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Chickpea (Cicer arietinum L..), an important grain legume which is adversely affected by
the lepidopteran pest Helicoverpa armigera or the legume pod borer which can cause a
substantial reduction in grain productivity and crop loss. The use of genetically
engineered crops expressing the lepidopteran-specific Cry proteins derived from the soil
bacterium Bacillus thuringiensis (Bt) is an effective method to control this polyphagous
pest. A reproducible method of Agrobacterium-mediated transformation would help in
generating chickpea transgenics with enhanced resistance to insect pests. Axillary
meristem explants from the in vitro germinated seedlings of chickpea cultivar C 235 were
co-cultivated with Agrobacterium tumefaciens harbouring the binary plasmid pPZP200-
crylAcleg under the control of the constitutive 35SCaMV promoter. Tissue culture’
medium (MS) with 4 uM TDZ, 10 uM 2-iP and 2 pM kinetin induced a maximum of 70
shoots from a single cotyledonary explant after 2 weeks of culturing at an overall

frequency of 88.3 %. The induced multiple shoots when cultured on MS medium with
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5 uM 2-iP, 2 pM kinetin and 3 pM GA; showed clongation in 9% of the shoots from
88.3 % of regenerating explant. Subsequent culturing of the 111 elongated shoots on
liquid MS medium with 5 pM IBA resulted in 48 well-established putative Ty
transformants with 4% and 31% regeneration and transformation efficiency, respectively.
Molecular analysis of the putative transformants by PCR revealed the presence of the
crylAcleg gene in 17 T, plants. Southern analysis of the PCR products of the putative
transformants confirmed integration of the transgenc in the genome. RT-PCR analysis of
randomly selected transgenic plants revealed the expression of the functional cry/Acleg
gene at transcript level. Currently, 48 plants are being advanced to T, generation prior to

being evaluated in insect bioassays.
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CHAPTER1
INTRODUCTION

Chickpea (Cicer arietinum L.) is an annual, self-pollinated legume crop belonging
to the family Fabaceae. It is generally cultivated as a rainfed crop in the semi-arid regions
with an annual output of 9.3 million metric t on an area of 11 million ha with the average
productivity of 797 Kg/ha worldwide. India produces 5.97 million t of chickpea with 782
kg / ha productivity on 7 million ha contributing to about 70 % of the world’s production
(FAO, 2007), thus occupying the position of 2" most significant grain legume in terms of
cultivable area and production (Agri stat, 2004; Kumar and Kumar, 2005; FAQ, 2007). A
major portion of India’s total production is contributed by desi type (80 %) and slightest
by kabuli type (20 %) (Muehlbauer and Singh, 1987; Malhotra et al., 1987).

The production of ‘chickpea has been reduced considerably for the past 2 to 3
decades mostly due to biotic and abiotic stress factors. On the global basis, annual yield
loss due to these factors was estimated to be 11.2 million t, wherein 4.8 million t is being
contributed by biotic factors alone (Ryan, 1997, www.icrisat.org). Amongst the biotic
factors, the notorious pod borer Helicoverpa armigera causes a severe pod damage of up
to 90% accounting for about 10-33 % per cent yield failure, resulting in annual losses of
over US $325 million (ICRISAT, 1992; Yadav et al., 2006). Often, the extent of losses
caused by this pest has led to the total failure of the crop (Jayaraj, 1990). This serious
threat has been ascribed to frequent and fast changes occurring in cropping pattern of

agroecosystem and the polyphagous and cosmopolitan feeding nature of H. armigera.

So far, the use of insecticides has been the major approach for controlling this
pest in different crops (John et al., 2000). Despite such a high proportion of pesticide
usage, the problem is ever increasing, since the pest has acquired resistance to almost all

kinds of insecticides to varying degrees (Mehrotra, 1990). This has necessitated the use
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of target-specific compounds with low persistence, and an increased emphasis on
integrated pest management. But these strategies have not offered higher level of returns
as the pesticides. Several breeding approaches have been made to evolve resistant
chickpea lines through wide hybridization and host plant resistance. Although, the levels
of resistance in the available germplasm have been found to be low to moderate (Lateef
and Sachan, 1990; Sharma et al., 2001) and the problem with the conventional breeding
involving wild species is that, most of the Helicoverpa resistant lines are highly
susceptible to wilt and blight and also the resistance is broken in the due course by some
other race of the same pest (Clement et al., 1993). This has again necessitated a look at
additional technologies to provide adequate crop protection for sustainable food and feed
production in future. Currently, biotechnology and genetic engineering of crop plants for
insect resistance represents an attractive opportunity to reduce the insect damage and

thereby minimize the usc of chemical pesticides (Kumar and Sharma, 1994).

Over the past one-decade, spectacular successes have been achieved in
developing insect-resistant plants, which culininated in commercial release of transgenic
crops in 1996. Global area of transgenic crops has increased 40 fold from 1.7 million
hectares in 1996 to nearly 1100 million hectares in 2005 (James, 2003). Transgenic plants
with genes encoding for toxin protcins from the bacterium Bacillus thuringiensis (Bt)
have been found to be quite efficient in reducing insect damage (Sharma and Ortiz,
2000). A variety of gencs encoding for diffcrent classes of insecticidal proteins such as
protease inhibitors (Hilder et al., 1987), lectins (Boulter et al., 1990), amylase inhibitors
(Ignachimuthu and Prakash, 2006), chitinase (Ding et al., 1998) and &-endotoxins
(Indurker et al., 2007), of Br are being tested for insect control. Amongst these, the
insecticidal crystal proteins of Bt assumed significance due to their potency, insect

specificity, and lack of toxicity against mammals and other organisms. The gene had



been introduced in several important crops like cotton, potato and maize with a fine level

of expression (Peferoen, 1997).

In the ongoing efforts, several workers have attempted to develop transgenic
chickpeas with different genes by utilizing different genetic transformation techniques.
Due to a lack of proper evaluation to measure the inherent resistance offered to the target
pests in subsequent generations when compared with non-transgenic chickpea a gap has
been so far existed to deploy the transgenic chickpea for commercial purpose. In this
regard, ICRISAT has involved in standardizing various screening techniques to identify
the host plant resistance to insects, and dcvelop protocols for in vitro regeneration, and
molecular characterization of transgenic chickpea. A reliable plant regeneration and
transformation protocol is a prerequisite for efficient application of the genetic
transformation strategies to generate transgenic chickpea habouring insect resistance. A
rapid, reproducible and cfﬁcicnt regeneration method was reported earlier for chickpea
using single cotyledon with half embryonal axis as explants (Jayanand et al.,, 2003;
Anwar et al., 2008; Sharma et al., 2007) which will offer a resourceful way for in vitro

exploitation of chickpea.

The prokaryotic origin cryldc genc was optimized for the GC content to
maximize the codon usage for its cxpression in a eukaryotic system (legume plants) by,
eliminating the tcrmination signals (AATAAA or any continuous 5 bases with only A/T)
and modifying a fragment of 500 bp size between 200 and 700 bp, thus forming a
modified crylAcleg gene, which was uscd for plant transformation studies. Thus, to find
appropriate solutions for reducing the yicld loss due to Helicoverpa armigera and to
enhance the efficiency of generating transeenic chickpea for insect resistance in the semi-

arid ecosystems, this rescarch was carried out with the following objectives:
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. Generation of transgenic events of chickpea expressing the modified Br
crylAcleg gene through Agrobacterium-mediated genetic transformation.
. Molecular analysis of the putative transgenic chickpea plants expressing the

insecticidal gene.
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CHAPTERII
REVIEW OF LITERATURE

2.1. Chickpea

Chickpea (Cicer arietinum L.) is an important grain legume, which has worldwide
acceptance as a major source of protein for human as well as animal consumption. It
plays a significant role in the nutrition of the rural and urban poor in the developing
world. It is a good source of carbohydrate (48.2-67.6 %), protein (12.4-31.5 %), fat (6
%) and nutritionally important minerals (Geervani and Umadevi, 1989). Among the
legumes it is the best hypocholesteremic agent, followed by black gram and green gram

(Soni et al., 1982).
2.2. Limitations on chickpea production

The global prodl;ction of chickpea is around 9.3 million metric t annually,
covering and area of 11 million ha with the productivity of around 782 kg/ha. Despite
significant gains occurred in world pulse production during the past two decades with an
annual growth rate of 1.9% (Sharma et al., 2006), Chickpea production has been
stagnated due to the susceptibility nature of the crop towards various biotic and abiotic
stresses. Among these the yield loss due to insect damage is estimated to be around 10 to
33 % annually (Yadav et al., 2006) which is caused by varoius insects like pod borer
(Helicoverpa armigera), cutworms (Agrotis sp.), lesser aimyworms (Spodoptera exigua),
groundnut aphid (Aphis craccivora), pea aphid (Acyrthsosiphon pisum), cowpea bean
seed beetle (Callosobruchus maculatus), and adzuki bean seed beetle (Callosobruchus

chinensis).
2.2.1. Severity of Helicoverpa armigera damage on chickpea

Helicoverpa armigera or the legume pod borer is one of the most important insect

pests in the world due to its mobility, high polyphagy, short generation duration, and high
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reproductive rate (Filt, 1989; Sharma, 2005). The infestation starts on chickpea usually a
fortnight after germination and becomes serious just after the initiation of flower bud
coupled with cloudy and humid weather. The young larvae feeds on all green parts and
defoliate young chickpea crops, where as the large larvae cut round holes in the pod wall
and devour the seed inside. The yield loss due to this pest alone accounts for 21 % of the

total damage by the insects (Kambrekar et al., 2003).

