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1. INTRODUCTION

Black pepper (Piper nigrum L.), popularly known as “King of Spices” and
‘Black Gold’, is a member of family Piperaceae. It is a perennial climbing vine
grown for its berries, which is indigenous to Western Ghats of Kerala, India. It is
an economically important spice used worldwide (Ravindran, 2000). The unique
biting quality of pepper, due to the presence of an alkaloid piperine, makes it one
of the most preferred spices of all times. Apart, from its use as dietary ingredient,

it is also used as medicine, preservative, perfumery and flavour.

Black pepper is a vegetatively propagated plantation crop. After planting,
the rooted cuttings start flowering and yielding from the 2™ year onwards, though
the yield stabilizes in the 4™ or 5" year. Friable soil rich in humus, hot humid
climate, optimum temperature of 20-30 °C and rainfall of 1000 -3000 mm are
found ideal for establishment of pepper plant.

The global production is estimated at 409,000 tons, in which India ranks
third after Vietnam and Indonesia. Indian black pepper production had dropped to
45,000 tonnes in 2014 (International Pepper Community, 2015). The area under
cultivation in Kerala is reduced from 2.02 lakh ha in 2000-01 to 1.54 lakh ha in
2009-10. The productivity has also come down from 376 kg per ha during 1998-
99 to 221 kg per ha during 2009-10. The production in Southern and Northern
part of Kerala showed a decline from 11.2 thousand tonnes (1982) to 5.4 tonnes
(2009) as reported by Sajitha (2014). Major share of pepper production in India is
from Kerala and Tamil Nadu, but these states are facing a rapid decline in

production owing to drought and untimely rains.

The world consumption of black pepper in the next two decades is
estimated to increase by about 100,000 m t (IPC, 2015). Biotic and abiotic stresses
are considered to be the major production constraints of the crop. Ravindran
(2003) opined that India would meet the world demand only by increasing the
productivity of black pepper, and by wide-scale cultivation of drought tolerant

varieties.



Moisture stress is deemed to be the major constraint limiting pepper
production in India (Ramadasan, 1987). The most important developmental phase
of black pepper affected by moisture stress is the flowering phase, which
commences in May-June (Vasantha, 1996). The amounts of rainfall received
during the first half of May as well as the cumulative total rainfall in the second

half of June are found to have significant correlation with the yield of pepper.

Acute water scarcity in major pepper growing areas of Wyanad, Idukki,
and Kannur districts of Kerala and other areas are regarded to be the major causes
for low productivity (Vasantha, 1996; Ravindran, 2003). Therefore, developing
drought-tolerant cultivars assumes significance as occurrence of drought has

become a regular feature in Kerala.

In vitro propagation techniques paved a revolutionary leap in mass
multiplication and germplasm conservation of ecologically important species of
black pepper (Ahmad er al., 2010). Genetic improvement of a plant for a
particular trait is by exploiting the genetic variability. The genetic variability
observed in plant cell cultures has allowed the isolation of variant mutant cell
lines that differ in their tolerance to either biotic or abiotic factors (Bressan ef al.,
1981; Meredith, 1983). For the stable genetic improvement of any stress
tolerance, an understanding of the mechanisms of the stress responses of black
pepper to biotic and abiotic stresses is essential. Plants tolerant to both biotic and
abiotic stresses can be acquired by applying in vitro cultures with the selecting
agents such as NaCl for salt tolerance and PEG or mannitol for drought tolerance
(Errabii ez al., 2006). It is the assumption that the response of cell cultures to any
given stress is similar to response of the plant to the stress in vivo. With this in
mind the present study was formulated in order to develop drought tolerance in
black pepper by in vitro selection using polyethylene glycol and to characterize

the tolerance.
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2. REVIEW OF LITERATURE

Black pepper (Piper nigrum L.), regarded as the king of spices, (Srinivasan,
2007; Mathew et al., 2001) is indigenous to the family Piperaceae (Abbasi et al.,
2010). Pepper is native to India and mostly cultivated in tropical and sub-tropical
regions (Ahmad et al., 2010). It belongs to the large pantropical family of subclass
Dicotyledonae and order Piperales (Cronquist, 1978). The family is represented
by over 10 genera (Cronquist, 1981) with Piper (Linn.) and Peperomia (Ruiz and
Pav.) being the major ones, each with a minimum of 1,200 species (Callejas,
2001).

A greatest diversity of genus Piper is found in American tropics (700 spp.)
as well as in South Asia (300 spp.), from where economically important species of
Piper nigrum L. (black pepper) and Piper betle L. (betel leaf) are believed to be
originated (Jaramillo and Manos, 2001). The Western Ghats and the North-
Eastern parts are considered as the two hotspots of diversity for the genus Piper in
India, inhabiting about 110 species (Purseglove et al., 1981; Parthasarathy et al.,
2006).

Black pepper is a universal table condiment. It is used as dietary ingredient
and in the food processing and perfumery industries. The quality of pepper is
determined by its pungency due to piperine content (Philip et al., 1992; Bhat et
al., 1995). Piperine, a pungent alkaloid (Tripathi er al., 1996) enhances the
bioavailability of various structurally and therapeutically diverse drugs (Khajuria
et al., 2002).

Black pepper has antimicrobial, antimutagenic and antioxidant effects
(Ravindran, 2000; Gulcin, 2005; Saxena er al., 2007). Piperine is preferred in
processing of food items, because of its microbial free and biodeterioration
property (Srinivasan, 2007). The secondary metabolites like nerolidol and f-
caryophyllene are the novel compounds identified in pepper having flavouring

and anaesthetic activity respectively (Santra et al., 2005).



Black Pepper is used as medicine to cure illness such as constipation,
diarrhoea, earache, gangrene, heart disease, hernia, hoarseness, indigestion, insect
bites, insomnia, joint pain, liver problems, lung disease, oral abscesses, sunburn,

tooth decay and tooth-aches (Turner, 2004).

It is the most used spice crop in the world with the global production of
409,000 t in 2014. The productivity of black pepper in India is very low,
producing 45,000 t in 2014. Whereas Vietnam, the leading producer and exporter
of black pepper, produced 155,000 t of black pepper in the same year (IPC, 2015).

P. nigrum is mostly a dioecious plant in wild form which undergoes cross
pollination (Krishnamurthi, 1969). However, in cultivated types, the plants are
mostly gynomonoecious (i.e. bearing female and bisexual flowers in the same
plant) or trimonoecious (i.e. bearing female, male and bisexual flowers in the
same plant), and are fertilized by self-pollination (Nair et al., 1993; George et al.,
2005; Thangaselvabai et al., 2008).

2.1 DROUGHT IN BLACK PEPPER

Among the different constraints, drought or moisture stress is the
environmental stress that causes not only differences between the mean yield and
the potential yield, but also instability in yield from year to year (Kent et al.,
1990). Ramadasan (1987) opined drought as one of the major limiting factors in
increasing black pepper’s productivity, which is having a direct effect in total

productivity of the country.

Prabhakaran (1999) developed a statistical model for estimation of yield
loss in black pepper due to incidence of pests, diseases and drought in Kannur
district of Kerala during 1989-1992 and predicted the average yield loss in black

pepper due to these factors to be around 33 per cent.

During the years 1973, 1977, 1983, 1987, 1989, when India experienced
severe drought, Kerala witnessed drying up of thousands of pepper vines in

Kannur district (Sadanandan, 1993). The fluctuating monsoon showers reported



from Kerala during 2002, 2003 have marked severely low production of pepper,
which is estimated about 22,600 metric tonnes, thus substantiating moisture stress
as a major yield limiting factor in India. Most other pepper growing countries on
the other hand, either receive well-distributed rainfall or have a well-developed
irrigation mechanism. In Thailand for example, pepper is grown as an irrigated
crop (Sadanandan, 1993). Irrigation was found beneficial during summer months

(Dec-May) in India (Sadanandan, 1993).

The important developmental stage of black pepper affected by moisture
stress is the flowering phase, which commences in May-June (Vasantha, 1996).
Delayed monsoon delays the flowering process. Once the flowering sets in,
continuous or heavy rainfall is not essential for fruit set. Dry spell during critical

phase results in spike shedding which reduces pepper yield.

Acute water scarcity in major pepper growing areas of Idukki, Wyanad
and Kannur districts of Kerala as well as many other areas, rules out the
possibility of irrigating the crop (Vasantha, 1996; Ravindran, 2000). Therefore,
developing drought-tolerant cultivars assumes significance as occurrence of

drought has become a regular feature in Kerala.
2.1.1 Strategies for developing drought tolerance

Major weakness responsible for low production of black pepper is non
availibility of healthy planting material and crop losses due to biotic and abiotic
stresses (Sarma and Kallo, 2004). Hence, developing drought tolerant black
pepper plants are necessary, the major approaches followed are traditional

methods, breeding methods and biotechnological methods.

Traditional methods include selection within germplasm (inter cultivar),
within a cultivar (intra cultivar), and selection in segregating open pollinated or
selfed progenies of black pepper. Traditional methods of plant production have
been applied in some species of Piper (Philip et al., 1992; Bhat er al., 1995;
Madhusudhanan and Rahiman, 2000; Nair and Gupta, 2006). Panniyur-4 and

Panniyur-6 are clonal selections of cv. Kuthiravally and cv. Karimunda



respectively from Pepper Research Station- Panniyur (KAU) under AICRP on
Spices (Peter et al., 2007).

Breeding methods include genetic improvement through hybridization
generally involves hybridization of selected parents and selection of superior
genotypes. It includes inter-cultivar hybridization, inter-specific hybridization,
polyploidy breeding and mutation breeding. An induced tetraploid (2n=104) was
developed by treating the seeds of Panniyur-1 with 0.05% colchicine (Nair and
Ravindran, 1992). 1-4 kr gamma rays used for inducing variability in Karimunda,
Panniyur-1, Kuthiravally, Kalluvally (Pulpally), Kalluvally (Malabar),
Thommankodi and Aimpiriyan (Irulappan et al., 1982 and Ravindran et al., 2000).

Biotechnological approaches include micropropagation, genetic
engineering, molecular characterization etc. Seed propagation of black pepper is a
time consuming method often results in genetic variation due to recombinants
(Atal and Banga, 1962). Micropropagation is superior when compared to
conventional method of propagation. /n vitro propagation is a superior and an
alternative way for traditional propagation (George and Sherrington, 1984; Abbasi
et al., 2010). Plant tissue culture is the most efficient and reliable method for rapid
and mass production of disease free, genetically stable and identical progeny of
black pepper throughout the year (Hu and Wang, 1983). Conservation of
germplasm, clonal propagation and plant improvement in black pepper can be

done using tissue culture techniques (Bhat et al., 1995; Sajc et al., 2000).

Plant tissue culture was defined as in vitro culture of plants using plant
parts (tissues, organs, embryos, single cells, protoplasts, etc.) on nutrient media
under aseptic conditions (Altman and Rao, 2000). Basic problems in plant
sciences are now studied using in vitro cultures and it is also used as a tool for the
study of stress tolerance mechanism under in vitro conditions (Bajji et al., 2000).
Matured and juvenile tissues were used as explants for micropropagation of black
pepper (Broome and Zimmerman, 1978; Mathew and Rao, 1984; Philip et al.,

1992; Nazeem et al., 1993; Nirmal Babu ef al., 2005). Germplasm conservation



and mass multiplication have been reported for several medicinal plant species
including Piper (Bhat et al., 1995; Kelker et al., 1996; Kelker and Krishnamurthy,
1998; Dominguez et al., 2006; Ahmad et al., 2010; Hussain et al., 2011).

Advancements in gene transfer and protoplast technology is used to evade
the production issues (Kelkar and Krishnamurthy, 1998; Sarma and Kalloo, 2004;
Liu et al., 2006; Guo et al., 2007). Shaji et al. (1998) reported high-frequency
isolation of viable protoplasts from in vitro derived leaves of Piper nigrum and
Piper colubrinum. Reports are available on Agrobacterium mediated gene transfer
in Piper nigrum (Sasikumar and Veluthambi, 1994). They obtained kanamycin
resistance in cotyledons using Agrobacterium tumefaciens binary vector strains
LBA 4404 and EHA 105. And somaclonal variations were marked as important
genetic element for both genetic studies and for in vitro selection of desired traits
in plants (Scowcroft et al., 1983; Maddock and Semple, 1986; Taghian and El
Aref, 1997).

