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MOLECULAR STUDIES IN DROUGHT TOLERANCE OF BANANA
Chandrashekar, N.

ABSTRACT

The present study examines the genetic variation in drought
tolerance among AA and BB genomic groups of banana using two
characteristics i.e Leaf water retention capacity and Carbon
discrimination and in this study AA genotypes recorded relatively higher
water use efficiency than BB genotypes. BB genotypes had higher Leaf
water retention capacity (77.73%) compared to AA genotypes (69.3 %).

From earlier studies two contrasting genotypes, M. acuminata. ssp
burmaniceoides commonly recognised as ‘Calcutta-4’ (AA) and ‘Bee hee
kela’ (BB) were used for physiological, biochemical and molecular studies
during water stress.

The per cent reduction in photosynthetic rate (Px) between control
and stressed plants was 45.28 (%) for ‘Calcutta-4’ and 36.01(%) for ‘Bee
hee kela’, Transpiration rate (E) was 30.24 (%) for ‘Calcutta-4’ and 22.36
(%) for ‘Bee hee kela’ and Stomatal conductance (gs) was 60.30 (%) for
Calcutta-4 and 56.10 (%) for ‘Bee hee kela’, indicating BB genotypes are
tolerant to water deficit conditions.

Leaf water potential (W) was higher in ‘Bee hee kela’ (BB) both in
watered (-0.913 MPa) and under stress (-1.518 MPa) situations when
compared with ‘Calcutta-4’ (AA) control (-1.35 Mpa) and stressed (-1.824
MPa) plants. Malondialdehyde content was estimated to be high in
‘Calcutta-4’ than that of ‘Bee hee kela’ indicating higher degree of
membrane damage in Calcutta-4. The two antioxidant enzymes namely
Super oxide dismutase and Catalase activities were found to be higher in
Bee hee kela stressed samples than ‘Calcutta-4’ indicating better
oxidative damage withstanding capacity. ‘Bee hee kela’ (BB) with higher
W, gs, and antioxidant enzyme (SOD and Catalase) activities. ‘Bee hee
kela’ genotype is more drought tolerant than ‘Calcutta-4’.

Gene expression study using selected gene primers and cDNA
revealed that drought not only changes the expression pattern of drought
inducible genes but also changes the expression levels of growth and
metabolism related genes.

Department of Biotechnology
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GKVK, Bangalore-65 Signature of Major Advisor
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I. INTRODUCTION

Bananas and plantains are important sources of carbohydrate for
the millions of people worldwide. Globally banana (Musa sp) is fourth
most important commodity after rice, wheat and corn and is produced in
tropical and sub tropical regions of developing economies, grown across
130 countries in an area of 8.25 mha with a production of 97.38 million
tonnes (NHB Database, 2006). India leads in global banana production.
The other important banana growing countries are Brazil, Philippines
Indonesia, China, Ecudor, Cameroon, Mexico, Columbia and Coasta
Rica. The important banana growing states of India are Maharashtra,
Andhra Pradesh, Assam, Bihar, Gujarat, Karnataka, Kerala, Tamil Nadu,

West Bengal and Orissa.

Banana ranks first in production and second in area among the
fruits grown in India accounting for the production of 16.5 million tonnes
annually from an area about 0.565 million hectares (FAO, 2007). Its
share in total fruit production is 32 per cent from 12 per cent area under
fruits. Like in many other countries, banana has dominated the Indian
fruit industry contributing the highest GDP of 1.99 per cent to

agriculture sector.

Owing to its multifaceted uses of various plant parts ranging from
underground stem to male flower, it is referred to as “Kalpataru” (a plant
of virtues). Banana has several important roles in socio-religious
ceremonies in India (Amalraj et al., 1993) and is considered as a symbol
of good omen, fertility and prosperity. The fruit is available throughout
the year. It is easily digestible, a food for people suffering from gastritis
and other stomach ailments (Rao, 1984). Apart from fruits, leaves are
used as plates. The male flower bud is used as a vegetable, the juice of

central axis is said to be useful against kidney stones.



Water deficit is one of the principal limiting factors for crop
production throughout the world. It prevents the crop plants from
expressing their full genetic potential. Water deficit, which is a
consequence of either intermittent or terminal period of drought, causes
significant yield reduction on cultivated crops. These restrictions on yield
potential are of great concern in terms of meeting food demand of
increasing world population. To achieve the objectives, understanding
the fundamentals of plant responses are vital for a given species of crop

within a specific environment.

Drought stress induces a range of physiological and biochemical
responses in plants. These responses include stomatal -closure,
repression of cell growth and photosynthesis, and activation of
respiration. Plants also respond and adapt to water deficit at both the
cellular and molecular levels, for instance by the accumulation of
osmolytes and proteins specifically involved in stress tolerance. An
assortment of genes with diverse functions are induced or repressed by
these stresses (Shinozaki et al.,, 2003; Bartels and Sunkar, 2005). Many
drought-inducible genes with various functions have been identified by
molecular and genomic analyses in Arabidopsis, rice and other plants,
including a number of transcription factors that regulate stress-inducible

genes expression.

Banana plants require uniformly warm and moist conditions for
optimum growth and yield. The need to provide adequate water supply
for growth and plant development is well-documented (Srikul and
Turner, 1995; Milburn, 1992). This crop requires 160 mm of water per
month, depletion of soil water from the root zone affects many plant
physiological and biochemical processes (Bradford and Hsiao, 1982).

Bananas rarely attain their full genetic potential for yield due to



limitations imposed by water. Sensitivity of banana plants to moisture
stress is reflected in terms of reduced growth through reduced stomatal
conductance and leaf size (Kallarackal et al., 1990; Turner, 1995),
increased leaf senescence (Batalgia, 1980) ultimately limiting the overall

photosynthesis (Robinson, 1996).

Candidate gene approach states that candidate genes are
sequenced genes of known biological function. This approach has been
utilized successfully to determine the biotic and abiotic characters in
many crop plants. These genes associated with the manifestation of the
drought resistance trait, may be structural genes or genes in a regulatory

pathway or biochemical pathway, which affect trait expression.

The increasing demand for water for domestic and industrial needs
has led to limited availability of good quality water for agriculture.
Growing crops under such water limiting conditions is a great challenge
for the scientists. Hence, understanding the response of the crops to
moisture limiting conditions and using this knowledge for growing crops
successfully is very much essential. Banana crop bearing a mesophyte is
very sensitive to water stress conditions, most of its cultivation is under
irrigation and understanding the changes in banana genotypes response
to water deficit conditions is very important. Keeping above points in
view, the present investigation was carried out with the following

objectives:

1. To study the physiological and biochemical changes due to

moisture stress in banana.

2. To study the gene expression of a few selected candidate genes

under moisture stress.






II. REVIEW OF LITERATURE

The view of earth from space shows that most of planet’s surface is
covered with water, but most of it is in unusable form for animals and
plants. Water is the most abundant substance in any living system,
comprising up to 70 per cent or more of weight. Organisms have
effectively adapted to their aqueous environments and have even evolved
means of exploiting the unusual properties of water. Atmosphere being
the major source of carbon dioxide for photosynthesis and
simultaneously being dry makes the plant to lose large amount of water,
by means of transpiration during the process of CO> entry. Even slight
imbalance in water flow causes water deficit, which is some extent is

responsible for shaping the evolution of plants.

2.1 General effects of drought on growth and metabolism:

2.1.1 Strategies adapted by plants against stress:

Plants over years have evolved mechanisms broadly categorized as
drought postponement and desiccation tolerance to combat water deficit.
Most of the xerophytic plants adapt mechanisms underneath drought
escape. Plants usually either function by maintaining tissue water
potential by avoiding tissue dehydration or by tolerating low tissue water
potential. The first mechanism that involves traits that minimize water
loss and maximize water uptake. Water loss can be minimized by
stomatal closure, paraheliotrophic movements reducing heat load,
increase in reflectance character by dense trichomes or waxiness of
leaves in addition to minimizing cuticular transpiration, decrease in
canopy leaf area by shedding of older leaves and reduced growth
(Larcher, 2000). Water uptake is maximized mainly by increasing root

growth to deeper layers of soil (Jakson et al., 2000).



The second mechanism termed tolerance, involves functioning even
when tissue water potential decreases. This has been achieved by
synthesizing and protecting macromolecules and accumulating
substances, which can further reduce water potential, powering entry of
water into cell these mechanisms operate at cellular level. Ultimately it is
tolerance along with drought postponement mechanisms leading to

whole plant drought tolerance per se (Mundree et al., 2002).

Plants can perceive abiotic stress and elicit appropriate responses
with altered metabolism, growth and development. The regulatory
circuits include stress sensors, signaling pathways comprising network
of protein-protein interactions, transcription factors and final product
that is proteins or metabolites imparting stress tolerance. The products
of stress inducible genes can be classified into two groups; (i) Those that
function directly in protecting against environmental stresses also
termed as functional or downstream genes; and (ii) those that regulate
gene expression and signal transduction in response to stress termed as
regulatory or upstream genes (Oono et al., 2003). In response to
environmental adversities plants have developed several strategies to
cope with these challenges either by adaptation mechanisms, which
follow them to survive the adverse conditions or specific growth habits to
avoid stress conditions. Stress tolerant plants have evolved certain
adaptive mechanisms, displayed by different degrees of tolerance, which
are largely determined by their genetic plasticity. This differential stress
tolerance could be due to difference in terms of perception of stress,
signal transduction and appropriate gene expression patterns, or
presence of novel metabolic pathways restricted to tolerant plants

(Bartels and Sunkar, 2005).



2.1.2 Perception of stress:

Plants feel an extremely feeble stimulus, which is below the limit of
perception, and display fast action (closure of stomata, diurnal variation
in temperature and water status). It remains still an open question, how
plant sense an osmotic stress or drought? Determining how plants sense
water deficit is complex? There may be various signals for water stress
ranging from chemical, hydraulic to electrical signals, including the
primary mediators such as water status, turgor, bound water, hormones
(Abscisic acid etc), alteration in cell membranes and other signals which

are still under debate (Knight and Knight, 2001).

A mere perception would be of little use, unless a message is sent
and effective action taken without the least delay, for which the signals
have to be transduced for the cell to respond appropriately. The more
important are the activities in the organism which bring about the
altered physiological and biochemical response, which helping the plant

to re-programme itself to the changing environment.

2.2 Physiological and biochemical changes during drought in
general:

When the demand exceeds the supply, perennial plants can
regulate the water use by finding additional water sources or find other
ways to conserve water for both metabolism and growth needs. There is a
great variety of morphological, anatomical and physiological
characteristics that either look for adaptation or act as a buffer against
the negative water deficit effects. In water deficit conditions, the water
vapour loss occurs through two parallel ways, the stomatal and the
cuticular, being the stomatal participation more significant in the

transpiration loss mechanism than cuticular (Larcher, 1980).



Plants face various kinds of stresses, among which abiotic stress
conditions such as drought, temperature (high and low), salinity,
anorexia etc., contribute to the reduction in yield. In tropical countries
like India abiotic stresses cause appreciable reduction in crop
productivity. Amongst the different abiotic stresses drought is the major
one, which limits the potential yield of crops to a great extent. More than
10 per cent of arable land is affected by drought and salinity, with rapid
desertification and salinization, nearly more than 50 per cent in yield of
crop plants occurs (Bray et al., 2000). Therefore understanding plant

tolerance to both drought and salinity is of fundamental importance.

Under mild drought, decrease in photosynthesis is generally
considered to be the result of reduced availability of CO2 due to stomatal
closure (Mansfield and Davis, 1981). Growth and performance reduction
by water stress has been very well documented (Fischer, 1980;
Kriedemann and Barrs, 1981), concurring to reduce gas changes and the
leaf lengthening. Both are hardening process dependent (Bradford and

Hsiao, 1982).

The onset of stress may initially cause a loss of cell turgor, which
in turn reduces gas exchange and leaf elongation since both are turgor-
dependent processes. The result is a decrease in growth rate since this is

a function of transpiration rate and leaf area (Chartzoulakis et al., 1992).

Leaf water retention capacity (LWRC per cent) was considered to be
a better estimation of drought resistance than stomatal conductance
(Clarke and McCaig, 1982). Leaf water content and gas exchange are very
sensitive to drought stress. Reductions in leaf water potential (¥) result
in photosynthetic competence in many plant species (Bradford and

Hsiao, 1982).



Decrease in net photosynthetic rate (Pn) under water stress is
related to disturbances of biochemical processes of non-stomatal nature,
caused by oxidation of chloroplast lipids and changes in structure of
pigments and proteins (Graan and Boyer, 1996). However, increases in
rate of reduction of Oz will not be sufficient to dissipate the excess
excitation energy in PS II antennae and increased down-regulation of
photosynthesis will occur and minimize photo-damage to PSII reaction
centers. Under prolonged mild or severe water deficit the electron
transport to O and down-regulation may be unable to dissipate
excitation energy in PS2 antennae and, consequently, photo-damage and

net loss the D1 protein (32 kDa) of PSII RCs can result (Baker, 1993).

Photosynthesis is particularly sensitive to water deficit because the
stomata close to conserve water as available soil water declines. Stomatal
closure deprives the leaves of carbon dioxide and photosynthetic carbon
assimilation is decreased in favour of photorespiratory oxygen uptake.
The process of stomatal closure and the enhancement of flux through the
photorespiratory pathway increase the oxidative load on the tissues as
both processes generate reactive oxygen species (ROS), particularly
hydrogen peroxide (H202). Hydrogen peroxide is also generated as a
secondary messenger in abscisic acid (ABA)-mediated stomatal closure

(Pei et al., 2000).

Clarke and McCaig (1982) investigated the technique for use in
wheat breeding schemes in the Americas and concluded that the leaf
water loss rate was a suitable method for distinguishing between
genotypes of wheat that were tolerant of drought. Drought tolerance was
evaluated by comparing the yield of genotypes in rainfed plots with yields
from irrigated plots.

A common effect of drought stress, similarly as of other

environmental stresses, is to cause oxidative damage (Smirnoff, 1998).



Generation of reactive oxygen species (ROS) lead to lipid peroxidation
(Chen et al., 2000; Sreenivasulu et al., 1999), protein degradation (Jiang
and Zhang, 2001) and nucleic acid damages (Hagar et al., 1996).

The superoxide anion radical occurs in photosystem-I (PS1) under
limited supply of NADP. In photosystem-II (PSII), the occurrence of
Reactive oxygen species is caused by damage of thylakoid membranes,
when electrons from water are transferred to oxygen. Very sensitive to
oxidative stress are chloroplasts mainly due to high concentration inside
these organelles of oxygen, which as a result of irradiation is transformed

into singlet oxygen (Sgherri et al.,1996).

Drought-stress causes increase in content of the reactive oxygen
species (ROS). In response to drought induced oxidative stress plants
increase activity of anti-oxidative enzymes such as superoxide dismutase
(SOD), catalase, peroxidase, or glutathion reductase (Neill et al., 2002).
Increased ROS, damage PS-II to the extent that it can’t be repaired and
inhibit synthesis of drought inducible proteins. Plants have evolved
efficient non-enzymatic and enzymatic means to alleviate from oxidative
damage (Kramer et al., 2002). The non-enzymatic system up regulated
under dehydration include ascorbate (Vitamin C), tocopheral (vitamin E),
flavanoids, alkaloids, caroteinoids, glutathione. Other antioxidants
usually reported under dehydration stress include enzymes such as
superoxide dismutase, peroxidase, catalase and glutathione-s-
transferase (Mittler, 2002). ROS usually causes lipid peroxidation, which
is always accompanied by generation of highly reactive molecules such

as complex aldehydes.