Currently, the application of chemical spray is the most common method of
controlling this pest in chickpea (Shanower et al., 1998; Sharma et al., 2007). Inspite of
these chemical sprays having environmental concerns that creates human health problems
(Pray et al., 2002; Qaim et al., 2008), the pod borer also have developed resistance to
almost all the insecticides used for its control (Forrester et al., 1993; Kranthi et al., 2002).
These problems have paved a way to inbuilt resistance in chickpea against this pest. This
can be achieved by two .differem approaches. The first possible way is through the
conventional breeding approach through selection and hybridization of resistant lines
from the gene pool and the next approach is the production of genetically modified

chickpea, expressing genes for insect resistance.
2.3. Approaches for generating resistance to insects in chickpea
2.3.1. Breeding approaches

Genetic improvement of chickpea has continued since domestication of
the crop. However the major advances through breeding process appear to be confined to
recent times as systematic research works started only in 1966, when the All India
Coordinated pulse improvement project (AICPIP) was initiated. ~ The opportunitic.:s
were created to infuse new variability in breeding programmes through hybridization and
exchange, which started giving rich dividend in terms of new varieties of wider
adaptability coupled with resistance to key stresses. In addition, screening of more than

14,800 germplasm accessions against the pod borer at ICRISAT has resulted in



identification of one accession, ICC 506, with fairly tolerance to pod borer (Chopra,
2001). As the screening of cultivated genotypes has not identified any inherent resistance
so far (Sharma and Ortiz, 2000), breeders are turning to wild annual Cicer species as a
possible source of desired traits. Unfortunately, inter-specific hybridization has been
largely unsuccessful (Ahmad et al., 1988) because the wild species have not responded
well to introgression through conventional breeding techniques for yield improvement

(Van Rheenen et al., 1993).
2.3.2. Genetic engineering for crop improvement

The ability to isolate and manipulate single genes through recombinant
DNA technology (Watson et al., 1987), together with the ability to insert specific genes
into a chosen variety (Chilton, 1983), has opened a new era to overcome the problems
that are encountered on crop production. Significant progress has been made over the past
two decades in introduciﬁg foreign geneé into plants, and this has provided opportunities
to modify crops to increase yield, impart resistance to biotic and abiotc stresses and
improve nutritional quality (Sharma et al., 2002). A variety of genes encoding for
different classes of insecticidal proteins such as protease inhibitors (Hilder et al., 1987),
lectins (Boulter et al., 1990), amylase inhibitors (Ignachimuthu and Prakash, 2006),
chitinase (Ding et al., 1998) and 8-endotoxins (Indurker et al., 2007), of Bacillus
thuringiensis (Bt) are being tested for insect control. Among these, transgenic plants with
genes encoding for toxin proteins from Bt have been found to be quite efficient in

reducing insect damage (Sharma and Ortiz, 2000).

2.3.2.1. cry genes from Bacillus thuringiensis showing resistance against Helicoverpa

armigera

Bt is a gram positive, aerobic and an endospore-forming bacterium recognized by
its parasporal body (known as crystal synthesized during sporulation) that is

proteinaceous in nature and possesses insecticidal properties. Hydrophobic bonds and
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disulphide bridges tightly pack these insecticidal proteins. The most common shape is a
bi-pyramidal structure. B. thuringiensis was discovered from diseased silkworm
(Bombyx mori) larvae by Ishiwata, (1901). It was re-isolated, in a diseased Mediterranean
flour moth population (Berliner, 1915) and designated as Bt. Further research by
Steinhaus, (1951) on Bt led to renewed interest in using it as a biopesticide, as a result of
which, more potent products such as Sporeine, Thuricide and Dipel were introduced. The
use of conventional Bt insecticides, however, was found to have limitations like narrow
specificity, short shelf life, low potency, lack of systemic activity, and the presence of
viable spores (Lambert and Pferoen, 1992). Some of these problems have now been
overcome by various approaches that utilize the tools of molecular biology and genetic

engineering.

Bt strains can be characterized by a number of techniques including serotyping,
crystal serology, crystal ’n‘iorphology, protein profiles, peptide mapping and insecticidal
activity. The most useful scheme of classification of Bt toxins is based primarily on
analyzing the homology of toxin gene sequences and their spectrum of insecticidal
activity, Hofte and Whiteley, (1989) have classified 42 Bt genes into 14 distinct types and
grouped them into four major classes. Those are, cryl (specific to lepidopteran), cryll
(specific to lepidopteran and diptera), crylll (specific to coleoptera) and cry/V (specific to
diptera). Feitelson, (1992) added two new major classes, cryV (specific to lepidoptera and
coleopteran) and cry¥I groups. Crickmore et al. (1998) have introduced a systematic
nomenclature for classifying the cry genes and their protein products. Most cry genes
retain the name as signed by Hofte and Whiteley, (1989) with-a substitution of Arabic for
Roman numerals (eg; crylAa) to accommodate the newly discovered genes. So far more
than 150 Cry toxins have been cloned and tested for their toxicity on various insect

species.
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Bt-based genes are usually plasmid borne (Gonzalez et al., 1981, Gonzalez and
Carlton, 1984) and also chromosomally located (Cralson and Kolsto, 1993). The genes
encoding the & -endotoxins of Bacillus thuringiensis are located on plasmids ranging in
size from 11.3 kb to 1944 kb (Ward and Ellar, 1983; Gonzalez and Carton, 1984; Hoflack
et al., 1997; Rolle et al., 2005). Bt toxin protein has three domains (Chona and Kalpan,
1990; Convents et al., 1990), the domain I is required for toxicity (Chen et al., 1995) and
domain II is important for specificity (Dean et al., 1996, Smedley and Ellar, 1996) and
domain III, near the carboxyl end, was not defined, is speculated that it may have a role
in the processing of protoxin and channel forming function (Wolfersberger et al., 1996;
Schwartz et al., 1997). However, experiments involving reciprocal exchange of domain
segments between toxins has produced evidences suggesting that in a number of cases,
domain III may also be a determinant of insect specificity/receptor binding (deMaagd et

al., 1996).

The major benefits of using the Bt-toxin genes for the genetic transformation of
crops include economic, environmental friendly and qualitative aspects. In addition to the
reduced input by the farmer, the transgenic plant provides an effective control of boring

insects that are difficult to reach with sprays at all the stages of insect development.
2.3.2.2. Mode of action of Cry protein

The mode of action of Cry proteins has been reviewed by Schnepf et al. (1998)
and is summarized in the following stages: 1) ingestion of sporulated Br with insecticidal
crystal protein (ICP) by an insect larva, 2) solubilisation of the crystalline ICP in the
midgut, 3) activation of ICP by midgut proteases, 4) bindiﬁg of the activated ICP to
specific receptors in the midgut cell membranes and, 5) insertion of the toxin in the cell
membrane and formation of pores and channels in the insect gut cell membrane, followed
by destruction of the epithelial cells (Cooksey, 1971; Norris, 1971). The main conditions

that lead to activation of Bt protein in the insect midgut are as follows:



2.3.2.2.1. pH of the insect midgut

For most of the cry toxins, the midgut pH must be strongly alkaline (pH >9.5) for
dissolution of the crystals (Bradley et al., 1995), while some of the coleopteran-specific
toxins function at a much lower pH (Koller et al., 1992; Bauer, 1995). Rate and extent of
crystal solubilisation influence the toxicity levels in different hosts, and pH may
influence the effectiveness and specificity of some toxins (Bradley et al., 1995). The
lepidopteran and dipteran midguts are highly alkaline, whereas the coleopteran midgets
are neutral to acidic. It ha been postulated that expression of a truncated (pre-solubilised)
form of Bt gene in transgenic plants removes the need for the initial gut barrier of
solubilisation and, therefore, may imply a higher risk of toxicity in both target and non-

target organisms (Hilbeck, 2002; Stotzky, 2002).
2.3.2.2.2. Mid-gut structure

Cry toxins pass through the peritrophic membrane and bind reversibly to
receptors on the brush border membrane of the midgut cells. Final, irreversible binding is
linked to insertion of part of the toxin (domain I) into the midgut membranc
(Jurat-Fuentes and Adang, 2001). There is a positive correlation between the toxin
activity and ability to bind brush boarder membrane vesicles (BBMV) (Gill et al., 1992),
and the toxicity is correlated with the receptor number rather than receptor affinity (Van
Rie et al., 1989). A large portion of the molecule (domain I) inserts into the membrane,
forming low selective ion channels (Knowels and Dow, 1993; Luo et al., 1999; Miranda
et al., 2001). The formation of toxin-induced pores in the columnar cells of the membrane
allows rapid fluxes of ions. The pores are K+ selective (Sacchi‘et al., 1986), permeable to
cations (Wolfersberger, 1989), permeable to anions (Hendrickx et al., 1989), or
permeable to solutes such as sucrose, irrespective of the charge (Schwartz et al., 1991).
Carroll and Ellar, (1993) observed that midgut permeability in the presence of Cry 1Ac