Peter et al. (2007) pointed out that there is an increased trend of
dependency in molecular techniques for genetic fingerprinting, genotypic
characterization, gene cloning, Marker assisted selection etc for exploring new

realms at molecular level of organisms.
2.2 IN-VITRO SELECTION TO DEVELOP DROUGHT TOLERANCE
2.2.1 Polyethylene glycol as drought inducing agent

Errabii er al. (2006) reported that applying in vitro cultures with the
selecting agents such as NaCl, for salt tolerance, PEG or mannitol, for drought

tolerance helps in obtaining plants tolerant to biotic and abiotic stresses.

Water stress can be stimulated in plants by employing polyethylene glycol
of high molecular weights (Ruf et al., 1967; Kaufman and Eckard, 1971; Corchete
and Guerra, 1986; Dolgikh et al., 1994; Adkins et al., 1995 and Chazen et al.,

1995; Amadaor et al., 2002). It is a non-penetrating inert osmoticum which lowers



the water potential of nutrient solutions without being taken up or being

phytotoxic (Lawlor, 1970; Hassan et al., 2004).

PEG stimulate water stress in plants, results in stomatal closure, which
limits CO; fixation and reduces NADP" regeneration by the Calvin Cycle. These
adverse conditions increase the rate of activated oxygen species (AOS) such as
H,0, (hydrogen peroxide), O,  (superoxide), 'O, (singlet oxygen) and OH
(hydroxyl) radicals, by enhanced leakage of electrons to molecular oxygen. These
cytotoxic AOS can destroy normal metabolism through oxidative damage to
lipids, proteins and nucleic acids (Fridovich, 1986; Rabinowitch and Fridovich,
1983). Oxidative damage in the plant tissue is alleviated by a concerted action of

both enzymatic and non-enzymatic antioxidant mechanism.

El-Aref (2002) reported that PEG creates an actual stress condition in the
media without getting into or degraded or absorbed by cells in culture.
Meanwhile, the cells will be kept under water stress condition in a way they
would have experienced under actual stress condition. PEG in the culture medium
affects growth by producing osmotic stress (Kumar ef al., 2011) and by reducing
water potential (Aazami et al., 2010). Presence of PEG in the medium showed
decrease in the growth of sorghum (Bhaskaran ef al., 1985), sugarcane (Errabii et
al., 2006) and tomato (Abdel-Raheem et al., 2007; Aazami et al., 2010).

Morgan (1984) observed that higher accumulation of ions (K*, Ca’, Na")
was found in tolerant lines during water stress due to increase in osmotic
potential. Potassium contributed much to the osmotic potential when compared to
other ions (Santos-Diaz and Ochoa-Alejo, 1994). Higher concentrations of
accumulated ions decrease the cell water potential to prevent water loss which is
beneficial under stress (Morgan, 1984; Munns, 1988). Hassan et al. (2004)
observed that cell cultures of sunflower when established in MS liquid medium
supplemented with PEG 6000, the tolerant lines accumulated more K+, Na+ and

N but less Ca++ and P than the non-tolerant line.



In vitro selection for cells exhibiting increased tolerance to drought stress
when PEG was used, has been reported (Bressan ef al., 1981; Harms and Oertli,
1985; Sabbah and Tal, 1990; Borkird er al., 1991; Santos-Diaz and Ochoa-Alejo,
1994; Barakat and Abdel-Latif, 1995; El-Haris and Barakat, 1998; Jain, 2001;
Barakat ef al., 2002; Hassan ef al., 2004; Errabii et al., 2006).

In vitro selected plants with improved drought tolerance obtained using
PEG were reported for Zea mays (Dolgikh et al., 1994), Vigna radiata (Gulati and
Jaiwal, 1994), Oryza sativa (Adkins et al., 1995), Sorghum bicolor (Duncan ef al.,
1995), Tagetes (Mohamed et al., 2000) and Triticum (Almansouri et al., 2001).
Callus tolerant for PEG is reported in Oryza sativa (Siddeswar and KaviKishor,
1989) and Solanum lycopersicum (Singh and Sharma, 2008).

Growth of callus was less in medium with PEG than callus grown without
PEG in tobacco (Gangopadhyay et al., 1997). In Rice, PEG (8000 MW) was used
to induce stress, significant reduction of callus was seen in lower concentration 50
g L' (Abdulaziz and Al-Bahrany, 2002). Hassan et al. (2004) also reported that
PEG tolerant lines grew better than susceptible lines when cell cultures of

sunflower were established in MS liquid medium supplemented with PEG 6000.

Begum et al. (2011) used PEG as selection agent for screening drought
tolerant sugarcane somaclones. Callus induction, proliferation and plantlet
regeneration decreased with increased level of PEG. In sugarcane, 100 per cent
callus initiated when explants were grown in PEG free medium. Whereas, at 7.5
per cent PEG, highest callus induction was seen and callus induced on 10 per cent

PEG turned reddish black and senesced within 40 days (Begum et al., 2011).
2.2.2 Callus as in vitro system for selection

Callus culture enables selection of cultured cells as independent selection
units rather than the whole plant. This novel approach subjects the de-
differentiated cell mass (callus) to a suitable selection pressure/osmoticum, for
regeneration of tolerant somaclones selected from tolerant cell (Matheka ef al.,

2008). The tolerance observed at calli level is found even at the whole plant level



(Kumar and Kumar, 2000). Hence this novel approach can be employed for
genetic improvement of pre-existing wheat genotypes against biotic and abiotic

stresses (Sharma et al., 2010).

Morpho-physiological changes (callus morphology, callus growth rate,
callus survival and callus regeneration) may take place in callus on increasing
osmotic stress as observed by Wani er al. (2010) and Aazami et al. (2010). Nabors
and Dykes (1985); Narayanan and Rangasamy (1991) stated that it can be used as
selection criteria for screening drought tolerant cell lines. According to Begum et
al. (2011) the callus morphology can be considered as a criteria for selection of
callus for regeneration under stress condition. The quality of callus varies with
PEG supplement into the medium. Initiated callus was bigger, brighter and
whitish yellow with no or low level PEG in medium and with the increased level
of PEG, callus turned into brownish, gritty, poor and black. Babu er al. (2007)
observed that cells under stress tend to use more of their metabolic energy than in
the absence of stress. This extra energy is used for regulating osmotic adjustment

resulting in declined callus growth.

Callus selection media comprising PEG-6000 were capable of inducing
osmotic stress of -0.9 MPa for four weeks and were also found selective and ideal
for screening drought tolerant somaclonal cell lines (Mahmood ef al., 2012). Plant
tissues when subjected to tissue culture processes comprising callus phase, natural
variation will get amplified and are then called as somaclonal variations (Nhut et
al., 2000).

Presence of PEG-6000 in solid media greatly lowered the water potential
of the medium, resulted in reduced cell division and thus reduced callus growth
(Ehsanpour and Razavizadeh, 2005; Sakthivelu er al., 2008). Also, the better
performance of tolerant callus under water stress was due to its greater osmotic

adjustment in relation to non-tolerant callus (Hassan ef al., 2004).
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2.2.3.1 Selection of explants

The kind of explants used and the manner in which it is cultured can affect
the success of tissue culture, induction and regeneration. Living plant cells are
induced to divide in vitro and a wide variety of plant parts have been used as the
source for tissue culture (George and Sherrington, 1984). Young matured leaves

were used for callus induction (Sujatha ef al., 2003).

Micropropagation of black pepper using in vitro techniques have already
been reported using shoot-tip explant (Nazeem ef al., 1992; Philip et al., 1992;
Babu ef al., 1993; Joseph et al., 1996), leaf explant (Sujatha et al., 2003), nodes
explant (Bhat er al., 1992), root explants (Bhat et al., 1995) and seeds (Nair and
Gupta, 2006).

Rohitjoshi ef al. (2011) said that surface sterilization is the important step
in plant tissue culture. The explants, decontaminated by treating with ethyl
alcohol and 0.1 % mercuric chloride were found successful and no further

contamination was observed (Kelkar et al., 1996, Makunga et al., 2003).
2.2.3.2 Callus induction

Callus cultures contain vascular elements and parenchymatous cells,
together called as vascular nodules. The proportion of nodules formed depends
upon the kind of sugar and growth regulators added to the medium and also on the
species from which the culture originated (Chen and Galston, 1967). Cassells
(1979) also reported that callus differentiation begins when peripheral
meristematic activity is supplemented by the formation of centres of cell division
deeper in the tissue. Sucrose 30 g L™ was used as carbon source for most of the

tissue culture medium to improve the plant tissue growth (Biswas ef al., 2002).

Panniyur-1 was used for indirect organogenesis. Stem and leaf explants
were used to induce callus in Murashige and Skoog (MS) medium supplemented
with IAA and BA 1.0 mg L™ each, sub-culture was also done on same medium
after 3 weeks (Shylaja and Nair, 2000; Sujatha ef al., 2003).
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Callus induction was optimum in MS media supplemented with BA in
many medicinal plant species (Abbasi er al., 2010). Sukhumpinij et al. (2010)
reported callus induction in BA from the leaf explants of Piper rapaceum L.
Ahmad ef al. (2010) reported that best callogenic response was observed from leaf
explants of black pepper cultured for 30 days on MS medium supplemented with
either 0.5 mg L or 1.5 mg L BA + 1.0 mg L' NAA.

Callus was induced from petiole of black pepper on MS medium
supplemented with 0.5 mg L BA after 4 weeks of culture (Ahmad ef al., 2011).
Matured black pepper leaves were cultured on MS medium supplemented with 1.0
mg L' BA and 1.5 mg L' BA produced callus (Hussain ef al., 2011). Black
pepper leaf explants were cultured on MS medium supplemented with 4.0 mg L™
2,4,D and 3.0 mg L' BAP produced best callus (Wankhade, 2014).

2.2.3.3 Regeneration of callus

Kelkar and Krishnamurthy (1998) observed that BA markedly affected the
efficiency of regeneration in Piper colubrinum. However, Bhat et al. (1995) also
reported that BA was more effective than kinetin for Piper spp. Increase in the
concentration of BA enhanced regeneration but high concentrations of BA and

kinetin suppressed shoot formation (Anand and Rao, 2000).

Shoot regeneration was induced on MS medium supplemented with IAA
and BA 1.0 mg L each and rooting was induced in half MS supplemented with
NAA 0.2 mg L (Mathews and Rao, 1984). Shylaja and Nair (2000) reported that
shoot regeneration was induced on half MS supplemented with IAA and BA 1.0
mg L7 each from black pepper callus and rooting was induced in half MS
supplemented with IBA 1.0 mg L™

Regeneration was found on MS media supplemented with BA+IAA 1 mg
L™ each and silver nitrate 5-15 ppm (Sujatha et al., 2003). Ahmad er al. (2010)
reported that transfer of callus onto MS medium supplemented with 1.5 mg L™

BA + 1.0 mg L' GA; produced regeneration.
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In many plant species, good shooting response was recorded for 0.5 mg L™
of BA (Nayak er al., 2009; Rangsaytorn, 2009; Tiwari and Tuli, 2009).
Transferring of callus to MS medium containing 0.5 mg L" BA induced shoot
regeneration, addition of 2.0 mg L of IBA to the same media produced long
shoots (Ahmad er al., 2011). Shoot regenerated with 0.5 mg L BA in MS
medium from pepper callus and plantlets were rooted on 1.5 mg L™ IBA (Hussain
etal., 2011).

