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Legumes are a group of plants which are of utmost importance, useful as a source of
proteins in food for humans and animas. They are useful as rotation crops to improve the soil
fertility. Until recently, legumes have been mainly used for human consumption as a very chegp
source of protein. Recently dternate uses of legumes mainly in the canning and freezing
industries have been recognized.

Pigeonpea [Cajanus cajan (L.) Millsp.] is a mgor grain legume of the semi-arid tropics
Deveopment of pigeonpea lines, resisgant to diseases (mainly wilt caused by Fusarium udum
Butl.) and pests (principaly caterpillars of Helicoverpa armigera Hubn.) is of consderable
importance in view of the great losses the crop suffers and the dow progress of plant breeding to
evolve such lines.

Innovative biotechnologica approaches are suggested as an dternative to combat against
mgor biotic and abiotic stresses in pigeonpea. This could be achieved by transfer of desirable
traits to high yielding and adaptive cultivars. Integrated pest management and disease control and
increase in nutritional quality and yield of grains are the other characterigtics which need to be
improved. For this, the basic prerequisites such as high frequency efficient plant regeneration
system either through organogenesis or somatic embryogenesis from various explants of
pigeonpea and development of gene transfer methodologies are essentid.

The present work entitted “Studies on In Vitro Plant Regeneration and its
Applications in Pigeonpea [Cajanus cajan (L.) Millsp.]” is devoted to the fulfillment of the
basic prerequistes, in particular, development of in vitro regeneraion of plantlets from various
explants of pigeonpea.

The thesis has been divided into chapter s, followed by a summary.

CHAPTER 1: GENERAL INTRODUCTION

This chapter gives a generd information of legumes. A thorough literature survey of in
vitro studiesin legumes in generd and pigeonpeain particular has been dedlt with.

CHAPTER2: MATERIAL ANDMETHODS

The source of glassware, plasticware and chemicals used in the present work has been
elucidated in this chapter. This chapter also describes the procedures followed for cleaning of
glassware and preparation of media The compostion of different media and the various
techniques used during the course of this work have aso been included.

CHAPTER 3: INVITRO REGENERATION THROUGH ORGANOGENESIS
. FROM DISTAL COTYLEDONARY SEGMENTS

This chapter gives the details of plant regeneration via organogenetic pathway using
explants of different cultivars of pigeonpea. Organogenesis was achieved with six different basd
medium supplemented with 20 nM BAP, 2 nM Kingin and 250 nM Adenine Sulfate. This
chapter dso dedls with studies on indirect organogenesis via calus derived from various explants
of pigeonpea cultivars.

CHAPTER 4: INVITRO REGENERATION THROUGH ORGANOGENESIS
1. FROM MATURE EMBRYO AXESAND SEEDLING
DERIVED EXPLANTS

Resllts of experiments on organogenesis with various explants like epcotyl, ledf,
DCMEA (DeCapitated Mature Embryo Axes) and ERMEA (Epicotyl Region of Mature Embryo
Axes) are dedlt in detal in this chapter. Shoot buds were obtained from epicotyl and lesf explants
on ECs basd medium supplemented with 20 M BAP, 2 nM Kingin and 250 niM Adenine
aulfate. DCMEA and ERMEA produced shoots when cultured on EG basd medium
supplemented with various concentrations and combinations of BAP and IAA.



CHAPTERS: SOMATIC EMBRYOGENESISAND PLANT REGENERATION

Vaious explants of dfferent cultivars of pigeonpea were evauated for induction of
somatic embryogenesis. The effect of different parameters on induction of somatic embryos has
been described in detail in this chapter. Somatic embryos were induced on distal halves of mature
cotyledons on ECs basd medium supplemented with various concentrations of BAP and TDZ in 2

genotypes.
CHAPTER6: GENETIC TRANSFORMATION STUDIES

Agrobacterium-mediated genetic tranformation of pigeonpea was attempted using
decapitated mature embryo axes, epicotyl and leaf explants. Transformation studies were carried
out with GUS and GFP reporter genes. Transformed calus expressng GUS reporter gene and
transformed plants expressing Green Fluorescent Protein gene have been reported.

SUMMARY

This part of the thesis summarizes the findings of the present investigation and its future
implications.

RESEARCH WORK PUBLISHED

(1) Mohan ML and Krishnamurthy KV (1998) Plant regeneration in pigeonpea [Cajanus cajan
(L.) Millsp.] by organogenesis. Plant Cell Reports17:705-710.

(2 Mohan ML, Nadu RB, Kulkarni DD and Krishnamurthy KV (1997) Regeneraion of
Pantlets in Pigeonpea [Cajanus cgjan (L.) Millsp] by Organogenesis' In: Recent
Advances in Biotechnologicd Applications of Plant Tissue and Cdl Culture EdsGA
Ravishankar and LV Venkaaraman, Oxford and IBH Publishing Co. Pvt. Ltd., New
Ddhi, pp. 151-155.
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Pantlets in Pigeonpea [Cajanus cajan (L.) Millsp] by Organogeness. In‘*All India
symposium on recent advances in biotechnologica applications of plant tissue and cdl culture
& XVIII Meeting Plant Tissue Culture Association of Indid’, CFTRI, Mysore, 22-24 June,
1995.