Production of ROS is usually a secondary response to dehydration,

which include production of singlet oxygen, super oxide anion radicals,



hydroxyl radicals and hydrogen peroxide. Hydroxyl radicals are the most
reactive molecules, leading to oxidaton of lipids and nucleic acids (Apel

and Hirt, 2004).

2.3 About banana crop:

Today, most people of the world are familiar with this delicious
fruit. Edible clones of bananas and plantains, based on landraces, are
derived from hybrids of the wild sub-species of Musa acuminata (A
genome) and M. balbisiana (B genome). The wild bananas occur within
the tropics from India to Oceania but there is a distinction between the
distribution of M. acuminata and M. balbisiana within that range. Musa
balbisiana overlaps the northern part of the range of M. acuminata and

extends beyond it to the west and north (Simmonds, 1962).

The edible clones are now grown more widely including in the
subtropics of both hemispheres. Triploids (AAA, AAB and ABB) are most
common among the edible bananas with the plantains belonging to the
AAB group. A special feature of the edible clones is the parthenocarpic

development of sterile fruit (Simmonds, 1959).

Simmonds (1962) summarized the features of the wild bananas,
based on observations in the field, as being a group of broadly
opportunistic plants that are intermediate in ecological succession,
distributed by animals, and requiring high temperature, humidity and
light. They do not tolerate competition or poor soil drainage and tend to
be short-lived. Within the wild bananas, Simmonds noted significant

differences between species in their ecological demands and tolerances.



Circumstantial evidence suggests that the Musa balbisiana (B)
genome confers greater drought tolerance to bananas and plantains than
the Musa acuminata (A) genome. Hence the genetic makeup of bananas
and plantains may affect the response of leaf gas exchange to the
environment. Field data cannot be readily used to study the independent
effects of environment but laboratory studies allow independent control

of environmental parameters (Thomas et al.,, 1998).

Early comments on bananas, particularly of the cv. 'Gros Michel
(AAA group) used by the international trade early in the 20th century,
focus on the sensitivity of the plant to changes in the environment
(Popenoe, 1941). Most of the research on the effect of environment on
Musa species has been on members of the edible bananas. There is a
need to know more about the responses of the wild species that provide

the genetic basis for the edible genotypes.

2.4 Physiological and Biochemical changes during water limiting
conditions in banana crop:

Banana has been known as a plant with a rapid growth rate, high
consumption of water, shallow and spreading root distribution, roots
with weak penetration strength into the soil, poor ability to withdraw
water from soil which is drying, low resistance to drought and rapid

physiological response to soil water deficit (Robinson, 1995).

Low wind speed and large leaf area increase the depth of the
boundary layer, slowing the movement of water vapour from the leaf to
the air. Thus, all things being equal, we could expect less evaporation per
unit of leaf area from large leaves than small leaves. In reality the
situation is more complex because sensible heat also diffuses across the
boundary layer. Thus large leaves will be warmer than smaller leaves, as

demonstrated clearly by Taylor and Sexton (1972).



The capacity of a canopy of leaves in a plantation to intercept light
and fix carbon is measured by the leaf area index, LAI. The LAI includes
the area of all green leaves on all shoots present. It is the area of leaf
(single side) divided by the area of land occupied by the plants. It varies
with location, planting density and a number of other factors, including
season, and ranges from 2 to 5. This is not large compared with an apple
tree that may have an LAI of 7 or more (Proctor et al., 1976), but even
apple trees normally have LAI within the range of 3.5 to 4.6 when the

leaves are fully grown (Jackson, 2003).

Bananas (Musa spp.) rarely attain their full genetic potential for
yield due to limitations imposed by water. The banana plants sensitivity
to moisture stress is reflected in changes in reduced growth through
reduced stomatal conductance and leaf size (Kallarackal et al., 1990;
Turner, 1995), increased leaf senescence (Batalgia, 1980) ultimately
limiting the plants’ photosynthesis. Robinson (1996) reported that soil
drying in a healthy, previously well irrigated banana plantation to -12, -
25, -53 and -70 Pa, induced a proportional reduction in photosynthetic
rate amounting to 8, 18, 44 and 82 percent, respectively. Cayon et al.
(1998) noted a 50% reduction in photosynthesis in cultivar "Dominico-
Harton" under water stress compared to 30.61 u mol CO2 m~2 s! for un-

stressed plants.

Ekanayake et al. (1994) investigated the ability of different
genotypes of Musa to adapt to drought in the field by measuring the
stomatal conductance (gs) in the morning and afternoon. In this case, the
soil water content is unlikely to change significantly between
measurements but the leaf-to-air vapour pressure difference will increase

as temperature rises. It is therefore a strategy for detecting the sensitivity



of the stomata to vapour pressure deficit, which may or may not be
related to drought tolerance. They found differences among Musa
genotypes. Those genotypes that tended to restrict stomatal opening in
the afternoon were classed as 'water savers' and could therefore be
expected to tolerate short periods of soil water deficit in contrast to those
whose stomata remained open in the afternoon. The cvs. 'Bluggoe' (ABB)
and 'Fougamou' (ABB) showed the greatest differences in leaf
conductance between morning and afternoon while cvs. 'Bobby Tannap'
(ABB) and 'Valery' (AAA, Cavendish subgroup) maintained their gs
throughout the day. They concluded that there was variation in response
to drought among the genotypes in the ABB genomic group that was

worth further investigation.

Limitations of photosynthesis by stomatal as well as non-stomatal
mechanisms depend not only on duration and intensity of drought-stress
but also on plant species, stage of plant development, and leaf age
(Kicheva et al., 1994). Some of the observed changes in leaf water status
and gas exchange are reversible and subside after finishing exposure to
drought. They may be irreversible and remain even at sufficient water

supply (Sestak and Shiffel, 1997).

Robinson (1996) points out that bananas have rapid physiological
responses to soil water deficit and this is the feature that is most likely to
determine the response of the crop to irrigation. The most sensitive
indicator of soil water deficit in banana is the rate of emergence of the
new leaf (Kallarackal et al., 1990; Hoffmann and Turner, 1993; Turner
and Thomas, 1998). If the soil dries rapidly, the leaf may stop emerging
after 2 to 10 d and if it dries slowly, leaves may stop emerging after 23
days. In the experiments of Hoffmann and Turner (1993) a 21 kPa
reduction in soil water potential halved the rate of leaf emergence but a

40 kPa reduction in soil water potential was needed to halve



transpiration rate. Thus the rate of emergence of the new leaf is a
sensitive indicator of drying soil, more so than the closing of stomata.
When drought is prolonged, a decrease of photosynthesis is controlled by
“non-stomatal” mechanisms of gas exchange connected with damages of
mesophyll cells, membranes, and chloroplasts, decrease in chlorophyll
content, and disturbances in assimilate synthesis and transport

(Keutgen et al. 1997).

Transpiration from sections of leaves is often measured with a gas
analysis system where a small section of leaf is enclosed in a chamber
through which there is a flow of air (Thomas and Turner, 2001). The
boundary layer in the chamber is determined by the flow rate of the air
stream and the size of the chamber. It is standardized so that stomatal
conductance can be estimated. The boundary layer in these chambers is
very different in size to that encompassing a whole leaf that influences

evaporation from the whole leaf or plant.

These factors indicate that banana is sensitive to even slight
variations in soil water content and that irrigation scheduling is critical.
The water holding capacity of the soil, effective rooting depth of banana,
and the percentage of depletion of total available water allowed before
irrigation determine the amount of water to apply, while crop coefficient
together with the evapo-transpiration data determine the irrigation

interval (Robinson, 1995).

Bananas remain highly hydrated even when the soil is dry and so
there needs to be a mechanism by which this occurs. Thomas (19995)
grew bananas cv. 'Williams' (AAA, Cavendish subgroup) with a split root
system and showed that if half of the roots were exposed to drying soil,
then the stomata closed, even though the leaves were well hydrated.

Severing the roots that were exposed to the dry soil opened the stomata,



indicating a signal from roots to shoots that closed them. By this
mechanism the banana would be able to sense drying soil and begin to
close its stomata. This would reduce water loss from the leaves, but it
does not explain why the plant remains highly hydrated because the data
of Bananuka et al. (1999) show that if a leaf is severed from a banana
plant then it will lose from 24 to 76% of its weight (primarily water) after
48 h of drying, depending on the genotype. This is a high rate of water
loss considering that in the field the loss of water from intact leaves on
banana plants (cv. 'Dwarf Cavendish', AAA, Cavendish subgroup) was
only 10 per cent even though they were subjected to a reduction of 70
per cent in available water in the soil over ten days (Shmueli, 1953). This
implies that the root system has an important role to play in keeping the
plant hydrated even when the soil is drying. The mechanism by which
this might occur is that once the stomata are closed, root pressure
becomes the dominant force supplying water to the shoot. Bananas have
strong root pressure (Davis, 1961). With this drought tolerance
mechanism the banana is able to survive long periods of soil water deficit
but the disadvantage is that production is very sensitive to soil drying.
Whether this mechanism applies across the genetic diversity of Musa
species needs to be established. If genetic variation can be detected then
there is the possibility of developing cultivars that are less sensitive to
soil drying, from the point of view of production, but which might not
survive long periods of drought. From a practical perspective it would be
useful to determine the relationship between soil water potential and

stomatal conductance for a range of cultivars in different environments.

Thomas et al. (1998) used controlled conditions to separate the
effects of wvapour pressure deficit and temperature on stomatal
conductance (gs) of cvs. 'Williams' (AAA, Cavendish subgroup), 'Lady
Finger' (AAB) and 'Bluggoe' (ABB). Stomatal conductance of cv. 'Williams'



was much more sensitive to leaf to air vapour pressure difference than
that of cv. 'Bluggoe’, decreasing as the vapour pressure deficit increased.
At a vapour pressure difference of 5 kPa, there was no difference in gs
between either cultivar with differences increasing under more humid
conditions and They showed that the stomata of bananas respond to the
aridity of the air as well as to soil drying and that there is genetic

variation in this trait.

Lu et al. (2002) measured the water use of whole banana plants cv.
'Williams' (AAA, Cavendish subgroup) by using gravimetric and sap flow
techniques. Water flowing from the root system to the leaves must flow
through the corm and sap flow sensors placed there can give an
estimation of the water use by the whole plant. In this case the boundary
layer of the leaves is not modified by the instrumentation used to
measure transpiration, such as it is when a gas exchange system is
used. They compared the maximum sap flux density they measured in
the corm of banana plants at 15 g cm 2 h'! with published values for
spruce (19 g cm 2 h'1), mango (35 g cm 2 h'1) and tropical rainforest tree
species (40 g cm 2 h-l). They pointed out that the value for banana was
lower than for other species and they attributed this to the low leaf
area/sapwood area ratio in banana compared with other species. Thus
large leaves can be misleading as banana has large leaves but the sap
flux density in the corm is less than that measured for tree species with
small individual leaves. They suggesting that bananas are remarkably
tolerant of soil water deficit and can evaporate less water than other

crops

High leaf area index, shallow root systems or the poor ability of
banana roots to extract water from the soil can be invoked to account for
the sensitivity of the crop to soil drying. However, the sensitivity of the

root system to drying soil, the ability of the plant to send this information



to the leaves so that stomata close and once the stomata are closed, the
capacity of root pressure to maintain the plant in a hydrated state are
consistent with the widely observed sensitivity of the plant to soil drying.
In addition to pointing to a physiological mechanism that might be
modified in the plant to produce cultivars more adapted to dry
conditions, knowing that the banana plant itself is not substantially
different from other plants in its use of water leads to questions about
the technology of applying water to bananas. (Lu et al., 2002) They also
pointed out the large difference between the amount of water evaporated
by the plant compared with the amount of water recommended for
irrigation at Darwin, Australia. They suggested that water-use efficiency
at the level of the plantation could be improved by paying attention to the

technology of irrigation

A canopy with a high Leaf area index (LAI) could be expected to
evaporate more water than a smaller canopy with lower LAI. In the longer
term, the amount of water evaporated from a leaf canopy will be
proportional to the amount of radiation intercepted because energy is
needed to convert water from a liquid to vapour. About 90 per cent of the
incoming radiant energy is intercepted at an LAI of 4.5 to 5.0 for
bananas, although under protected cultivation this may reach 94 per
cent (Tanny et al, 2006). Thus LAI beyond about 5.0 is unlikely to
contribute greatly to increased evaporation. The LAI of banana

plantations is similar to that of other fruit crops.



2.5 General effects of drought on molecular aspects:
2.5.1 Transcriptional regulation of gene expression

2.5.1.1 Cis acting elements:

ABA Response Elements (ABREs): Two ABA dependent pathways
are known to mediate gene expression in plants during water deficit
stress. The distinction is largely based on cis-elements that exists in the
promoters of ABA-inducible genes. The ABA- dependent pathways are
thought to mediate gene expression through an ABRE-element and b-ZIP
transcription factors (Busk and Pages, 1998), while the other pathway is
through a MYC and MYB elements and transcription factors (Yamaguchi-
Shinozaki and Shinozaki, 1993). Many cis-regulatory elements known as
ABA-responsive elements (ABREs) have been identified. Among
them(C/T)ACGTG(G/T) C motifs have been reported to function as
ABREs in many genes (Ingram and Bartels, 1996; Busk and Pages,
1998).hte core element of the V is the CAGGTG motif (G-box motif,
which functions in the regulation of plant genes stimulated by variety of

environmental signals (Michel et al., 1994).

Dehydration response element (DRE): The investigation of
dehydration-induced genes in Arabidopsis has also revealed ABA-
independent signal transduction pathways (Shinozaki and Yamaguchi-
Shinozaki, 2000). In aba (ABA deficient) and abi (ABA insensitive)
mutants, several genes are induced by dehydration indicating that these
genes do not require ABA for their expression under drought conditions.
The A. thaliana genes rd29A and rd29B are differentially induced under
conditions of dehydration, salt, cold stress, or ABA treatment. This
multiple expression Pattern requires at least two cis-acting elements for
the rd29A gene. The 9-base pair direct repeat (TACCGACAT), termed the
dehydration responsive element (DRE), functions in the initial rapid
response of rd29A to dehydration, salt, or low temperature. The slower

ABA response is mediated by another promoter fragment that contains



an ABRE. The DRE is an essential cis-acting element for the regulation of
rd29A induction in the ABA independent response to dehydration in
Arabidopsis (Yamaguchi-Shinozaki and Shinozaki, 1993).

2.5.1.2 Transcription factors:

Basic region leucinen-zipper proteins (bZIP): Basic region leucinen-
zipper proteins (bZIP) contain a DNA binding domain rich in basic
residues and adjacent to a leucine zipper dimerizatiuon domain. bZIPS
are a large family of transcription factors in plants and are represenred
by 75 members in Arabidopsis(Jacoby et al, 2002). All plant bZIP
proteins bind to an ACGT core sequence, but the sequences flanking the

core sequence affect the precise DNA binding.

