Transfer of genes to elite cultivars by
conventional breeding methods if required
Commercialization of genetically
engineered crop.
DRDO BIOTECH INITIATIVES FOR CROP
IMPROVEMENT FOR HIGH ALTITUDE
AREAS
Different transgenics have been developed
so far in different crops for different biotic and
abiotic stresses. Here our major focus will be on
high altitude problem, which is mainly due to very
low temperature prevailing for most part of the
year. Thisis viewed as the most important abiotic
stress factors damaging crop production in high
altitude areas. In cold areas growing season is of
short duration and is available only in summer
season for about 100-120 days. Biotechnology has
the potential to enhance the productivity and also
extend the cropping period in high altitude areas
where vegetable cultivationis impossible in severe
winter months. This will not only help the troops
but also the farmers ensuring food security and
profitability and also catering to the local
population demand in such areas which is not
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easily accessible by rest part of the country
through transport due to difficult topography and
climate. Inthisdirection DIBER, a DRDO R&D
lab is active towards the development of transgenic
vegetables for high altitude areas.

One of the major advantages of this
modern technology is that it knows no barriers,
genetic or environmental. Gene can be transferred
to any crop from any source irrespective of genus
or species barrier. The only question is stable
integration and desirable expression, which needs
to be evaluated extensibly. Inspite of lot of work
going on in this direction till today there in no
transgenic reported to have been released for cold
tolerance. However work is going in this direction
in different countries and through literature we
come to know of current status of transgenics for
cold stress.

DIBER a DRDO establishment at
Haldwani, has taken up the work on development
of transgenics for cold tolerance through isolation
of cold tolerant genes from highly tolerant high
altitude plant species, its full length cloning and
transformation into high value, high demand
vegetable crops like capsicum, tomato and
cucumber to cultivate them in higher altitude
areas for the fresh requirement of armed forces
and local population. At present the workis carried
out to develop transgenics in tomato, capsicum
and cucumber. Efforts are also on way to clone
cold tolerant genes from seabuckthorn and
lepidium plants, which grows at high altitude
areas. The genes, which are being used for
developing cold tolerant vegetables, are described
below:

Osmotin gene: Low molecular weight
osmolytes such as proline, betaines, amines and
sugar alcohol accumulation is an important
mechanism underlying adaptation to cold stress.
Osmotin is a basic 24 KD protein that was
originally identified in tobacco for salt tolerance.
The synthesis of osmotin is induced by ABA that
accumulates in response to osmotic stress and
subsequently plays a pivotal role in osmotic
adjustment. It is known that expression of osmotin
gene induces proline accumulation in unstressed
and stressed plants and imparts tolerance to both
salinity and drought stress. The gene has been

transferred through Agrobacterium in tomato.
Transgenic plants are being tested in high altitude
areas under controlled environments.

Mannitol-1 phosphate Dehydrogenase
(mtID): Mannitol-1 phosphate dehydrogenase
(mtID) gene encodes for enzyme that synthesize
osmoprotectants and enhance their expression in
transgenic plants leading to maintenance of
osmotic potential upon exposure to cold stress.
mtID gene has been isolated from E. coli K-12
strain and code for an enzyme called mannitrol-1
phosphate dehydrogenase involved in mannitol
synthesis. Accumulation of mannitol leads to
tolerance at cellular level by adjustment of the
cytosolic osmotic potential, a situation when the
concentration of electrolytes is lower in the cytosol
than in the vacuole. Cucumber has recently been
transformed with mtID gene and the transgenic
plants are under further evaluation.

Glyceraldehydes phosphate Acetyl
Transferase (GPAT) gene: The gene is
responsible for the unsaturation of the fatty acids
present in the plant cell wall, which give the cold
tolerance to the plants during cold stress. Efforts
are on way to clone this gene from seabuckthorn
using differential display approach.