(2 ML Mohan ad KV Krishnamurthy (1999) Organogenesis and genetic transformation in
pigeonpea [Cajanus cgjan (L.) Millsp]. In: Emerging Frontiers in Plant Biotechnology, NCL
Golden Jubilee Nationd Seminar, NCL, Pune October 28-29, 1999.
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1.1. Grain Legumes

Legumes ae a group of plants, which grow under diverse dimatic conditions such as
tropica jungles to temperate areas as annuas, perennids, bushes and trees and beong to
one of the three largest families of flowering plantsthe Leguminosee. The family
Leguminosee encompasses 690 genera and 18,000 species, which are characterized by
keel-shaped flowers and pod-shaped fruits (Hulse 1989). The legumes are economicdly
important as they form the third larges food crop (190 m. tonnes), following cereds
(2054 m. tonnes) and root and tuber crops (625 m. tonnes) (Anonymous 1999). The
importance of legumes range from food to fodder, wood to spices and ornamentas They
aso play auseful rolein biologicd nitrogen fixation (Duke 1981; Paratt et al. 1992).

Gran legumes (pulses) are an important source of dietary proteins, fibre and
cdories (Bliss 1990; Sngh and Singh 1992, Muehlbauer 1993). The protein concentration
in gran legume seeds genadly vaies from 18 to 40% depending on the species and
among cultivars within a species (Bliss 1990). Due to its high protein content, gran
legumes are important in the production of livetock and fish (Davey et al. 1994). They
contain goproximady 70% of globulins forming the mgor dorage proteins while the rest
is mede up by dlutdins dbumins and free amino acids (Norton et al. 1985). Proteins
which are a@bundant in gran legumes ae dieticaly inferior because of low content of
aulfur amino adds manly mehionine and cydine (Sngh and Singh 1992). Poor
digedtibility and presence of antinutritiona factors dso make them inferior (Bliss 1990).
However, the high level of lysne in gran legumes makes them a good supplement for
careds, which are deficient in this amino acid (Davey et al. 1994). Limited success in
improving the nutritiond qudity of seed protens has been achieved by conventiond
breeding methods primarily because genes encoding seed Storege protens with high
levels of essentid amino acids do not normdly exig in aly given species (Kriz and
Larkins 1991). Modifications of genes coding for seed proteins thereby could be achieved
usng the tool of genetic engineering. The various approaches that calld be advocated are
protein sequence modification, devdopment of synthetic genes, overexpression  of
homologous genes and trander and expresson of heterologous genes (Sun and Lakins
1993). A mehioninerich 2S dbumin gene has been isolaed from brazil nut and
transferred to Vicia narbonensis (Saalbach et al. 1994).

Some of the grain legumes such as groundnut (Arachis hypogaea L.) and soybean
(Glycine max L. contan large amounts of edible oils (Christou et al. 1993). Grain
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legumes ae ds0 an excdlent source of vitamins (thiamine and niacin), minerds (cacum
and iron) and aso contain about 60% carbohydrates, mainly as sarch (Davey et al. 1994).

Gran legumes have been the man crop of Indian agriculture Thee crops ae
generdly incdluded in rotation with other crops in most of the aress to keep the soil dive
and productive by symbictic nitrogen fixation with spedies spedific Rhizobia (Buttery et
al. 1992). However, mog of the grain legumes do not fix adequate amount of nitrogen to
support  luxurious growth and devdlopment of plants to yidd large quatities of protein-
rich seeds.

The yidd of gran legumes has become datic (Fig 1.1) (Muehlbauer 1993).
Reduced yields are due to a range of factors, primarily abiotic (such as indement soil and
climatic conditions), biotic (such as pests and diseases) and drought. In addition, there are
sevead condrants such as management, lack of improvement methods and inputs (Nene
et al. 1989). Gran legumes are susceptible to various fungd, bacterid and vird diseases
and to ahogt of insects and other pests.

Wild species may provide genetic diversty not present in cultivated Species as
they possess the traits for dress and disease resstance. However, these traits are often
asociated  with  undesrable characters such as seed  shattering, hard  seededness,
indeterminate  growth habit, which are difficult to overcome in breeding programs
(Muehlbauer 1993). Hence development of a molecular marker based system for transfer
of specific segment of a genome s required (Muehlbauer 1993).

The conventiond breeding methods are time consuming and laborious and plant
breeders teke time to release new genotypes due to time consuming crossng, back
cossng and progeny sdection (Filippone 1993). This has led the plant breeders to
explore the feedhbility of usng dtendive biotechnologicd approaches for the
improvement of gran legumes which include tissue culture techniques of plat
differentiation, protoplast regeneration, someclond  varidion, somatic embryogeness,
somatic hybridization, embryo rescue and gene trander with the hdp of Agrobacterium
bioligic gun andlor dectroporation. However, for exploitation of the aorementioned non
convetiond mehods of crop improvement, the fdlowing requirements have to be
fulfilled:

()] an efficient in vitro explant to plant regeneration system
@ amethod to ddiver foreign DNA to plant tissues
® regeneration of plants from stably transformed tissues

13
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Biotechnology is now the cutting edge of plant science - offering new techniques,
goplications, and opportunities for crop improvement. Biotechnologists use a vaidy of
techniques to identify genes that determine specific traits (for example, drought tolerance
or disease resgance), make crosses between gspecies previoudy bdieved to be
incompetible, and produce improved genotypes much feder than was possble using
convertiond  plant  breading. Application of biotechnologicd tools in crop improvement
programs can be effective in three different, complementary ways:

® Speading up the process of conventiona breeding

® creating genetic varigbility through tissue culture and

® evoving novd genotypes through recombinan-DNA (-DNA) technology
(Chopraand Sharma 1991).