2.3 BIOCHEMICAL ANALYSIS
2.3.1 Free proline content

Handar er al. (1983) reported that PEG increased total soluble and
reducing sugars. PEG served as an osmoticum or as respiratory substrates to
endure the stress shock, by retarding cell growth, increasing L-proline level and
changing isozyme profiles especially of malate dehydrogenase, acid phosphatase,
and peroxidase (Srivastava et al., 1995). Proline accumulation under water stress
was regarded as an osmotic adjustment mechanism (Handa et al., 1986). It acted
as a small compatible molecule, which could replace water in water-restricted
conditions and stabilized enzyme structure (Skriver and Mundy, 1990; Delauney
and Verma, 1993). The survival and growth of cells in water stress condition was

positively correlated to the accumulated proline level in the environment.

Proline content was also found higher with increasing amount of PEG in
selected and non-selected callus lines of sunflower. However, the selected callus
lines are found to have accumulated more proline than the non selected ones
(Hassan et al., 2004). Increase in proline content on exposing calli to PEG was
reported in Sorghum (Bhaskaran et al., 1985) and rice (Ageel-Ahmad er al.,
2007). Desmukh er al. (2001) observed positive correlation between proline
accumulation and intensity of PEG-induced water stress in Sorghum bicolor

cultivars.

Proline accumulated in abiotic and biotic stresses such as water stress and

chilling stress (Taylor, 1996). Clifford et al. (1998) studied the proline
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accumulation in ber and found that there was 35 fold increases in proline
concentration in leaves during drought conditions. Increased proline level was
observed in potato plants, subjected to cold treatment (Rhodes et al., 1999). Yang
et al. (2000) studied the contents of proline, ornithine, arginine and glutamic acid
in rice leaves on imposition of water stress and observed that the proline content
consistently increased with the progression of stress. Han et al. (2003) also
observed increased proline alleviated osmotic potential in sea buckthorn,
indicating that the plant had characteristics of drought tolerance at low water

potential.
2.3.2 Free amino acids

Amino acids are the major compatible solutes of osmoregulation.
Concentration of the different amino acids varies with different plant species.
Handa ef al. (1982) reported that amino acids played an important role in osmotic
adjustment in PEG-adapted cells of tomato. Handa er al. (1983) also observed
increase in alanine and phenylalanine in addition to increased glycine, serine,
valine, methionine, isoleucine, leucine, lysine and hystidine content in tomato

cells under PEG induced water stress.

Among the amino acids, proline, the minor amino acids in non-stressed
plants, accumulated very strongly during adaptation to water stress in plants
(Bornett and Naylor, 1966; Jones er al., 1980). Barathi er al. (2001) reported
increased amino acid content on imposition of drought stress in mulberry leaves

and Rao ef al. (2009) in cultivars of 4onla.
2.3.3 Total soluble proteins

Plomion et al. (1999) reported that drought stress caused pronuounced
mutation in cellular metabolism, protein functioning and altering the amount of
proteins. Bray (1990) noticed differential expression of several proteins in tomato
leaves on imposition of drought stress. While a few proteins were increased
during the stress period, certain others decreased on prolonged exposure to stress.

Ramagopal (1987) observed the accumulation of a protein in barley seedlings
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during drought stress and accumulation of protein was seen in the PEG tolerant
callus were reported in chilli (Nath et al., 2005) and in tomato (Srivastava et al.,
1995).

Close (1996) reported that the dehydrin family of proteins accumulated in
plant species under drought stress. Accumulation of dehydrin proteins could
protect plant cells from further dehydration during drought stress (Han and
Kermode, 1996; Cellier, 1998). Drought induced polypeptides have been found in
many plants (Molphe-Balch er al., 1996; Riccardi et al., 1998). Cold stress
induced an accumulation in soluble protein content in Medicago sativa
(Mohapatra et al., 1987). In Glycine max drought enhanced accumulation of
protein (Arumingtyas et al., 2013).

2.3.4 Enzymatic antioxidants- SOD

Antioxidant enzymes are known to play an important role in offering
tolerance to abiotic stresses. ROS like hydrogen peroxide, superactive and
hydroxyl radicals released during stress conditions causes lipid peroxidation
which results in membrane damage, protein degradation (Davies, 1987) as well as
enzyme inactivation (Fridovich, 1986). Plants, through their endogenous
mechanism tend to protect cellular system from toxic effects of these radicals in
the form of enzymatic antioxidant such as CAT, APX, POX and SOD (Larson,
1988; Zhang and Kirkham, 1994). Increased activity of antioxidant enzymes was
observed in calli derived from drought tolerant maize cultivars (Li er al., 1998)
and tobacco (Bueno ef al., 1998). PEG increased the activity of SOD in sugarcane
callus cultures (Patade er al., 2011, 2012).

Changes in the enzymatic antioxidant have been observed in plants
exposed to stress and it is related to the mechanisms by which cells receive and
respond to oxidative and osmotic stresses (Bueno et al., 1998). Decrease in SOD
activities under water stress was observed in jute (Chowdhury and Choudhuri,
1985) and in wheat (Baisak ef al., 1994; Zhang and Kirkham, 1994) under water
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stress. Expression of ascorbate peroxidase isozymes were noticed in drought

tolerant spinach by Yoshimura et al. (2000).
2.3.5 Non-enzymatic antioxidants- Ascorbic acid

Prabha and Bharti (1980) reported that growth and development could be
regulated by ascorbate, and it maintains the osmotic status of stressed tissue. Lu et
al. (1999) reported an increase in the ascorbate and reduced glutathione content in
drought- tolerant cultivar of rice under water stress. Ascorbic acid and carotenoids
levels increased in leaves of apple trees subjected to the stress conditions (Sircelj
et al., 1999). Amin et al. (2009) reported that salicylic and ascorbic acid content

increased in okra under drought stress condition.
2.4 MOLECULAR ANALYSIS

RT-PCR 1is one of the methods used for gene identification, quantitative
expression of particular gene, tissue specific expression studies, and differential
gene expression analysis (Simpson and Brown, 1995). Different housekeeping
genes (e.g. Ubiquitin, Actin, 185 rRNAetc.) have been used for confirming
intactness of cDNA (Bansal and Das, 2013; Hemanth, 2014; Rayani and Nayeri,
2015).

In plants, proline acted as a stress signalling biochemical, especially in
case of water-deficit stresses (Yoshiba ef al., 1997). The biosynthesis pathway of
proline in plants was developed through glutamate intermediate, using P5CS (1-
pyrroline-5-carboxylate ~ synthase) to  P5C  (l-pyrroline5S-carboxylate),
subsequently oxidized to give proline by P5CR (1-pyrroline-5-carboxylate
reductase). Also, proline degradation has been discovered through ProDH
(proline dehydrogenase) from proline to PSC (1pyrroline-5-carboxylate) and then
P5CDH (1-pyrroline-5carboxylate dehydrogenase) (Hare and Cress, 1997; Kishor
et al., 2005; Trovato et al., 2008; Szabados and Savouré, 2009; Verslues and
Sharma, 2010).
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P5CS, P5CR, ProDH genes expression levels increased due to mannitol
induced water stress in Arabis stelleri (Jung et al., 2010). And also, expressions of
these genes were increased in Brassica napus when subjected to PEG-induced
water stress (Xue et al., 2008). P5CS expression level and proline content were
positively correlated in rice genotypes when subjected to water-deficit stress
(Yooyongwech ef al., 2012). The expression levels of the P5CS gene in PT1 rice
(drought susceptible) and the EE12 mutant line were increased when rice
genotypes were exposed to severe water-deficit (Yooyongwech et al., 2012). The
expression levels of P5CS in drought tolerant cultivars were superior to those in
drought susceptible cultivars in Andean potatoes (Schafleitner et al., 2007), in
cotton (Parida et al., 2008) and in safflower (Thippeswamy et al., 2010).
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Materials and Methods



3. MATERIALS AND METHODS

The study on “In vitro selection for drought tolerance in black pepper
(Piper nigrum L.)” was conducted in the Department of Plant Biotechnology,
College of Agriculture, Vellayani, Thiruvananthapuram during 2014-2016.
Details of the experimental materials used and the methodology followed in this

work are presented in this chapter.

The experiments were conducted in black pepper variety Panniyur- 4, a
selection from cv. Kuthiravally, which performs well under a variety of
conditions. It is a stable yielder producing an average yield of 1277 kg/ha and
quality attributes include dry recovery 34.7 %, and oleoresin 9.2 %.

3.1 COLLECTION OF PLANT SAMPLE

Black pepper plants of variety Panniyur- 4 were collected from College of
Horticulture, Vellanikara, Thrissur. The plants were grown in the Instructional
Farm, College of Agriculture, Vellayani. Explants namely leaves, nodes and shoot

tips were selected from healthy and disease free plants.
3.1.1 Sterilization of glasswares

The important step in plant tissue culture is sterilization. Before using the
accessories like test tubes, flasks, blade holders, petriplates, bottles etc. were
washed and dried in oven. The dried glasswares were wrapped in polypropylene

bags and were autoclaved at 15 Ib pressure at 121 °C temperature for 40 minutes.

3.1.2 Surface sterilization of explants

Surface sterilization of explants was done in the laminar airflow chamber.
The explants were thoroughly washed with running tap water followed by
distilled water. They were then treated with soap solution (Labolin) for 30 min,

followed by washing with distilled water. Explants were treated with 0.3 per cent
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Bavistin solution for 30 min, followed by washing with distilled water. And then
surface sterilization was done with 0.08 per cent mercuric chloride (HgCl,) for 7
minutes followed by rinsing with double distilled water for 3-4 times to remove
the traces of mercuric chloride. Then explants were soaked in antibiotic solution
(cefotaxime) 300 mg L™ for 1 hr. Then the explants were cut with sterile scalpel
and were inoculated on Murashige and Skoog’s medium at different

concentrations and various combinations of auxins and cytokinins.

3.2 PREPARATION OF STOCK SOLUTIONS OF MS MEDIUM AND
GROWTH REGULATORS

For preparing stock solutions of MS media, weigh the chemicals of each
stock and dissolve in distilled water by adding one by one and then make up the

volume. Similarly, prepare each stock separately as mentioned (Appendix I).

2,4 Dichlorophenoxyacetic acid (2,4-D) 200 mg L was weighed and
dissolved in 1 ml of 70 per cent ethyl alcohol by making up the volume to 100 ml
with double distilled water.

Indole-3-Acetic Acid (IAA) 200 mg L™ was weighed and dissolved in 1
ml of 70 per cent alcohol by making up the volume to 100 ml with double distilled

water.

Benzyle Amino Purine (BAP) 200 mg L was weighed and dissolved in 1
ml of 1 N NaOH by making up the volume to 100 ml with double distilled water.

3.2.1 Preparation of MS medium

For preparing the MS medium, required quantity of stock solutions were
pipetted out and added to the distilled water (800 ml) one by one (Appendix I).
Then sucrose 30 g L and inositol 100 mg L™ and CuSO4 15 mg L were added to
the culture medium. Growth regulators were added according to the experiments.
The pH of the solution was adjusted to 5.7 either with 0.1.N HCI or 0.1.N NaOH
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and the volume was made up to 1 litre. Then 0.63 % agar was added and
dissolved by heating. The prepared medium was dispended into bottles and
autoclaved at 1.06 kgem” pressure at 121 °C for 15 min. Then the medium was
cooled at room temperature and kept for a week to check for contamination and
then inoculated with explants. Observations were recorded at different time
intervals. After 3 weeks, sub-culturing was done in order to provide nutrients to

the growing tissues.