CBF1 gene: It is a transcription factor
responsible for regulating the expression of many
cold tolerant genes during cold stress in plants.
First reported in Arabidopsis thaliana thereafter
reported in many crop species and CBF families
have been identified in many species like, rice,
barley, cotton etc., expressing under cold stress
when transformed in Arabidopsis. The expression
of these genes changes the membrane lipid
composition and osmolyte concentration leading
to cold tolerance in transgenic plants. At DIBER,
Haldwani, effort has been made towards the
development of marker free transgenic Capsicum
annum in two cultivars, Yolo Wonder and
California Wonder, using CBF1 gene from
Arabidopsis. Regeneration protocol is one of the
major requirements for in vitro transformation.
In capsicum regeneration is a problem hence
different media combinations were tried to
standardize a protocol for regeneration from
different explants. Regeneration was not obtained
through callus as they culminated into false leaf
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like structure and never regenerated into plantlet.
Shoot tip regeneration was successful and hence
it was used as explants for transformation work.
Agrobacterium mediated gene transfer with two-
vector system one for nptll (kanamycin resistance
gene) and other for CBF1 (cold responsive gene)
in pPCAMBIA plasmid vector was done through
co-cultivation method. The transgenic plants
obtained are now under evaluation for segregation
analysis and gene stability expression. Cold assay
under multilocation trial will be done further.
These lines will further be used in breeding
programme as donor parents for introgressing
cold tolerance in elite but cold sensitive
germplasm.

Conclusion:

High altitude regions face very harsh climate and
ashort crop-growing season. Few vegetable crops
viz, radish, turnip, potato, cabbage and some leafy
vegetables are mainly grown in these areas.
Therefore there is a need for agro-techniques
suitable for vegetable production to meet the
requirement of high altitude areas. Work is going
oninthis direction to develop suitable varieties/
hybrids through conventional breeding for these
regions. Conventional breeding alone is not
effective for developing abiotic stress tolerance in
sensitive crops. There is a need of advanced
technology to overcome this limitation.
Biotechnology can be viewed as a potential
answer. Different techniques have been in use to
identify genes for cold stress from cold tolerant
species, which are then isolated, cloned and
characterized to be used further for transgenic
development. Transgenic developed should be
marker free mainly due to biosafety issues. Hence,
transgenic technology is needed to aid traditional
breeding approach for introducing cold tolerance
genes from any source into high value vegetable
crops. This may help in increasing productivity
and production of commercially important crops
in high altitude regions also help in bringing
additional areas under cultivation which are
presently unfit for cultivation or are less
productive.

REFERENCES:

D’Angeli S and Altamura M.M. (2007) Osmotin induces
cold protection in olive trees by affecting
programmed cell death and cytoskeleton
organization. Planta, 225(5): 1147-1163.

Beck E.H., Heim R., and Hansen J. (2004) Plant resistance
to cold stress: Mechanisms and environmental
signals triggering frost hardening and
dehardening. Journal Biosciences, 29: 449-459.

Beck, E.H., Fettig, S., Knake, C., Hartig, K. and Bhattarai,
T. (2007). Specific and unspecific responses of
plants to cold and drought stress. Journal
Biosciences, 32: 501-510.

Benedict C., Skinner J.S., MengR., Chang Y., BhaleraoR.,
Huner N.P. A, Finn C.E., Chen T.H.H., Hurry V.
(2006) The CBF1-dependent low temperature
signaling pathway, regulon and increase in
freeze tolerance are conserved in Populus spp.
Plant Cell Environment, 29:1259-1272,

Candida V., Franca L., MarcellaB., Enrico M., Milena M.,
Michela O., Monica M., ElenaB., and Immacolata
C. (2004) Overexpression of the rice Osmyb4
gene increases chilling and freezing tolerance of
Arabidopsis thaliana plants. Plant Journal, 37(1):
115-127.

Cao S., Ye M., and lJiang S. (2005) Involvement of
GIGANTEA gene in the regulation of the cold
stress response in Arabidopsis. Plant Cell Reports,
24(11): 683-690.

ChengA.,and Merz Jr. K.M. (1997) Ice-binding mechanism of
winter flounder antifreeze proteins. Biophysical
journal, 73(6): 2851-2873.

Choi D.W.,, Rodriguez E.M., Close T.J. (2002) Barley Cbf3
gene identification, expression pattern, and map
location. Plant Physiology, 129: 781-1787.