Usng vaious techniques of genetic enginering and tissue culture, it is now
possble to introduce isolated genes derived from different organisms from bacteria to
mammads, into plants without causng any additiond change in the cultivar. Thee
genetically modified plants can subseguently be incorporaied into the conventiond plant
breeding programs (Puonti-Kaerlas 1993a). Severd methods have been deveoped for
transfer of foreign DNA into plant cdls.

1.1.1 Nonconventional methods of crop improvement in grain legumes

The in vitro culture methods, exploiting the regeneration capacity of plant cels provided
the opportunity to micropropagate dite plat cones by organogeness or somdic
embryogeness. By manipulaion of culture conditions, it is now possble to regenerate
plants from intact organs, explants, cdlus and protoplagts (Davey et al. 1994). Plant gene
technology hes cadyzed progress in plant breeding, but has not yet been gpplied to food
legume improvement on a lage sde (Kahl et al. 1994). The advances made in the
culture of grain legumes has been discussed in the following sections.

1.1.1.1 Invitro studiesin grain legumes

Legumes exhibit a diversty of responses when cultured in vitro (Parrott et al. 1992).
Until recently, gran legumes have found to be less amenable (recdcitrant) to
regenerdion in vitro (Hammatt et al. 1986b; Puonti-Kaerlas 19933). Plant regeneration
from cultured explants occurs via somatic embryogeness and/or organogeness, dther
directly or indirectly via an intevening cdlus phase (Parott et al. 1992). Condderable
progress has been made in the development of efficient plant regeneraion sysems for

gran legumes.
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1.1.1.1.1 Organogenesis

Organogenesis, the process by which a cdl or a group of cdls differentiates to form
organs, may occur directly from the explanted tissue or from cdlus (Parott et al. 1992).
Proliferation from preexiding meidems oould be exploted for microprojectile-
mediated transformation, as it has severd advantages over de novo organogeness Snce it
is less asubject to someclord varidtion (Parott et al. 1992). The current datus of

regeneraion by organogenesisin grain legumesisgivenin Table1.1.

Table 1.1: Invitro studiesin grain legumes-ORGANOGENESIS: Current gatus

No. Species Reference

1 Arachis hypogaea L. lllingworth  1968; Martin & Rabechalt 1976,
Mroginski & Fenandez 1980, Guy et al. 1980,
Swluk et al. 1981; Katha et al. 1981; Bgg et al.
19815 1981b; Mroginski et al. 1981, Sedri et al.
1982; Attman & al. 1983; Odck & Schieder 1983;
Naasmhulu & Reddy 1983, Naraamhulu & Reddy
1984; Atreya et al. 1984; Mhatre et al. 1985; Bhatia
et al. 1985; Satz et al. 1987; Natargja & Patil 1987;
Banerjee et al. 1983 McKetly et al. 1990;
McKently et al. 1991; Damon & Mii 1991; Dunbar
& Pttman 1992, Cheng e a. 1992
Kachonpadungkitti et al. 1992; Egpen & George
1993b; Li et al. 1994; Feng et al. 1994; Kanyand et
al. 1994; Chengdrayan et al. 1995, Ponsamud et
al. 1995; Sahita Rani & Reddy 1995, D’'Slva &
Podder 1995; Hopkins & Pinnow 1995; llahi et al.
1995; Hedly & Smith 1996, Feng e al. 1996,
Venkatachdam et al. 1996; Cheng & Yeh 1997; Hu
1997; Venkaachdam & Jayabdan 1997; Kanyand
et al. 1997; Morris et al. 1997; Venkaachdam et
al. 1998 Ponsamud et al. 1998, Zharare et al.
1998; Venkatachdam et al. 1999h.

Table1.1 Continued...
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Table1.1 (Contd)

No.

Species

Reference

1

Arachis hypogaea L

Radhakrishnan et al. 1999; Pestana et al. 1999;
Victor et al. 1999, Gill & OziasAkins 1999.

Cajanus  cajan
Millsp.

(L)

Shama Rao & Naayanaswamy 1975, Mehta &
Mohan Ram 1980; Kumar et al. 1983; Kumar et al.
1984; Cheema & Bawa 1991; Sarang & Gleba
1991; Egpen & George 1993b; George & Eagpen
1994; Shiva prakash et al. 1994; Nadu et al. 1995;
Sreenivasan et al. 1995, Egpen et al. 1998;
Faklin e al. 1998, Geetha et al. 1998; Fanklin et
al. 2000.

Cicer arietinum L.