was altered for cations, anions, neutral solutes and water. Knowles and Dow, (1993)



suggested that Bt toxins lead to cessation of K+ pump that results in the swelling of
columnar cells and osmotic lysis. The disruption of gut integrity leads to death of the
insect through starvation or septicaemia. These pores possess both selective (only K+
passes through) and nonselective (Na+ and anions pass through) properties depending on
the pH (Schwartz et al., 1993). The lepidopteran insect midgut is alkaline and the pores
probably permit K+ leakage. Formation of this cation selective channel destroys the
membrane potentials (English and Slatin, 1992), thus resulting in midgut necrosis,
degeneration of peritrophic membrane and epithelium and ultimately bacterial
septicemia, which occurs after larval death due to toxins (Sneh and Schuster, 1981;
Salama and Sharaby, 1985). Channels lead to osmotic swelling, cell lysis, damage to the
mid-gut haemocoel barrier and leading ultimately to the death of the host (Federici and

Bauer, 1998).

Other factors like feeding stimilants are also known to greatly enhance the
performance of Bt toxins since the most susceptible insects cease to feed after

consumption of Bf toxin-containing food (Bauer, 1995).
2.3.2.3. Transgenic plants with Bt crystal protein genes

Although the GM approach to using the cry genes to obtain pest resistance
in plants is conceptually simple, it does provide an object lesson in the detailed molecular
biology that may be required to achieve high levels of expression of a bacterial gene in a
transgenic plant. This goes beyond the obvious requirements of plant promoter and
terminator sequences to regulate transcription. The first attempts to express Cryl A and
Cry3A proteins under the control of the CaMV 35S or Agroba.cterium T-DNA promoters
resulted in very low levels of expression in tobacco, tomato and potato plants. It was
realized that the prokaryotic gene sequence itself would need to be extensively modified
in order to obtain high levels of stable expression. For efficient expression of Bt gene, the

gene should be first converted from AT-rich (typical of bacteria) to GC-rich (typical of
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higher plants). Most changes are made to the third codon thereby minimising changes in
the amino acid sequence and increasing the expression of Bt toxin by 10 to 100-fold
(Perlak et al., 1991). The design criteria for the synthetic genes has often included
sequence changes targeted at potential mRNA instability elements (Perlak et al.. 1990,

1991, 1993; Sutton et al., 1992; Adang et al., 1993; va der Salm et al., 1994).

Since the first report on the introduction of Bi-derived cry genes into tobacco
(Barton et al., 1987) and tomato (Fischof et al., 1987; Vaeck et al., 1987), there has been
a rapid increase in the transformation of other crop plants to achieve resistance against
insect pests. At least ten different genes encoding different Bt toxins, viz., crylda,
crylAb, crylAc, crylBa, cryiCa, crylH, cry24a, cry3A, cry6A4 and cry9C have been
engineered into different crop plants (Schuler et al., 1998). Cotton plants with cry/Ab
(Benedict et al., 1996), cryldAc and cry2Ab (Adamzacky et al., 200la,b) against H.
armigera and H. virisceh;s', corn transgenics with cry/Ab against H. zea (Lynch et al.,
1999), O. nubilalis (Burkness et al., 2001) and rice plants with cryldb and crylAc for
résistance to yellow stem borer and stripped stem borer (Cheng et al., 1998), hybrid rice
plants with crylAc and crylAb together for leaf folder and yellow stem borer (Tu et al.,
2000), rice plants with crylAc for stem borer (Nayak et al., 1997_) tobacco plants with
crylAb and crylAc against S. exgua, M. sexata and H. viriscens ( Van der Salm et al,,
1994), soybean with crylAc and crylAb independently for bean moth larvae (Parrot et al.,
1994; Stewart et al., 1996) and chickpea with crylAc (Kar et al., 1997, Sanyal et al.,
2005) for resistance to H. armigera were produced. All these transgenics showed
resistance to the respective pests. These results show that Bt gene is an efficient
insecticidal gene that can be deployed for producing transgenic chickpea plants for pest

resistance with the availability of suitable tissue culture amenable protocol.
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2.3.2.4. Regeneration and transformation in chickpea
2.3.2.4.1. Chickpea regeneration

Modem biotechnology, including tissue culture, genetic engineering, and
genetic transformation techniques, has provided new opportunities to enhance the
germplasm of the plants (Sharma and Ortiz, 2000). A reliable shoot regeneration protocol
is a prerequisite for efficient application of genetic transformation strategies, Several
regeneration protocols involving somatic embryogenesis and shoot organogenesis in
chickpea have been reported with varying success (Rao and Chopra, 1987, 1989;
Riazuddin et al., 1988; Rao, 1990, 1991; Dineshkumar et al., 1994; Sonia et al., 2002).
Considerable work has been done on the induction of somatic embryogenesis from

mature (Rao and Chopra, 1989) and immature leaflets (Barna and Wakhlu, 1993), mature

(Suhasini et al., 1994) and immpture embryo axes (Sagare et al., 1993), or cell
suspension cultures (Prakaﬁh et al., 1994). However, the recovery frequency of plants has
been very low which has limited genetic transformation studies. Regeneration of shoot
buds from various explants has also been reported to produce shoots, either directly (Shri
and Davis, 1992; Kar et al., 1996; Sharma and Amla, 1998; Subhadra et al., 1998) or
indirectly through a callus phase (Khan and Ghosh, 1984; Prakash et al., 1992; Barna and
Wakhlu, 1994). However, to date effective chickpea regeneration has been possible only
through the use of explants based on cotyledonary nodes or shoot apices derived from
seedling explants (Sonia et al., 2002). In most of the instances, the shoot were formed as
a result of proliferation of pre-existing meristems, marking these systems inefficient for
transformation studies. Such systems have been used for genetically transforming
chickpea (Fontana et al., 1993; Kar et al., 1997, Krishnamurthy et al., 2000) but the
success has been very low and often the protocols are not reproducible in different

laboratories. A comprehensive protocol for successful transplantation of the in vitro-



produced plants using axillary meristem from the cotyledonary nodes has been reported
by Jayanand et al, (2003) with a maximum of 90 % rooting frequency.

2,3.2.4.2. Chickpea transformation for insect resistance

Senthil et al. (2004), reported 5.1 per cent transformation frequency in
chickpea. Southem blot analysis and histochemical and leaf painting assays demonstrated
integration and expression of the transgenes I the initial transformants, and two
generations of progeny. Indraneel et al. (2005), standardized the protocol for
Agrobacterium-mediated gene transfer in chickpea from cotyledonary nodes explants
production of transgenic chickpea plants with cry/dc gene driven by CaMV 35S
promoter and nptIl gene for Kanamhycin resistance. The regeneration and transformation
frequency has been recorded as 1.12 %. Shivani et al. (2005) developed the transgenic
chickpea by introducing cry/Ac genc through particle bombardment method using
epicotyl explants. These transgenic planis showed moderate protection and mortality for
Heliothis armigera and Spodoptera litura larvae as compared to control plants with the

transformation frequency of 18 per cent.

Sarmah et al. (2006), developed transgenic plants using a Bt cry/Ac gene,
the progeny did not confer resistance to pod borer. He reconstructed the Bt toxin genes
(crylAc and cry24a) for expression in green tissues (using Arabidopsis SSU gene
promoter and a tobacco SSU gene terminator) and inserted them into twin binary
cassettes for transformation. Western blot analysis of 6 independent Ty plants confirmed
expression of the cry24a gene in 5 out of 6 plants. These results suggest that genetic
engineering of crops is an effective method for the production on pod borer resistant

chickpea plants.
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CHAPTERIII
MATERIALS AND METHODS

The present study was carried out with the aim of generating transgenic chickpea
plants with enhanced resistance to Helicoverpa armigera that ultimately could increase
the yield potential of the crop. All these studies were conducted at the Intcrnational Crops
Research Institute for the Semi-Arid Tropics (ICRISAT) Patancheru, Andhra Pradesh.

Details of materials and methods uscd in the study are as follows:
3.1. Development of Helicoverpa armigera resistant transgenic chickpca plants
3.1.1. Agrobacterium strain and plasmid construct used

The genetic transformation in chcikpea was carried out by using the
Agrobacterium strain C-58 harboring the binary vector pPZP 200 carrying Bt crylAcleg
gene (pPZP200-crylAc-leg) (Figure l) driven by a dual CaMV35S promoter and Nos

terminator without any reporter genc.
3.1.2. Genetic transformation and regeneration of chickpea
3.1.2.1. Plant material

A widely grown chickpea cultivar C 235 (desi type) obtained Irom ICRISAT,
India was used because of its good ability for transformation. The mc:'. \dology for in
vitro regeneration of chickpea used in this study was reported earlier fiom ICRISAT
(Jayanad et al., 2003; Sharma et al., 2006).