3.3 CALLUS INDUCTION

MS (Murashige and Skoog’s) medium supplemented with different
concentrations of plant growth regulators was used for callus induction
experiment (Table 1). Photoperiod was adjusted to 16 hours light and 8 hours
dark, as per the requirement. The culture was kept at a temperature of 25 + 2 °C

60 per cent humidity. Time taken for callus induction was recorded.
3.3.1 Callus induction frequency
Callus induction frequency was calculated by using the formula,

Callus induction frequency= (No. of explants producing callus x 100/ No. of

explanted inoculated)

Media composition giving maximum callus percentage was used for further

studies.
3.4 IN VITRO SCREENING FOR DROUGHT TOLERANCE

Various concentration of PEG 6000 viz., control, 5 g L'l, 10 g L'l, 20¢g L'l,
30gL",40gL",50gL",60gL",70gL",80gL",90gL" and 100 g L were
used for induction of drought stress under in vitro condition. Calli obtained were
inoculated into the MS medium supplemented with 1.0 mg L BA and PEG 6000

for 30 days at various concentrations as mentioned above.
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Table 1. Growth regulators used for callus induction

Treatments Plant growth regulators conc. (mg L)
2,4-D BA TIAA
Tl 0.5 - -
T2 1.0 - -
T3 - 0.5 -
T4 - 1.0 -
TS - L5 -
T6 - 2.0 -
T7 0.2 1.0 -
T8 3.0 2.0 -
T9 4.0 3.0 -
T10 3.0 3.5 -
T11 - 0.5 1.0
Ti12 - 1.0 0.5
Ti13 - 1.0 1.0
T14 - 1.0 1.5

Table 2. Growth regulators used for regeneration of calli

Sl. No. Plant growth regulators Conc. (mg L™)
1. BA 0.5
2. BA 2.0
3. BA+IAA 1.0+1.0
4. BA+IAA 0.5+1.0
5. BA+IAA 1.5+0.5
6. BA+IBA 0.5+1.0
7. BA+IBA 2.0+1.0
8. BA+Sil.No; 0.5+5.0
9 BA+GA; 1.5+1.0
10. BA+Pic 0.5+0.5
11. BA+NAA 0.5+2.0
12. BA+Kin 1.0+1.0
13. NAA+2,4-D 1.0+1.0
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3.5 REGENARATION OF CALLI

PEG tolerant calli and control calli were transferred to different media for
regeneration. MS media supplemented with different growth regulators were used

(Table 2).
3.6 BIOCHEMICAL ANALYSES

PEG tolerant calli and control calli were collected and biochemical analyses
for free proline content, free amino acids, total soluble proteins, enzymatic
antioxidants- SOD and non-enzymatic antioxidants- ascorbic acid were carried

out.
3.6.1 Estimation of proline

Acid ninhydrin method by Bates and coworkers (1973) was used for the
estimation of proline. 0.5 g calli were homogenised in 10 ml of 3 per cent aqueous
sulphosalicylic acid. Then subjected to centrifugation at 6000 rpm for 15 min.
From the supernatant so obtained, 2 ml aliquot was drawn out and mixed with
equal amount of acetic acid and ninhydrin and heated in boiling water bath for 1
hour. The reaction was terminated on ice bath and extracted with 4ml of toluene.
The extract was vortexed for 20 sec and the chrometophore containing toluene
was used for reading absorbance at 520 nm with toluene as blank. A standard
curve was drawn using concentration versus absorbance. The concentration of

proline was determined from the graph, expressed as

micromoles per gram of tissue = (microgram proline/ml x ml toluene/115.5) x

(5/gm sample)

where 115.5 is the molecular weight of proline (Chinard, 1952; Bates et al.,
1973).

22



3.6.2 Estimation of total free amino acids

Ninhydrin method (Moore and Stein, 1948) was followed for the
estimation of total free amino acids. 0.5 g of calli were ground and homogenized
with 5-10 ml of 80 per cent ethanol. The solution was centrifuged. The
supernatant was then collected and the volume was reduced by evaporation and
was used for the estimation of total free amino acids. 1 ml ninhydrin solution was
added to 1 ml extract and the volume was made up to 2 ml with distilled water.
The test tubes were heated in boiling water bath for 20 min. The contents were
mixed well after the addition of 5 ml diluents. Intensity of purple colour was read
at 570 nm in spectrophotometer against a blank. Blank was prepared using 0.1 ml
of 80 per cent ethanol, instead of extract. The concentration of total free amino
acids in the sample was determined from a standard curve of leucine and was
expressed as per cent equivalent of leucine (Moore and Stein, 1948; Misra et al.,

1975).
3.6.3 Estimation of total soluble proteins

Lowry method was used to estimate the total soluble proteins with bovine
serum albumin as the standard. A series of protein samples in different
concentration along with the experimental sample (100 ul) were prepared in test
tubes with PBS. 5 ml of diluted dye was added, mixed and allowed for a few min
till red dye turns blue colour when it binds with protein. Absorbance at 595 nm
was taken and a graph was plotted using the standard protein absorbance VS
concentrations. Protein content of experimental sample was calculated from the

standard curve (Lowry et al., 1951).
3.6.4 Estimation of SOD

It was done as per the method described by Kakkar et al. (1984). 0.5 g
sample ground in 3 ml of potassium phosphate buffer was subjected for
centrifugation at 2000 rpm for 10 min and the supernatants were used for the
assay. 1.2 ml of sodium pyrophosphate buffer, 0.1 ml of PMS, 0.3 ml of NBT, 0.2

ml of the enzyme preparation and water in a total volume of 2.8 ml constituted the
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assay mixture. Reaction was initiated by the addition of 0.2 ml of NADH. The
mixture was incubated at 30 °C for 90 seconds and arrested by the addition of 1
ml of glacial acetic acid. This mixture was then shaken with 4 ml of n-butanol,
allowed to stand for 10 minutes and centrifuged. Intensity of chromogen in the
butanol layer was measured in spectrophotometer at 560 nm. One unit of enzyme
activity is defined as the amount of enzyme that gave 50 per cent inhibition of

NBT reduction in 1 minute.
3.6.5. Estimation of ascorbic acid

It was done volumetrically as explained by Harris and Ray (1935). 5 ml of
working standard was pipetted out into 100 ml conical flask. 4 per cent oxalic acid
was added to it and was titrated against the dye (V1 ml). Appearance of pink
colour is the end point. 0.5 to 5 g sample was taken and ground using 15 ml of 4
per cent oxalic acid. The homogenate was filtered and made up to a known
volume and then centrifuged at 10,000 rpm for 10 min. The supernatant was made
up to 25 ml using oxalic acid. 10 ml of 4 per cent oxalic acid was added to 5 ml of
pipetted aliquot. This was titrated against dichlorophenol indophenols (DCPIP)
solution till the end point (V2 ml). The amount of ascorbic acid is calculated using

the formula:

Ascorbic acid (mg/100g) = (0.5 mg/V1 ml) x (V2/ 5 ml) x (100/weight of sample)
x 100

3.7 MOLECULAR ANALYSES

For identification of differential expression of pJics (Pyrroline-5-
carboxylate synthase) gene in the PEG tolerant calli compared to control, the
primers were designed based on the sequences of genes reported in several other
plant species. These primers were analyzed for amplification by PCR and RT-
PCR in genomic DNA and mRNA respectively.
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3.7.1 Primer Designing

Nucleotide sequences for pics genes (i.e. cDNA sequences) in different
plant species were retrieved from NCBI (National Centre for Biotechnology
Information) GeneBank. From the NCBI nucleotide database, nucleotide

sequences of the respective genes were downloaded in FASTA format.

The collection of FASTA sequences of pScs gene was then subjected to
sequence alignment using clustal omega program. The best two conserved
regions in the multiple alignments were identified and the primers were designed

according to the sequences of those conserved regions using Primer3.
3.7.2 Primer Analysis

The designed set of primers prior to their synthesis were checked for
several parameters such as primer length, length of the PCR product, low
degeneracy, maximum specificity at the 3' end. The properties such as feasible
annealing temperature, an appropriate range of GC-content, potential hairpin
formation and 3' complementarity were analyzed by using OligoCalc program.
The sequences of the resultant primers were given to ‘Sigma - Aldrich’ for

synthesis.
3.7.3 RNA Isolation

Total RNA was extracted from PEG tolerant and control calli using Trizol
reagent (Invitrogen, USA). All the materials used for RNA extraction were treated
in 3 per cent hydrogen peroxide overnight and autoclaved twice for sterilization.

The double distilled water was also autoclaved twice for the same purpose.

The frozen samples (100 mg) were ground into a fine powder in liquid
nitrogen using mortar and pestle. Trizol reagent was added to the powdered
content (1 ml Trizol per 100 mg of plant sample) and samples were ground

thoroughly. About 1 ml of homogenized mixture was then transferred to a 2 ml
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centrifuge tube. To this, 200 pl of chloroform and 50 pl of B-mercaptoethanol
were added and incubated for 2-3 min at room temperature after vigorous mixing.
The samples were centrifuged at 9000 g for 15 min at 4 °C. The aqueous phase of
the sample was transferred into a fresh tube. For RNA precipitation 0.7 volume of
absolute isopropanol was added and content was mixed by inverting it slowly.
Visible RNA pellet was transferred to fresh tube by using Pasteur pipette. The
pellet was washed with 1 ml of 70 per cent ethanol. The sample was briefly
vortexed and centrifuged at 9000 g for 10 min at 4 °C. RNA pellet was air dried
for 20 min and suspended in 100 pl RNase free sterile water, followed by
incubation in a water bath at 60 °C for 10 min. Finally, RNA samples were stored

at -20 °C until used.

The integrity of the total RNA was determined by running 5 pl aliquot of
RNA on agarose gel (1.5 %).

The absorbance reading of extracted RNA using spectrophometer was
determined. Since an absorbance value of 1.0 at 260 nm indicates the
concentration of 40 ng pl” of RNA, the concentration of RNA present in an

aliquot was estimated by employing the following formula:
Concentration of RNA (ng pl™) = Aseo x 40 x dilution factor

(Where Azeo is absorbance reading at 260 nm)

RNA purity was determined by the ratio taken between A, and Asgo.

3.7.4 Reverse Transcription - Polymerase Chain Reaction (RT-PCR)

RT-PCR is the most sensitive technique for mRNA detection and
quantitation among currently available techniques such as Northern blot analysis
and RNase protection assay. RT-PCR can be used to quantify mRNA levels from

much smaller samples.
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RT-PCR was carried out using AMV RT-PCR Kit (GeNei™). RT-PCR is
essentially a two step process. The first step involves the use of reverse
transcriptase to synthesize cDNA from single stranded mRNA. The second step is
the amplification of cDNA by PCR. To avoid any RNase contamination, the
sterile working environment was maintained. All the materials used were pre-

treated with 3 per cent hydrogen peroxide overnight and autoclaved twice.

3.7.5 Synthesis of cDNA Using AMV RT-PCR Kit

RNA samples stored at -80 °C were taken out and incubated at 60 °C in a
water bath for 5 min. 1200 ng of RNA from respective sample was transferred to
the microfuge tube and volume made to 10 pl and incubated at 60 °C for 10 min.

Simultaneously, reaction mixture for reverse transcription was prepared as

follows:
Rnasin - 0.5 ul (200)
5 X Assay Buffer - 4 ul
10 mM dNTP mix : 2ul
Oligod(T);s primer : 0.5 ul
AMV-Reverse Transcripase : 1 ul200)
Nuclease Free Water : 2ul
Total Volume : 10 pul

This reaction mixture was added to the RNA sample after 10 min
incubation. The contents were mixed well and incubated at 42 °C for 1 h. The
tubes were then incubated at 92 °C for 2 min and quickly placed the tubes on ice
and spun briefly (for denaturation of RNA-cDNA hybrids). The cDNA samples
were stored at -20 ° C (Samsung RS21HUTPN1) until use.

3.7.6 PCR Amplification of cDNA with Degenerate Primers

The cDNA samples were subjected to PCR with two degenerate primers.
The PCR mixture (Table 3) of the total volume of 20 pl was prepared similarly as
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described in the section except that 3 pl of cDNA was used as template instead of

1 ul of genomic DNA.