Shama et al. 1979, Bgg 1979, Bgg & Dhanju
1979; Kartha et al. 1981; Sngh et al. 1982, Bgg
1983, Khan & Ghosh 1983; Khan & Ghosh 1984
Altaf & Ahmed 1985, 1986, Nedam et al 19863
1986b; 1986¢; Rao & Chopra 1987a 1987b; Rao &
Chopra 1989%b; Sangven et al. 1989; Shela et al.
1991; Surya-Prekash et al. 1992, Mdik & Saxena
1992a; Chandra et al. 1993; Brandt & Hess 1994;
Bana & Wakhlu 1994; ; Murthy et al. 1996; Vani
& Reddy 1996; Polisgtty et al. 1997; Kanyand et
al. 1997; Chandra et al. 1998, Ndini Mdlikajuna
1999

Glycine canescens

Widholm & Rick 1983; Grant 1984.

Glycine clandestina

Glycinemax L.

Hammatt et al. 1986a Hymowitz et al. 1986.

Oswdd et al. 1977; Cheng et al. 1980; Kartha et al.
1981; Kameya & Widhom 1981; Wright et al.
1986; Bawde et al. 1986a; 1986b; Bawde &
Widholm 1987, Wright et al. 1987; Freytag e al.
1989; Coble & Schapaugh Jr. 1990.

Table1.1(Contd...)
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Table1.1 (Contd)

Marecha

No. Species Reference

6. Glycine max L Yang et al. 1990; Thome et al. 1995; Kaneda et al.
1997; Dan and Reichert 1998.

7. Glycine soja Barwale et al. 1986b.

8. Glycine op. Hammait et al. 19875 1987b.

0. Lathyrus sp. Mdik et al. 1992, Mdik et al. 1993.

10. | Lensculinaris(L.) Medic Polanco et al. 1988 Mdik & Saxena 1992g
Ahmad et al. 1996; Polanco and Ruiz 1997.

11 | Lupinus spp. Sroga 1987; Mulin & BdlioSpataru 2000.

12 | Phaseolus acutifolius L. Dillen et al. 1996; Zambre et al. 1998

13, | Phaseolus aureus L. Ghosh et al. 1979; Bgg & Singh 1980.

14. | Phaseolus coccineus L. Abou-Mandour & Hartung 1980; Angdini &
Allavena1989; Santalla et al. 1998

15. | Phaseolus vulgarisL. Haddon & Northcote 1976; McCleen & Grafton
1989; Franklin et al. 1991; Mdik & Saxem 1991;
Mohamed et al. 1992 1992b; Mdik & Saxena
1992c; FernandezCaso et al. 1996, Benedicic et al.
1997; Satdlaet al. 1998; Zambre et al. 1998

16. | PisumsativumL. Hildeorandt e al. 1963, Mdmbeag 1979,
Mroginski & Kartha 1981, Hussey & Gunn 1984;
Rubluo et al. 1984, Jackson & Hobbs 1990;
Nauerby et al. 1991, Mdik & Saxena 1992
Nadolska-Orczyk et al 1994; B hmer et al. 1995;
Sanago et al. 1996; Kodurkova et al. 1997; Popiers
et al. 1997; Madsen et al. 1998

17. | Viciafaba L. Thynn & Werner 1987; Khdlafdla & Hattori 1999.

18 | Vicia narbonensis L. Tegeder et al. 199%.

19. | Vigna aconitifolia (Jacq) | Bhargava & Chandra 1983; Godbole et al. 1984;

Gill et al. 1986; Krishnamurthy et al. 1986.

Table1.1 Continued...
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Table 1.1 (Contd)

Wadp

No. Species Reference
19. | Vigna aconitifolia (Jacq) | Jan & Chopra 1988; Sangedta et al. 1988; Bhargava
Marechal & Chandra 1989; Gehlot et al. 1989; Sankhla et al.
1990; Sankhla et al. 1991

2. | Vignamungo Gosd & Bgg 1983, Gegha et al. 1997a 1997;
Sen and Guha Mukherjee 1998; Das et al. 1998,
Ignacimuthu & Franklin 1998.

21 | Vignaradiata L. Mendoza & Futsuhara 1990; Gulai & Jawd 1990;
Gulati & Jawd 1994; Chandra & Pd 1995, Narciso
et al. 1996, Nacso e a. 1997, Sen & Guha
Mukherjee 1998; Betd & SenRaychaudhari 1999.

2. | Vignasinensis Pandey & Bansd 1989.

23. | Vigna unguiculata (L.) | Pelegrineschi 1997; Brar et al. 1997, Soh et al.

1998; Brar et al. 1999a 1999%b.

1.1.1.1.2 Somatic Embryogenesis

Somatic embryogeness - a process whereby a cdl or a group of cdls from sometic

tissues form an embryo (Parott et al. 1992) may be indirectly with an intervening calus
phese or directly from the explants Table 1.2 represents the Sudies on somatic
embryogendsin grain legumes.

Table 1.2: In vitro studies in grain legumes-SOMATIC EMBRYOGENESIS
Current satus

No. Species Reference

1 Arachis duranensis Sahita Rani & Reddy 199%6.

Arachis hypogaea L.