3.1.2.2. Seed sterilization

Mature seeds were surface-sterilized with 70 % (v/v) ethanol for | min followed
by 0.1% (w/v) mercuric chloride (HgCly) treatment for 10 min on a rotary shaker at 150
rpm. Thereafter, the seeds ware rinsed 5 times with sterile distilled watcr to remove the

residues of HgCl, prior to overnight soaking. The soaked seeds were aguin washed with
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Figure 1. Linear map of the binary plasmid pPZP200 carrying the crylAcleg gene
used for genetic transformation of chickpea var. C235 by Agrobacterium-mediated
transformation.
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distilled water, removed the seed coat and kept for germination the Nhoot Induction
Medium containing MS salts (Murashige and Skoog, 1962), organics .. \d 3% sucrose
(SIM; Annexure 1).

3.1.2.3. Preparation of Agrobacterium inoculum harboring pPZP 200-rylAcleg

A single colony of Agrobacterium tumefaciens was inoculated int 25 ml of YEB
medium (Annexure 2) containing 100 pM streptomycin sulphate and in.ibated at 28 °C
on a shaker at 100 rpm for 16-18 h. The culture at late log phase (when ::. - absorbance at
Asoo at 0.6) was used for co-cultivation. Five ml of the culture was cenni:fuged at 5,000
rpm for 10 min and the pellet was dissolved in 20 ml of half strength M~ !iquid medium

(Annexure 3). This suspension was stored at 4°C for 2 h and used for co-c:itivation.
3.1.2.4. Explant preparation

Axillary meristems (AM) from the cotyledonary nodes of the in \ :tro germinated
seedlings were excised and used as explants for genetic transformation «:..| regeneration.
The de-coated chickpea sceds were germinated on SIM and the seedlings - cre allowed to
grow for 5-7 d until the axillary buds had grown significantly. The u:iiury meristem
explant (AME) was prepared by removing the axillary bud from the cu: icdonary node.
The hypocotyle and epicotyle regions were also removed by giving twe . uis at the base
of the buds thus resulting in two axillary mcristem explants (AME) .- secdling. The
explants were then cultured on SIM for shoot bud induction threw. " direct shoot
organogenesis for 7-9 d until multiple shoots were produced. The tips ¢ :0wing shoots

meristems were excised and used as explants for plant transformation.
3.1.2.5. Co-cultivation with Agrobacterium harboring pPZP 200-cry/A . lcg .

The AME was dipped into the Agrobacterium culture harboi:ng pPZP 200-
erylAcleg for 1 to 2 s and cultured on plain MS medium (with no grov th regulators).

After 48 h, the infected explants were sub-cultured on hormone-fi. MS medium
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containing 250 mg/l cefotaxime to terminate the growth of the gr . rorium cells.
Repetitive sub-culturing on MS medium containing 250-mg/l cefotaxir:  +as continued
for 8-10 d until the growth of Agrobacterium cells were absolutels t.iminated and

clusters of multiple shoot buds started emerging.
3.1.2.6. Elongation of multiple shoots

The multiple shoots that were initiasted on MS medium cont.  1g 250 mg/l
cefotaxime were sub-cultured on the shoot clongation media (SEM I; N> 5 uM 2ip ++
2 pM kinetin) (Annexure I) for 10-11 d or till the shoots attains the hoi:ht of 3-4 cm.
Multiple shoot clusters were placed in shoot clongation media II (SEM ..: MS + 3 yM

GA3) (Annexure 1) for further clongation, until they reached a height of > - cm.
3.1.2.7. Initiation and proliferation of roots

Optimization of’»rﬁoting from the clongated shoots occurred in ¢ phases, viz.,
phase 1, phase 2 and phase 3. Dark green and healthy shoots that were 1bout § cm or
more in length were cultured in culture tubes (25X200 mm) containi:g filter paper
bridges immersed in liquid root induction medium (RIM; MS + 5 ;.= 1BA) for the
induction of adventitious roots in phasc 1. The shoots devoid of roots  phase 1 were
carried to phase 2 where the shoot length should be at Icast a minimun « [ cm. Such
shoots were bricfly dipped in filter-sterilized solution of 100 mM IB\ -l placed on
filter paper bridges in culturc tubes containing hormonc free liquid MS RRIM). Shoots,
which did not root even after two or three subculturcs on RIM, we:  curried to the
hydroponic system that was generally used for hardening during tl.  msplantation
process. Quarter-strength Arnon's solution (Annexure 4) was filled in 2 > . 1 Magentasjar
and the shoots were suspended with support such that 1 cm of the < ot base was
immersed in the solution that contained 3 pM IBA. The medium was chi: ., wd every 4-5
d until the root primordia appeared. The rooted shoots were transferre¢ * » the hormone-

free Arnon's solution for further growth and hardening. Subsequunt!  Aler sufficient
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root growth, the plants were transferred to 20 cm diameter pots contain * g potting mix,

comprising sand and black farm soil (3:2) along with 10 % organic matici
3.1.3. Hardening and acclimatization of regenerated chickpea plants

Well-rooted regencrated plantlets were removed gently from the 15 1genta jars and
the roots were washed under tap water to remove the media attached t. the roots. The
roots were then dipped in the diluted Thiram (0.3 %) solution ard tran lerred to 8 cm
diameter pots containing autoclaved coarse sand and black soil (3:2) 1 xed with 10%
organic matter for hardening. The plantlets were covered with pol hene bags to
minimize the loss of water through trangpiration and for maintainin: igh humidity
conditions. Thesc pots were placed at 26 °C temperature at a relative hur ity of 40% in
a growth chamber for 8-10 d. The plants were carefully transferre § to ) cm diameter
pots filled with sterilized sand and black soil mix (3:2) with 10”6 ¢+ nic matter and
transferred to the comu‘in‘cd grccnlmusb to expose completely to th e neu | environment
under controlled conditions. Afier their transfer to the greenhonse. s .ll holes were
made on the sides of the polvthene bag. After 3 d. top portion of the p' thene bag was
removed and cventually afier 7 10 8 d the whole bag was removed. Thi- Iped the plant
to harden and withstands the sudden chanvee in the atmosphere. 1 - ve plants were

allowed to grow till maturity in glasshouse.

3.1.4. Molecular characterization of stable chickpea transformants with crylAcleg

gene
Molecular analysis of putative cry/ Acleg chickpea transgenics v . » carried out to
determine the integration of transgene and to cvaluate the transgenc expr. sion. .

3.1.4.1. Isolation of plasmid DNA

Single colony of bacteria harbouring the recombinant pla mid pPZP200
crylAcleg was taken from the platc and inoculated in 5 ml LB broth (10 /I tryptone, 10
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&/L NaCl, 5 g/L yeast extract, pH 7.2) containing spectinomycin sulnhare 1100 mg/L) and
grown overnight at 37 °C on a shaker (200 rpm). The plasmid DNA v as isolated by
Wizard® Plus Miniprep DNA Purification Systems (Catalog # A1700; Promega,
Madison, USA). The solution was centrifuged for 10 min at 14000 rpi, the supernatant
was transferred to fresh tubes to which 3 to 5 pl of RNase (10 mg/ml) was added, to
remove RNA, and incubated at 37 °C for 30 min. Equal volumes of phenol: chloroform
(1:1) were added, mixed thoroughly and centrituged at 12,000 rpm “Hr !> min to remove
the protcins from the DNA mixture. Further, to the aqueous phase, oq 1! volume of
chloroform was added and the sample was centrifuged at 12,000 rpm for 10 min. The top
aqucous phasc was collected into fresh tubes to which 0.8 volume of isopropanol was
added to precipitate nucleic acids and stored at -20 °C for 30 min. The ample was
centrifuged for 10 min at 10,000 rpm at 4 °C, the pellet was wash 1w 70 % ethanol,

air-dried and the plasmid DNA pellet was finally dissolved in 80 1 o INXTH
3.1.4.2. Isolation, purification and quantification of plant DNA
3.1.4.2.1. CTAB-bascd extraction method (Porcbski et al., 1997)