ChungE., Kim S.Y., YiS., Choi D. (2003) Capsicum annuum
dehydrin, an osmotic-stress gene in hot pepper
plants. Molecular Cells, 15:327-332.

DaviesP.L, Sykes B.D. (1997) Antifreeze proteins. Current
Opinion in Structural Biology. 7: 828-836.

Dhekney S.A., Litz R.E., Moraga D., and Yadav A. (2007)
Isit possible to induce cold tolerance in papaya
through genetic transformation? Acta
Horticulturae, 738: 159-164.

Enkhchimeg V,, Bae TW.,RiuK.Z., Kim S.Y., Lee H.Y. (2005)
Overexpression of Arabidopsis ABF3 gene
enhances tolerance to drought and cold in
transgenic lettuce (Lactuca sativa L.). Plant Cell
Tissue and Organ Culture, 83:41-50.

Ensminger I., Busch F., Huner N.P.A. (2006) Photostasis
and cold acclimation: sensing low temperature
through photosynthesis. Physiologia
Plantarum, 126: 28-44.

GargA K, KimJK,, Owens T.G., Ranwala A.P., Choi Y.D.,
Kochian L.V. and Wu R.J. (2002) Trehalose
accumulation in rice plants confers high
tolerance levels to different abiotic stresses.



The Scientific Temper 11

Proceedings Natural Academy of Science, USA
99: 15898-15903.

Gilmour S.J., Zarka D.G., Stockinger E.J., Salazar M.P,,
Houghton J.M., and Thomashow M.F. (1998) Low
temperature regulation of Arabidopsis CBF
family of AP2 transcriptional activators as an
early step in cold induced COR gene expression.
Plant Journal, 16(4): 433-42.

Gilmour S.J., Sebolt A.M., Salazar M.P., Everard J.D.,
Thomashow M.F. (2000) Overexpression of the
Arabidopsis CBF3 transcriptional activator
mimics multiple biochemical changes
associated with cold acclimation. Plant
Physiology, 124: 1854-1865.

Glodek, M., Bartoszewski, G., Yin, Z., Rorat, T. and
Niemirowicz-Szczytt, K. (2008) Transformation
of tomato with cold-induced solanum
sogarandinum dhn24 dehydrin gene. Acta
Horticulturae, (ISHS) 789:309-314.

Griffith M, Ewart K V. (1995) Antifreeze proteins and
their potential use in frozen foods.
Biotechnology Advances, 13: 375-402.

Griffith M., Hon W.C., Chong P., Yang D.S.C. (1994)
Extraction and isolation of antifreeze proteins
from winter rye (Secale cereale L.) leaves. Plant
Physiology, 104: 971-980.

GuoY.,, Xiong L., Ishitani M., Zhu J.K. (2002) An Arabidopsis
mutation in translation elongation factor 2
causes superinduction of CBF/DREB1
transcription factor genes but blocks the
induction of their downstream targets under
low temperatures. Proceedings of the National
Academy of Sciences, USA, 99: 7786-7791.

Guo X.,JiangJ., LinS.,Wang B., Wang Y., Liu G. and Yang
C. (2009) A ThCAP gene from Tamarix hispida
confers cold tolerance in transgenic Populus (P.
davidiana x P. bolleana). Biotechnology Letters,
31(7): 1079-1087.

Hsieh T.H., LeeJ.T., Yang P.T., Chiu L.H., Charng Y.Y., Wang
Y.C., Chan M.T. (2002) Heterologous expression
of the Arabidopsis C-repeat/dehydration response
element binding factor 1 gene confers elevated
tolerance to chilling and oxidative stresses in
transgenic tomato. Plant Physiology, 129: 1086—
1094.

Huang J., Wang J., Zhang H. (2005) Rice ZFP15 gene
encoding for a novel C2H2-type zinc finger
protein lacking DLN box, is regulated by spike
development but not by abiotic stresses.
Molecular Biology Reports, 32:177-183.

Ishizaki-Nishizawa O., et al. (1996) Low-temperature
resistance of higher plants is significantly
enhanced by a nonspecific cyanobacterial
desaturase. Nature Biotechnology, 14: 1003-1006

Jaglo K.R., Kleff S., Amundsen K.L., Zhang X., Haake V.,
Zhang J.Z., Deits T., Thomashow M.F. (2001)
Components of the Arobidopsis C-repeat/

dehydration-responsive element binding factor
cold-response pathway are conserved in Brassica
napus and other plant species. Plant Physiology,
127: 910-917.