The bZIP transcription factors are refered to as ABRE binding
(AREB) proteins or ABRE binding factors (ABFs). They were isolated
using the yeast hybrid screening method (Choi et al., 2000). Among these
AREB/ABF proteins, expression of AREB1/ABF2, AREB2/ABF4, and
ABF3 was upregulated by ABA, dehydration, and high salinity stresses.

ABF3 and ABF4 over expression in transgenic Arabidopsis plants
resulted in enhanced drought tolerance accompanied by decreased
transcription, suggesting that ABF3 and ABF4 are involved in stomatal
closure mediated by ABSA. These transgenic plants also showed
improvement of drought stress tolerance and the expression of some ABA
responsive genes, such as LEA class genes (rd29B and rab18), cell cycle
regulator genes (ICKL), and protein phosphotase 2C genes (abil and
abi2), suggesting that AREB/ ABF proteins are involved in ABA response

and stress tolerance in plants (Kang et al., 2002)

There are 75 members of bZYP proteins in Arabidopsis, several of

which bind to ABRE cis element. Candidate genes coding for bZIP have



been cloned, that are induced by osmotic stress and or ABA. The ABFs
are known to respond to dehydration either at transcriptional or post
transcriptional level (Jacoby et al., 2002). ABF3 and ABF4 involved in
stomatal closure have shown to enhance drought tolerance of

transgenics over expressing them (Kang et al., 2002).

2.5.1.3 Homeodomain-Leucine zipper proteins (HD-ZIPP): HD-ZIP
genes encode proteins that have only been identified in plants so far and
are thought to regulate developmental processes and responses to
environmental cues. HD-ZIP proteins are characterized by the presence
of a DNA binding homeodomain with a closely linked Leucine zipper
motif. The activity of HD-ZIP residues primarily in the specific DNA
binding property of the homeodomain and the ability of the leucine
zipper to mediate protein-protein interaction with other HD-ZIPs. In
Arabidosis three HD-ZIP genes (ATHB-6, ATHB-7 and ATHB-12) are
shown to be responsive to dehydration (Lee and Chun, 1998).

2.5.1.4 Zn-Finger proteins: A zinc finger motif represents the sequence
in which cysteines and/or histidines coordinate a zinc atom(s) to form
local peptide structures that are required for their specific functions. The
zinc finger motifs are classified based on the arrangement of the zinc
binding aminoacids. They play critical roles in interactions with other
molecules. The cDNA clone for Alfin-l was isolated by differential
screening of salt tolerant alfalfa cells grown on NaCl. Overexpression of
the Alfinl gene in transgenic plants increaserd the MsPRP2 transcript
levels in root band enhanced NaCl tolerance, induicating that the Alfinl
gene product regulates MsPRP2 expression in- vivo (Vinicov and Bastola,

1999).

2.5.1.5 AP2/ERE-Type transcription factors: AP2/ERE domain
proteins include the DREB or CBF proteins binding to dehydration

response elements (DRE) or C repeats. The Arabidopsis genome encides



145 DREB/ERF related proteins (Sakuma et al, 2002). A major
transcriptional regulatory system is represented by DRE/C repeat
promoter sequences in stress activated gene DREBs/CBF factors that

control stress gene expression (Liu et al., 1998).

2.5.1.6 Myb-Like proteins: The Myb-motiff comprises three imperfect
repeats forming a helix-tern helix- related motif. Each repeat contains
three conserved tryptophan residues every 18 to 19 amino acids, which
promotes a secondary structure with a functional Myb domain. In plants,
the first tryptophan of R3 is substituted by phenylalanine or isoleucine
(Villalobes et al., 2004). The Myb gene family is represented by 190 genes
in Arabidopsis (Riechmann et al., 2000). Three additional Arabidopsis
Myb-like transcription factors were identified as upregulated by
dehydration, high salinity, or cold stress in a microarray study (Seki et

al., 2002).

2.5.1.7 Myc-Like Proteins: Myc-Like Proteins contains the basic helix-
loop-helix (bHLH) domain, which is composed of two sub domains, the
basic regions found in bZIPs) responsible for DNA binding and the HLH9
(helix-loop-helix) region for dimerization with interacting proteins. The
Arabidopsis rd22BPI gene encodes a Myc-like transcription factor and is
induced by dehydration, high salt conditions, and ABA. It activates the
downstream rd22 gene by binding to the Myc promoter motif (Abe et al.,
1997).

2.5.1.8 NAC transcription factor: Arabidopsis RD26 encodes a NAC
protein and is induced not only by dehydration but also by ABA.
Microarray analysis of transgenic plants over expressing the NAC genes
revealed that several drought-inducible genes were upregulated in the
transgenic plants. These plants also exhibited significantly increased
drought tolerance. Around more than 5 per cent of the Arabidopsis

genome codes for more than 1500 transcription factors, which are



themselves regulated by reversible phosphorylation or by de-novo
synthesis. Many of these are reported to be up regulated under different
kinds of stress and it has been difficult to identify all the target genes of
the transcription factor under study. A good number of transcription
factors are also reported to be regulated under different kinds of stresses
and it has been difficult to identify all the target genes of the
transcription factor under study. A good number of transcription factors
are also reported to be regulated by dehydration and are classified into
different categories based on structure, motif, DNA binding core

sequence etc, (Ramanjulu and Bartels et al., 2002).

Majority of the transcription factors up regulated by osmotic or
dehydration stress belong to the largest group of AP2/ ERF family of DNA
binding proteins, which include DREB and CBFs. CBFs, referred to as
DREBs, were reported initially based on studies of dehydration stress
genes (Liu et al, 1998). DREB1A, DREB1D/CBF4, DREB2A and
DREB2B are induced by salt and dehydration (Sakuma et al, 2002;
Nakashima et al., 2000), in Arabidopsis. Similarly rice AP2 transcription
activators, OsDREB1A, OsDREB1B, OsDEREB1C abd OsDREB2A have
been isolated and it was found that OsDREB1A and 2A are involved in
dehydration tolerance (Dubouzet et al., 2003). One novel DNA binding
factor DBF1 from maize induced by dehydration (Kizis and Pages, 2002).

Though a number of functional and regulatory genes involved in
drought stress and signaling have identified, not many have been well
characterized. Attempts in recent years have been to isolate genes from
various species, with emphasis on tolerant species, to identify genes

probably playing role in stress tolerance.



With the complete genome sequence of Arabidopsis available,
candidate tolerant plants have been those that are closely related to
Arabidopsis family or species. Highly salt tolerant Thellungiella hapliphila
(Amtamann et al, 2005) and High metal accumulator Thalapsi
caerulescence (Cosio et al., 2005); Sporobolus stapfianus (Phillips et al.,
2002). Have been the choice of study. At the same time resurrection
plants like Creterostigma plantagenium (Noorwood et al., 2003).
Sporobolus stapfianus (Phillips et al., 2002) and tolerant crop plants have
been explored to identify stress responsive genes. Though the probable
candidates involved in signal transduction or perception has been
difficult to identify, efforts are carried out to identify stress responsive
genes (Zhu, 2002). Most of the molecular genetic studies performed with
Arabidopsis thaliana, have helped in dissection of stress response

pathways at molecular level (Zhu, 2002; Shinozaki et al., 2003).

2.6 Upstream regulatory genes and Signal transduction:

In contrast to signal perception various components of signal
transduction have been identified. It is largely unknown, where they are
positioned in the complex signaling network and how the various
different molecules interact with each other and how the signal is
transduced. Signaling molecules like CaZ?*, Reactive Oxygen Species
(ROS), phosphoproteins etc, help in amplification of the signal (Bartels
and Ramanjulu, 2005).

2.6.1 SNF-1-Like Kinases:

Another family of protein kinases are the SNF/AMP activated
protein kinases, which were first analyses in yeast (SNF=sucrose-non-
fermenting). These kinases may sense the ATP/AMP ratio and thus
control fluxes between anabolism and catabolism via transcription of

genes encoding enzymes related to carbohydrate metabolism. In plants



some members of this grop of kinases areexpressed in response to
dehydration or ABA. In rice, 10-SnRK2 protein kinases were reported
(Kobayashi et al., 2004) all family members atre activated by

huperosmotic stress and three of them are also activated by ABA.

2.6.2 Phosphatases:

Phosphatases are classified according to their substrate specificity.
There are two major types of phosphatases: phosphoprotein
(serine/threonine). Phosphatases(or PPases) and phosphotyrosine(protein
tyrosine phosphatases or PTPases). Protein phosphatases 2Cs are
serine/threonine phosphatases and their involvement in stress is well
studied in fungal models. In yeast PP2C interacts with a MAP kinase
cascade that controls osmolyte biosynthesis (HOG pathway). PP2C has
been described by abil and abi2 Arabidopsis mutants defective in a PP2C
isoform (Leung et al.,, 1994), which seems to function as a regulator in a
pathway that mediades resposes to environmental stresses involving

ABA.

2.7 Functional genes:

Number of genes with wide range of functions are up regulated by
drought, these can be broadly classified as those involved in osmotic
adjustment- sugars and osmolyte chaperones or protective proteins,
proteins involved in detoxification and genes down regulated under

stress.

2.7.1 Sugars and osmolytes

Compatible solutes are non-toxic molecules and range from amino
acid to cyclic alcohols. The exact mechanism of protection provided by
these is not understood, as accumulation is not often sufficient to
account for osmotic adjustment. Yet a number of other roles have been

proposed (Ramanjulu and Bartels; 2002). These molecules may have a



primary role in turgor maintenance, but may also be involved in
stabilizing proteins and cell structures (Yancey et al.,, 1982). Though the
accumulation per se may not be important, their metabolic pathways are
predicted to have adaptive value under osmotic stress (Hasegawa et al.,
2000). It is further hypothesized that they may be involved in scavenging
ROS (Chen and Murata, 2002). Sugars are proposed to act as osmolytes
or protect specific macromolecules and stabilizing membranes by forming
glass like structure (Black and Pritchead, 2002). The ressurection plant
Craterostigma plantagineum accumulates, an unusual 8-carbon sugar,
octulose, which is rapidly converted to sucrose during dehydration
(Norwood et al., 2003). Substantial amount of trehlose was identified in
Myrothamus flabellifolia and Sporobolus stafianus, ressurection plants
(Phillips et al.,, 2002). Other polyols, such as pinnitol or ononitol have
frequently been reported in response to drought (Streeter et al., 2001).
Proline the most studied osmolyte has been proposed to function in
various way, besides osmotic adjustment, as a sink of energy or reducing
power, protectant of plasma membrane, a source of carbon and nitrogen

or hydroxyl radical scavenger (Hong et al., 2000).

Apart from other osmolytes, Glycine betaine is known to marginally
improve osmotic stress tolerance. The ability of osmolytes to enhance
stress tolerance, have been studied in over expressing transgenic plants

(Bartels and Sunkar, 2005).

2.8 Protective proteins and chaperons:

This broad category comprises of proteins known to play role of
chaperons such as LEAs and HSPs, proteases and proteinase inhibitors
(proteins required for peotein homeostasis), water channel proteins like

Aquaporin and polyamines.



Late embryogenesis abundant (LEA) and heat shock protein
encoding genes comprise a diverse group of protective proteins, which
are not normally expressed in vegetative tissue under normal condition
but are induced by environmental stress such as drought (Campalans et
al., 2001; Ingram and Bartels, 1996). Based on the conserved structure
LEAs have been classified into 6 groups and they are correlated with
dehydration based on its response dehydration and ABA (Dure, 1993).
Although the biochemical tolerance function of LEA proteins has not
been proven, positive evidences of its function as protective molecules
has been proposed based on over expression studies in both plants and
animals. The probable function of group 1 Lea seems to be in bindung or
replacement of water. Group 2 or dehydrins and 4 contribute to
maintenance of protein and membrane structure where as group 3 and 5
are suggested to form dimer with coiled-coil structure capable of
sequestration of ions, accumulated during water depletion (Ramanjulu
and Bartels, 2002). Recently, for the first time, it was shown that LEA
proteins exhibit anti- aggregation activity under water stress. A model
was proposed where by LEA proteins might act as a novel molecular
chaperons or molecular shield preventing formation of damaged protein

aggregate during water stress (Tunnacliffe et al., 2005).

Heat shock protein (HSP) family encompasses many chaperons,
which function in folding. Assembly of proteins during synthesis, in
removal, disposal of non- functional and degraded proteins. Arabidopsis
mutants with reduced HSP expression wre found to be sensitive to
desiccation (Wehmeyer and Vierling, 2000). HSPs are generally induced
by water stress, reported in several plants. The cytosolic HSPs function
as molecular chaperons by preventing thermal aggregation of substrate
proteins and facilitate subsequent reactivation (Lee et al., 1995). The

abundance of small HSPs and their characterization function, suggests



the importance of HSPs in stress tolerance (wang et al., 2004). Water
stress is also known to induce chaperone-binding proteins (BiPs) in

plants (Cascardo et al., 2000).

Not much work has been done on candidate gene expression

studies in drought tolerance of banana.

Carbon Isotope Discrimination:

Plants discriminate against the heavy isotope of carbon (13C)
during photosynthesis resulting in the depletion of the 13C content in the
biomass (O’Leary, 1981). This deviation of the carbon isotopic ratio
(13C/12C) of biomass from that of air, called discrimination (A13C) is
related to the ratio of the partial pressures of CO; inside the leaf to that
in ambient air (Pi/Pa) (Farquhar et al, 1982; Farquhar et al, 1989;
Hubick and Farquhar,1989) as follows;

A13C = a+(b-a) (Pi/Pa),

Where, a and b are fractionation against 13C (6!3C) during diffusion
through stomata; carboxylation by RuBisCO respectively. Since WUE is
also related to the CO» partial pressures, at a given VPD, a strong inter-
relationship between A3 C and WUE is expected (Hubick and
Farquhar, 1989).

The A3C in plant samples is generally determined using a
sophisticated analytical instrument called Isotope Mass Spectrometer
(IRMS) specially designed for high precision measurements of the ratio R,

defined as:

R=13CO2/12CO2



d13C=R sample — R standard/R standard 1000

Since the organic sample has less R-value than the standard,
d13Cof organic material is more negative, i.e., less 13C content hence more

discrimination and vice versa (O’Leary, 1984).

Importance and biochemical basis of Al3 C and the relationship of
A with WUE have extensively been studied (Farquhar et al., 1982; Codon
et al., Read et al, 1991). The range of A values across the crop types,

having different photosynthetic pathways is given below:

Range of 613C composition

1.Atmosphere (Air) = -6.4 to -7.0 %o
2.C3 plants = -22 to —44 %o

3.C4 plants = -9 to -19 %o

4.CAM plants = -11 %o (approximate)

Carbon isotope discrimination (A13C) at different steps during

photosynthesis

The fractionation of carbon isotope during photosynthesis involves
several distinct biochemical and physical processes. These processes
have different tendencies to discriminate between 12C and 13C , and the
overall discrimination of a particular plant will be a function of the
mechanism it uses for CO> fixation and the relative balance of the
processes that participate in photosynthesis. During photosynthesis, CO2
must diffuse from the atmosphere to the chloroplast stroma. Since 12COx

diffuses faster than 13COj several fractionation processes occurs along



this diffusion path, so that the CO> available at the sites of carboxylation
is always significantly depleted in 13C compared to the atmosphere (Table

1) (Farquhar et al., 1989; Bragnoli and Farquhar, 1998).