Fittman e al. 1983, Banejee e al. 1988, Ozias
Akins 1989; Hazra et al. 1989; Sellars et al. 1990;
McKently 1991, Ozias-Akins et al. 1992 Ozas-
Akins et al. 1992b; Durham & Parrott 1992; Gill &
Saxena 1992; Baker & Wetzgen 1992; Rau et al.
1992; Saxena et al. 1992; Wetzstein & Baker 1993.

Table1.2 Continued...
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Table 1.2 (Contd)

No.

Species

Reference

2.

Arachis hypogaea L.

George & Egpen 1993, Egpen & George 1993
Eapen e al. 1993, Reddy & Reddy 1993, Mhaske
& Hazra 1994; Baker & Wetzdein 1994; Baker et
al. 1994; Chengdrayan et al. 19%4; Feng et al.
1994; Baker & Wetzsten DP95; Baker et al. 1995
Chengdrayan et al. 1995; McKently 1995, Murthy
et a. 1995 Sahita Rani & Reddy 1996
Venkatachdam & Jayabdan 1996; Venkatachdam
e a. 1997, Chengdrayan e a. 1997;
Chengdrayan et al. 1998; Baker & Wetzstein 1998;
Venkatechalam et al. 19983 Venkatachdam et al.
1999a; 1999c; Victor et al. 1999a; 1999b; Murch et
al. 1999.

Cajanuscajan (L.)
Millsp.

Bag et al. 1980; Ramana Rao et al. 1992; George
& Egpen 19%4; Pad et al 19%; Ndini
Mdlikajuna et al. 1996, Seenivasu et al. 199G;

Anbazhagan & Ganapethi 1999.

Cicer arietinum L.

Rao & Chopra 1989 Shri & Davis 1992; Sagare et
al. 1993; Bana & Wakhlu 1993; Dineshkumar et
al. 1994; I1dam 1994; Suhesni et al. 1994; Eapen &
George 19942 Kumar et al. 1995; Sagare et al.
19955 1995b; Dineshkumar et al. 1995; Bana &
Wakhlu 1995; Adkins et al. 1995, Suhesni et al.
1996; Veni & Reddy 1996, Ramana et al. 1996;
Murthy et al. 1996; Hita et al. 1997; Suhasni et al.
1997, Guru et al. 1999.

Glycine max L.

Chrigianson et al. 1983; Gamborg et al. 1983
Lippmann & Lippmann 1984; Lazzeri et al. 1985;
Li et al. 1985; Ranch et al. 1985.

Table 1.2 continued...
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Table 1.2 (Contd)

No.

Species

Reference

5.

Glycine max L

Bawde et al. 1986a; Kerns et al. 1986, Ghezi et
al. 1986, Lazzeri e al. 1987a Buchhem et al.
1989; Chridou & Yang 1989; Kiss et al. 1991
Kiss et al. 1991b; Lazzeri et al. 1987b; Komatsuda
& Ohyama 1988, Finer 1988, Fingr & Nagesawa
1988; Hartweck et al. 1988, Hepher et al. 1988,
Wright et al. 1991; Komatsuda et al. 1992; Gill &
Saxena 1992, Liu et al. 1992, Ranch 1993,
Lippmann & Lippmann 1993, Gyula et al. 1993;
Baley et al. 1993 1993b; Ma et al. 1994
Nadolska-Orczyk & Orczyk 1994; Sgskd & Griga
1995; Li & Grabau 199; Satos et al. 1997,
Rgaskaan & Pdlow 1997, Santarem et al. 1997
Samoylov et al 1998

Phaseolus acutifolius

Kumear et al. 1988b; Mdik & Saxena 1992b.

Phaseolus aureus L.

Bag & Singh 1980; Madlik & Saxena 1992b.

Phaseolus coccineus L.

Rota et al. 1990; Genga & Allavena 1991; Mdik &
Saxena 1992b.

Phaseolus vulgaris L.

Martin & Sondahl 1984.

PisumsativumL.

Jocobsen & Kysdy 1984; Kysdy et al. 1987,
Lehminger-Mertens & Jacobsen 1989; Kysdy &
Jacobsen 1990; Tetu et al. 1990, Stgskd & Griga
1992; Naddska-Orczyk et al. 1994; Loiscau et al.
1995, Benchekh & Gdlas 199%s Benchekh &
Gdlas 1996b; Loiseau et al. 1996; Loissau et al.
1998

Psophocarpus
tetragonolobus (L.) DC.

Ahmed et al. 199; Gupta et al. 1997.

Table 1.2 Continued...

21




Abbreviationsused in the Table 1.3:

A.t - Agrobacterium tumefaciens; A.r - Agrobacterium rhizogenes 1.P.I — In planta
injection M.B - Microprgectile bombardment; Elect - Electroporation, PEG -
Polyethylene Glycdl; C - Cdlus T - Tumor; R - Rhizogeness SE - Somatic embryos,
T.P - Transggenic plant; T.G - Trangent gene expression; S— Shooats, P.P - Protoplasts
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Table 1.2 (Contd)

No. Species Reference
12 | Viciafaba L Tegeder et al. 1995.
13 | Vicia narbonensis L. Pickardt et al. 1989; Albrecht & Kohlenbach 1989;

Tegeder et al. 1996.