Table 3. The components, volume and concentration of PCR reaction mixture

Sl. No. Components Volume for Final
one reaction concentration
1 10 X PCR buffer 2.0 ul 1X
2 DNTPs 2.0 ul 0.2 mM
3 Tag DNA polymerase 1.0 pl 15U
4 MgCl, 2.0 pul 2.5mM
5 Primer (forward) 1.0 pl 70 pmol
6 Primer (reverse) 1.0 pl 70 pmol
7 Template cDNA 3.0ul 50 ng
8 Sterile double distilled water 8.0 ul
Total 20.0pul

Table 4. Temperature profile used for DNA amplification

Step o
2 Temp ("C) | Duration Cycles Function
0.
1 94 4. min Initial denaturation
2 94 1 min Denaturation
W.R.T.
3 ) 1 min 34 Annealing
primer
4 72 1 min Extension
5 72 5 min Final extension
6 4 Hold Final hold
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The PCR programme was set with initial denaturation temperature of 94°C
for 4 min, followed by 34 cycles of denaturation at 94 ° C for 1 min, annealing
(different temperatures screened) for 1 min and extension at 72 °C for 1 min. The
final extension was set at 72 °C for 5 min (Table 4). The PCR products were
separated on agarose gel (1.5 %) and the gel was observed using gel

documentation system.

3.7.7 Agarose Gel Electrophoresis

The most common method to assess the integrity of ¢cDNA is to run an
aliquot of the cDNA sample on agarose gel. Horizontal gel electrophoresis unit
was used to run the samples on the gel. Aliquot of cDNA sample (10 pl) was
loaded on agarose gel (1.5 %) made in 0.5 x TAE buffer (Appendix II). The gel
was run at 5 Vem'l until the dyes migrated 3/4™ of the distance through the gel.
The gel was visualized using the gel documentation system (BIORAD, USA)
using ‘Quantity One Software’.

3.8 STATISTICAL ANALYSIS

Data generated from the biochemical experiments were analysed
statistically using Analysis of Variance technique (ANOVA) technique CRD
(Panse and Sukhatme, 1985) and significance was tested by ‘F’ test (Snedecor and
Cochran, 1967). In the cases where the effects were found to be significant, CD
values were calculated at five per cent and one per cent probability levels. Means

were compared by Duncan's Multiple Range Test (DMRT) (Duncan, 1955).
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4. RESULTS

The study entitled “In vitrro selection for drought tolerance in black
pepper” was carried out in the Department of Plant Biotechnology, College of
Agriculture, Vellayani during 2014 to 2016. The results of the study are presented
in this chapter.

4.1 ESTABLISHMENT OF IN VITRO CULTURE OF BLACK PEPPER
4.1.1 Surface Sterilization

Mercuric chloride and sodium hypochlorite were used for surface
sterilization of black pepper explants. The explants were also pretreated with

bavistin and antibiotic.

Surface sterilization was found to be most effective when leaves, nodes
and shoot tips were pretreated with Bavistin (0.3 %) for 30 min, followed by
treatment with Mercuric chloride (0.08 %) for 7 minutes and Cefotaxime (300 mg
L) for 1hr.

4.1.2 Callus induction from different explants of black pepper

Fourteen treatments with different combinations of 2, 4-D, BA and IAA
were tried to study their effects on callus induction from leaves, nodes and shoot
tips. MS medium supplemented with 1.0 mg L™ of BA produced highest callus
induction percentage (75 %) from leaves. Between the treatments T1 and T2 (with
2, 4-D alone), T1 (2, 4-D 0.5 mg L") showed 25 per cent of callus induction in a
period of 45 days (Table 5) (Fig. 1). With increasing concentrations of BA (T3 to
T6), callus induction percent increased up to 75 per cent with 1.0 mg L™ of BA,
which was the highest in this treatment. Above that concentration callus induction

percentage decreased (16.66 % at 2.0 mg L™ of BA).

With combination of 2, 4-D and BA (T7 to T10), the callus induction
percentage increased with the increase in the concentrations of 2, 4-D and BA
with a maximum of 50% in T9 (4.0 mg L 2, 4-D and 3.0 mg L BA) and
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treatment T10 did not show any callus induction. When BA and IAA were used in
combination (T11 to T14), T13 (1.0 mg L' BA and 1.0 mg L! IAA) showed
58.33 per cent callus induction in 45 days and further increase in the concentration

showed decrease in the callus induction percentage (Table 5).

The effect of growth regulators on callus induction from nodes of black
pepper is shown in Table 6. MS medium supplemented with BA 1.0 mg L™
showed highest callus induction. Treatments T1 and T2 with 2, 4-D alone
recorded 16.66 per cent callus induction. T4 showed 50 per cent callus induction
and callus induction percentage decreased with the further increase in the

concentrations of BA. In T6 there was no callus induction.

When 2, 4-D and BA were used in combination, T9 produced highest
(33.33 %) callus induction. But treatment T10 did not show any response. With a
combination of BA and IAA, T13 treatment showed 25 per cent callus induction
in 1.0 mg L BA and 1.0 mg L IAA and T14 did not show any callus induction
(Table 6) (Fig. 2).

Fourteen treatments were tried for callus induction from shoot tips of
black pepper also (Table 7). Among the treatments T1 and T2, T1 (2, 4-D 0.5 mg
L") showed 8.33 per cent and T2 did not show any response. In varying
concentrations of BA, T4 with 1.0 mg L' of BA produced 41.66 per cent in 45
days. Concentration of BA >1.0 mg L reduced callus induction and no callus

induction was seen in T6 (2.0 mg L' of BA).

With a combination of 2, 4-D and BA, treatment T9 showed maximum
callus formation (25 %) which was decreased to 8.33 per cent in treatment T10 in
a period of 45 days. Treatment T13 showed 25 per cent callus induction when a
combination of BA 1.0 mg L™ and IAA 1.0 mg L was tried. T14 did not show
any response (Fig. 3).

In all the combinations tried for callus induction 1.0 mg L™ BA showed
highest callus induction percentage. Leaf was the best responsive explant of black

pepper for callus induction (Plate 1).
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Table 5. Effect of plant growth regulators on callus induction from leaves of black

pepper
Treatments PGR conc. (mg L) Callus induction (%)
2,4-D BA IAA
Tl 0.5 - - 25
T2 1.0 : : 16.66
T3 - 0.5 : 41.66
T4 - 1.0 . 75
T5 = 1.5 » 50
T6 - 2.0 - 16.66
T7 0.2 1.0 . 8.33
T8 3.0 2.0 p 33.33
T9 4.0 3.0 - 50
T10 3.0 35 : 0
T11 . 0.5 1.0 25
T12 - 1.0 0.5 25
T13 : 1.0 1.0 58.33
T14 - 1.0 1.5 0

Basal medium: MS medium
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Table 6. Effect of plant growth regulators on callus induction from nodes of black

pepper
Treatments PGR conc. (mg L'I) Callus induction (%)
2,4-D BA TIAA
Tl 0.5 - - 16.66
T2 1.0 - - 16.66
13 - 0.5 - 25
T4 - 1.0 - 50
T5 - 1.3 - 33.33
T6 - 2.0 - 0
T7 0.2 1.0 - 8.33
T8 3.0 2.0 - 25
T9 4.0 3.0 - 33.33
T10 3.0 35 - 8.33
T - 0.5 1.0 16.66
T12 - 1.0 0.5 16.66
113 - 1.0 1.0 23
T14 - 1.0 1.5 0

Basal medium: MS medium
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Fig. 1. Callus induction from leaf explants at different concentrations of Plant

growth regulators
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Fig. 2. Callus induction from node explants at different concentrations of Plant

growth regulators
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Table 7. Effect of plant growth regulators on callus induction from shoot tips of

black pepper
Treatments PGR conc. (mg L'I) Callus induction (%)
2,4-D BA TIAA
T1 0.5 - - 8.33
T2 1.0 - - 0
13 - 0.5 - 16.66
T4 - 1.0 - 41.66
T5 - 1.5 - 25
T6 - 2.0 - 0
T7 0.2 1.0 - 8.33
T8 3.0 2.0 - 16.66
T9 4.0 3.0 - 25
T10 3.0 3.5 - 8.33
T11 - 0.5 1.0 8.33
T12 - 1.0 0.5 16.66
T13 - 1.0 1.0 25
T14 - 1.0 1.5 0

Basal medium: MS medium
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Fig. 3. Callus induction from shoot tip explants at different concentrations of Plant

growth regulators
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Plate 1. Callus induction from leaves on MS medium supplemented with

BA 1 mgL"

la: On 1* day

1b: On 10" day
lc: On 20" day
1d: On 30™ day

le: On 45" day




Plate 2. Multiplication of callus obtained from leaves on MS + BA 1 mg L

2a: Callus induced in T4 (MS + BA 1
mg L")

2b: Callus induced in T9 (MS + 2, 4-D 4
mgL'+BA3mgL")

2¢: Callus induced in T13 (MS + BA |
mgL'+IAA 1 mgL")

3a: Callus induced in T4 (MS + BA 1 mg
LY

3b: Callus induced in T9 (MS + 2, 4-D 4
mgL'+BA3mgL")

3¢: Callus induced in T13 (MS + BA 1
mgL'+IAA 1 mgL")




Plate 4. Multiplication of callus obtained from shoot tip on MS + BA 1 mg I

4a: Callus induced in T4 (MS + BA 1
mg L

4b: Callus induced in T9 (MS + 2, 4-D 4
mgL'+BA3mgL")

4c¢: Callus induced in T13 (MS + BA 1
mgL'+IAA I mgL")




4.2 SELECTION OF PEG TOLERANT CALLUS

The calli obtained from the explants were transferred to multiplication
medium (MS medium supplemented with 1 mg L' BA) with different
concentrations of PEG (0-100 %). It was observed that increasing concentration
of PEG resulted in reduction of growth and browning of the callus. Calli could
survive upto 10 g L™ of PEG (Table 8). In 5 g L™ PEG, 100 per cent of the calli
survived. When the concentration of PEG increased to 10 g L only 83.33 per
cent the calli survived. Calli transferred to medium containing 20 g L™, 30 g L™,
40g LY, 50g L, 60gL", 70 gL, 80 gL", 90 gL and 100 g L showed
browning and death in 30 days (Plate 5).

Table 8. Survival of calli in multiplication medium containing different

concentrations of PEG

Serial PGR No. of calli No. of calli Survival
number | PEG Conc. | inoculated | survived after percentage at
(g L'l) 30 days 30 days (%)

1. 0 6 6 100

2. 5 6 6 100

3. 10 6 5 83.33

4. 20 6 0 0

5. 30 6 0 0

6. 40 6 0 0

7. 50 6 0 0

8. 60 6 0 0

9. 70 6 0 0

10. 80 6 0 0

11. 90 6 0 0

12. 100 6 0 0

Multiplication medium: MS + 1 mg L™ BA
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Plate 5. Survival of callus in MS+BA 1 mg L' with different concentrations of

PEG on 30"day




5a: Control, 5b: PEGSgL", 5¢: PEG 10 gL,

5d: PEG20gL", 5e:PEG30gL", 5f: PEG40 g L™,

5g: PEG50 gL', 5h: PEG60 gL, 5i: PEG70 g L™,

5j: PEG 80 g L, 5k: PEG 90 g L and 51: PEG 100 g L™".




4.3 REGENERATION OF CALLUS

Table 9. Response of calli in regeneration media

MS medium supplemented with different combinations and concentrations
of PGRs (BA, BA+IAA, BA+IBA, BA+Sil.No;, BA+GAj3; BA+Picloram,
BA+NAA, BA+Kin and NAA+2, 4-D) were tried for regeneration (Table 9).
None of the calli showed regeneration in any of the media tried (Plate 6).