Table 1: Fractionation of carbon isotope during photosynthesis.

Process Discrimination (%) Reference

Diffusion of COg in air through 4.4 Craig, 1953

the stomatal pore

Diffusion of CO2 in air through 2.9 Farquhar, 1983
the boundary layer to the stomata

Diffusion of dissolved CO- 0.7 O’Leary, 1984
through water

29 Guy and
Fixation of gaseous CO2 by Hoering, 1987

RuBisCo

The principal components of photosynthesis that influence
discrimination are diffusion of CO> through the stomata and the
carboxylation process mediated by RuBisCo (O’Leary, 1988,1993).
Irrespective of the photosynthetic sub component-determining

discrimination, 13 C is related to Pi as following relationship suggests:

A= {a+(b-a) Pi/Pa-d}

Where a, b are constants for the discrimination against 13COy during

diffusion of COq in the leaf and carboxylation, respectively and d is a




component contributed from respiration, diffusion of dissolved CO> and

Pi & Pa are the intercellular and ambient COa partial pressures.

A13C and WUE -Relationship

An inverse relationship between A/gs and A13C (Meinzer et al.,
1990; Richards and Tieszen, 1993) and a positive relationship between
Pi/Pa and A!3C signify that Pi determines the variability in A13C (Hubick
et al., 1988; Gutterrez and Meinzer, 1994).

Although WUE and A!3C are related through the ratio of
Pi/Pa, as well as with A/gs (Condon et al., 1990), because of diurnal and
seasonal fluctuations in ‘A’ and gs, these parameters will not give an
integrated estimate of WUE over a period of time (Hall et al., 1993 and
Udayakumar and Prasad, 1994). From this context, A13C is a dependable
parameter as it is a reflection of tim integrated estimate of carbon gain
per unit transpiration, especially in Cz plants. AI3C in whole plant dry
matter appears to be reliable indicator of plant WUE in pot grown
sunflower and negative relationship was obtained between these two
traits in structural carbon both in well watered and drought conditions
(Johnson et al., 1993). In wheat, as in other C3z species, genetic
variability in A13C is reflected in variation in WUE at both the leaf and

at the whole-plant level (Condon and Richards, 1993).

Such a relationship between A13C and WUE in several crop
species as depicted was not altered even plants were subjected to abiotic
stresses. Maintenance of the relative ranking of genotypes in control and
stress implies that for WUE and A!3C , genotype and environment
interaction is low and the broad sense heritability is high (Hubick et al.,

1998). Due to these distinct advantages, A13C appear to be a very reliable



parameter for the identification of variability in WUE. This led to the
initiation of several breeding programs to improve WUE using carbon

isotope discrimination technique (Hall et al., White, 1993).



Materials and Methods



III. MATERIALS AND METHODS

Water deficit is one of the principle limiting factor for crop
production through out the world. Water deficit which is a
consequence of either intermittent or terminal period of drought
causes significant yield reduction on cultivated crops. These
restrictions on yield potential are of great concern in terms of meeting
food demand for accelerated increasing world population. The problem
becomes more complicated by the fact that supplies of suitable
irrigation water are dwindling rapidly therefore, efforts are needed for
better watershed management and integrated approaches to water
conservation. Understanding the fundamentals of plant responses is
vital within a specific environment. Keeping this in view, the main
objective of this study was to understand the physiological and
biochemical changes and the expression of a few selected candidate
genes during drought in banana. To study the above mentioned

parameters the following experiments were conducted.

3.1 Screening of AA and BB Banana Genotypes:

The banana accessions belongs to AA and BB genomic groups
(Table-2) maintained at IIHR field were screened for drought tolerance

using the following parameters.

1. Leaf water retention capacity

2. Carbon isotope discrimination analysis

3.1.1 Screening of banana genotypes for the Leaf Water Retention

capacity:

1. The fully opened third leaf from the banana plants belongs to AA
and BB genomic groups were collected (Table-2) early in the morning

(9:0 AM).



using Leaf water retention capacity

Table-2: Banana genotypes used for screening drought tolerance

AA Genotypes

BB Genotypes

Musa acuminata Wild

Amtur kela

Matti Ram kela

Sanna chen kadali Wild-2

Anaikomban Musa balbisiana ssp tani
Kadali Musa balbisiana-1

M. acuminata. ssp
burmaniceoides (Calcutta-
4)

Fruit less variety

Erachi vazhai

Musa balbisiana-2

Annara kannan

Sirsi wild

Pisang linin

Bee hee kela

CV Rose Musa species
Pisang jari buya Betta bale
Tongat Bhimaitia
Madhu sagar Wild-5

Musa acuminata ssp.
banksii

Musa acuminata ssp
malaccensis




2. Fresh weight was recorded and they were hanged to the rope under

room temperature to record the loss of water (Plate-2).
3. Weight was recorded again after 48 hours.

4. The leaves were then kept in the hot air oven at 809 C to get dry

weight of the leaves.

The formula used to calculate the LWRC (%) was calculated using the

formulae,

Moisture content after 48 hour drying
LWRC (%) = X100
Total leaf moisture content

Moisture after 48 hour = Fresh weight - weight after 48 hour

Total leaf moisture content= Fresh weight - dry weight

( Bananuka et al., 1999)

3.1.2 Screening of banana genotypes for water use efficiency
using carbon isotope discrimination.

During the fixation of carbon by photosynthesis, the naturally
occurring heavy stable isotope, 13C, is discriminated against.
Therefore, plants have a smaller ratio of 13C to 2C than the air.
Farquhar et al. (1982) developed the theory, which predicted that
discrimination would be least in those C3 plants that fix the most
carbon per unit amount of water transpired i.e. in those that have the
greatest water use efficiency. Ever since then, the A13C technique has

been widely adopted as a powerful estimate of WUE.

. 3.1.2 .1 Determination of A13C in leaf samples
The carbon isotope discrimination (A!3 C) was determined with
an objective to study genetic variability in WUE in banana from the

genotypes of AA and BB group accessions.



1. Third fully expanded leaf was collected.

2. Kept at 80° C for three days to completely dry the samples.

3. Dried samples were finely powdered in a mortar and pestle. Care
was taken to prevent any contamination by washing the pestle and

mortar with alcohol after grinding each sample.

The A!3 C of the leaf samples was determined using continuous-
flow Isotope Ratio Mass Spectrometer (IRMS) at the National facility
for stable isotope studies in Biological Sciences, Department of Crop
Physiology, U.A.S, G. K. V. K., Bangalore. The details of the
methodology are described below (Plate-3).

3.1.2.2 Mass Spectrometric Analysis

Carbon isotope discrimination is measured as the deviation of
the molar ratio between 13C to 12C from an international standard —
PDB (Pee Dee Delmnite). Carbon isotopes are fractionated due to
diffusion through stomata denoted as ‘a’ and at the carboxylation site
by RuBisCo denoted as ‘b’. The total isotope discrimination is the
deviations of these fractions from the isotopic ratio in air therefore the

discrimination A!3 C computed as follows.

A13C= da-[a+ (b-a) Ci/Ca]

Where a=4.4%, b=29%, Ci and Ca respectively are the CO2
concentration inside the leaf of the plant organic sample from that of
the ambient air, as follows:

da - db
ABC % =

1+ 5p / 1000



where ,

da ={(Rair -R PDB)/ R ppB }X 1000

dp ={(Rp — R ppB)/ R PDB }X 1000

R =13C / 12C

Finely powdered leaf samples were accurately weighed in the
range 0.8-1.2 mg into silver capsules. The crimped capsules with the
sample were placed sequentially in the carousel of the autosampler.
The samples were dropped at precise times along with an injection of

pure O3 into the oxidation reactor.

The combustion (oxidation) reactor contains chromium oxide
and silvered cobaltous-cobaltic-oxide in a quartz column heated
to10800 C. The biomass is completely oxidized to produce COz N2O
and HoO these gases are swept into the reduction furnace using
Helium carrier gas (purity 99.995%). The reduction furnace contains
reduced copper in quartz tube heated to 6800 C. In this reaction the
NoO is reduced to No and the excess Oz is absorbed. The resultant
gases are then flushed through scrubbers to trap water. The pure COg
and Ny gases are then passed through a GC column. The N» gas elutes
faster through the GC and hence gases can be effectively separated
before introduction into the ion source of the IRMS. At the ion source,
CO; is ionized by electron impacts ionization to produce molecular
radicals (COg). These CO; radicals are accelerated under the influence
of high voltage potential 3000 volts through a strong magnetic field.
When accelerated radicals pass through a strong magnetic field, the
radicals are deflected with the radius of deflection being proportional
to the molecular mass of the radicals. Faraday cups collect these
deflecting 12CO2 and 3CO; and the signal is amplified and transmitted

to the computer.



3.2 Location of the drought experiment: Banana field, Indian

Institute of Horticultural Research, Hessaraghatta Bangalore-89.

3.2.1 Experimental material selected for the planting: We have

selected two genotypes for this investigation.

1. M. acuminata. ssp burmaniceoides commonly recognised as
Calcutta-4 (AA Genomic group)

2. Bee hee kela (BB Genomic group)

3.2.2 Preparation of structures for planting:

Two structures having dimensions of 12 X 8 X 3 feet were
constructed using cement bricks and they were filled with equal

quantity of Soil: Sand: FYM mixture.

The healthy uniform suckers of the genotypes Calcutta-4 (AA)
and Bee hee kela (BB) were selected from the field and treated with
bavistin 1% solution for 30 minutes before planting and planted in

structures with even spacing.

3.2.3 Crop management: Recommended dosage of fertilizers was
applied; irrigation was given once in two days. Prophylactic measures
were taken to control pests and diseases by spraying plant protection

chemicals periodically.

3.2.4 Stress imposition: Two treatments were imposed i.e., control
and stress. Irrigation was with held 120 DAP (Days After Planting) for
a period of twelve days for stress treatment and control plants were

regularly watered (Plate-1).



CONTROL

Plate-1: Drought experimental structures, IIHR, Hessaraghatta,
Bangalore.



Plate-2: Technology for Screening of banana genotypes for Leaf Water

Retention Capacity at room temperature



Plate-3: Isotopic ratio mass spectrometer (IRMS) for the determination of
AC (flash-ea) in leaf biomass at national facility for stable
isotope studies in biological sciences, Dept of Crop. physiology,
UAS, GKVK, Bangalore.



3.3.1

3.3.1 Observations recorded:

Gas exchange parameters viz.,, Photosynthesis rate (Py),
Transpiration rate (E) and Stomatal conductance (gs) were measured
from the third fully expanded leaf using portable photosynthetic
system Infra red gas analyser (IRGA) (Model-LCA-3) ADC Company. All
observations were recorded during bright sunlight hours (10AM-12
Noon).

3.3.1 .1 Principle of IRGA:

Infra Red Gas Analysers (IRGA) are used for the measurement of
a wide spectrum of hetero atomic gas molecules including CO»2, H2O,
NH3z, CO, SOz, NoO, NO and gaseous hydro carbons like CHs. Hetero
atomic molecules have characteristeric absorption spectra in the infra
red region: therefore absorption of radiation by a specific hetero
atomic molecule is directly proportional to its concentration in a given

air sample.

3.3.2 Determination of leaf water potential (W)

Leaf water potential (W) was measured with psychrometer HR
33T (Wescor, USA) in the mode “dew point” equipped with sample
chamber C-68 and C-79.

Procedure followed:

1. The leaf material from the middle portion of the fully (third leaf)
expanded collected and folded in aluminium foil immediately
and then brought to laboratory.

2. The leaf discs were prepared using paper punch of 0.5 cm
diameter and kept in the disc chamber and closed and left for
4minutes.

3. Readings were recorded and expressed in -Mpa.

Dew point reading
Leaf water potential = X 10 (-Mpa)
Chamber range




3.3.3 Determination of soil moisture content:

The soil from the 45 cm depth was collected using Auger in 4-5
spots in each structure and pooled. Halving technique was followed to
get desired quantity of soil sample. Soil sample was immediately
placed in polythene cover and initial weight was recorded. Dry weight
was taken after keeping the soil sample in oven at 80° C for two days
and percentage soil moisture content was determined on dry weight

basis.

Moisture content of soil = Initial soil weight — Dry weight of soil

Moisture content in soil
% SMC = X 100
Dry weight of the soil

3.4 Biochemical analysis:

3.4.1 Estimation of lipid peroxidation of membranes by

quantifying melondialdehyde content:

Estimation of melondialdehyde content:
The estimation was done as per the methods by Draper and Hadly

(1990).

3.4.1.1 Reagents required:

1. Five per cent aqueous trichloro acecitic acid (TCA):- 5g of TCA in
100ml of distilled water.

2. Methanolic Butylated Hydroxy toluene (BHT) 0.5 per cent: - 0.5
g of BHT in 100ml Of methanol.

3. Saturated Thiobarbituric Acid Solution (TBA).



3.4.1.2 Extraction method: - One gram of leaf tissue was
homogenised thoroughly with 5 ml of 5 per cent aqueous trichloro
acetic acid solution and 0.5 ml of methanolic BHT. The resulting
homogenate was heated for 30 min in boiling water bath. Then the
sample was cooled and centrifuged at 1000g for 10 min. The volume of
the resulting supernatant was make up to 10ml with the distilled

water.

3.4.1.3 Estimation method: - To one ml aliquot of the supernatant
sample one ml of saturated TBA solution was added and the tubes
were incubated in boiling water bath for 30 minutes. Tubes were
cooled and the absorbance was read at 532 nm against a blank

solution and expressed as OD change/ ml of aliquot.

3.4.2 Estimation of the activities of antioxidative enzymes
Assay of super oxide dismutase (SOD) activity: The activity was

assayed following the method by Zhanyuan Du et.al. (1994).

3.4.2.1 Reagents required:

50 mM Na/K phosphate buffer pH 7.8
a) 0.2 M NaH>P0O4.2H>0 — 15.6 gm was dissolved in distilled
water and made up to 500ml(stock solution).
b) 0.2 M NaHPO4.2H20 - 17.7gm was dissolved in distilled

water and made up to 500ml (stock solution)

For pH 7.0 — 39ml of a + 61 ml of b), diluted to 200ml with distilled
water.
For pH 7.8 — 8.5 ml of a + 91.5 ml of b), diluted to 200ml with

distilled water.

2. Magnesium chloride 0.3M solution (MgClz):- 6.099 g of MgCl> in
100 ml of distilled water.



3. EDTA 10 mM solution:- 0.372 g of EDTA in 100ml of distilled water.

4. L- Methionine 39mM solution:- 0.5818 g of methionine in 100ml of
distilled water.
5. Nitroblue tetrazolium chloride 450 mM solution (NBT):- 0.03679 g

of methionine in 100ml of distilled water.

6. Riboflavin12pM solution: - 0.45 mg of Riboflavin solution in 100ml

of distilled water.