Genomic DNA was isolated from chickpea leaves 1 of glas..aou:. grown putative
transformants. Leaf tissue (500 mg) was ground in liquid nitro: "2 witl: & mortar and
pestle. To the powdered tissue, 8 ml of CTAB extraction buffer (Annexurc 5) was added
and transferred to 30 ml polypropylene tubes. The contents were niixed well by inverting
the tubes, 3 to 5 times and incubated at 65 “C for 45 min. To the incubated mixture, 8 ml
of chloroform: octanol solution (24:1 ratio) was added and centrif. sed 1t 6.000 rpm for
20 min. The supernatant was collected and the above step s 1.; cited. To t.he
supematant, ¥ the volume of 5 M NaCl and double the volun- of 95 “4 cthanol was
added to precipitatc the DNA. Thus precipitated DNA was incuhated at -20 °C for 20
min. The DNA pellet was collected by centrifuging at 10,000 rpm for 10 min. The pellet

was washed with ice-cold 70 % cthanol, air-dricd and dissolved n 5§10 pl of 1X TE
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(Annexure 7). To this peliet. 10 pl of RNase (10 mg/ml) was adi!.l to degrude RNA by
incubating at 37 °C. Aficr 30 min, 3 pl of proteinase K was added 1o degrade the protein
and incubated at 37 °C in water bath for 30 min. Latc: eq ! volumes of
phenol:chloroform (1:1) was added to the DNA solution. The vial consi .. - - of the DNA
solution was inverted slowly for three to four times and centrifugd fo: i 10 15 min at
14,000 rpm. To the clear supernatant 0.1 volume of 3 M sod*n acetate and equal
volume of 100 % ethanol were added and incubated at -80 °C. Si-  -les were centrifuged
at 14,000 rpm and the petlet was washed in 70 *4 cthanol, air dric ' nd ' 120 Yissolved in

1X TE.
3.1.4.2.2. Purification and gquantitication of genomic DNA

To 800 pl of isolated DNA, I ml of DEAE-cellulose sus' ‘nsio was added and
mixed gently for 3 min to keep the DEAE-ccellulose suspended, t..reb. maximizing its
interaction with DNA. Ccnlrifugc for 30 s at 3,000 rpm to sedime.t the )i \Li-cellulose
to which the DNA has been bound. The supernatant was carefully *.:  ved and the

DEAE-ccllulosc was resuspended in 1-2 ml of wash medium 1o elnunate proteins,

polysaccharides and secondary metabolites that are not bound to DI - inlose. The
suspension was centrifuged for 30 s at 2,627 ¢ and the supernat - v mwved. This
washing step was repeated at least once followed by the additior of 11 of elution
medium to the DEAE-cellulose pellet and mixed gently to clute - . A. A brief

centrifugation followed by the collection of supernatant was done prior ‘o . - addition of
300 pl of clution medium to DEAE-ccllulose, mixed, centrif ed. ¢! ;ooled the
supernatants. Isopropanol (0.8 volumes) was added to the s: o' mixed and
centrifuged at 7,100 g for 10 min at room temperature, The pellet o+ 50 with 70%
ethanol and the pellet was air-dric before dissolving in 100 pl «f 1> ' Puffer. The

purificd DNA was quantificd at A260’A280 by using UV spectroscopy.
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3.1.4.3. PCR (Polymerase Chain Reaction) analysis of putative chick pea transgenics

PCR analysis of the genomic DNA isolated from the putative t:. enics was
carried out to amplify a 1.8 kb emvlidcleg gene fragment b using primers
5'AACCDCCATGGATGGACAACAACCCAAS and
5'AACCGGTACCTTCAGCCTCGAGTGTTGC3. The genomic 1'\ " (rom the
untransformed plants was used as negative control while the play o O™ v iPZP 200
erylAcleg) from Agrobacterium was used as positive control. PCR - .ction was
performed with 25 pl of total reaction mixture, containing 200 ne o' v nemic DNA, 2.5
pl of 10 X PCR buffer (10X PCR buffer: 200 mM Tris HCI, 200 nnt KO, 1 pl of
S0mM MgCly, 0.5 pul of 10 mM dNTP mix, 0.5 pl of 10 pM of eact oriv 121 0.25 pl of
1.25 units of Taq DNA polymerase (Invitrogen ). The total volus - - up to 25
ul with sterile distilled water. Amplification reactions were carric! o by using
eppendorf gradient lhcrni:ﬁ cyeler under the following conditions: 'iti | Je turation at
95 °C for 5 min, Denaturation at 95 °C for 1 min, Anncaline .t « ' or 1 min,
Extension at 72 °C for 2 min and final Extension at 72°C for 10 mi- 1+ 38 ¢ -les. PCR
products were scparated by clectrophoresis on 0.8 % agarose ¢ i * i1 cthidium
bromide, for two hours at 50 V using 1X TAI: as running buffer, The res v <! hands were

visualized using a UV transilluminator.
3.1.4.4. Nucleic acid blotting and detection of PCR amplicons (~outh 1n blotting)

To verify the fidelity of the PCR amplicons, the PCR frae..crr . =i od on the
agarosc gels (0.8%) were transflerred 1o Hybond +nylon membrancs wie . ioized at 55
%C overnight with with crv/Acleg fragment labeled with the not-radio. . AlK Phos

direct system "™ (Amersham).
3.1.4.4.1. Transfer of DNA onto a positively charged nylon membran.

The agarose gel, resolving the PCR products was washed woh 1HQ water,
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incubated in depurination solution for 15-20 min and rinsed wit"s ste' - N NiQ water
twice. The resolved DNA in the gel was denatured by incubating i - .t i solution
(Annexure 6) for 30-45 min and washed with MilliQ water for 10 :'n t+ . Finally the
gel was neutralized in the neutralization bufier (Annexure 6) for IS min i 'NA on the
gel was transferred to positively charged Nylon membrane (Bio-Dyuig, v i+ Systems)

by capillary transfer in 10x SSC bufler (Annoxure 6) method as ¢ eri' W Sambrook

e al. (1989). After 20 h transfor. the membrene was rinsed in 2v 4 ¢y 'and UV
crosslinked in an automated UV crosslinker (Strateene). Membrae iiibrated by
incubating the in a pre-hybridization solution (Annexure 7) £ 2 1. ‘ridization

bottles at 55 °C and hybridized with non-radioactive DIG-labeled i vhe

3.1.4.4.2. Probe labelling and hybridization

The probe was prepared with non-radioactive labeling (Ao i1 labeling
and detection system, Amersham) by excising the PCR amplified 1.6 .0 . ‘rugment of

crylAcleg from 0.8 % agarose gel and purificd using Biogene po! extrin .. kit. About
16 ul of gel-cluted DNA (comprising 100-200 ng) was boiled in v ater 'r 10 min,
snap chilled in ice and mixed with 4 ul of :1G-Hligh prime mix (an' - ling DIG

high prime kit, ROCHE Diagnostics). The reaction mix was it . 7 °C for

ovemight. The reaction was hoiled for 10 min in a boiling water-luh tilled in ice
and directly used for hybridization. The denatured probe wos 1 "4 ml of

hybridization buffer and used for hybridizing the pre-hybridized 15 v 20 h at §5

°C.
3.1.4.4.3. Post Hybridization stringency washes

After ovemight hybridization of the probe and membrane, the. © « :bjected to
stringency washes with primary wash buffer and secondary wash buticr (. ncxure 8 and
9). The primary wash was done at 55 °C where the blot was tran forrec i o tray and

washed for two times for 10 min cach. After primary wash the i m'ra s washed
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thrice with secondary wash bufler at room temperature for § min.

3. 1.4.4.4. Signal gencration and detection

For signal detection through non-radioactive method, CD"-stc '~ « \mersham
Biosciences, UK) was used which is a chemi-luminiscent detection s.abst ¢ utilizing the
probe bound alkaline phosphatase protein. The alkaline phosphatas. ¢n ¢ 1.acts with
the added substrate, CDP-Star'™ and cmits photons in the form of sign s "t can be
identificd on an X-ray film. The blot is placed on the glis | 1 where the
CDP*(Alkphos) substrate was spread. After § min of reaction wit' ' trate, the
membranc was wrapped in the saran wrap and fixed in the N-rav -ass ¢, This X-ray
film was exposcd in the dark room for 30 min, For signal detection 11 “-ras film was
removed from the cassette and placed for 60 to 120 see in a tray conte “u - he X-ray
Kodak GBX developer. Later the l'xln; was rinsed with water for 7 ' se I film then
fixed with Kodak GBX fixer and then incubated. After 60 10 120 s th " s rinsed

with water for 2 min followed by air drying.
3.1.4.5. RNA extraction and R'T-PCR

Total RNA was extracted from lcaves of transgenic and 1n-u. gonic by the
TRIzol protocol, according to the directions of the manufacturer (Amiion - ¢. | SA). RNA
was quantified by UV spectrophotometry at 260 and 280 nm (A200 /A. .0~ @ .\260 = 40
ug RNA/ml) and quality was assessed by clectrophoresis in 1.5 % von~d 1 .ituning agarose
gels stained with cthidium bromide (Sigma Chemical Compuny®). DN.A w... “¢en oved from
total RNA extracts by treatment with RNase-frec DNase I (Ambion e \1 he gene-
specific amplification of cry/. dcles by reverse-transcription polyn..ra - :hiin reaction
(RT-PCR) was performed from the total RNA extracted from t v« and non-

transformed plants using two-step RT-PCR kit (Protoscrip®, Piol.hs I+ ). Ihe cDNA
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was synthesized by using ~1 pg of poly (A)" RNA primed with 1 «. = uM Oligo

dT,;VN and 2 ul 10 mM of ANTP mix at 55 °C. The full lengt ven - spe fic primer was
used to amplify the complete crvldclegl gene fragment from the sy thezied cDNA

through PCR as described in 3.1.4.3,
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CHAPTERIV
EXPERIMENTAL RESULTS

The present study was undertaken with an aim of generating transgenic chickpea
by introducing the Bt crylAcleg gene into cultivar, C-235 for developing resistant to pod

borer Helicoverpa armigera. The results of the experiments are detailed in this chapter.
4.1. Development of transgenic chickpea with crylAcleg gene

4.1.1. Genetic transformation and regeneration of chickpea cultivar C-235 by using

axillary meristem explants (AME) derived from in vitro-germinated seedlings

Transgenic chickpea plants were developed through Agrobacterium-mediated
gene transformation method. The AME explants were co-cultivated with Agrobacterium
strain C 58 harboring the binary plasmid pPZP200-cry/Acleg. The recovery of complete

plants was obtained through direct in vitro somatic organogenesis pathway.