SL PGR Conc. No. of No. of No. of No. of
No (mg L") | control calli regene- tolerant regene-
inoculated rants calli arnts
obtained | inoculated | obtained
L. BA 0.5 7 - 7 -
2 BA 2.0 7 - 7 -
3. BA+IAA 1.0+1.0 " - 7 -
4. BA+IAA 0.5+1.0 7 - 7 -
- BA+IAA 1.5+0.5 7 - 7 -
6. BA+IBA 0.5+1.0 7 - 7 -
1. BA+IBA 2.0+1.0 7 - 7 -
8. | BA+Sil.No; | 0.5+5.0 7 - 7 -
9. BA+GA3; 1.5+1.0 7 - 7 -
10. BA+Pic 0.5+0.5 7 - 7 -
11. | BA+NAA 0.5+2.0 7 - 7 -
12 BA+Kin 1.0+1.0 7 - 7 -
13. | NAA+2,4-D | 1.0+1.0 7 - 7 -
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Plate 6. Response of callus in different regeneration media on 30th day




6a: BA0.5mgL"'+IBA 1 mgL"

6b: BA2mgL'+IBA 1 mgL"

6c: BA1.5mgL'+IAA 0.5mgL"

6d: BA 1 mgL"'+IAA 1 mg L’

6e: BA0.5mg L’

6f: BA 2 mg L™

6g: BA 0.5 mg L'+ Silver nitrate 5 mg L
6h: BA 1.5mg L'+ GA3 1 mg L’

6i: BA 0.5mg L'+ IAA 1 mg L’

6j: BA 0.5 mg L™ + Picloram 0.5 mg L




44 CHARACTERIZATION OF THE PEG TOLERANT CALLI BY
BIOCHEMICAL ANALYSIS

The PEG tolerant calli were analysed for the biochemical parameters like
proline, amino acids, soluble protein, SOD and ascorbic acid and the results were

compared with the control.
4.4.1 Proline content

Calli grown in medium containing PEG showed difference in proline
content. Increase in the concentration of PEG produced significant increase in
proline content. The proline content of the calli survived at 10 g L" of PEG (0.870
ug g’) and 5 g L' of PEG (0.802 pug g”) for 30 days were significantly higher
(CD 0.034) when compared to the control (0.684 pg g (Table 10) (Fig. 4).

4.4.2 Amino acid content

A change in the amino acid content was also observed in PEG tolerant
calli. With increase in the concentration of PEG there was a significant increase in
the amino acid content. The amino acid content (2.020 mg g”') in calli survived at
10 ¢ L PEG was significantly higher compared to control (1.576 mg g). The
amino acid content was 1.820 mg g'l in calli survived at 5 g L PEG (Table 10)

(Fig. 5).
4.4.3 Soluble protein content

Soluble protein content was significantly influenced by increase in the
concentration of PEG. The soluble protein content was 1.710 mg g in calli
survived at 10 g L' PEG. But there was no significant difference in the soluble
protein content (CD-0.318) in the calli survived at 5 g L' PEG (Table 10) (Fig. 6).

4.4.4 SOD content

Increase in the SOD content was noticed in the calli survived in PEG. But

it was not significant (Fig. 7).
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Fig. 4. Proline content (ug/g) of the PEG tolerant calli
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Fig. 5. Amino acid content (mg/g) of the PEG tolerant calli
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Fig. 6. Soluble protein content (mg/g) of the PEG tolerant calli
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Fig. 8. Ascorbic acid content (mg/100g) of the PEG tolerant calli
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4.4.4 Ascorbic acid content

Ascorbic acid content was significantly increased in the PEG tolerant calli
with the increase in the concentration of the PEG. The value was 9.23 mg g"1 in
calli survived in 10 g L™ of PEG, which was significantly higher when compared
with control (7.74 mg g”) in 30 days (Fig. 8).

Table 10. Effect of PEG on biochemical parameters of calli

Calli Proline Amino Protein SOD Ascorbic
survived | (ngg’) acids (mg g'l) activity acid
in PEG (mgg") (gmin”) | (mgg’)
Control | 0.684° 1.576° 0.840° 0.176 7.746°
5gL” 0.802° 1.820° 1.004° 0.200 8.526°
10gL” | 0.870° 2.020° 1.710° 0.214 9.238"
CD (0.05) | 0.034 0.101 0.318 NS 0.587

4.5 MOLECULAR ANALYSIS

Differential expression of pScs (Pyrroline-5-carboxylate synthase) gene

was analysed in control and PEG tolerant calli by RT-PCR.

4.5.1 RNA isolation

RNA was extracted from control, calli survived at 5 g L™ and 10 g L of
PEG. Plate 7 shows the typical RNA bands of 28S, 18S and 5S RNA on agarose
gel (1.8 %) of total RNA isolated.

Spectrophotometric method was used to check the quality and quantity of
RNA. Absorbance values at 260 nm and 280 nm and their ratio values of different
RNA samples are shown in Table 11. The value of Azs0/A2so ranged from 1.73 to
2.37 and the yield of RNA ranged between 1140 ng/ul and 1600 ng/ul indicating
good quality RNA (Table 11).
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Table 11. Quality and quantity of RNA isolated from calli survived at different

concentration of PEG

SL | Calli survived in | A260 A280 | A260/A280 | RNA yield
No | different conc. of (ng/ul)
PEG
1. Control 0.057 0.029 1.965 1140
2. 5gLT PEG 0.064 0.027 2.370 1280
3. 10 g L" PEG 0.080 0.046 1.739 1600
4.5.2 PRIMER DESIGNING

Primers for Actin and p5cs genes were designed based on the conserved

regions of orthologous gene sequences using the Clustal Omega tool. The details

of primers are given in Table 12. Properties of primers were analyzed by using

online software Oligocalc.

Table 12. Primers designed for Actin and p5cs genes

Gene | Primer 5'<-----Sequence----->3' GC Length | Tm
name content | (no. of | (°C)

(%) bases)
Actin | ActF CTGGTGATGGTGTGAGCCAC 60 20 66.9
ActR | CATGAAATAGCTGCGAAACG 45 20 63.2
pics | pSesF | TGGCCTTGGAGTTAAAAGCTG | 47.6 21 65.2
pScsR | TCATTCCACCTCTTCCCACC 55 20 66.2

The analysis of primers using Oligocalc tool revealed desirable GC

content and annealing temperature and also none of the designed primers

exhibited any hairpin formation and 3’ complementarity. GC content and
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temperature of Actin and pScs primers ranged from 45-60 per cent and 63-66 °C

respectively.
4.5.3 RT-PCR analysis

Presence of cDNA was confirmed by using Actin gene (housekeeping
gene) specific primers. Actin gene specific primers amplified a band of size 420
bp in all cDNA samples, indicating good quality of cDNA (Plate 8).

When RT-PCR was performed using primers designed for p5cs gene, it
showed amplicon size of approximately 120 bp (expected size) in all the calli. The
expression of pScs was very high in calli survived at 10 g L' of PEG compared to
control and the calli survived in 5 g L' of PEG (Plate 9).
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Plate 7. RNA obtained from callus

Lane 1 - Ladder 100bp
Lane 2 - Control
Lane 3 - Callus survived in 5 g L' PEG

Lane 4 - Callus survived in 10 g L' PEG

Plate 8. Amplification of cDNA with actin primer

Lane 1 — Ladder 100 bp

Lane 2 - Blank

Lane 3 - Control

Lane 4 - Callus survived in 5 g L' PEG

Lane 5 - Callus survived in 10 g L™ PEG

420 bp




Plate 9. Amplified product with p5cs gene primer

Lane 1 — Ladder 100 bp
Lane 2 - Control
Lane 3 - Callus survived.in 5 g L PEG

Lane 4 - Callus survived in 10 g L' PEG

120 bp




Discussion



5. DISCUSSION

Black pepper is an important spice crop grown for its berries. In the global
production of this spice, India ranks third after Vietnam and Indonesia. Kerala
accounts for 40 per cent of black pepper production in India, next to Karnataka. In
India, black pepper is a rainfed crop and moisture stress is one of the major abiotic
stress factors limiting pepper production (Ramadasan, 1987). The most important
developmental phase of black pepper affected by moisture stress is the flowering
phase (Vasantha, 1996). Since occurrence of drought has become a regular feature

in India, development of drought-tolerant cultivars is of great importance.

No drought tolerant black pepper variety has been developed so far using
conventional methods. Tissue culture based in vitro selection has been used as an
effective tool for developing stress tolerant plants. The genetic variability
observed among the plant cells in culture allows the isolation of variants or
mutants showing difference in their tolerance to stress factors. Polyethylene
glycol or mannitol are mainly used to simulate drought stress in vitro (Errabii et
al., 2006). Polyethylene glycol is a non-penetrating inert osmoticum which lowers
the water potential of nutrient solutions without being taken up or being
phytotoxic (Lawlor, 1970; Hassan et al., 2004). It is assumed that the response of
cell cultures to any given stress is similar to response of the plant to the stress in
vivo. In the present study, PEG was used to induce water stress condition to select

the variants showing tolerance.

The present study was undertaken at the Department of Plant
Biotechnology, College of Agriculture, Vellayani to develop drought tolerance in
black pepper by in vitro selection using polyethylene glycol and to characterise
the tolerance. In this study, we used callus cultures of black pepper cv. Panniyur-4
to induce drought tolerance and to study the various biochemical and molecular
responses of black pepper callus to water stress. Water deficit conditions were

simulated by inclusion of polyethylene glycol 6000 in the culture medium.
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Polyethylene glycol at different concentrations was used to induce different

degrees of water stress.

5.1 ESTABLISHMENT OF IN VITRO CULTURE OF BLACK PEPPER
5.1.1 Surface Sterilization

Different tissues were used for callus induction from black pepper but the
presence of endophytic bacteria, fungi and phenolic exudates released from the
cut surface were the major constraints in the establishment of axenic culture.
Therefore, different surface sterilization treatment were tried to minimize the
contamination. In the present study, surface sterilization of leaves, nodes and
shoot tips of black pepper were done using mercuric chloride at a concentration of
0.08 per cent for seven minutes which was found to be more effective compared
to treatment with sodium hypochlorite at a concentration of 1.0 per cent for 15
minutes. Treatment with Bavistin (0.3 %) for 30 min was effective to reduce the
microbial load. Similar results were reported by Ramjitha (2006), that the highest
survival per cent of cultures were observed when explants were sterilized with
0.08 per cent mercuric chloride for 7 minutes, followed by one per cent sodium
hypochlorite for 15 minutes. Also in the present study, addition of CuSO4 15 mg
L! to the culture media reduced the contamination rate. Culture medium
containing CuSO4 100 mg Bt supported the maximum growth of explants, with

minimum bacterial contamination in black pepper (Rajmohan ez al., 2010).
5.1.2Callus induction from different explants of black pepper

In the present investigation, various growth regulators (auxins and
cytokinins) were tested for callogenesis of black pepper vine from leaf, node &
shoot tip explants. Successful in vifro techniques for micropropagation of black-
pepper have been reported using mature shoot-tip (Nazeem et al., 1992; Philip et
al., 1992; Babu ef al., 1993; Joseph et al., 1996), leaf (Sujatha et al., 2003), nodes
(Bhat et al., 1992), root (Bhat et al., 1995) and seeds (Nair and Gupta, 2006) as
explants. Plantlets regenerated from seedling-derived callus and shoot apices had

been reported.
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In the present study, callus induction was observed from leaves of black
pepper for most of the PGRs tested. Highest response was observed on Murashige
and Skoog (MS) medium containing 1.0 mg L™ BA (75 %), followed by 1.0 mg
L' each BA and IAA (58.33 %) and 4.0 mg L'2,4D+3.0 mg L' BA (50 %).
Callus induction was significantly higher using benzyladenine (BA) at lower
concentrations compared to other PGRs. However, application of IAA and 2, 4-D
induced callus but at lower levels. Similarly Hussain et al. (2011) reported that
black pepper vine cultured on MS medium supplemented with 1.0 mg L™ BA
produced callus from leaves. Leaf was the best responsive explant for callus
induction in black pepper variety Panniyur-4 compared to node and shoot tip.
Callus inductions from different explants have been reported in other varieties and
cultivars of black pepper. Shylaja and Nair (2000) induced callus on stem and leaf
segments of black pepper variety Panniyur-1 and 4 cultivars in MS medium
supplemented with sucrose (3%), and IAA and BA, 1.0 mgL™” each. They
observed that the genotypes differed significantly in days taken for callusing,
percentage of callusing and callus proliferation. In the present study, BA alone

was found sufficient for callus induction than in combinations with auxins.