3.4.2.2 Enzyme extraction method: Exactly two grams of leaf
tissue was weighed and homogenised using a chilled mortar and
pestle in 10ml of 50 mM phosphate buffer pH 7.0, 0.1ml of MgCl,
solution, 0.1ml of EDTA solution and 0.2 per cent insoluble poly vinyl
pyrrolidone. The homogenate was centrifuged at 11,000g for 15
minutes and the supernatant was used for enzyme assay. All the
steps in preparation of the extract were carried out at 0-4° C. Enzyme

activity was expressed as units per gram fresh weight.

3.4.2.3 SOD enzyme assay method:

SOD activity was assayed by measuring ability of SOD to inhibit
the photochemical reduction of Nitroblue tetrazolium chloride. The
assay mixture contained 0.8ml of buffer pH-7.8, 0.1M EDTA solution,
1.0 ml of Methionine solution, 0.5ml of Riboflavin solution, 0.5ml of
NBT solution and 0.1ml of enzyme extract. The assay mixtures were
mixed thoroughly and placed 50cm below a white light source
consisting of eight 15V fluorescent lamps. The reaction was started by
switching on the lights and was allowed to proceed for ten minutes.
The reaction was stopped by switching off the lights, and the
absorbance of the assay mixture was read at 560 nm. One unit of

SOD activity was defined as the amount of enzyme that inhibited the



NBT photoreduction by 50 per cent under assay conditions and

expressed as U gm-1 FW.

3.4.2.4 Assay of catalase activity: The activity was assayed following
the method by Masia (1998).

3.4.2.5 Reagents required: -

1) Sodium phosphate buffer 100mM, pH-7.0:- 39ml of 0.2 M
NaH2PO4.2H20 and 61ml of 0.2 M NaHPO4.2H>0O and pH was
adjusted to 7.0.

2) Sodium phosphate buffer 50mM, pH-7.0:- 39ml of 0.2 M
NaH2P0O4.2H20 and 61ml of 0.2 M NaHPO4.2H>O diluted to
200ml and pH was adjusted to 7.0.

3) Hydrogen peroxidelOmM solution (H202):- 0.3ml of 30 per cent
H>0> diluted to 30ml with SOmM sodium phosphate buffer pH-
7.0.

3.4.2.6 Enzyme extraction method: - One g of frozen leaf tissue was
taken in pre chilled pestle and morter and ground with liquid nitrogen
and then homogenized with 10ml of 100mM Sodium phosphate
buffer pH - 7.0, filtered through four layers of muslin cloth and
centrifuged at 11,000g for 20 minutes at 4 °C. The resulting
supernatant solution was immediately used for enzyme assay. All the

steps in preparation of the enzyme extract were carried out at 0-4 °C.

3.4.2.7 Enzyme assay:- Catalase activity was measured at 20 °C
according to Aebi (1984). The assay mixture contained 1.5 ml of 50
mM Sodium phosphate buffer pH -7.0, 0.5 ml of hydrogen peroxide
solution (H202) and 0.3 ml of crude enzyme extract. Catalase activity

was measured by the decrease in the absorbance of hydrogen peroxide



at 240 nm and was expressed as units per gram fresh weight per min.
One unit of enzyme is defined as amount of enzyme which produces a

decrease of 0.01 OD per min.

3.5 Molecular Analysis:
3.5.1 Sample Collection and RNA isolation.

The leaf samples from experimental (both control and stressed)
plants were collected using sterile blade and wearing gloves. The leaf
was cleaned with dilute ethanol immediately after collection and
sterilised leaf sample were cut into pieces. One to two gram tissue for
each sample was kept in aluminium foil immersed in liquid nitrogen
in the field itself to reduce the phenolic secretions and stored at -80°

C for further use.

3.5.2 Isolation of total RNA from control and water stressed
banana leaf tissues
RNA was isolated from the leaf samples using the modified version of

the method (Liu et al., 1998).

3.5.2.1 DEPC treatment:

The materials and glassware used for isolation of RNA were
treated overnight with DEPC (diethyl pyrocarbonate) water, and then
autoclaved, this is to inhibit RNAase activity.

Glassware were baked at 180°C for 8 hours and then rinsed
with choloroform. Glassware were immersed in 0.1% DEPC which is
strong but, not absolute inhibitor of RNAase. DEPC filled glassware or
plasticware were allowed to stand for 2 hrs at 37 °C and then rinsed
several times with sterile water. These were then heated at 100 °C for
15 minutes or autoclaved for 15 minutes at 15 lbs pressure, which is
known to remove traces of DEPC that might otherwise modify residues
in RNA carboxymethylation. The efficiency of transformation is very

low in cell free synthesis of carboxymethylated RNA.



3.5.2.2 RNA extraction protocol (leaf tissue)

Reagents required:

Extration buffer:
2 % CTAB,
2 % PVP,
100 mM Tris Hcl ( pH 8.0),
25 mM EDTA,
2M NaCl and
2 % 2- Mercaptoethanol

Chloroform: Isoamyl alcohol ( 49:1)
10 M LiCl
3 M LiCl,
Absolute alcohol
DEPC water (1%)

3.5.2.3 Preparation of solutions:
All the solutions required for RNA extraction were prepared with 0.1%
DEPC treated autoclaved Milli Q water and PH was adjusted for

required solutions and then autoclaved.

3.5.2.4 Protocol:

1. 1.5 g of frozen tissue was taken into mortar and pestle and ground
into powder by pouring liquid nitrogen with out rash grinding.

2. 150 pg of polyvinylpyrrolidone was added and ground with liquid
nitrogen for two times.

3. 10 ml extraction buffer was added and ground well for two minutes.

N

. 200 pl of 2-mercaptoethenol was added and ground for one minute.

o

Solution was taken into 50 ml Oakridge tubes and kept for
incubation for 20 minutes at 65 °C.

6. Immediately cooled and centrifuged for 30 min at 10000 rpm.



. Carefully pipetted out supernatant to new oakridge tubes and

added equal volumes of chloroform: Isoamyl alcohol (49:1).

8. Centrifuged for 20 min at 10000 rpm.

9. The supernatant was taken out carefully to avoid interface and

10

11.

12.

13.

14.

equal volumes of chloroform: Isoamyl alcohol (49:1) was added and

centrifuged for 15 min at 10000rpm.

. The above step was repeated again and supernatant was taken out

carefully and 1/4th volume of 10 M LiCl, was added and kept for
overnight precipitation at — 80 °C.

Here the solutions was centrifuged for 30 minutes at 10000 rpm,
the pellet position was marked and supernatant was pipetted out
properly without disturbing a pellet.

Pellet was washed with 80% DEPC alcohol by centrifuging at
10000 rpm for 15 min.

Washed pellet was air dried for Sminutes, and then pellet was
dissolved in 400ul of DEPC water this was transferred to 2 ml
eppendorfs tube to this 1 ml of absolute alcohol and 10ul 0f 5 M
sodium acetate was added and kept for precipitation at -20 °C for
2 hrs.

The solution was centrifuged for 15 minutes, discard the solution
and pellet was air dried properly and dissolved in 50ul of RNAse
free water, stored at-80 OC.

Isolated RNA was checked for integrity after each isolation by

denaturing gel electrophoresis containing formaldehyde.

3.5.2.5 Reagents (Gelelectrophoresis of RNA)

1. 5X Formaldehyde gel running buffer- 40 mM sodium acetate,
0.2 m MOPS (pH 7.0) 0.5 M EDTA ( pH 8.0)

Formaldehyde

Formamide

Agarose

Sterile DEPC treated water

o & W N



6. Formaldehyde gel loading buffer- 50% glycerol, 1 mM EDTA (pH
8.0), 0.25% bromophenol blue and 0.25% xylene cyanol
7. Ethidium bromide (0.1%)

3.5.2.6 Electrophoresis tanks:

Electrophoresis tanks were cleaned with detergent solution,
rinsed in water and dried with ethanol and then filled with 3% H2O»
solution. After ten minutes. The tanks were rinsed with water that had
been treated with 0.1% DEPC. DEPC reacts rapidly with amines and
can’t be used to treat solutions containing buffers such as tris borate

or Tris Acetate.

3.5.2.7 Preparation of denaturing gel

1. The following components were added

Agarose - 0.36g (1.2 %)
DEPC water - 18.75 ml
Formaldehyde - 5.3ml

(Final conc. 2.2 M)
5X gel running buffer -5.9 ml
(Final conc.1X)

TOTAL - 30ml

7. The above solution, which contains agarose, was boiled until
melting
8. The gel was cast by pouring into the unit cleaned with sterile

DEPC water after cooling down to 60 °C

3.5.2.8 Preparation of RNA sample for loading

1. Add the following components:
RNA -Sul
5X gel running buffer -2.0ul
Formaldehyde -3.5ul



Formamide -10.0 ul

2. The above mixture was boiled at 65 °C for 15 min to denature
the secondary structure of RNA

3. Then it was kept in ice fort 5 sec; to this 2.5ul formaldehyde gel
loading buffer and 2.5ul ethidium bromide were added

4. Spun at top speed for 30 seconds.

5. Then the samples were loaded on to the denaturing gel to check

the integrity of RNA.

3.5.2.9 Checking the Integrity of RNA

The gel was submerged in 1X formaldehyde gel- running buffer.
Electrophoresis was carried out at 5 Volt per cm for two to three
hours. The integrity of RNA was checked by observing the 28S and
16S RNA bands.

3.5.2.10 RNA Quantification:

Concentration of RNA in the sample was estimated by recording
absorbance at 260 nm in UV spectrophotometer. Good quality RNA
samples in required quantity were immediately used for cDNA

synthesis and stored at -80 °C.

3.5.2.10.1 Protocol:

1. 995 micro litre of DEPC water was taken in quartz cuvette and 5
micro litre RNA Sample was added.

2. The absorbance was measured at 260 nm.

3. RNA concentration was calculated using the relationship

1 OD at 260nm= 40 ug /ul of RNA.

OD at 260 nm X 40 X dilution factor
Concentration of RNA=

(ug/ul 1000




1000
Dilution factor =

Volume of sample taken.

3.6 Protocol for RNA clean up before proceeding to cDNA
preparation using Rneasy Mini Kit [taKaRa clontech].

Buffer RLT and ethanol were added to the sample to create
conditions that promotes selective binding of RNA to the RNeasy
membrane. The sample was then applied to the RNeasy Mini spin
column. Total RNA binds to the membrane, contaminants were
efficiently washed away, and high-quality RNA was eluted in RNase-

free water.

1. Sample was adjusted to a volume of 100 pl with RNase-free
water. Added 350 pl Buffer RLT, and mixed well.

2. Added 250 pl ethanol (96-100 %) to the diluted RNA, and mix
ed well by pipetting.

3. Transfered the sample (700 pl) to an RNeasy Mini spin column
placed in a 2 ml collection tube (supplied). Closed the lid gently,
and centrifuged for 15 s at 8000 x g (10,000 rpm). Discarded
the flow-through.

4. 500 pl Buffer RPE to the RNeasy spin column was added. Close
the lid gently, and centrifuged for 15 s at 8000 x g (10,000 rpm)
to wash the spin column membrane. Discarded the flow-
through.

5. Added 500 pl Buffer RPE to the RNeasy spin column. Closed the
lid gently, and centrifuged for 2 min at 8000 x g (10,000 rpm) to
wash the spin column membrane.

6. Placed the RNeasy spin column in a new 2 ml collection tube
(supplied), and discarded the old collection tube with the flow-
through. Closed the lid gently, and centrifuged at full speed for
1 min.

7. Placed the RNeasy spin column in a new 1.5 ml collection tube

(supplied). Added 30-50 ul RNase-free water directly to the spin



column membrane. Closed the lid gently, and centrifuged for 1

min at 8000 x g (10,000 rpm) to elute the RNA.

Buffer RLT contains guanidine thiocyanate

Buffer RLC contains guanidine hydrochloride

3.7 cDNA synthesis:

cDNA was synthesised using TaKaRa mRNA Selective PCR Kit

(AMV).The procedure is as follows:

First in a tube the reaction mixture was prepared by combining

the reagents in the proportions as shown below by doing all

operations by keeping vessels on ice.

Reagents volume Final
concentration

2x mRNA Selective PCR Buffer I or II | 25 pl 1x
25 mM MgCl,

10 pl SmM
dNTP/analog mixture

Syl 1 mM
RNase Inhibitor (40 units/pl)

1l 0.8 units/ul
AMV RTase XL (S units/pl)

1 pl 0.1 units/ pl
Oligo dT primer, or Random 9 mers,
Or specific primer (20pm) 1 pl
Total RNA 1pl(1 pg)
RNase free distilled water 6 ul

Total volume

S50 ul




Then the following reaction condition is performed using PCR,
™
300C—> 10 min

42-50°C— 15-30 min > One cycle

50C—— 5 min

_

3.8 Primer designing:

Using IDT (Integrated DNA Technology sogtware) we have
designed primers (Farward and Reverse) for nine candidate genes
having relevance in drought, growth and metabolism and gene
regulation, to carryout Real time PCR.

3.8.1 Primer synthesis: Primer synthesis was done at MWG Biotech
Pvt Ltd, Bangalore. (Table-3)

3.9 PCR conformation for the amplification of primers designed

3.9.1 Polymerase Chain Reaction:-

3.9.1.1 Instruments required
Thermocycler, microfuge tubes, auto pipettes of range 2-200uL,
20 - 200pL and 200-1000uL, electrophoresis unit with power supply,

deep freezer of —20 9C, refrigerator, and laminar airflow.

3.9.1.2 Reagents

1. Reaction buffer (10X)
750 mM Tris-HCL pH 8.8 at 25C
200 mM (NHg4)2 SO4
0.1 % Tween 20
15 mM MgCl,

2. Primers (Farward and Reverse) — stock 5 pM

3. Taq DNA polymerase —Stock 3 U/l



Table-3: List of primers used to study gene expression during water

stress and control conditions

Gene Product | Primer | Primer sequence
name size (bp)
Catalase F 51-CCATCGTCACTGGCAAGCGTGAG-31
156 R 51-GGCTCATAGCTGACCTTTGGGTG-3!
Peroxidase F 51-51GAGGTTGTCAGCACGAATGGC-3!
147 R S51-CACACTGTGGCATCATCAGTTGG-3!
bZIP F S51-CAAGCTCGTCGAGATGGCAATGG-3!
135 R 51-GGCAATGTCTGCACCTTGTGTTCC-3!
Elongation F 51-CCATGAAGCTCTCCAAGAAGCCG-3!
factor 183 R S51-CATTGCTAATTTGGCCTGGGTGG-3!
Heat shock F 51-CAGCGAACAAAGCGGTCTCAAAGG-3!
protein 193 R 51-GGGCAGGTACGACATCAACTTCC-3!
Rubisco F S51-CGAAGTGAGGAAGTGGGTGGAAAC-3!
activase 152 R S51-GCTCCTGTTCCTTCACCAGCATG-3!
Mitotic F S51-CGGATGAATGAAGCTAGAGGCGGC-3!
inhibitionf | 114 R 51-GGGCGACACTGTCACTTTGGTTTC-31
actor
RNA F 51-GCGTCTCTTATCGGGCAATCCG-3!
polymerase | 183 R 51-GCGGGTATAATCCCACCCAGAAC-3!
Chaperon F 51-GTTCAGACCTCCTTGACAGGCTC-31!
DK 191 R 51-GGCAACAACCTCATCAGGGTGAC-3!