Kasuga M., Miura ., Shinozaki K., Yamaguchi-Shinozaki
K. (2004) A combination of the Arabidopsis
DREB1A gene and stress-inducible rd29A
promoter improved drought- and low-
temperature stress tolerance in tobacco by gene
transfer. Plant and Cell Physiology;, 45: 346-350.

Kernodle S.P., and Scandalios J.G. (1996) A comparision
of the structure and function of the highly
homologous maize antioxidant Cu/Zn
superoxide dismutase gene, Sod4 and Sod 4A.
Genetics, 144:317-328.

Khodakovskaya M., Zhao D.G., Smith W., Li Y., McAvoy
R. (2006) Expression of ipt gene controlled by an
ethylene and auxin responsive fragment of the
LEACO1 promoter increases flower number in
transgenic Nicotiana tabacum. Plant Cell Reports,
25:1181-1192.

Kim H.J.,, Kim Y.K., Park J.Y., Kim J. (2002) Light signalling
mediated by phytochrome plays an important
role in cold-induced gene expression through
the C-repeat/dehydration responsive element
(C/DRE) in Arabidopsis thaliana. Plant Journal,
29: 693-704.

Kim J.S., Park S.J., Kwak K.J., Kim Y.O., Kim J.Y., Song J.B.,
Jung C., and Kang H. (2007) Cold shock domain
proteins and glycine-rich RNA-binding proteins
from Arabidopsis thaliana can promote the cold
adaptation process in Escherichia coli. Nucleic
Acids Research, 35(2): 506-516.

KimJ.C., Lee S.H, Cheong, Y.H., Yoo C., LeeS.I., Chun, H.J.,
Yun,D.,Hong, J.C.,LeeS.Y., Lim, C.O.,and Cho,
M.J. (2001) A novel cold-inducible zinc finger
protein from soybean, SCOF-1, enhances cold
tolerance in transgenic plants. The Plant
Journal, 25 (3,): 247-259.

Kovtun, Y., Chiu, W.L., Tena, G. and Sheen, J. (2000)
Functional analysis of oxidative stress-activated
mitogen activated protein kinase cascade in
plants. Proceedings of the Natural Academy of
Science, USA, 97: 2940-2945.

Kozaki A., Sakamoto A., and Takeba G. (1992) The
Promoter of the Gene for Plastidic Glutamine
Synthetase (GS2) from Rice Is Developmentally
Regulated and Exhibits Substrate-Induced
Expression in Transgenic Tobacco Plants. Plant
and Cell Physiology, 33(3): 233-238.

LarosaP.C.,Chen Z., Nelson D.E., Singh N.K., Hasegawa
P.M., Bressan R.A. (1992) Osmotin gene
expression is post transcriptionally regulated.
Plant Physiology, 100(1): 409-415.

LiuF.X,, Tan Z.B., ZhuJ.Q., and Deng X.J. (2004) Arabidopsis
CBFlin plant tolerance to low temperature and
drought stress. Yi Chuan, 26(3): 394-398 (English



12 Maya Kumari et al

abstract).

LeeS.C., Huh KW, AnK., An G., Kim S.R. (2004) Ectopic
expression of a cold-inducible transcription
factor, CBF1/DREB1bD, in transgenic rice (Oryza
sativa L.). Molecular Cells, 18:107-114.

Li Z., Onodera H., Ugaki M., Tanaka H., Komatsu S. (2003)
Characterization of calreticulin as a
phosphoprotein interacting with cold-induced
protein kinase in rice. Biological Pharmaceutical
Bulletin, 26:256-261.

Li P, Chen F., Quan C., and Zhang G. (2005) Gene from
rice enhances cold tolerance in tobacco. Tsinghua
Science & Technology, 10(4): 223-260.

LiH., Wang ., JiangJ., Liu G., Gao C., and Yang C. (2009)
Identification of genes responsive to salt stress
on Tamarix hispida roots. Gene, 433 (1-2): 65-71.