The de-coated seeds of chickpea cultivar C 235 were cultured on shoot
induction media (SIM), containing 4 uM TDZ, 10 pM 2iP and 2 uM kinetin. The mean
percentage of germination response for this cultivar, in 8 batches was recorded after 6-8

days as 95 (Tablel; Plate 1).
4.1.1.1. Induction of multiple shoots from axillary meristem explants

Explants consisting of single cotyledon with half embryonal axis obtained from
6 day old seedlings on SIM, was found to be good for producing optimal
shoot/adventitious buds. Embryonal axis attached to cotyledon showed significant
swelling and exhibited initiation of shoot induction within duration of 6-8 d.
Regeneration of multiple shoots from all over the surface of the swollen embryonal axis
was observed by 11-15 d. The morphogenic responses of the cultured explants were
recorded at the end of the second week. About 88.3 % of cotyledonary explants produced
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Table 1. Germination response of chickpea cultivar C 235 cultured in vitro on shoot
induction medium,

Batches Mean percentage of germination
1 90.0
2 93.3
3 100.0
4 93.3
5 93.3
6 93.3
7 100.0
8 100.0
Average germination 95

Table 2. Multiple shoot regeneration and elongation from the axillary meristem
explants of cheikpea*.

Batches No. of No. of **No.of | Percentage | **No. of
explants explants shoots explants shoots
cultured showing | induced per with elongating

multiple explant multiple per

shoot shoots explant*

induction
1 21 13 30 61.9 0.6
2 21 14 35 66.0 13
3 21 19 31 90.5 2.1
4 21 20 52 95.2 1.2
5 21 20 57 95.2 3.1
6 21 21 70 100.0 2.6
7 21 21 41 100.0 0.8
8 21 21 40 100.0 22

Overall Mean 88.3

*Results were recorded at the end of 2 wk for shoot regeneration and at the end of 5
wk for shoot elongation.
**The values are mean of three replications.
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Plate 1. Regeneration of multiple shoots from co-cultivated axillary meristem
explant of chickpea var. C235 with Agrobacterium tumefaciens strain C58
harbouring the binary plasmid pPZP200-cryl Acleg.

A) De-coated seeds after 14 h of imbibition; B) In vitro germinated chickpea scedlings
after 6 d of culturing on SIM; C) Swollen embroynal axis attached to the cotyledon
explant; D) 2-wk-old culturc of embryonal axis with single cotyledon showing the
emergence of a multiple adventitious shoot buds; E) Axillary meristem explant infected
with A. tumefaciens after 15 d of cocultivation; F) Putatively transformed shoots after 7 d
onSEM I
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multiple shoots with 50-70 shoots arising from each explant within a time period of 15 d

(Table 2; Plate 1).

4.1.1.2. Co-cultivation of axillary meristem explants with Agrobacterium harboring
PPZP 200-crylAc-leg

Axillary meristem explants were infected with Agrobacterium harboring
pPZP 200-crylAcleg and co-cultivated on hormone free MS medium. After 48 h of
co-cultivation, the explants were subcultured on hormone free MS medium containing

250-mg/1 cefotaxim that eliminates the growth of Agrobacterium cells,
4.1.1.3. Elongation of regenerated shoots

The induced multiple shoots/adventitious buds were excised from the bunch afier
12-15 days and cultured on the shoot clongation media (SEM I) consisting of MS
medium supp]emenled‘Wilh 5 uM iP and 2 uM kinetin. Since the elongation frequency of
the induced multiple shoots was brought down by prolonged culture of the explants on
the TDZ-containing medium, 12-15 d old cxplants were transferred to SEM | which was
devoid of TDZ. Elongation of 0.1-3 shoots per explant, in the initial stages was obtained
(Table 2). The devclopment of adventious multiple shoots to a height of 2 to 3 cm were
obtained after 10-12 d in SEM L. Explants that were not elongated was regularly sub-
cultured at an intcrval of 10-15 d on SEM [ until it reached upto 2-3cm. After 2 wk the
elongated shoots were cultured on anothcer clongation medium (SEM 1) containing GA;

until shoots developed to a height of 5-6 cm (Plate 2).
4.1.1.4. Development of strong root system

Elongated shoots showed the differentiation and development of roots on
root induction media (RIM, MS + 5 uM 1BA). The roots developed in the first week were
relatively weak and requires over a period of 3 wk for further development. Elongated

shoots that were unsuccessful to producc adventitious roots in RIM were subjected to a

wy



Plate 2. Elongation and rooting of the in vitro transformed and regenerated shoots
of chickpea var. C235 plants following transformation with crylAcleg gene.

A) Multiple shoots on SEM II after 15 d; B) Rooting of elongated shoots on filter paper
bridges in liquid medium containing 3 pM IBA after 10 d; C) Hardening of the rooted
plant in static culture containing 1/4-strength Amon’s nutrient solution.



10 sec pulse treatment with 100 mM IBA. This led to root induction within 4 d and
subsequently resulted in the development of strong root system within 10-12 d in liquid
MS basal medium (Plate 2). Necrosis of the entire shoots occurred when they were

subjected to prolonged exposure (>5-10 min) to IBA.

Root initiation was observed within 4-7 d in about 20 % of the elongated shoots.
By the end of 10 d another 30 % shoots gencrated roots. The remaining 10 % developed
roots in the third weck. The lateral roots uppeared within 2-3 wk. About 50 -60 % of
elongated shoots transferred to the hydrophonic system (1/4 th Amon solution + 3 pM
IBA) for root induction illustrated wil-developed adventitious root establishment

of 5 % elongated shoots (Tablc 3, Paltc 2).
4.1.1.5, Establishment of in vitro raised chickpea plantlets in glasshouse

Plantlets with 'shoot length of 5-0 cm survived well when transferred to pots
containing autoclaved coarse sand and black soil (3:2) mixed with 10 % organic matter
for hardening in glasshouse. The transplanted plants exhibited recovery and normal
growth in 60-65 d to produce morphologicully normal flowers and pods that contains
viable seeds (Platc 3). A total ol 48 (1-48) putative transgenic plants
(4 % regencration cfficicncy) were generated in the present study (Table 3). These
putative transformants were further molecular characterized to study the integration and

expression of the introduced cry/Acleg ¢ene in the chickpea genome.
4.2. Molecular characterization of transucnic chickpea plants for crylAcleg gene

4.2.1, Detection of crylAcleg gene in genome of independently transformed

Ty transgenic lincs

The presence and integration of crylAcleg gene in the putative To
transgenic lines was ascertained by PCR amplification using gene specific primers and

Southern hybridization respectively. PCR amplification results obtained showed that 17
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Table 3. Frequencies of shoot regeneration and transformation of transgenic
plants of chickpea var. C 235 with crylAcleg gene .

S. No. | Stages of regeneration No. | Percent compared at various
’ ’ stages (Sl No. 14) of
| regeneration / transformation
1 2 3 4
1 Axillary meristem explants 1195
used for co-cultivation
2 Elongated shoots 111 9
3 Rooted shoots 65 5 59
4 Putative transformants 48 4 43 74
5 PCR positive events 17 1 15 26 35




Plate 3. Hardening and establishment of the putative chickpea transformants
harbouring the crylAcleg gene.

A) and B) Plantlets transferred to the pots and covered with polythene bags initially for

maintaining the humidity; C) and D) in vitro transformed chickpea plants after 2 months
in the containment greenhouse showing flowering and pod set.
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Plate 4a. PCR amplification of the putative chickpea transformants in T, generation
containing the 1.8 kb crylAcleg gene fragment.

50 ng of DNA was extracted from the leaves of the transgenic events. (1-20) — Following
amplification, the PCR products were resolved on 0.8 % agarose gel along with 1 kb
DNA ladder. Amplification from the untransformed in vitro generated chickpea plant and
plasmid pPZP200- crylAcicg was used as controls for identifying the crylAcleg gene
integration in transformed plants.
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Plate 4b. PCR amplification of the putative chickpea transformants in To generation
containing the 1.8 kb crylAcleg gene fragment.

50 ng of DNA was extractcd from the leaves of the transgenic events (21-48) - the PCR
products were resolved on 0.8 % agarose gel along with 1 kb DNA ladder and water
control. Amplification from the untransformed in vitro generated chickpea plant and
plasmid pPZP200- crylAcleg was used as controls for identifying the cry/Acleg gene
integration in transformed plants. The products stained with EtBr and visualized by UV-
illuminator.