4. Template cDNA — Stock 50 ng/ul

5. dNTPs - Stock 2 mM

6. Bromophenol Blue- Stock solution: 0.25% in 50 % glycerol
Working solution: 200ul stock + 200ul of 50% glycerol.

3.9.1.3 PROTOCOL

1. The Thermocycler was switched on at least 15 minutes earlier.

2. The master mix was prepared for samples of DNA and cDNA
and 20ul of the reaction mixture was prepared for earlier
amplified four primers (Peroxidase, Rubisco activase, Mitotic
inhibition factor and RNA polymerase) by adding the following
components.

Reaction buffer (10X) - 2ul

Farward Primer -2ul

Reverse Primer- 2ul

DNTPs (1mM)-2ul

Taq DNA polymerase (3U/ul)- 0.33ul
Template cDNA (50 ng/ul)- 2ul
Water (20- (2+2+2+2+0.33+2))- 9.67ul
Total reaction mixture - 20ul.

3. 18yl of the master mix was transferred to sterile tubes.

4. 2ul of cDNA (control and stressed) of Calcutta-4 and Bee hee
kela samples was added to different tubes and centrifuged at
top speed for 15 seconds.

5. The tubes were placed firmly in the wells of the Thermocycler
and the following temperature programme was set.

Step 1- 94 OC for 3 min [Denaturation]

Step 2 — 94 0C for 1 min [Denaturation)]

Step 3 — 55 °C for 1 min [Annealation)]

Step 4 — 72 °C for 1 min [Extention)]

Step 5- repeat steps 2 to 4: 30 times

Step 6 — 72 °C for 5 min [Extended polymerization)]
Step 7- refrigerate at 4 °C.



At the end of the run the tubes were taken out, 2.5ul of diluted
bromophenol blue was added and spun for 2-5 seconds at top speed

in microfuge. The tubes were stored at 4 °C till electrophoresis.

3.9.1.4 Electrophoresis and visualization of amplified products
20 ul of the amplified product was run along with 100bp ladder

on 1.5 % agarose gel and visualized under UV light.

Electrophoresis is a widely used technique to separate
macromolecules and to test the homogeneity of nucleic acids and
proteins. Separation is based on the electrical charge carried by the
compound. When these charged molecules are subjected to an
electrical field they move towards opposite charge. DNA molecules
carry a net negative charge and therefore when placed in an electrical
field, they migrate towards the positive electrode (anode).
Electrophoresis is usually carried out in solid matrix like agarose or
polyacrylamide gels. In a gel, the shape and size of the DNA fragment
to be separated and the concentration of the agarose used will
influence the migration rate. Smaller the DNA fragment, higher the
concentration of the agarose to be used in the gel for good separation.
The DNA fragments are resolved based on their molecular weight
using agarose gel electrophoresis. The size of the fragment is
determined by comparing mobility of DNA fragments of known size

and mobility, such as 100 base pair DNA ladder (marker).

Materials required

Electrophoresis gel unit, Power pack

3.9.1.5 Reagents required
1. Agarose powder

2. 1X TBE buffer

3. Ethidium bromide

4. Bromophenol dye



3.9.1.6 Casting of agarose gel:

Prepared 0.8 % agarose solution in 1X TBE buffer for 30ml
[1.5% agarose solution|. Heated to dissolve completely. Cooled to
40°C, add ethidium bromide solution (0.5 pg/ml), poured into the

cast.

3.9.1.7 Running the gel

Pipette out 20 pul of the above DNA solution into a microfuge
tube. To that add 1.0 ul of bromophenol dye and centrifuged at top
speed for a few seconds in order to mix them well.

1. Filled the gel tray with 0.5X TAE buffer (running buffer) and
loaded the samples using 20 ul pipettes.

2. Ran the gel at 50 volts for one and a half to two hours.

3. Allowed the bromophenol blue dye to travel less than 2/3rd of
the length of the gel, before removing the slab

4. Examined the slab under UV Light

4.10 Quantification of band intensity:

The concentration of band intensity for amplified four primers
(Peroxidase,Rubisco activase, Mitotic inhibition factor and RNA
polymerase) in control and stressed samples of Bee hee kela and
Calcutta-4 was calculated by comparing 100bp ladder molecular
weight and its concentration by wusing Gene analysis software(

Syngene company, Genius model).



Experimental Results



IV. RESULTS

Water availability is perhaps the most important constraint to
achieve potential crop productivity. Crop losses to water shortage may
exceed those from all other causes combined. Sustaining productivity
under water limited conditions and saving irrigation water are the two
most important aspects that need to be addressed immediately if
agriculture is to feed the burgeoning population of the country.

Though plants have naturally evolved several stress adaptive
strategies most of them pertain to the survival of plants under stress.
However, from agricultural point of view, any stress adaptation strategy
would be use full only if it is associated with superior crop growth rates
under a given stressful environment.

The present investigation carried out on the behaviour of banana
to water stress that helps to understand a few physiological, biochemical
and molecular aspects during irrigated and water deficit conditions. The

results obtained in this study are presented below.

4.1.1 Screening of banana genotypes for the Leaf Water Retention
capacity and water use efficiency:

The screening of fifteen genotypes belonging to AA genomic group
and thirteen genotypes belonging to BB genomic group using leaf water
retention capacity showed that, values for AA genotypes were ranged
from 57.03 to 81.75 per cent and the values for BB genotypes ranged
from 71.5 to 83.44 per cent. The average leaf water retention capacity of
AA and BB genotypes were 69.3 per cent and 77.73 per cent, respectively
where as the values on A13C for AA genotypes were ranged from15.91 to
21.03 and for BB genotypes the values were ranged from 17.13 to 20.93.
The average A!3C values for AA and BB genotypes were 17.86 and 18.6

respectively.



Correlation between per cent LWRC and A!3C values are Non-significant
(at P=0.05) for both AA and BB genotypes, but per cent LWRC and A13C
values for AA genotypes are positively correlating with each other where
as in BB genotypes it is negatively correlating with each other. (The per

cent LWRC and A13C values are presented in Table-4 and Figure-1)

Based on present and earlier experiments two genotypes Bee hee
kela belonging to BB genome and Calcutta-4 belonging to AA genome

were selected as tolerant and susceptible genotypes for further study.

4.2.1 Net Photosynthetic rate (Px):

The observations recorded on photosynthesis rates under well
watered and water stressed conditions showed significant variations.
Average photosynthetic rates of irrigated and stressed plants of Calcutta-
4 genotype showed to be 8.76 + 0.41 and 4.75 = 0.87 u mol m2 sec’!,
respectively, and values for Bee hee kela (BB) under well watered and
stressed conditions showed 12.03 +1.67 and 7.70 £ 0.6 u mol m2 sec'!,
respectively (Table-5).

Under water stressed conditions the genotype Culcutta-4 (AA)
showed high per cent reduction in photosynthetic rate (45.77 per cent)
when compared with the genotype Bee hee kela (BB) (36.01 per cent)
(Figure-2a).

4.2.2 Transpiration rate (E):

Data on transpiration rates of two genotypes Bee hee kela and
Calcutta-4 under irrigated and water stressed conditions exhibited
differences, the genotype Bee hee kela (BB) exhibited transpiration rates
of 12.30 £ 0.35 m mol m2 sec! and 9.55 + 0.15 m mol m-2 sec'!, under
irrigated and water stressed conditions, respectively. The genotype

Calcutta-4 noticed transpiration rates of 11.97 + 0.13 m mol m= sec!



Table-4: Per cent leaf water retention capacity and A!3C of AA and BB

genotypes
Genome Genotype Per cent | Average A13C Average
LWRC LWRC Value A13C
(per cent)

Musa acuminata 81.75 19.275
Wild
Matti 78.67 18.283
Sanna chen 76.94 16.916
kadali
Anaikomban 76.27 17.255
Kadali 71.90 17.293

AA "M acuminata. ssp | 71.74 16.418 17.86
burmaniceoides +0.34
(Calcutta-4) 69.3+£1.87
Erachi vazhai 71.10 17.763
Annara kannan 67.84 21.032
Pisang linin 67.51 19.140
CV Rose 66.82 18.626
Pisang jari buya 066.23 15.905
Tongat 65.31 18.132
Madhu sagar 61.39 16.913
Musa acuminata 60.45 18.483
ssp. banksii
Musa acuminata 57.03 16.512
ssp malaccensis
Amtur kela 83.44 17.820
Ram kela 82.39 17.731
Wild-2 82.19 19.136
Musa ssp tani 82.14 18.627
Musa balbisiana-1 | 81.13 18.724

BB | Fruit less variety | 80.22 7773+ 118.467 18.6 +
Musa balbisiana-2 | 76.17 1.23 19.227 | 0.29
Sirsi wild 76.16 17.825
Bee hee kela 75.85 19.598

75.54 17.127

Musa species
Betta bale 72.13 17.320
Bhimaitia 71.68 20.927
Wild-5 71.50 19.280




Figure-1: Average leaf water retention capacity (per cent) and Al3C values

for AA and BB genotypes.
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Table: 5. Gas exchange characteristics in two banana genotypes under

well watered and stress conditions.

Genotype | Treatments Pn E gs
(v mol m-2 (m mol m-2 | (m mol m-2
sec’!) sec’l) sec!)
Calcutta-4 Well 8.76 11.97 866
(AA) watered
Water 4.75 8.35 343
stressed
Bee hee kela Well 12.03 12.3 1060
(BB) watered
Water 7.70 9.55 465
stressed

Pn: Net photosynthetic rate
E: Transpiration rate

Gs: Stomatal conductance



Figure-2: Per cent reduction in gas exchange characteristics of banana
genotypes due to water stress
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and 8.35 £ 0.15 m mol m? sec’! under irrigated and water stressed

conditions, respectively (Table-5).

The per cent reduction in the rate of transpiration was noticed to
be high for the genotype Calcutta-4 (30.24 per cent) and low for the
genotype Bee hee kela (22.36 per cent) under water stressed conditions

(Figure -2b).

4.2.3 Stomatal conductance (gs):

Effect of water stress showed significant changes in the stomatal
conductance of both the banana genotypes. The stomatal conductance of
the genotype calcutta-4 under well watered and water stressed
conditions was shown to be 866 = 18.87 m mol m2 sec'! and 343 + 49.1
m mol m?2 sec!, respectively. The genotype Bee hee kela recorded
stomatal conductance of 1060 £ 180 m mol m2 sec! and 465 + 5 m mol
m- sec’! under well watered and water stressed conditions, respectively
(Table-5).

Per cent reduction in stomatal conductance (gs) after twelve days
stress was recorded high for the genotype Calcutta-4 (60.39 per cent)
genome when compared with Bee hee kela (56.13 per cent) (Figure-2c).

4.2.4 Leaf water potential (W):

From the data obtained on leaf water potential showed differences
in two genotypes of banana, the genotype Bee hee kela recorded water
potentials of -0.930 (MPa) and -1.518 (MPa) under irrigated and water
stressed conditions and the genotype Calcutta-4 noticed water potentials
of -1.350 (MPa) and -1.824 (MPa) under irrigated and water stressed

conditions (Table 6a).



Table: 6 a) Leaf water potential changes in watered and stressed banana

genotypes
Leaf water
Genotype Treatments | potential
(Mpa)
Calcutta-4 Well watered | -1.35
(AA)
Water -1.824

stressed

Bee hee kela Well watered | -0.913
(BB)

Water -1.518

stressed

b) Per cent soil moisture content in control and stressed structures

Per cent soil moisture

Treatments content

Well watered 18.97

Water stressed | 13.2




4.2.5 Soil moisture content: Soil moisture content after twelve days of
withholding irrigation was 13.2 per cent in case of stressed structures as

compared to 18.97 per cent in case of well-watered structures (Table 6b).
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a) Gel profile showing good quality RNA isolated from well

watered and stressed banana leaf samples

b) Gel profile showing cDNA of well watered and stressed
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Description:
1. Calcutta-4 control
2. Calcutta-4 stressed
3. Bee hee kela control
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Plate-5: Gel profile showing the amplification of 9 primers using genomic
DNA of Calcutta-4 and Bee hee kela.

Description:
Product length of primers: Less than 200 bp
1-9 (Calcutta-4), 10-18 (Bee hee kela)

Peroxidase (Amplified) (1, 10)

Catalase (Not amplified) (2, 11)

bZIP (Not Amplified) (3, 12)

Elongation factor (Not amplified) (4, 13)
Heat shock protein (Not amplified) (5, 14)
Rubisco activase (Amplified (6, 15)
Mitotic inhibition factor (Amplified) (7, 16)
Chaperon (Not amplified) (8, 17)

RNA polymerase (Amplified) (9, 18)
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Plate-6: Gel profile showing PCR amplified products using from control

and stressed plants.

Description:
1-4 (Control cDNA (Bee hee kela), 5-8 (stressed cDNA (Bee hee kela), 9-12
(Control cDNA (Calcutta-4), 13-16 (stressed cDNA (Calcutta-4).

Peroxidase (1, 5, 9 and 13)

Rubisco activase (2,6,10 and14)
Mitotic inhibition factor (3,7,11 and 15)
RNA polymerase (4,8,12 and16)

100bp Ladder (17)



4.3 Biochemical analysis:
4.3.1 Peroxidation of membrane lipids:
4.3.1.1 Malondialdehyde content: The data on malondialdehyde
content, which shows the extent of lipid peroxidation of membranes, in
Calcutta-4 OD change at 532 nm was 0.2431 and 0.4540 for watered
and stressed leaf samples, respectively. In Bee hee kela was 0.1983 and
0.3436 under watered and stressed conditions respectively (Figure-3c).

In Calcutta-4 OD change between watered and stressed plants was
0.2109 but in Bee hee kela it was 0.1453, indicating that membrane

damage was high in Calcutta-4 than Bee hee kela.

4.3.2 Super oxide dismutase (SOD) activity under drought:

The data on the activity of SOD in two genotypes of banana showed
that, under water stressed condition the enzyme activity was high in Bee
hee kela (30.593 U gm-! FW) when compared with Calcutta-4 (22.945 U
gm-1 FW). The activity of SOD between control and stressed plants was
compared, there was an increase of more than two fold in Bee hee kela
(BB) as compared to less than 1.5 fold in Calcutta-4 (AA).

(Table-7, Figure-3a)

4.3.3 Catalase activity:

The results obtained on the activity of catalase showed that, there
was more than two fold increase in the activity between control and
stressed plants of both Calcutta-4 and Bee hee kela but this was
recorded higher activity (2.7772 U gm-! FW) than that of Calcutta-4
(0.6666 U gm-! FW) under water stressed conditions (Table-7, Figure-3b).



Table-7: The activity of Catalase and super oxide dismutase in banana

genotypes under well watered and stressed conditions.

Genotype Genomic Catalase SOD activity
group Treatments | activity (U gm-1 FW)
(U gm-1 FW)
Calcutta-4 AA Well watered 0.3201 16.252
Water 0.6666 22.945
stressed
Bee hee kela | BB Well watered 1.2222 13.384
Water 2.7772 30.593

stressed




Figure-3: Activity of Super oxide dismutase, Catalase enzymes and
Content of Malondialdehyde depicting extent of lipid peroxidation in

banana genotypes under drought.
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4.4 Isolation of RNA from leaf samples of watered and stressed
Banana plants:

Total RNA was isolated from the leaf samples following the protocol
outlined in the Materials and Methods (3.5.2). Isolated RNA was checked
for integrity after each isolation by denaturing gel electrophoresis
containing formaldehyde (Plate-4a).