Combinations of 2, 4-D, BA and IAA were also tried on nodes of black
pepper for callus induction. In the present study, MS medium supplemented with
BA @ 1.0 mg L and 1.5 mg L" produced 50 and 33.33 per cent callus
respectively. Abbasi er al. (2010) reported that callus induction in BA was
optimum in many medicinal plant species. Results are similar to that of Bhat ef al.
(1995), who observed that callogenic response of the nodal explants of P. nigrum
was less, when higher concentrations of BA (5-10 uM) was tried. In this study,
callus was also induced in MS media with combinations of (1.0+1.0 mg L) BA
and TAA and (4.0+3.0 mg L) 2, 4-D and BA, and the obtained results are in
agreement with Sujatha er al. (2003), who reported that callus was induced from
MS media supplemented with IAA and BA 1.0 mg L each after 3 weeks and
Wankhade (2014), who observed best callus induction from black pepper leaf
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explants on MS medium supplemented with 4.0 mg L' 2, 4-D and 3.0 mg L
BAP produced best callus.

Callus was induced from shoot tips of black pepper in MS medium
supplemented with Plant growth regulators. BA 1.0 mg L™ showed higher (41.66
%) callus induction and 1.5 mg L' BA, 4.0 mg L™ 2, 4-D + 3.0 mg L' BA, 1.0 mg
L each BA and IAA showed 16.66 % callus induction from shoot tips. BA was
found to be effective for callus induction in black pepper. Sukhumpinij et al.
(2010) observed the effect of BA on callus induction of Piper rapaceum L.
Ahmad et al. (2010) reported that the best callus induction was observed from
black pepper on MS medium supplemented with either 0.5 mg L'and 1.5 mg L
BA. The results are in agreement with Philip ef al. (1992) who reported that BA
alone or in combination supported initial proliferation of shoot tip explants. The

difference in the responses might be due to the difference in the genotype.
5.2 SELECTION OF PEG TOLERANT CALLUS

Callus obtained from leaves of black pepper was transferred to MS
medium supplemented with 1 mg L™ BA and different concentrations (0 —100 g
L") of PEG. It was observed that the growth and survival of black pepper callus
were greatly inhibited by increasing concentrations of PEG 6000. PEG at lower
concentrations, viz., 5 and 10 g L did not arrest the callus growth and survival,
but higher concentrations significantly affected the growth. The complete
inhibition of callus survival was noticed at 20 g L' and above. Bressan ef al.
(1981) reported similar results indicating decrease in the relative growth of tomato
callus with increasing concentrations of PEG in the nutrient medium. Barakat and
Abdel-Latif (1995) also reported a decrease in relative growth of callus of
different wheat cultivars with increasing concentrations of PEG. Geetha er al.
(1995) observed complete inhibition of callus growth of Vigna mungo at 30 per
cent PEG, similar to observations made in the present study. Gangopadhyay ef al.
(1997) reported that callus growth was lower in PEG medium than callus grown
on PEG free medium in tobacco. Abdulaziz and Al-Bahrany (2002) used PEG
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(8000 MW) to induce stress in rice and observed significant reduction of callus
growth at 50 g L concentration. Hassan et al. (2004) observed that PEG tolerant
line grew better than the non tolerant when cell cultures of sunflower were
established in MS liquid medium supplemented with PEG 6000. Begum et al.
(2011) reported that callus induction, proliferation and plantlet regeneration
decreased with increased level of PEG in sugarcane. Addition of PEG to the
medium produced osmotic stress (Kumar et al., 2011) and decreased the water
potential (Aazami er al., 2010) which negatively affected the growth. Presence of
PEG reduced growth in the medium as reported in sorghum (Bhaskaran et al.,
1985), sugarcane (Errabii ef al., 2006) and in tomato (Abdel-Raheem er al., 2007;
Aazami ef al., 2010).

5.3 REGENERATION OF CALLUS

Regeneration of the calli survived in different concentrations of the PEG
were transferred to regeneration media along with the control calli. Different
concentrations and combinations of PGRs supplemented with MS medium were
tried for regeneration of callus. None of the treatments showed regeneration of
callus. Srinath and Jabeen (2013) observed that, organogenesis of PEG tolerant
callus in sugarcane was seen after 15-18 days, whereas in non selected callus it
was observed within 10-12 days after inoculation. The frequency of
organogenesis was 100 % in non-selected calli which was reduced to 75 % in
PEG tolerant calli and the number of shoots per calli was higher in non selected
callus when compared to selected calli. Plant regeneration in the presence of PEG
from tomato cultivars was severely affected and calli grown on regeneration
media supplemented with PEG changed to brown colour and the numbers of
regenerated plants were reduced (Zahra et al., 2015). Shylaja and Nair (2000)
reported that MS medium supplemented with IAA and BA 1.0mg L™ each
induced callus which later produced shoot regeneration on half MS supplemented
with [AA and BA 1.0 mg L' each. MS medium supplemented
with IAA and BA 1.0mg L each produced shoot regeneration on half MS
supplemented with IAA and BA 1.0 mg L' each. Ahmad er al. (2011) observed
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regeneration on 0.5 mgL™" BA from callus induced from petiole explants on MS
medium supplemented with 0.5 mg L 6-benzyladenine (BA) after 4 weeks of
culture. Hussain et al. (2011) reported that callus induced on MS medium
supplemented with 1.5 mg L' BA showed regeneration on MS medium
supplemented with 0.5 mg L BA. In this study, percentage of callus induction
was very less with the concentration of growth regulators used in the studies
referred above. The growth regulator used for callus induction may have a role on

regeneration.

5.4 CHARACTERIZATION OF THE PEG TOLERANT CALLUS BY
BIOCHEMICAL ANALYSIS

5.4.1 Proline content

Proline is considered to play a major role in osmoregulation in plants
under water deficit conditions. Proline accumulation has been implicated to have
an osmoregulatory role during water stress conditions (Aspinall and Paleg, 1981).
It is also known to protect cell membranes and enzymes (Paleg et al., 1981; 1984)
and acts as a reservoir of energy and amino groups for post-stress growth
(Fukutaku and Yamada, 1981). In the present study, PEG tolerant calli (10 g L™
PEG) showed significantly high level of proline content under water stress over
the control. Cells exposed to stress showed significant increase in proline over the
control. Similar response was reported by Desmukh et al. (2001) where they
observed a positive correlation between proline accumulation and intensity of
PEG-induced water stress in Sorghum bicolor cultivars. Hassan et al. (2004)
reported that proline content was increased with increase in the concentration of
PEG in tolerant callus lines of sunflower. Proline accumulation increased in the
calli when the concentration of PEG increased in sorghum (Bhaskaran et al.,
1985) and rice (Aqeel-Ahmad ef al., 2007). Wu et al. (2001) reported increase in

proline content in reed callus in response to PEG-induced osmotic stress.

Clifford et al. (1998) studied the proline accumulation in ber leaves during

drought conditions. Yang ef al. (2000) studied the contents of proline, ornithine,
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arginine and glutamic acid in rice leaves on imposition of water stress and
observed that the proline content increased with the stress. Han et al. (2003) also
observed increased proline content in sea buckthorn, indicating that the plant had
characteristics of drought tolerance at low water potential. Hence, increased

proline content may be an indicator of tolerance to water stress.
5.4.2 Amino acid content

Among the organic osmolytes, reducing sugars and free amino acids
contribute significantly to the solute concentration in the cells. In the present
study, total free amino acids were found to increase significantly in black pepper
cultures under water stress conditions. Similar observations were reported in the
earlier studies also. Handa er al. (1983) observed increase in alanine and
phenylalanine in addition to increased glycine, serine, valine, methionine,
isoleucine, leucine, lysine and hystidine content in tomato cells under PEG
induced water stress. Barathi e al. (2001) reported increased amino acid content
in mulberry leaves on imposition of drought stress. Mapelli ef al. (2001) also
observed that glutamine which remained one of the major components of the total
free amino acids in the xylem of walnut trees during the non-stress period,
continued to remain as one of the major components under water stress. Rao et al.
(2009) reported that amino acid content in leaves increased with stress in cultivars

of Aonla.
5.4.3 Soluble protein content

In the present study, protein content was increased in PEG tolerant calli.
Black pepper callus survived at 10 g L™ PEG recorded higher levels of protein
content and showed significant difference compared to control. The results
obtained in the present study are similar to those reported by Rao er al. (1993) in
rice seedlings in response to PEG-induced water stress. Ramagopal (1987)
observed the accumulation of a protein in barley seedlings during salinity induced
stress. Protein content increase in the PEG tolerant callus was reported in tomato

(Srivastava et al., 1995) and chilli (Nath et al., 2005).
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Bray (1990) noticed differential expression of several proteins in tomato
leaves on imposition of drought stress. Cold stress induced an accumulation of
soluble protein content in Medicago sativa (Mohapatra et al., 1987). In Glycine
max, drought enhanced accumulation of protein (Arumingtyas et al., 2013).
Drought- induced polypeptides have been found in many plants (Molphe-Balch ef
al., 1996; Riccardi et al., 1998). Close (1996) reported that the dehydrin family of
proteins accumulated in a wide range of plant species under dehydration stress.
Accumulation of dehydrin proteins could protect plant cells from further
dehydration during drought stress (Cellier, 1998; Han and Kermode, 1996). The
increased protein content in the PEG tolerant calli in this study may be due to the

accumulation of stress induced proteins.
5.4.4 SOD content

In the present study, superoxide dismutase was increased in the PEG
tolerant callus of black pepper. But difference was not significant compared to
non selected calli. Similar results were reported by Del Longo ef al. (1993), where
they observed increased activity of the SOD enzyme in the PEG tolerant line of
maize, LIZA, compared to the susceptible line, LGI I. Van Rensburg and Kruger
(1994) also observed increased activity of SOD in tobacco on imposition of
drought stress. Increased activity of antioxidant enzymes in calli derived from
drought tolerant maize cultivars (Li ef al., 1998) and tobacco (Bueno et al., 1998).
The activity of SOD increased in sugarcane callus cultures on PEG induced stress
(Patade er al., 2011, 2012). Baisak et al. (1994) observed increase in SOD in
wheat leaves subjected to water stress by incubation in different concentrations of
polyethylene glycol solutions. In contrast to the reports on increase in SOD
activity under water stress conditions mentioned above, decrease in SOD
activities was also observed by Chowdhury and Choudhuri (1985) in jute and
Quartacci and Navari-Iuo (1992) in sunflower under water stress. Zhang and
Kirkham (1994) also observed an initial increase followed by a decline in SOD
activities in different wheat species on exposure to drought stress. Antioxidant

enzymes play an important role in conferring tolerance to stress factors, mostly by
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scavenging the free radicals liberated during stress (Davies, 1987). Increased SOD
activity in the PEG tolerant calli indicates the development of water stress

tolerance mechanism to protect cells from damage caused by the free radicals.

5.4.4 Ascorbic acid content

Growth and development could be regulated by ascorbate, and it maintains
the osmotic status of stressed tissue (Prabha and Bharti, 1980). In the present
study, ascorbic acid content was significantly increased in the calli with the
increase in the concentration of the PEG. Lu et al. (1999) reported an increase in
the ascorbate and reduced glutathione content in drought tolerant cultivar of rice
under water stress. Expression of ascorbate peroxidase isozymes were noticed in
drought tolerant spinach by Yoshimura et al. (2000). Ascorbic acid and
carotenoids levels increased in leaves of apple trees subjected to the stress
conditions (Sircelj et al., 1999). Amin et al. (2009) reported that salicylic and

ascorbic acid content increased in okra under drought stress condition.
5.5 MOLECULAR ANALYSIS
5.5.1 RNA Isolation

In the present study, the total RNA isolated from calli, survived in
different concentration of PEG in black pepper (control, 5 g L and 10 g LY, by
using Trizol reagent was of good quality as inferred from the gel profile and
spectrophotometric observations. Gel profile on 1.8 per cent (w/v) agarose gel
electrophoresis showed distinct 28S, 18S and 5S eukaryotic ribosomal RNA
bands. Ribosomal RNA represents more than 90 per cent of the total RNAs (Asif
et al., 2000). Any degradation occurring during the RNA preparations can be
easily viewed as smearing or indistinct bands. Presence of distinct ribosomal RNA

bands indicated good quality of RNA without any degradation.