14. | Vigna aconitifolia (Jacq) | Kumear et al. 1988a; Eapen & George 1990.
Marechal

15. | Vignamungo L. (Hepper) | Eapen& George 1990.

16. | Vigna radiata (L.) | Eapen & George 1990.
Wilczek

17. | Vignasinensis Li et al. 1995a

18 | Vigna unguiculata (L) | Kulothungen et al. 1995.
Wdp

1.1.1.1.3 Genetic transfor mation

A range of somaic cdl and molecular techniques are now avalable to supplement
conventional plant breeding. Gene trander (or DNA upteke) refers to a pracess, which
moves a specific piece of DNA (usudly a foreign gene ligated to a bacterid plasmid) into
protoplasts or cdls (Jenes et al. 1993). The introduction and expression of foreign DNA
has been used to introduce commercidly important characterisics such as herbicide and
insect resgance, changes in oil and protein contents and virus tolerance (Waden 1989).
Sevad techniques for DNA ddivey into plant cdls ae avaldble ranging from
Agrobacteriummediated gene trandfer, direct gene transfer through dectroporation into
protoplegtsiintact  tissuesleither by PEG method or by upteke of DNA into naked
protopless to injecion ad the use of micoproectiie  bombardment-mediated
transformation to introduce DNA into intact tissues (Table 1.3).

Table 1.3: In vitro studies in grain legumes-GENETIC TRANSFORMATION:

Current gatus
No. Species Method of | Remarks Reference
Gene
transfer

1. | Arachishypogaea L. | A. (wild) T Lacorte et al. 1991
At T Mansur et al. 1993,
M.B SE Ozias-Akinset al. 1993,
M.B T.P Schndll & Wessnger 1993.

Table 1.3 continued...
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Table 1.3 (Contd)

No. Species Method of | Remarks Reference
Gene
transfer
1. | ArachishypogaealL. | At T.P Eapen & George 1994b.
M.B T.P Brar et al. 1994.
At T.P McKently et al. 1995,
Schndll & Weissnger 1995
At T.P Cheng et al.19%.
At T.P Chenget al. 1997.
At DeFreitas et al. 1997.
M.B T.G Lacorte et al. 1997.
At S Sarkar et al. 1997.
Ar R Akasakaet al. 1998.
M.B T.P Wanget al. 1998.
At T.P. Egnin et al. 1998
M.B T.P Yang et al. 1998.
ALt T.P Venkatachalam et al. 1998b
M.B Livingsone & Birch 1999
M.B T.P Kimet al. 1999
At T.P Rohini & Rao 2000
2. | CajanuscajanlL. At T.P Geatha et al. 1999
3. | Cicer arietinumL. At (wild) T Mridula et al. 1988.
At Srinivasan et al. 1988.
At Sinivasan et al. 1991
At T Mohapatra & Sharma 1991.
At T.P Fontana et al. 1993,
At (wild) T [dam et al. 19%4.
Ar T SefkesBoer et al. 199%5.
At Ramana et al. 1996.
At T.P Kar et al. 199.
At T.P Krishnamurthy et al. 2000
4. | Cyamopsis At T.P Joersho et al. 1999
tetragonoloba L.
5 | Glycine maxL. AVAr T/R Owens & Cress. 1985.
At C Badeset al. 1987.
Elect. CIR Chrigtou et al. 1987.
M.B C Chrigou et al. 1938.
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Table 1.3 (Contd)

No. Species Method of | Remarks Reference
Gene
transfer
5. | Glycine max L. At T.P Hinchee et al. 1988.
At T Owens & Smigocki 1988.
At T.P Parrott et al. 1989.
M.B T.P Christou 1990.
Elect. C Chrigtou & Swain 1990.
Elect. CIs Dhir et al. 1991g 1991b.
M.B T.P Finer & McMullen 1991
At T/T.P McKenzie & Cress 1992
M.B T.P So et al. 1993a
At T Audin & Cress1994.
At (wild) T Balley et al. 1994.
At T.P Fdoo et al. 1995.
At T Bond et al. 1996.
M.B C Hadi et al. 1996.
M.B T.P Stewart et al. 1996.
At T.P Di et al. 19%.
M.B T.P Liu et al. 1996.
At S Santarem et al. 1998
M.B T.P Maughan et al. 1999
M.B SE Santarem & Finer 1999
|.P.I T.P Hu & Wang 1999
At T.P Zhang et al. 1999
Pongppa et al. 1999
6. | Lathyrussativus L. At/M.B T.P Barna & Mehta 1995.
7. | Lens culinaris (L. | At T Warkentin - &  McHughen
Medic. 1991
At S Warkentin - &  McHughen
1992,
8. | Lupinus augustifolius | A.t T.P Pigearie et al. 1997.
L.
9. | PhaseoluswulgarisL. | A.t TP Mariotti et al. 1989.
M.B T.G Gengaet al. 1991.
M.B T.G Arageo et al. 1993,
At C Franklin et al. 1993,
At T Lewis& Bliss1994.
Elect. T.G Dillen et al. 1995.
M.B T.P Kim & Minamikawa 1996,
M.B T.P Arageo et al. 19%.
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Table 1.3 (Contd)