(3,4,5,7,13, 16, 18, 22, 24, 25, 26, 30. 31, 32, 39, 41 and 47) out of 48 putative Ty
transformed plants produced an amplificd fragment of 1.8 kb, the expected size of PCR
product, with crylAcleg specific primers. As expected, no amplification was observed
when genomic DNA from untransformed control plants was used as template (Plate 4a;
4b). A summary of the transformation ¢xpcriments and molecular characterization of

regenerated plants is presented in Table 3.

To study the stable integration of transgene in the chromosome that was obtained
through independent transformation cvents, the experimental results of few representative
transformed plants that showed amplification for 1.8 kb crylAcleg gene (13, 16, 18, 22,
24, 25 and 26) were analyzed further by Southern blot hybridization. Southern blotting
was performed on the PCR product that was resolved, blotted and probed with non-
radioactive Alkphos Direct®—labelled 1.8 kb PCR amplified cryldcleg DNA fragment.
Southern hybridization results showed identical pattern of hybridization signals except
for 22, thus confirming the integration of transgene in the plant genome (Plate 5).
Variations in the intensity of hybridization bands were also observed. Based on these
observations, the transformation frequency was 31.25 % in the present investigation. The

17 Ty plants harbouring the crvlAcleg transoene were fertile and set normal seed.
4.2.2. RT-PCR analyses of crylAcleg gene in Ty transgenic chickpea lines

Expression of introduced gene at transcript level was analyzed through
RT-PCR from randomly selected PCR positive To plants (16, 18, 22, 24, 25, 26 and 30).
The expected 1.8 kb amplification band corresponding to the crylAcleg gene was
detected (Plate 6) on 16, 26 and 30. ’



f Untransformed plant

13 16 18 22 24 25 26

Plate 5. Southern blot hybridization of the cryl/Acleg gene in PCR products of
putative chickpea transformants in the T, generation.

The blot was probed with a 1.8 kb PCR-amplified cry/Acleg gene fragment. (13, 16, 18,
22, 24, 25, 26) - PCR product of the positive transformants. Amplification from
untransformed plant and plasmid pPZP200-crviAcleg was used as controls for
identifying the crylAcleg gene integration in transformed plants.
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Plate 6. RT-PCR amplification of the 1.8 kb crylAcleg gene fragment by using the
gene-specific primers from chickpea transformants in the T, generation.

0.5 pg of the total RNA was extracted from leaves of the transformed plants. (16, 18, 22,
24, 25, 30) — the RT-PCR products were resolved on 0.8 % agarose gel along with 1 kb
DNA ladder and water control, stained with EtBr and visualized by UV-illuminator.
Amplification from untrunsformed in vitro generated chickpea plant and plasmid
pPZP200- crylAcleg was uscd as controls for identifying the expression of cry/Acleg
gene in transformed plants.
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CHAPTER Y

DISCUSSION

Helicoverpa armigera (Hiibner) (Lepidoptera: Noctuidae) is one of the vital insect
pests due to its mobility, high polyphagy, short generation duration, and high
reproductive rate (Fitt, 1989; Sharma, 2005). Currently, the application of chemical spray
insecticides is the most common method of controlling this pest on crops, including
cotton (King, 1994; Durairay et al., 2005) and chickpea (Shanower et al., 1998; Sharma
et al., 2007). This pest is known to develop resistance to almost all the insecticides used
for its control (Forrester et al., 1993; Kranthi et al., 2002). These chemical sprays are also
of environmental concern and arc responsible for human health problems (Pray et al.,
2002; Qaim et al., 2008). Thus, alternative control methods are increasingly being
employed. The use of gé;lelically engineered crops (GECs) that express insecticidal genes
such as those derived from the soil bacterium Bacillus thuringiensis (Bt) provide a
powerful option to control the Lepidopteran pests (Shelton et al., 2002). This technology,
for example, is applied to protect cotton plants from damage by the bollworm by
expressing B. thuringiensis crylAc gene. Thus, the expression of cry genes is an option to
protect a crop like chickpea from damage by this notorious pest (Romeis et al., 2004).
Chickpea plants that express either CrylAc or Cry2Aa, or both proteins are currently
under development and could become commercially available in the future (Sanyal et al.,

2005; McPhee et al., 2007).

Developments in molecular genetics of chickpea for the expression of genes for
crop improvement require efficient genetic transformation methods. Hence, in the preéem
study, the development of a simple, rapid and a high frequency transformation system in
chickpea through Agrobacterium-mediated transformation has been shown, to benefit
further prospects in this area of research. The development of high frequency plant

regeneration protocol using a de novo re-generable source such as axillary meristem

r A



explant from a suitable genotype like C235 which is susceptible to H. armigera (Patil et
al,, 2007) but is highly amenable to in vitro regeneration (Jayanand et al., 2003; Sharma
et al., 2007) as employed in the present study, will be helpful in genetic modification of

this important legume.

Regeneration of shoots from explants in chickpea can be accomplished indirectly
via a callus phase leading to development of somatic embryos (Khan and Ghosh, 1984;
Prakash et al., 1992; Barna and Wakhlu, 1994). However, the recovery of mature somatic
embryos is significantly low which makes it an unproductive system for any genetic
transformation studies (Jayanand et al., 2003). Hence, the direct method of regeneration
through pre-formed meristems has been valuable in the development of chickpea
transgenic plants. Several reports are available on the proliferation of multiple shoots
from pre-existing meristéms in the cotyledonary nodes, shoot tips and epicotyls (Shri and
Davis, 1992; Kar et al., 1996, Subhadra et al., 1988). However, the recovery of a
reasonable frequency of transformation from the shoots emanating from the pre-formed
meristems is very low (Jayanand et al., 2003). At ICRISAT, it has been observed that the
axillary meristems present in the axils of the in vitro germinated seedlings of chickpea
play a significant role in initiation of adventitious shoot bud through induced
morphogenesis from the target cells (Sharma et al., 1991: Jayanand et al., 2003; Anwar et
al., 2008). Hence, in the present study, the axillary meristem explant was used for

generating in vitro chickpea plants for genetic transformation of cry/Acleg gene.

Explants consisting of single cotyledon with half embryonal axis obtained from in
vitro germinated seedlings on MS medium supplemented with 4 uM TDZ, 2 uM kipetin
and 10 pM 2-iP was found to be good for producing multiple shoots/adventitious buds.
The cytokinin, TDZ (Thidiazuron) has been shown to have high potential for shoot
induction in chickpea (Malik and Saxena, 1992; Barna and Wakhlu, 1993; Huetteman
and Preece, 1993; Murthy et al., 1996; Rizvi and Singh, 2000; Jayanand et al., 2003;
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Senthil et al., 2004; Tewari- Singh et al., 2004; Kumar et al., 2005) by regulating the
endogenous growth regulators (Malik and Saxena, 1992). Jayanand et al. (2003) reported
the use of other cytokinins such as 2-iP and kinetin with an optimal concentration of 4
uM TDZ to support rapid shoot multiplication in chickpea. In the present investigation,
these growth regulators were also found to improve the frequency of multiple shoot
initiation which was as high as 50 to 60%. As gibberellins (GA;) promotes the clongation
of shoots (Jayanand et al.. 2003), the regenerated shoots were transferred to shoot
elongation medium containing 3 uM GAj3; which showed on an average 3 shoots

elongating per explant.

Numerous reports are available on the use of grafting for rooting of transgenic
plants since root development was considered as the foremost obstacle on in vitro
regeneration of chickpea (Krishnamurthy et al., 2000, Sarmah et al., 2004, Senthil et al.,
2004, Sanyal et al., 2005, Chakraborti et al., 2006). While the technique enclosed
considerable deviations on success rates on establishment of plants in soil (Dinesh kumar
et al., 1994, Polisetty et al., 1996) and time consuming, a high frequency rooting of about
50-60 % was obtained in this study when the elongated shoots were immersed on paper
bridges in liquid MS medium with 9.4 mM KNO;, 2 % sucrose and 5 pM IBA for 2
weeks, which was consistent with the earlier report of Jayanand et al. (2003). About 65
plantlets with strong root system were transferred to the hardening phase within 10d of
the root primordial being observed. A total of 48 putative transgenic plants (4%

regeneration efficiency) were generated in the present study.

PCR analysis of the putative Ty transformed plants showed that 17 out of 48
produced the expected size of 1.8 kb crylAcleg gene amplified fragment. The
experimental results of few representative transformed plants showed the integration and
expression of crylAcleg gene when analyzed by Southern blotting and RT-PCR analysis

respectively.
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The present study reports a high frequency Agrobacterium-mediated
transformation in chickpea using axillary meristem explants. This will help in
advancement of molecular genetics of chickpea in expressing genes for crop

improvement in future.
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CHAPTER V1

SUMMARY

The present study was undertaken with an aim of generating chickpea trangenics

expressing crylAcleg gene providing scope for improving resistance to Helicoverpa

armigera. Summary of the key findings are as follows:

1.