Yield of RNA obtained was found to be in the range of 22.1-33.3 pg
g1 of leaf tissue. Quality of RNA was found to be good with an Azso/A2s0
ratio around 1.87-1.95 (Table-8).

4.5 cDNA synthesis: Here the two step RT-PCR reaction was followed as
mentioned in the Materials and Methods (3.7), because the oligo-dT
primers constitutes Thiamine residues (9 mers) it got bind to the mRNA
poly A tail and the Reverse transcription enzyme converted it to single
stranded cDNA in the first step and we were used this cDNA as template
for the confirmation of amplification of the designed primers (Table-2) in

the next step. The gel profile showing cDNA is shown in the Plate 4b.

4.6 PCR conformation for the amplification of designed primers in
cDNA pool:

The PCR was carried out by using cDNA as a template, by following
the Materials and Methods (3.9).

The gel profile showed in Plate-5 was done by using genomic DNA
of our experimental material to screen for the designed primers, out of
nine primers used, four were amplified namely Peroxidase, Rubisco
activase, Mitotic inhibition factor and RNA polymerase. Among nine
primers five were drought related (Peroxidase, catalase, bZIP, Chaperon
and Heat shock protein) out of these only one primer (Peroxidase)
amplified in genomic DNA and others are related to growth, metabolism

and gene regulation. After screening with genomic DNA the above-



Table-8: Quantification of RNA samples isolated from watered and

stressed leaf samples of banana genotypes.

Az60 | A2s0
Treatments | Genotypes A Az A1/ Az | pg/pl | pg / g of
leaf tissue
Control Calcutta-4 0.122 | 0.066 | 1.95 2.3 30.666
Bee hee kela | 0.125| 0.066 | 1.90 2.5 33.333
Water Calcutta-4 0.085]0.045|1.93 1.66 22.133
Stressed Bee hee kela | 0.096 | 0.053 | 1.87 1.66 24.533
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Plate-5: Gel profile showing the amplification of 9 primers using genomic
DNA of Calcutta-4 and Bee hee kela.

Description:
Product length of primers: Less than 200 bp
1-9 (Calcutta-4), 10-18 (Bee hee kela)

Peroxidase (Amplified) (1, 10)

Catalase (Not amplified) (2, 11)

bZIP (Not Amplified) (3, 12)

Elongation factor (Not amplified) (4, 13)
Heat shock protein (Not amplified) (5, 14)
Rubisco activase (Amplified (6, 15)
Mitotic inhibition factor (Amplified) (7, 16)
Chaperon (Not amplified) (8, 17)

RNA polymerase (Amplified) (9, 18)



amplified four primers were used for amplification using cDNA from well
watered and stressed samples. Here Peroxidase was amplified in control
samples but not found in stressed samples but other three (Rubisco
activase, Mitotic inhibition factor and RNA polymerase) primers showed
amplification in all watered and stressed cDNA pool. The PCR reactions
were carried out for different annealing temperatures for different
primers but finally above-mentioned four primers got amplification at 530
C annealing temperature. The gel profile showing amplification of four

primers using cDNA is shown in Plate 6.

4.7 Quantification of band intensity for the PCR amplified primers:
The values on concentrations of band intensity produced by four PCR
amplified primers (Peroxidase, Rubisco activase, Mitotic inhibition factor
and RNA polymerase) were calculated using Gene analysis (Syngene
company Genius model) software showed that:

1. The concentration of band intensity for Peroxidase was 28.57 ng in
control sample of Calcutta-4 and band was absent in stressed
sample and it was 21.69 ng in control sample of Bee hee kela and
band was absent in stressed sample.

2. The concentration of band intensity for Rubisco activase was 76.87
ng and 63.51 ng in control and stressed samples of Calcutta-4
respectively and it was 92.80 ng and 64.31 ng in control and
stressed samples of Bee hee kela respectively. The per cent
reduction in concentration of Rubisco activase between control and
stressed samples was lower in Calcutta-4 (17.4 per cent) when
compared with Bee hee kela (30.7 per cent).

3. The concentration of band intensity for Mitotic inhibition factor
was 21.26 ng and 29.70 ng in control and stressed samples of Bee
hee kela respectively and it was 29.80 ng in control sample of

Calcutta-4 but band was absent in stressed sample.
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Plate-6: Gel profile showing PCR amplified products using from control

and stressed plants.

Description:
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Peroxidase (1, 5, 9 and 13)

Rubisco activase (2,6,10 and14)
Mitotic inhibition factor (3,7,11 and 15)
RNA polymerase (4,8,12 and16)

100bp Ladder (17)



4. The concentration of band intensity for RNA polymerase was 46.10
ng and 66.50 ng in control and stressed samples of Calcutta-4
respectively and it was 10.54 ng and 49.9 ng in control and
stressed samples of Bee hee kela respectively. The per cent
increase in concentration of RNA polymerase band intensity
between control and stressed samples was lower in Calcutta-4
(30.7 per cent) when compared with Bee hee kela (78.8 per cent)
(Table-9).



Table-9: Quantification of Band intensity for the PCR amplified

primers in control and stressed samples in terms of nano-gram

concentration using Gene analysis software

Calcutta-4 Bee hee kela
Primers Per Per cent
Control | Stress | cent Control | Stress | change
(ng) (ng) | change | (ng) (ng)
Peroxidase Not Not
28.57 amplif - 21.69 amplif -
ied ied
Rubisco activase | 76.87 63.51 |-17.4 92.80 64.31 |- 30.70
Mitotic Not
inhibition factor | 29.80 amplif - 21.26 29.70 | +28.40
ied
RNA polymerase | 46.10 66.50 | + 30.70 | 10.54 49.90 | + 78.80







V. DISCUSSION

Most climate change scenarios suggest an increasing pattern of
aridity in many areas of the world, along with high temperature and
radiation, posing most important environmental constraints for plant
survival and productivity (Chaves et al., 2003). A substantial amount
of time and effort has gone in this field to understand plant strategies
including plant biochemical and physiological processes underlying
plant responses to water deficit. Recent trend has been to uncover the
molecular processes involved in tolerance and resistance to stress.
Nevertheless, there is a still insufficient knowledge on the
physiological and molecular mechanisms underlying plant responses
with in natural habitats, where complex interactions occur due to

occurrence of multiple stresses simultaneously. (Mittler et al., 2002)

Present investigation was carried out,
1. To study the physiological and biochemical changes due to
moisture stress in banana.
2. To study the gene expression of a few selected candidate

genes under moisture stress.

The experiments were conducted at ITHR fruit crops field by
planting two contrasting genotypes Calcutta-4 (AA) and Bee hee kela
(BB) in two structures built by cement bricks having three replications
based on leaf water retention capacity and Al3C analysis of present
and earlier experimental results. For one structure irrigation was with
held 120 days after planting for a period of twelve days for stress
treatment and other structure was maintained at 100 per cent field

capacity.

Banana is an important fruit crop grown worldwide; it requires
abundant and constant supplies of water (Popenoe, 1941). On the

other hand, physiological investigations suggest that bananas are



remarkably tolerant of soil water deficit (Kallarackal et al., 1990) and

transpirational loss of water is less than other crops (Lu et al., 2002).

5.1 Screening of banana genotypes for the Leaf Water Retention

Capacity and Water Use Efficiency:

In this study we have screened a few AA and BB genotypes for
LWRC and also for A13C analysis. As the per cent LWRC increases
the ability of a genotype to withstand water-limiting conditions also
gets increases. The BB genotypes showed better per cent LWRC (77.73
per cent) indicating their tolerance to water deficit conditions and AA
genotypes showed lower per cent LWRC (69.3 per cent) indicating their
susceptibility to drought. (Table-4, Figure-1)

The average values on A!3C shown to be little lower for AA
genotypes (17.86) indicating higher WUE but low drought tolerance
capacity but the BB genotypes showed little higher average value
(18.6) indicating low WUE and high drought tolerance capacity. The
statistical analysis showed that the correlation between per cent
LWRC and A!3C for both AA and BB genotypes was non significant
(P=0.05), but they showed positive and negative correlation in case of

AA and BB genotypes respectively.

As the AI3C increases the water use efficiency decreases. As the
WUE increases drought tolerance capacity decreases (Hubic et al,

1998).

According to Bananuka et al (1999) leaf water retention
capacity of different cultivars exhibited different capacities to retain
moisture after 48 hours of drying at room temperature. Cultivars
having B (M. balbisiana) genomic composition showed low leaf water
retention capacity than the cultivars having A (M. acuminata) genomic

composition.



In present study in contrast to the above findings the genotypes
having B (M. balbisiana) genomic composition showed high leaf water
retention capacity after 48 hours of drying at room temperature as
compared with the genotypes having genomic composition of A (M.
acuminata) however our findings are on far with the statement, M.
bulbisiana showed characteristic feature of drought tolerance capacity

than M. acuminata (Stover and Simmonds, 1987).

5.2 Physiological studies:

In the present investigation the gas exchange parameters
(Photosynthesis rate (Pn), Transpiration rate (E) and Stomatal
conductance (gs)) were recorded by using portable photosynthetic
system (ADC company, Model LCA-3). The leaf water potential was
determined using dew point micro voltmeter (Wescor, USA. Model HR

337).

Average photosynthetic rates of irrigated and stressed plants of
Calcutta-4 genotype showed to be 8.76 + 0.41 and 4.75 + 0.87 u mol
m-2 sec!, respectively, and values for Bee hee kela (BB) under well
watered and stressed conditions showed 12.03 £1.67 and 7.70 £ 0.6 u

mol m2 sec1, respectively (Table-5).

The per cent reduction in photosynthesis rate was minimal for
Bee hee kela (BB) (35.01 per cent) than the Calcutta-4 (AA) (45.77 per
cent) under water limiting conditions indicates, the susceptibility of
Calcutta-4 and tolerance of Bee hee kela genotypes under water

stressed conditions (Figure-2a).

According to Bananuka et al. (1999) reduction in assimilation
rate of more than 50 per cent was recorded in all cultivars, with
exception of 35.40 per cent in case of French Plantain (AAB) by the
end of 4t week after with holding irrigation. Cultivars Lep Chang Kut
(BBB) and Nfuuka (AAA-EA) recorded the highest reduction in

assimilation rate (93.1 and 73.8 per cent), respectively. Cultivars



French Plantain (AAB), Gros Michel (AAA) and Sukalindizi (AB)
recorded and maintained significantly (P<0.05) low rates of reduction
in assimilation rate, indicating their resistance to drought stress. This
indicates the better performance of M. acuminata genotypes than M.

bulbisiana genotypes.

Above findings are contradictory to the present results on
photosynthesis rates of two genotypes, indicating Bee hee kela (BB)
can maintain high photosynthesis rate even under water stressed
environments when compared with Calcutta-4 (AA) it may be due to
lower sensitivity of stomatal conductance and net photosynthesis to
leaf to air vapour pressure difference of cultivars containing more B
genomes A genomes, is consistent with the view that the B genome

contributes to drought tolerance in Musa sp (Thomas et al., 1998).

From the above findings we can conclude that the genotypes
having genomic composition of both A and B will provide better

tolerance to drought along with improved yield potential.

Drought stress reduced per cent transpiration rate in all
cultivars. Cultivar FHIA-02 (AAAA) showed high per cent reduction in
transpiration rate (67.3 per cent), while cultivar Nfuuka (AAA-EA)
indicated an increase in transpiration rate (52.2 per cent at 4th week)

with increasing water stress (Bananuka et al., 1999).

The genotype Bee hee kela (BB) exhibited transpiration rates of 12.30
* 0.35 m mol m-2 sec'! and 9.55 + 0.15 m mol m-2 sec’!, under
irrigated and water stressed conditions, respectively. The genotype
Calcutta-4 (AA) noticed transpiration rates of 11.97 £ 0.13 m mol m—=2
sec! and 8.35 £ 0.15 m mol m2 sec! under irrigated and water

stressed conditions, respectively (Table-5).

In the present study also per cent reduction in transpiration
rate was occurred in both the genotypes but it was high for Calcutta-4

(30.24 per cent) indicating its susceptibility to water deficit conditions



but the genotype Bee hee kela (22.36 per cent) showed less per cent
reduction in transpiration rate indicating its tolerance to water

limiting conditions (Figure-2b).

According to Mohmood et al. (2000), Stomatal conductance was
sensitive to the onset of water deficit, the stomatal conductance of
stressed banana plants grown under protected structure, started to
decline as soon as the water stress was imposed (after two days) and
continued to decline rapidly up to day 20 where it displayed complete
stomatal closure (From 500 m mol m= sec! to almost zero m mol m-2
secl). Stressed plants under field condition started to decline on the
onset of water stress treatments and remained almost lower than the
control plants through out the experiment, the marked differences
found at severe drought conditions (two months after with holding

irrigation).

According to Bananuka et al. (1999), The drought stress
influenced significant reduction in stomatal conductance in all
cultivars studied during the second and third week of stress. After the
third week, cultivar Nfuuka (AAA-EA) maintained a higher stomatal
conductance than the other cultivars until the fourth week when all
cultivars showed a sudden fall. The maintenance of high stomatal

conductance by Nfuuka explains its increase in transpiration rate.

In the present study also the stomatal conductance of stressed
plants was lower when compared with control plants. The stomatal
conductance of Calcutta-4 was 866 (m mol m=2 sec'!) in control plants
where as in stressed plants (12 Days after with holding irrigation) it
was 343 (m mol m2 sec!) and in Bee hee kela 1060 (m mol m2 sec?)
in control plants and 465 (m mol m2 sec!) in stressed plants. Per cent
reduction in stomatal conductance was more in Calcutta-4(60.39 per
cent) than Bee hee kela (56.13 per cent) indicating stomatal
conductance in Bee hee kela was less affected compared to Calcutta-4

under water stress conditions (Figure-2c, Table-5).



In the present study also noticed that the stomatal conductance
of BB genomic group ( Bee hee kela) was higher than AA genomic
group and this was correlating with the A13C of BB genotypes this is
fine and it was expected and it proves the drought tolerance capacity

of BB genomic group is better than AA genomic group.

Leaf water potentials was ranged from -0.1 to —-0.5 Mpa occur in
banana plants cv. Grand Nain (AAA, Cavendish sub group) where the
soil had dried sufficiently to stop leaf emergence and leaf gas

exchange (Kallarackal et al., 1990).

In the present study genotype Bee hee kela (BB) recorded water
potentials of -0.930 (MPa) and -1.518 (MPa) under irrigated and water
stressed conditions respectively and for genotype calcutta-4 recorded
water potentials of -1.350 (MPa) and -1.824 (MPa) under irrigated and

water stressed conditions respectively (Table-6a).

Calcutta-4 (AA) showed lower leaf water potential compared to
Bee hee kela under water stress conditions, indicating that Bee hee
kela has got capacity to maintain higher water potential even under

water stress conditions.