No. Species Method of | Remarks Reference
Gene
transfer
0. PhaseolusvulgarisL. | M.B/A.t T.G Bradileiro et al. 1996.
M.B T.P Arageo & Rech 1997.
At S Zhanget al. 1997.
AL AT S Barroset al. 1997.
Elect. P.P Giovinazzo et al. 1997
M.B TP Arageo et al. 1998
Elect S Saker and Kuhne 1998
10. | PisumsativumL. At (wild) T Hobbset al. 1989.
At T.P Puonti-Kaerlas et al. 1989,
At TP De Kahen & Jacobsen
1990.
At T.P Puonti-K aerlas et al. 1990.
At/Ax TSR Schaerer & Pilet 1991.
At T.P Davies et al. 1993.
At T.P Jordan & Hobbs 1993.
PEG T.G Nicolaisen & Poulsen 1993,
At T.P Schroeder et al. 1993,
At C De Kahen & Jacobsen
1995,
At T.P Grant et al. 1995.
Ar R Nicoll et al. 1995.
At T.P Bean et al. 1997.
At T.P Grant et al. 1998
At T.P Smonenko et al. 1999
11 | Vicianarbonensis L. At T.P Pickardt et al. 1991.
At T.P Pickardt et al.1995
Sadlbach et al 1995
12 | Vigna aconitifolia | A.t C Eapenet al. 1987.
(Jacq) Marecha
PEG T.P Kohler et al. 1987a
Elect. T.P Kohler et al. 1987Db.
13 | VignaangularisL. At T.P Ishimoto et al. 1996.
14. | Vigna mungo (L) | At S Pd et al. 1991
Hepper
At C Karthikeyan et al. 1996.
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Table 1.3 (Contd)

No. Species Method of | Remarks Reference
Gene
transfer
15. | Vigna unguiculata | A.t C Garciaet al. 1937.
(L)Wadp
At TP Penzaet al. 1991.
Elect. C Akdla& Lurquin 1993,
At T.P Muthukumer et al. 1996.

The ability to regenerate plants from cultured explants tissues and protoplasts
afords the opportunity to geneticdly manipulate legumes through somatic cdl techniques
(Davey e al. 1994). Though regeneration protocols exis for many legumes, genetic
trandformation reports are available only for a few species. The mgor reason for this is
the fact tha legume
trandformation/regeneration  procedures than most of the other dicotyledonous crop
species (Kahl et al. 1994). Despite these difficulties, transgenic plants have been obtained
from severd leguminous crop species i.e, Glycine max (Hinchee et al. 1988; McCabe et
al. 1988; Chee et al. 1989); Vigna aconitifolia (Kohler et al. 1987a & b); Pisum sativum
(Puonti-Kaerlas et al. 1990) and Cicer arietinum (Fontana et al. 1993, Kar et al. 1996;
Krishnamurthy et al. 2000).
1.1.1.1.4 Somaclonal variation
Pant breeders are continudly searching for new genetic variability that is potentidly
ussful in cultivar improvement (Parrott et al. 1992). Genetic varidion tha results as a
consequence of frequent culturing of plant cdls (somadond variaion), is the smplest
foom of gendic manipulation (Larkin and Scowcroft 1981). It is rardy associated with
gross cytologicd changes and is probably rdaed to modifications in the nudec acd
compodtion.  Although, many somadond variants exhibit characterisics which  are
detrimenta compared to those of parentd plants, individuds have been produced which
express superior traits (Davey et al. 1994).

Someclond varidaions have been exploited recently to recover ussful variants in
Glycine max (Bawde and Widhom 1990). Among the variants obsarved, were
chlorophyll  deficdency, patid or complete deility, numerous abnormdities in  ledf
morphology and number, twin seeds and multiple shoots Changes in maturity date and

gecies have proven to be less amendble to
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increeses in ol content among regenerants have dso been reported (Bawde and
Widholm 1990). However, this varigtion was not inherited.

1.1.1.1.5 Somatic hybridization

Somdic hybridizetion has the potentia for improving gran legumes, but the absence of
regenerdtion from protoplast to plant sysems in many a legumes has deterred the
extenson of the technique to gran legumes In Glycine max, heterokaryons between G.
mex cv. HP-2020 and peenid wild Glycine G1171 produced shoots, but these shoots
falled to develop into plants (Hammat et al. 1992).

1.1.1.1.6 Embryorescue

Wild rdatives of cop plants comprise an important germplasm resource for plant
improvement (Davey et al. 1994). Crosses between digantly rdated plants are generdly
unfruitful because of the abortion of embryos on the mother plant. These embryos can be
precocioudy excised and cultured in vitro (Monnier 1990).

By usng this technique, a large number of hybrid plants have been obtained and
sverd gendtic characterisics have been trandeared in grain legumes. Important among
those are hybrids produced in Arachis (Bgg 1990b), Glycine (Grant 1990) and Vigna
(Bhadra et al. 1989). Recently, this technique has been successfully exploited to cregte a
vigble hybrid in Glycine max (Hu and Zanettini 1995).