Transgenic chickpea plants were developed through Agrobacterium-mediated

transformation method.

The de-coated seeds of chickpea cultivar C 235 were cultured on shoot induction
media (SIM) containing 4 uM TDZ, 10 uM 2-iP and 2 pM kinetin. The mean

germination response of this cultivar was 95%.

About 88.3 % of the cotyledonary explants produced multiple shoots with 50-70

shoots arising from each explant.

The axillary meristem explants containing multiple shoots were co-cultivated with
Agrobacterium tumefaciens strain C 58 harbouring the binary plasmid pPZP200-
crylAcleg.

The transformed multiple shoots cultured on shoot elongation media (SEM)
containing 5 uM 2-iP, 2 uM Kkinetin and 3 pM GA; showed about 3 elongated

shoots per explant.

About 60 % of elongated shoots showed the differentiation and development of

roots on root induction media (RIM) containing 5 uM IBA.

. A total of 48 putative transgenic plants (4% regeneration efficiency) were

generated.

. The transformation frequency was recorded as 31.25 % through PCR analysis

showing the presence of crylAcleg gene in 17 putative Ty transgenic events.
Southern blotting of the randomly selected PCR products and RT-PCR analysis
revealed the integration and expression of crylAcleg gene in the genome,

respectively.
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ANNEXURE 1

Media composition used for regeneration of in vitro chickpea plants

MS + Hormones (uM /L) Difco-
TDZ | 2iP | Kinetin | GA; | IBA | Bacto agar|

Culture media M) | (0M) | (M) | (uM) | (aM) (%) pH
Shoot induction medium
(SIM) 4 10 2 0.8 5.2
Shoot elongation
medium (SEM - 1) 5 2 .08 5.5
Shoot elongation
medium (SEM - 2) 5 2 3 .08 5.5
Root induction medium | MS liquid with 9.4 mM KNO3 +
(RIM) 1.5% sucrose 5uM 6.0
Root proliferation medii\.‘ Amon’s nutrient solution
(RPM) 6.5
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ANNEXURE 2
Composition of Yeast broth Medium (YEB) (per Litre)

Compound Weight (g)
Bacto peptone 5
Yeast Extract 1
Beaf Extract 5
Sucrose 5
Megnesium sulphate heptahydrate 0.5
(MsS0O,. TH0)

Agar 15

pH

16




ANNEXURE 3

MS Medium stock solution (per Liter)

MS Organic salts / L distilled water Quantity
Nicotinic acid 50 mg
Pyridoxine HCI 50 mg
Thiamine HCI 10 mg
Glycine 200 mg
MS Minors / L distilled water

Potassium Iodide (KI) 83 mg
Boric acid (H;BO3) 620mg
Magnese sulphate (MnSO.) 2.23mg
Zinc sulphate (ZnS0,.7H,0) 860 mg
Sodium molybdate (Na,M00,.2H,0) 25 mg
Copper sulphate (CuSQO4.5H,0) 2.5mg
Cobalt chloride (CoCl,.6H.0) 2.5mg
MS inorganic salts / 400 ml distilled water

Ammonium nitrate (NH4NO;) 66 mg
Potassium nitrate (KNO;) | 38mg
Magnesium sulphate heptahydrate (MgS04.7H,0) 14.8 mg
Potassium ortho phosphate (KH,PQ;) - 6.8 mg
Calcium chloride (CaCl,) 17.6 mg
Myoinositol 2.5 g/ 250 ml distilled water

Murashige and Skoog’s media (MS) (per Liter)

Compound Volume
Ammonium nitrate (NH,NO;) 10 ml
Potassium nitrate (KNO;) 20 ml
Magnesium sulphate heptahydrate 10 ml
(MgS04.7H,0)

Potassium ortho phosphate (KH,PO3) 10 ml
Calcium chloride (CaCl,) 10 ml
MS Minor 10ml
Fe EDTA 10ml
MS Organics 10 ml
Myoinositol 10 ml
Sucrose —30 g

Agar-0.8 %

pH-5.8
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ANNEXURE 4

Arnon's nutrient solution (Arnon, 1938)

Stock Compound Quantity Stock
No. (mg/L) | solution (g/L)

1 Potassium ortho phosphate (KH,PO3) 122 12.2
Potassium chloride (KCL) 155 15.5
Magnesium sulphatre heptahydrate (MnSQ4. H,0) | 250 25

2 | Calcium chioride (CaCly. 2H,0) / 215 215
Calcium sulphate (CaSQ,. 2H;0) 250 25

3 | Manganese sulphate heptahydrate (MnSO,. H,0) 1 1
Zinc sulphate (ZnSO,4.&H,0) 0.25 0.25
Copper sulphate (CuSQ,4.5H;0) 0.25 0.25
Boric acid (H;BO3) 0.25 0.25
Sodium Molybdate (Na;M00Q4.2H;0) 0.05 0.05

4 Ferric citrate (FeC,H,07.5H,0) / 30 30
Ferric Chloride (FeCly) / 15 15
(NaFe EDTA) 59 59

23




ANNEXURE §

Isolation of plant genomic DNA

Extraction buffer

Concentration of stocks

Stock solutions used

(for 100 ml)

Tris 1M 20 ml
NaCl SM 56 ml
EDTA (pH 8.0) 100 Mm 40 ml
CTAB
(HexadeCylTrimethyl 10% 40 ml
Ammonium Bromide)

- mercaptoethanol 0.3% 300 pl
H,0 - 40 ml




ANNEXURE 6

Buffers used for Southern blot

Buffers Chemical compounds

Depurination buffer / L 250 mM HCI

Neutralization buffer / L 1.5 M NaCl
0.5 M Tris
pH

Denaturation Buffer / L 1.5 M NaCl
0.5 M NaOH

20X SSC/L 3M NaCl (Sodium chloride)
Tri Sodium citrate dihydrate
pH (HCI)




ANNEXURE 7

Preparation of hybridization buffer
Hybridization buffer (Alkaline phosphatase) — 25 ml
0.5MNaCl-0.73125 g
Blocking reagent—1 g
For best results add the blocking reagent slowly to the buffer solution while stirring.
Continue mixing at room temperature for 1-2 hours on a magnetic stirrer or roller mixer. This
buffer can be used immediatcly or stored in suitable aliquots at -15 °C to -30 °C.
Note: Pre-heated buffer (55 °C) to be added to the blots.

bl



ANNEXURE 8

Primary wash buffer

Chemicals Quantity (1L)
2M Urea 120g

0.1% (w/v) SDS 1g

0.5 M Na phosphate pH 7.0 50 mM 100 mi

150 mM NaCl 87g

IM MgCly- 1 mM 1 ml

Blocking reagent 0.2% (w/v) 2g

e 0.5 M Na Phosphate can be made by using Sodium Dihydrogen Phosphate
(monobasic, NaH,PO,.xH,0) and adjust the pH to 7.0 with sodium hydroxide.

o The primary wash buffer can be kept for up to 1 week in a refrigerator at 2-8 °C.
Avoid reheating.

8



ANNEXURE 9

Secondary wash buffer - 20x stock

Chemical Quantity (g/1L)
IM Tris base 121
2M NaCl 112

Adjust pH to 10.0, Make up to 1 L with water. This can be kept for up to 4 months in
arefrigerator at 2-8 °C.

Secondary wash buffer- working dilution
Dilute stock 1:20 and add 2 ml/L of 1M MgCl, to give a final concentration of 2 mM
magnesium in the buffer. This buffer should not be stored.

————————
Jaswant g, Kanwar Library
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LBR buoag

83



	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif
	00000009.tif
	00000010.tif
	00000011.tif
	00000012.tif
	00000013.tif
	00000014.tif
	00000015.tif
	00000016.tif
	00000017.tif
	00000018.tif
	00000019.tif
	00000020.tif
	00000021.tif
	00000022.tif
	00000023.tif
	00000024.tif
	00000025.tif
	00000026.tif
	00000027.tif
	00000028.tif
	00000029.tif
	00000030.tif
	00000031.tif
	00000032.tif
	00000033.tif
	00000034.tif
	00000035.tif
	00000036.tif
	00000037.tif
	00000038.tif
	00000039.tif
	00000040.tif
	00000041.tif
	00000042.tif
	00000043.tif
	00000044.tif
	00000045.tif
	00000046.tif
	00000047.tif
	00000048.tif
	00000049.tif
	00000050.tif
	00000051.tif
	00000052.tif
	00000053.tif
	00000054.tif
	00000055.tif
	00000056.tif
	00000057.tif
	00000058.tif
	00000059.tif
	00000060.tif
	00000061.tif
	00000062.tif
	00000063.tif
	00000064.tif
	00000065.tif
	00000066.tif
	00000067.tif
	00000068.tif
	00000069.tif
	00000070.tif
	00000071.tif
	00000072.tif
	00000073.tif
	00000074.tif
	00000075.tif
	00000076.tif
	00000077.tif
	00000078.tif
	00000079.tif
	00000080.tif
	00000081.tif
	00000082.tif
	00000083.tif
	00000084.tif
	00000085.tif