Soil moisture content after twelve days of withholding irrigation
was 13.2 per cent in case of stressed structures as compared to 18.97

per cent in case of well-watered structures (Table- 6b).
5.3 Biochemical analysis:

Drought induces oxidative stress which in turn induces the
production of Reactive Oxygen Species (ROS) such as super oxide
radical (O27), Hydrogen peroxide (H202) and hydroxyl radical (OH -), all
of these activated oxygen species are extremely reactive and cytotoxic
which can react with unsaturated fatty acids to cause peroxidation of
essential membrane lipids in the plasma lemma or intercellular

organells. The lipid peroxidation of membranes leads to the leakage of



cellular contents, rapid desiccation and cell death, Lipid peroxidation
process yields a mixture of reactive carbonyl compounds and
Malondialdehyde is one such carbonyl product that can be used to

guage the relative extent of lipid peroxidation.

To prevent or alleviate injuries from Reactive Oxygen Species
(ROS), plants have evolved an antioxidant defense system that
includes non-enzymic compounds like ascorbate, glutathione,
tocopherol, carotenoids, flavonoids and enzymes such as superoxide
dismutase (SOD), Catalase (CAT), Peroxidase (POX), ascorbate
peroxidase (APX), Gluthatione reductase (GR) and Polyphenol oxidase
(PPO) (Agarwal and Pandey, 2004). Co-operation among these enzymes
is essential for the effective protection from ROS (Scebba et al., 1998).

In the present study we made an attempt to quantify the
Malondialdehyde content, activity of Super oxide dismutase and
Catalase enzymes in two genotypes of banana under water stressed
condition.

As OD change at 532nm increases the Malondialdehyde content
also gets increases, in Calcutta-4 OD change at 532 nm was 0.2431
and 0.4540 for watered and stressed leaf samples, respectively. In Bee
hee kela it was 0.1983 and 0.3436 under watered and stressed
conditions (Figure-3c). In culcutta-4 OD change between watered and
stressed plants was 0.2109 but in Bee hee kela it was 0.1453,
indicating that membrane damage was high in Calcutta-4 than Bee

hee kela.

Under water stressed condition the enzyme Super Oxide
Dismutase (SOD) activity was high in Bee hee kela (30.593 U gm-! FW)
when compared with Calcutta-4 (22.945 U gm-! FW). The activity of
SOD between control and stressed plants was compared, there was an
increase of more than two fold in Bee hee kela (BB) as compared to

less than 1.5 fold in Calcutta-4 (AA) (Table-7, figure-3a).



Under watered condition Catalase activity was high in Bee hee
kela (1.2222 U gm! FW) than Calcutta-4 (0.3201 U gm-! FW), Catalase
activity was increased with increasing water stress in both the
genotypes but the activity of Catalase under stress was high in case of
Bee hee kela (2.7772 U gm-! FW) when compared to Calcutta-4
(0.6666 U gm-! FW) (Table-7, Figure-3b).

According to Fazeli et al. (2007), MDA content in stressed leaf
samples of Sesamum indicum, cultivar Darab-14 (8.23 n mol gm-! FW)
was higher than the stressed leaf samples of the cultivar Yekta (6.00 n
mol gm-! FW). The lower level of lipid peroxidation in leaves of Yekta
suggests that, this cultivar is better protected from oxidative damage
under drought stress than Darab - 14. Super oxide dismutase (SOD)
activity of the cultivar Yekta was higher (25.42 U gm-! FW) in stressed
leaf samples than Darab-14 (17.30 U gm'! FW) The sesame leaf
catalase activity noticed higher in case of Yekta (8.33 U gm-! FW) when
compared with Darab-14 (5.66 Ugm- FW) under drought conditions
indicating cultivar Yekta has got better defense mechanism than

Darab-14 under stressed conditions.

Reactive oxygen species are responsible for stress-dependent
peroxidation of membrane lipids (Ratnayaka et al,, 2003, Upadhyaya
and Panda, 2004). Lipid peroxidation is often used as an indicator of

increased oxidative damage (Jagtap and Bhargava, 1995).

According to Celina et al. (2004), The effect of decreasing soil
water content on leaf catalase activities was noticed to be doubled in

case of stressed wheat plants than the watered plants.

The Malondialdehyde content was found to be high in case of
Calcutta-4 (AA) than that of Bee hee kela (BB) suggesting that, BB
genotypes are better protected from oxidative damage under drought

stress than AA genotypes.



The activities of super oxide dismutase and Catalase were found
to be more under water deficit conditions than well watered conditions
in both the genotypes but the activity in Bee hee kela (BB) was high
under drought when compared with the Calcutta-4 (AA), indicating
presence of good defense mechanism in Bee hee kela (BB), this also
maintained better Leaf water potential under stress also had low
Malondialdehyde content under stress. All these parameters indicate

Bee hee kela can withstand water stress better than Calcutta-4 (AA).

5.4 Molecular aspects:

In the present study, leaf material collected from the stressed
and non-stressed banana genotypes was chosen as source material
for the extraction of RNA. The first step in obtaining cDNA is to choose
or develop a suitable protocol for isolation of high quality RNA. Here
we have chosen Liu et al. (1998), modified method of RNA extraction
protocol and we have standardized to some extent and used for the
extraction of total RNA from the banana leaves of well watered and
water stressed genotypes Calcutta-4 (AA) and Bee hee kela (BB)
(Plate-4a). The same method was used for the extraction of RNA was
reported by Eng-Chong Pua et al. (2000), where the isolated RNA was
used in studying the expression of a UDP glucose pyrophosphorylase

cDNA during fruit ripening of banana (Musa acuminata).

The OD values for RNA ranged from 1.87 to 1.95. Yield of RNA
obtained ranged from 22.1 to 30.6 png per gram of leaf tissue (Table-8).
Based on OD values obtained, it was concluded that RNA obtained

was of good quality.

5.4.1 RNA clean up: The total RNA obtained was cleaned by using
Rneasy mini kit (QIAGEN USA) to get still good quality RNA. According
to the instructions given this clean up protocol helped to reduce
content of genomic DNA and some other impurities otherwise genomic

DNA may interfere with the RT-PCR conditions, as it is very sensitive.



5.4.2 cDNA synthesis: cDNA was synthesised using TaKaRa mRNA
Selective PCR Kit (AMV) as mentioned in materials and methods(3.7).
the gel profile shown in the Plate (4b). cDNA of control and stressed
leaves of Beeheekela and Calcutta-4 was synthesized using total RNA
by oligo-dT primers, and this cDNA was used for the PCR confirmation

of selected candidate genes.

5.5 Primers used:

Nine primers namely- Catalase, Peroxidase, bZIP, Enongation
factor, Heat shock protein, Rubisco activase, Mitotic inhibition factor,
RNA polymerase and Chaperon D K were designed for Real time PCR
using Integrated DNA technology software. Out of nine primers
Peroxidase, Catalase, Heat shock protein and Chaperon D K are
drought related genes, remaining are involved in gene regulation,

growth and metabolism.

5.6 PCR confirmation for the amplification of real time PCR

primers:

Before going for real time PCR this technology one need to make
sure that PCR amplification for the confirmation of their presence and
also we need to standardise for the primer concentrations otherwise
primer dimers will also give C:; value. So in our study first we have
used genomic DNA of our experimental material to screen for the
primers amplification, after several gradient annealing temperatures,
out of nine primers four got amplification at 55°C namely Peroxidase,
Rubisco activase, Mitotic inhibition factor and RNA polymerase.
Among them only one gene was related to drought tolerance
(Peroxidase) remaining (Rubisco activase, Mitotic inhibition factor and
RNA polymerase) primers are related to gene regulation, growth and
metabolism. (Plate-5) and the amplified four primers were used for
their presence in cDNA pool from control and stressed leaves of Bee

hee kela (BB) and Calcutta-4 (AA). After PCR the gel profile showed



presence of three genes (Rubisco activase, Mitotic inhibition factor and
RNA polymerase) related to gene regulation, growth and metabolism in
all the cDNA samples but the drought related gene (Peroxidase) was
found only in control cDNA samples but not found in stressed cDNA
samples of both the genotypes (Plate-6). In general peroxidase activity
will be higher in stressed situation than in the non-stressed situation,
but here we found its presence in control and absence in stressed

situation.

5.7 Quantification of band intensity for the PCR amplified

primers:

The concentration of band intensity for amplified four primers
(Peroxidase,Rubisco activase, Mitotic inhibition factor and RNA
polymerase) in control and stressed samples of Bee hee kela and
Calcutta-4 was calculated by comparing 100 bp ladder molecular
weights and its concentrations by using Gene analysis software (
Syngene Company, Genius Model). The values on concentrations of
band intensity produced by four PCR amplified primers (Peroxidase,
Rubisco activase, Mitotic inhibition factor and RNA polymerase)
showed that:

The concentration of band intensity for Peroxidase was more in
control sample of Calcutta-4 (28.57 ng) than Bee hee kela (21.69 ng).

The concentration of band intensity for Rubisco activase was
76.87 ng and 63.51 ng in control and stressed samples of Calcutta-4
respectively and it was 92.80 ng and 64.31 ng in control and stressed
samples of Bee hee kela respectively. The per cent reduction in
concentration of Rubisco activase between control and stressed
samples was lower in Calcutta-4 (17.4 per cent) when compared with
Bee hee kela (30.7 per cent).

The concentration of band intensity for Mitotic inhibition factor
was 21.26 ng and 29.70 ng in control and stressed samples of Bee hee
kela respectively and it was 29.80 ng in control sample of Calcutta-4

but band was absent in stressed sample.



The concentration of band intensity for RNA polymerase was
46.10 ng and 66.50 ng in control and stressed samples of Calcutta-4
respectively and it was 10.54 ng and 49.9 ng in control and stressed
samples of Bee hee kela respectively. The per cent increase in
concentration of RNA polymerase band intensity between control and
stressed samples was lower in Calcutta-4 (30.7 per cent) when
compared with Bee hee kela (78.8 per cent) (Table-9).

Here there was no clear pattern of gene expression observed due
to various reasons like poor cDNA quality, non annealing of primers
etc.

Water stress in banana not only changes the activities of
drought related genes but also changes the activities of other gene

regulators, growth and metabolism related genes.

The results obtained with the physiological studies and
biochemical studies are significant. As per the literature available BB
genome has got better drought tolerant capacity than that of AA
genome accordingly in our study the BB genotype (Bee hee kela) was
found to have better mechanisms to cope with the drought situation

than the AA genotype (Calcutta-4).






VI. SUMMARY

Banana is an important fruit crop grown across the world
including tropics and subtropics where water availability is a constraint
to potential yield. Hence there is a need to reduce water requirements by
banana and other crops as they require constant supplies of abundant
water. Understanding the physiological, biochemical and molecular basis

of water stress tolerance is goes a long way in the endeavor.

In the present investigation AA (M. acuminata) and BB
(M.balbisiana) genotypes were involved. All the present day cultivated
bananas are derived from these genomic groups. An attempt also made
to understand the physiological and biochemical changes and also the
expression pattern of a few selected candidate genes during drought

stress in banana.

Thirteen genotypes belonging to AA genomic group and fifteen
genotypes belonging to BB genomic groups were screened using leaf
water retention capacity and A!3C to evaluate for their tolerance to
drought. The AA genotypes recorded low leaf water retention capacity
where as BB genotypes recorded higher leaf water retention capacity. The
average A!3C values were high for BB genotypes (18.60) than AA
genotypes (17.86). Two genotypes Calcutta-4 and Bee hee kela belonging
to AA and BB genomic groups respectively were selected based on earlier
experiments in addition to present experiment and planted in the cement
structures and allowed to grow for 4 months. Water stress was imposed
by withholding irrigation for twelve days and the following findings are

summarized below:



6.1 Physiological studies:

a) The per cent reduction in photosynthesis rate (Pn) between control
and stressed conditions was found to be high in Calcutta-4 (45.78
%) (AA) than the Bee hee kela (36.01 %) (BB) indicating BB
genomic group is tolerant to water deficit conditions.

b) The per cent reduction in transpiration rate (E) between control
and stressed conditions was less in Bee hee kela (BB)(22.36 per
cent) than Calcutta-4 (AA) (30.24 per cent). In general, if the
transpiration rate decreases such a plant will be a water saver
however that will not assure to give potential yield. The per cent
transpiration reduction is low then the stomata is still open even
under drought ensuring good photosynthetic rate and better yield
during water limited conditions.

c) The per cent reduction in stomatal conductance (gs) was found to
be high in Calcutta-4 (AA) (60.3 per cent)than that of Bee hee kela
(BB)(56.10 per cent).

d) AISC and stomatal conductance was in Bee hee kela (BB) than
Calcutta-4 (AA) proved that drought tolerance capacity of BB
genomic group over AA genomic group.

e) The leaf water potential (W) was high in Bee hee kela (BB) both in
watered (-0.913 MPa) and stressed (-1.518 MPa) situations when
compared with control (-1.35 MPa) and stressed (-1.824 Mpa)
conditions in Calcutta-4 (AA) indicating Bee hee kela (BB)
maintained tissue hydration better than Calcutta-4 (AA) under

water stress.

6.2 Biochemical studies:
1. The malondialdehyde content was determined in the leaf samples

of stressed and non-stressed Bee hee kela and Calcutta-4



genotypes and found that the extent of membrane damage was
high in Calcutta-4 (AA) than that of Bee hee kela (BB).

2. Under water stressed condition the enzyme SOD activity was high
in Bee hee kela (30.593 U gm! FW) when compared with Calcutta-
4 (22.945 U gm'! FW). The increased activity of super oxide
dismutase in stressed leaf samples compared to non stressed leaf
samples was recorded in Bee hee kela (BB); this was contrasting in
Calcutta-4 (AA genotype).

3. The activity of Catalase under stress was high in case of Bee hee
kela (2.7772 U gm-! FW) when compared to Calcutta-4 (0.6666 U
gm-1 FW). The activity of Catalase was found to be high in Bee hee
kela (BB) than Calcutta-4 in both stressed and non-stressed

conditions.

The above findings conclude that the Bee hee kela (BB) has good
tolerance mechanism to act with reactive oxygen species generated

during drought than Calcutta-4 (AA).

6.3 Molecular studies:

1. The total RNA was isolated from the stressed and non stressed
leaf samples of the genotypes Calcutta-4 (AA) and Bee hee kela
(BB) using modified version of the method (Liu et al. 1998) with
some extent of standardization in case of handling sample,
grinding and centrifugation speed.

2. RNA was checked for its integrity by running on a denaturing gel
electrophoresis containing formaldehyde, it showed to be 28S and
16S were intact, quality and concentration of RNA was estimated
by recording absorbance at 260 nm in UV spectrophotometer, it
was shown to be good quality in both the genotypes with

sufficient RNA concentration.



3. The cDNA for control and stressed samples of Bee hee kela and
Calcutta-4 was synthesized using TaKaRa mRNA selective PCR
kit (AMV)

4. Concentrations of band intensity for four PCR amplified genes
indicated that drought not only changes the expression pattern of
drought inducible genes but also changes the expression levels of

growth and metabolism related genes.

Future line of work:

Identification of banana genotypes tolerant to drought within the
genomic group (both in AA and BB) and understanding the relationship
between drought tolerance and water use efficiency. It is also necessary
to identify the phenotypic characteristics like root, leaf thickness,
waxiness etc which contribute to the drought tolerance. A study on gene
regulation during drought onset and maintenance of cellular activity is

also required.
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