Liu Q., Kasuga M., Sakuma Y., Abe H., Miura S.,
Yamaguchi-hinozaki K., Shinozaki K. (1998) Two
transcription factors, DREB1 and DREB2, with
an EREBP/AP2 DNA binding domain separate
two cellular signal transduction pathways in
drought- and low-temperature-responsive gene
expression, respectively, in Arabidopsis. Plant
Cell, 10: 1391-1406.

MaQ., Dai X., XuY., Guo/J., Liu Y.,Chen N., Xiao J., Zhang
D., Xu Z., Zhang X., et al. (2009) Enhanced
Tolerance to Chilling Stress in OsMYB3R-2
Transgenic Rice Is Mediated by Alteration in Cell
Cycle and Ectopic Expression of Stress Genes
Plant Physiology, 150(1): 244 - 256.

McKersie B.D., Bowley S.R., Harjanto E., and Leprince O.
(1993) Water deficit tolerance and field
performance of transgenic Alfalfa
overexpressing superoxide dismutase. Plant
Physiology, 111(4): 1177-1181.

MukhopadhyayA., Vij S., Tyagi A.K. (2004) Overexpression
of a zinc-finger protein gene from rice confers
tolerance to cold, dehydration, and salt stress in
transgenic tobacco. Proceedings of the National
Academy of Sciences, USA, 101: 6309-6314.

Narusaka Y., Nakashima K., Shinwari Z.K., Sakuma'Y.,
Furihata T., Abe H., Narusaka M., Shinozaki K.,
Yamaguchi-Shinozaki K. (2003) Interaction
between two cis-acting elements, ABRE and DRE,
in ABA-dependent expression of Arabidopsis
rd29A gene in response to dehydration and high-
salinity stresses. Plant Journal, 34: 137-148.

Pasquali G., Biricolti S., Locatelli F., Baldoni E.,
and Mattana M. (2008) Osmyb4 expression
improves adaptive responses to drought and cold
stress in transgenic apples. Plant Cell Report,
27(10): 1677-1686.

Puhakainen T., Hess M.W., Makela P., Svensson J., Heino
P., Palva E.T. (2004) Overexpression of multiple
dehydrin genes enhances tolerance to freezing
stress in Arabidopsis. Plant Molecular Biology 54:
743-753.

Randhawa G.J., Singh M., Chhabra R., Guleria S., and
Sharma R. (2009) Molecular diagnosis of
transgenic tomato with osmotin gene using
multiplex polymerase chain reaction. Current
Science, 96(5): 689-694.

Randy R.D. (1995) Dissection of oxidative stress tolerance
using transgenic plants; Plant Physiollogy, 107:
1049-1054.

Sahin-Cevik M., Moore G.A. (2006) Isolation and
characterization of a novel RING-H2 finger gene
induced in response to cold and drought in the
interfertile Citrus relative Poncirus trifoliata.
Physiologia Plantarum, 126: 153-61.

Saijo Y., Kinoshita N., Ishiyama K., Hata S., Kyozuka J.,
Hayakawa T., Nakamura T., Shimamoto K.,
Yamaya T., and lzui K. (2001) A Ca?*-Dependent
Protein Kinase that Endows Rice Plants with
Cold- and Salt-Stress Tolerance Functions in
Vascular Bundles. Plant and Cell Physiology,
42(11): 1228-1233.

Sakamoto T., Miura K., Itoh H., Tatsumi T., Ueguchi-
Tanaka M., Ishiyama K., Kobayashi M., Agrawal
G.K., TaketaS., Abe K., Miyao A., Hirochika H.,
Kitano H., Ashikari M. and Matsuoka M. (2004)
An overview of gibberellin metabolism enzyme
genes and their related mutants in rice. Plant
Physiology, 134: 1642-1653.

Sakuma Y., Maruyama K., Osakabe Y., Qin F., Seki M.,
Shinozaki K., Yamaguchi-Shinozaki K. (2006)
Functional analysis of an Arabidopsis transcription
factor, DREB2A, involved in drought-responsive
gene expression. Plant Cell, 18: 1292-13009.