In the present study, use of PVP and B-mercaptoethanol during extraction
process increased the yield of RNA. Table 12 shows the spectrophotometric
evaluation of RNA samples. The RNA yield ranged from 1140 ng/ul to 1600
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denaturing buffer containing guanidinum thiocyanate yielded good quality RNA

suitable for reverse transcription experiments.

Siju et al. (2007) isolated RNA from black pepper samples by using
modified acid guanidium thiocyanate-phenol-chloroform protocol and found that
use of sodium sulphite in RNA extraction buffer increased the quality and yield of
total RNA and also the sensitivity of virus detection by RT-PCR.

The purity of isolated RNAs was determined from the absorbance ratio of
A260/A280 (Logemann et al., 1987; Manning, 1990) and it ranged between 1.7
and 2.3. This ratio suggested less contamination of protein substances during
RNA preparations (Gehrig et al., 2000). RNA was hooked out using wide bore
pipette after addition of isopropanol. This step also reduced the contaminants

precipitating with RNA during further centrifugation.
5.5.2 RT-PCR analysis

In the present study, we used RT-PCR to detect the presence and
differential expression of p3cs in the black pepper calli survived in PEG. RT-PCR

was performed in two steps.

Housekeeping genes are usually used to check intactness of cDNA.
Housekeeping genes expressed continuously in the cell and these could be
detected easily at any time and in any tissue of the plant. Different housekeeping
genes (e.g. Ubiquitin, Actin, 18S rRNAetc.) have been used for confirming
intactness of cDNA (Bansal and Das, 2013; Hemanth, 2014; Rayani and Nayeri,
2015). In the present study, intactness of cDNA was confirmed by using
housekeeping gene Actin specific primers, which yielded a PCR product of
expected size (420 bp).

The expression of pScs gene studied using primers designed for pScs gene,
which yielded a PCR product size of approximately 120 bp in calli tolerant to 10 g

L' of PEG. Candidate genes are sequenced genes of known biological action
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involved in the development or physiology of a trait. Two candidate genes,
EXP15 and EXP13, were found to be associated with root number and silicon
content in the stem respectively, under both well-watered and low-moisture stress
conditions in rice (Vinod ef al., 2006). Similarly, Jung et al. (2010) observed that
p3cs, P5SCR, ProDH expression levels increased due to mannitol induced water
stress in Arabis stelleri. Also, the expression levels of these genes were
upregulated due to PEG induced water stress in Brassica napus (Xue et al., 2008).
pics expression level and proline content were increased in rice genotypes when
subjected to water-deficit stress (Yooyongwech et al., 2012). The expression of
pJcs gene in PT1 rice (drought susceptible) and EE12 mutant line were increased

during water stress in rice genotypes (Yooyongwech et al., 2012).

The expression level of pics gene increased in drought tolerant cultivars
(Sullu, SA2563, Perricholi and Puka Pishgush) compared to susceptible cultivars
(Cceccorani and Leona) (Schafleitner er al., 2007) in Andean potatoes. The
expression levels of pScs and pScr genes were superior in drought tolerant
genotypes (Ca/H 680) compared to drought susceptible genotypes (Ca/H 148) in
cotton (Parida er al., 2008). And also, the expression levels of pScsand p5crgenes
were increased in drought tolerant Al than drought sensitive cultivar Nira in

safflower (Thippeswamy et al., 2010).

The glutamate-derived pathway is reported to be the major one for proline
synthesis under stress conditions (Trovato ef al., 2008) and P5CS, encoded by the
pJcs gene catalyses the rate limiting step in this pathway. As proline is a stress
indicator, especially for water-deficit stress. Higher level of p5cs gene expression
in the PEG tolerant calli indicates the development of stress tolerance

characteristics, which was also reflected in the proline content.

PEG tolerant calli developed in the present study showed high levels of
proline, free amino acids, total soluble protein, SOD activity and ascorbic acid

content, indicating the development of water stress tolerance. Expression of pScs
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gene was also increased in PEG tolerant callus. Hence, this in vifro selection

system can be used for the selection of drought tolerance in black pepper.
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6. SUMMARY

The study entitled “In vitro selection for drought tolerance in black
pepper” was carried out in the Department of Plant Biotechnology, College of
Agriculture, Vellayani during 2014 to 2016, with an objective of developing
drought tolerance in black pepper var. Panniyur-4 by in vitro selection using

polyethylene glycol and to characterize the tolerance.

Callus cultures of black pepper were used for the study. Callus was
induced from different explants of black pepper namely leaf, nodes and shoot tip.
Surface sterilization of black pepper was found to be most effective when leaves,
nodes and shoot tips were pretreated with bavistin (0.3 %) for 30 min, followed by
treatment with mercuric chloride (0.08 %) for 7 minutes and Cefotaxime (300 mg
L") for 1 hr. For callus induction, fourteen treatments involving four different
combinations of 2, 4-D, BA and IAA were tried in MS medium. Among them
treatmentT4 /e., MS supplemented with 1.0 mg L" of BA showed highest callus
induction (75 per cent) in a period of 45 days from leaves. The same treatment
produced 50 per cent callus induction from nodes and 41.66 per cent from shoot

tips. Leaf tissue was found to be the best for callus induction in this study.

In vitro selection for drought tolerance was done by growing the calli in
MS medium containing 1.0 mg L' of BA and different concentration of
polyethylene glycol (PEG 6000) ie., 5 g L™ to 100 g L™ for 30 days. It was
observed that increasing concentration of PEG resulted in reduction of growth and
browning of the calli. The calli were able to survive in PEG up to a maximum
concentration of 10 g L™ (83.3 %). In 5 g L' PEG, 100% of the calli survived.
Higher concentrations of PEG ie., 20 g L, 30 gL, 40gL",50gL", 60 g L™,
70g L', 80gL",9g L' and 100 g L' showed browning and death of calli by
30 days. The PEG tolerant calli were multiplied and maintained in MS
supplemented with 1.0 mg L" of BA containing the respective concentration of

PEG.
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PEG tolerant callus were subjected to regeneration in MS medium
supplemented with different concentrations and combinations of PGRs, but they

failed to show regeneration.

Characterization of PEG tolerant calli, showed significant differences in the
biochemical parameters. Higher amount of proline content (0.87 ug g™') was
observed in calli survived at 10 g L' of PEG than the one survived in 5 g L of
PEG and control. The amino acid (2.02 mg g'l), soluble protein (1.71 mg g") and
ascorbic acid (9.23 mg g”) content were significantly high in calli survived at 10
g L of PEG when compared with the calli survived in 5 g L of PEG and control.
The increase in SOD content in PEG tolerant calli was also observed, though not

significant.

Molecular analysis on the expression pJics (Pyrroline-5-carboxylate
synthase) gene in the PEG tolerant calli was done by RT-PCR. RNA was
extracted from non selected calli, calli survived at 5 g L™ and 10 g L of PEG
showed the typical RNA bands of 28S, 18S and 5S RNA on agarose gel (1.8 %)
of total RNA isolated. The value of Azsp/Azsp ranged 1.73 to 2.37 and the yield of
RNA ranged between 1140 ng/ul and 1600 ng/ul indicating good quality RNA.
Presence of cDNA was confirmed by using Actin gene (housekeeping gene)
specific primers which produced amplicons at 420 bp in all cDNA samples. PCR
using primers designed for pScs gene, it showed an amplicon of size
approximately 120 bp in all the calli. The expression was very high in calli
survived at 10 g L' of PEG compared to that survived in 5 g L of PEG and

control.

In the present study, the PEG tolerant calli developed showed biochemical
and molecular parameters related to drought tolerance. The PEG tolerant calli
showed high levels of proline, free amino acids, total soluble protein, SOD
activity and ascorbic acid content. Expression of pS5cs gene was also increased in
PEG tolerant callus. The studies indicate that this in vitro selection system can be

used for the selection of drought tolerance in black pepper.
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APPENDIX I

Stock solutions of Murashige and Skoog’s medium

Constituent Quantity Quantity Volume | Concentra Volume
(mg L") | required for | of stock tion of required
preparing (ml) stock for 1L of
the stock(g) medium
(ml)
Stock A
NH;NO; 1650 16.5
KNO; 1900 19.0
MgSo; 7 H;0 370 37 250 ml 40 x 25 ml
KH,PO, 170 1.7
Stock B
CaCl,2H,0 440 8.8 100 ml 200 x 5ml
Stock C
H;BO; 6.2 0.62
MnSo, 4 H,O 223 1.69
Na;Mo0O, 2 H,0 0.25 0.25 100 ml 1000 x 1 ml
KI 0.83 0.083
ZnSo4 7 H,O 8.6 0.860
Stock D
Na,EDTA2H,0 37.3 0.745 100 ml 200 x 5ml
FeSo,.7H,0O 27.8 0.556
Stock E
CuSo,4 SH,O 0.025 0.125 250 ml 2000 x 0.5 ml
COCl, 6H,0 0.025 0.125
Stock F
Glycine 2 0.2
Nicotinic acid 0.5 0.05 100 ml 1000 x 1 ml
Pryridoxine-HCI 0.5 0.05
Thiamine-HCl 1 0.01
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APPENDIX 11

TAE Buffer (5X) for 1 liter solution

Tris base 242 ¢
Acetic acid 57.1 ml
0.5 M EDTA (pH 8.0) 100 ml
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ABSTRACT

The study entitled “In vitro selection for drought tolerance in black
pepper” was carried out in the Department of Plant Biotechnology, College of
Agriculture, Vellayani during 2014 to 2016.The objective was to develop drought
tolerance in black pepper (var. Panniyur-4) by in vitro selection using

polyethylene glycol (PEG) and to characterize the tolerance.

Callus was induced from different explants of black pepper namely leaf,
nodes and shoot tip. Murashige and Skoog’s (MS) medium containing different
combinations and concentrations of plant growth regulators (PGR) were used for
callus induction. Percentage of callus induction varied among the type of explants
used. In the present study leaf tissue was found to be most responsive to callus
induction than other explants. Among the fourteen treatments, 1.0 mg L™ of 6-
benzyladenine (BA) recorded the highest callus induction of 75 % from leaves in
a period of 45 days. The same treatment produced 50 % callus induction from

nodes and 41.66 % from shoot tips.

In vitro selection for drought tolerance was done by growing the calli in
MS medium containing 1.0 mg L' of BA and different concentration of
polyethylene glycol ie., 5 g L to 100 g L for 30 days. It was observed that
increasing concentration of PEG resulted in reduction of growth and browning of
the calli. The calli were able to survive in PEG up to a maximum concentration of
10 g L (83.3 %). None of them survived beyond that concentration of PEG. The
PEG tolerant calli were multiplied and maintained in MS supplemented with 1.0

mg L of BA containing the respective concentration of PEG.

PEG tolerant callus were subjected to regeneration in MS medium
supplemented with different concentrations and combinations of PGRs, but they

failed to show regeneration.

Biochemical analysis of PEG tolerant calli showed significant difference in
proline, total free amino acids, soluble protein and ascorbic acid content. Calli

survived in 10 g L of PEG showed the highest amount of proline content (0.87

80

L1#



ug g") than the one survived in 5 g L™ of PEG. The amino acid (2.02 mg g™),
soluble protein (1.71 mg g") and ascorbic acid (9.23 mg 100g™) content were
significantly high in calli survived at 10 gL of PEG. The increase in SOD content

in PEG tolerant calli was not significant.

The RNA isolated from PEG tolerant calli showed a maximum yield of
1600 ng/ul and purity value of 2.3. Amplification of cDNA using Actin gene
confirmed the quality of cDNA. Differential expression p3cs (Pyrroline-5-
carboxylate synthase) gene was observed in the PEG tolerant calli compared to
control. RT-PCR using degenerate primers designed for pScsgene amplified a
band of size approximately 120 bp and its expression was high in calli survived in
10 gL of PEG.

In the present study, the PEG tolerant calli developed showed high levels of
proline, free amino acids, total soluble protein, SOD activity and ascorbic acid
content, indicating the development of water stress tolerance. Expression of pics
gene was also increased in PEG tolerant callus. Hence, this in vitro selection

system can be used for the selection of drought tolerance in black pepper.
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