Shah P, Singh N. K., Khare N., Rathore M., Anandhan
S., Arif M., Singh R.K,, Das S.C., Z. Ahmed Z.,
and Kumar N. (2008) Agrobacterium mediated
genetic transformation of summer squash
(Cucurbita pepo L. cv. Australian green) with cbf-1
using a two-vector system. Plant Cell Tissue and
Organ Culture, 95(3): 363-371.

Shan X., Bei Li B., and Zhang J. (2006) Production of
Marker-free Transgenic Tobacco Plants by FLP/
frt Recombination System. Chinese Journal of
Biotechnology, 22(5): 744-749.

Shen Y.G., Zhang W.K., Du Yan D.Q.B.X., ZhangJ.S., Liu
Q., Chen S.Y. (2003) Characterization of a DRE-
binding transcription factor from a halophyte
Atriplex hortensis. Theoretical and Applied
Genetics, 107: 155-161.

Shinozaki K., Yamaguchi-Shinozaki K., Seki M. (2003)
Regulatory network of gene expression in the
drought and cold stress responses. Current
Opinion in Plant Biology, 6: 410-417.

Sharma, P., Sharma, N. and Deswal, R. (2005). The
molecular biology of the low-temperature
response in plants. BioEssays, 27: 1048-1059.

Shou H., Bordallo P., Fan J.B., Yeakley J.M., Bibikova M.,
Sheen J., Wang K. (2004) Expression of an active
tobacco mitogen-activated protein kinase kinase



The Scientific Temper 13

kinase enhances freezing tolerance in transgenic
maize. Proceedings of the National Academy of
Sciences, USA, 101: 3298-3303.

Solanke A.U., and Sharma A.K. (2008) Signal
transduction during cold stress in plants.
Physiology and Molecular Biology of Plants,
14(1-2): 69-79.

Steponkus P L, Webb M S. 1992. Freeze-induced
dehydration and membrane destabilization in
plants. In: Water and Life (Somero et al. eds).
Berlin: Springer-Verlag. 338-362 .

Steponkus, P.L.; Uemura, M. and Webb, M.S. (1993) A
contrast of the cryostability of the plasma
membrane of winter rye and spring oat-two
species that widely differ in their freezing
tolerance and plasma membrane lipid
composition. In: Advances in Low-Temperature
Biology (Steponkus, P.L. ed.). London, JAI Press,
1993, (2): 211-312.

Stockinger E.J., Gilmour S.J., Thomashow M.F. (1997)
Avrabidopsis thaliana CBF1 encodes an AP2 domain-
containing transcriptional activator that binds
to the C-repeat/DRE, a cis-acting DNA regulatory
element that stimulates transcription in
response to low temperature and water deficit.
Proceedings of the National Academy of
Sciences, USA, 94:1035-1040.

Sugano S., Kaminaka H., Rybka Z., Catala R., Salinas J.,
Matsui K., Ohme-Takagi M., and Takatsuji H.
(2003) Stress-responsive zinc finger gene ZPT2-
3 plays a role in drought tolerance in petunia.
Plant Journal, 36(6): 830-841.

Taji T, Ohsumi, C., luchi, S., Seki, M., Kasuga, M.,
Kobayashi, M., Yamaguchi-Shinozaki K.,
Shinozaki K. (2002) Important roles of drought
and cold inducible genes for galactinol synthase
in stress tolerance in Arabidopsis thaliana. Plant
Journal, 29(4): 417-426.

Tamminen T. (2001) Plant cold acclimation: Freezing
tolerance genes and regulatory mechanisms.
Annual Review of Plant Physiology & Plant Mo
lecular Biology, 50:571-599.

Thomashow, M.F. (1999) Plant cold acclimation: Freezing
tolerance genes and regulatory mechanisms.
Annual Review of Plant Physiology & Plant
Molecular Biology. 50: 571-599.

Urrutia M, Duman J G, Knight C A. (1992) Plant thermal
hysteresis proteins. Biochimica et Biophysica
Acta. 1 121: 199-206.

Van Camp W.,, Capaiu K., Van Motagu M., Inze D., and
Slooten L. (1996) Enhancement of oxidative
stress in transgenic tobacco plants
overexpressing Fe-superoxide dismutase in
chloroplasts. Plant Physilogy, 112: 1703-1714.

Van Camp W., Willekens H., Bowler C., Van Montagu
M., Inzé D., Reupold-Popp P.,, SandermannJr H.,
and Langebartels C. (1994) Elevated levels of

superoxide dismutase protect transgenic plants
against ozone damage. Biotechnology, 12: 165-
168.

Verslues P.E., Agarwal M., Katiyar-Agarwal S., Zhu J.H.,
Zhu J.K. (2006) Methods and concepts in
guantifying resistance to drought, salt and
freezing, abiotic stresses that affect plant water
status. Plant Journal, 45: 523-539.

Vranova E., Inze D., Breusegem F. (2002) Signal -
transduction during oxidative stress. Journal
Experimental Botany; 53: 1227-1236.

Verlues P.E., Agarwal M., Agarwal K.S., Zhu J., and Zhu
J.K. (2005) Methods and concepts in quantifying
resistance to drought, salt and freezing, abiotic
stresses that affect plant water status. Plant
Journal, 45: 523-539.

Vogg G., Heim R., Hansen J., Schaefer C., and Beck E. (1998)
Frost hardening and photosynthetic
performance of Scots pine (Pinus sylvestris L.)
needles. 1. Seasonal changes in the
photosynthetic apparatus and its function.
Planta, 204: 193-200.

Wyas D., and Kumar S. (2005) Purification and partial
characterization of a low temperature
responsive Mn-SOD from tea (Camellia sinensis
(L.) O. Kuntze). Biochemical and Biophysical
Research Communications, 329 (3): 831-838.

Wallis J.G, Wang H., and Guerra D.J. (1997) Expression of
a synthetic antifreeze protein in potato reduces
electrolyte release at freezing temperatures.
Plant Molecular Biology. 35: 323-330.

Wang ., Zhang X., He X., Zhou H., Wen Y., Dai J., Zhang
S.,and Chen S. (2003) A rice transcription factor
OsbHLH1 is involved in cold stress response.
Theoretical Applied Genetics, 107(8): 1402-1409.

Worrall D, Elias L, Ashford D, Smallwood M, Sidebottom
C, Lillford P, Telford J, Holt C, Bowles D. (1998) A
carrot leucine-rich-repeat protein that inhibits
ice recrystallization. Science, 282: 115-117

Xiong L, Schumaker KS, Zhu JK. 2002. Cell signaling
during cold, drought, and salt stress. Plant Cell
14: 165-183.

Yamaguchi-Shinozaki, K. and Shinozaki, K. (1994) A
novel cis-acting element in an Arabidopsis gene is
involved in responsiveness to drought, low-
temperature, or high-salt stress. Plant Cell, 6:
251-264.

Yamaguchi-Shinozaki, K. and Shinozaki, K. (2005)
Organization of cis-acting regulatory elements
in osmotic and cold-stress-responsive
promoters. Trends in Plant Science, 10: 88-94.

Yamazaki M., and Saito K, (2002) Differential display
analysis of gene expression in plants. Cellular



14 Maya Kumari et al

and Molecular Life Sciences, 59(8): 1246-1255.

Yeh Y., and Feeney R.E. (1996) Antifreeze proteins:
Structures and mechanisms of function.
Chemical Reviews, 96: 601.

Zhang X., Fowler S.G., Cheng H., Lou Y., Rhee S.Y,,
Stockinger E.J., Thomashow M.F. (2004) Freezing-
sensitive tomato has a functional CBF cold
response pathway, but a CBF regulon that
differs from that of freezing-tolerant Arabidopsis.
Plant Journal, 39: 905-919.

Zhul., ShiH., Lee B.H.,Damsz B., Cheng S., Stirm V., Zhu
J.K., Hasegawa P.M., Bressan R.A. (2004) An
Arabidopsis homeodomain transcription factor
gene, HOS9, mediates cold tolerance through a
CBF-independent pathway. Proceedings of the
National Academy of Sciences, USA, 101: 9873—
9878.

a



	The Scientific Temper, July 2010, 1-231