1.2 Pigeonpea [Cajanuscajan (L.) Millsp.]

121 Thecrop

Pigeonpea (Red gram), bdonging to the family Peplionaceee and  subfamily
Papilionoidese (Purseglove 1988), is one of the mgor gran legumes grown in the world
(Table 1.4) and in Indig it has a large aea under cultivation (Table 1.5). India is the
largest producer of pigeonpea in the world. It is the second most important grain legume
of India after chickpea Nearly 85 % of the world's pigeonpea crop is grown in India
(Table 1.6). It is grown in the kharif season in the Indian subcontinent under semi-arid
conditions. It is a chegp source of proten in the human di¢ and its production has
become stagnant (ig 1.2). Roots of pigeonpea shed piscidic acid, which can disolve iron
phosphates in the soil, making it possble for the plants to absorb these nutrients through
their roots. The pigeonpea plant can dso improve the dructure of the soil, as its deep
roots bore channds degp into the ground, increesng the infiltration of water for
subsequent crops (Maddey 1995).
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Table 1.4: World production, area and average yidd of the
major grain legumesin 1998

No. Grain legume ﬁqrr?: frzoggﬂg] Avelr(z;?ﬁgi eld
1. | Arachishypogaea L. 2380 3097 1301
2 Cajanus cajan(L.) Millsp. 4.28 2.87 672
3. Cicer arietinumL. 1120 859 767
4. | Glycinemax(L.) Merr. 7069 15833 2,240
5. Lens culinaris(L.) Medic. 340 2.9 8,776
6. Phaseolus vulgaris L. 2569 1762 636
7. PisumsativumLL. 6.90 1319 1912
8. Lupinus spp 136 152 1119
9. | Viciafaba L. 222 340 1532
10. | Vignaunguiculata (L) Wap 6.66 244 366

Source : FAO 1999.

Table 1.5: Area, production and productivity of major grain legumesin India

No. Grain legume (ﬁrﬁg) PrczdnL]Jt(;tion Pr ?S;/ﬁt;;/ity
1. Arachishypogaea L. 810 8.30 1025
2.  Cajanuscajan (L.) Millsp. 3.67 2.45 668
3. Cicer arietinumL. 722 6.01 &R
4.  Glycine max(L.) Mer. 6.35 6.10 90
5. Lathyrussativus L. 0.85 049 576
6. Lens culinaris (L.) Medic. 134 0.88 660
7. Phaseol us aureus Roxb. 3.08 131 425
8. Phaseolus mungo L. 315 149 473
9. Phaseolus vulgaris L. 950 3.60 31
10,  PisumsativumL. 0.88 0.74 841

Source : FAO 1999; The Hindu Survey of Indian Agriculture 1999
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Table 1.6: World pigeonpea production

L ocation Area (ha) Production (MT)
World 4,276,789 2873916
Asa 3952700 2634472
Africa 281,300 204,300
North Centrd Ameica 36,970 31,813
South America 5819 3331
Bahamas 1% 140
Bangladesh 6,000 3,000
Burundi 2,300 2,300
Dominican Rep. 20,800 20,409
Grenada 500 580
Halti 7,500 3,000
Myanmar 251,700 162,500
India 3,670,000 2,450,000
Jamaica 1,630 1950
Madawi 143,000 99,000
Nepal 25,000 18972
Panama 4,500 2,100
Puerto Rico 745 454
Tanzania 65,000 45000
Trinided & Tobago 1,100 3180
Uganda 71,000 58000
Venezuda 5819 3331
Source : FAO 1999.

1.2.2 Origin and distribution
It is gown manly in Centrd and West Ada, South Europe, Ethiopia and North Africa

(Yadav 1992). It is often stated that the genus Cajanus is monotypic, but in addition to
cultigen C. cajan there are wild species. The chromosome number is 2 = 2x = 22. Africa

Pigeonpea is divided into two botanicd varieties “var. flavus”
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is the probable center of origin of cultiveted pigeonpea, where it is found in wild form.
However, according to Vavilov (Yadav 1992), Indiaisthe place of origin of pigeonpea

The cultivars of var. flavwus are earlier maturing, shorter plants with yelow standards, and

and “var. bicolor”.



green glabrous pods, which are light colored when ripe, and are usudly 3-seeded. These
are the tur cultivars of India, where they are extensvely cultivated in the Peninsula The
cultivars of var. bicolor are perennid, late maturing, large, bushy plants, with dorsd dSde
of sandard red or purple or dresked with these colors and hairy pods blotched with
maroon or dark colored, with 45 seeds, which are darker colored or speckled when ripe.
These are the arhar cultivars of India, which are more extensvely cultivated in the north
of the country (Purseglove 1988).

1.2.3 Plant habit

It is a woody, short-lived, 1-4 m tdl and oftencross pollinated perennid dhrub grown as
annud. Leaves ae irdly aranged with a phyllotaxis of 2/5, trifoliste, ovete, hary. It
has a pronounced deep tgproot system with numerous laterds (Purseglove 1988). The
pods are somewhéat flattened, dehiscent and contain 2 to 8 seeds (Kay 1979).

1.2.4 Importance

Pigeonpea is the second most important pulse crop after chickpea in India The young
green seeds are egten as a vegetable in many countries and are canned in Puerto Rico and
Trinided. The ripe seeds are boiled and edten as a pulse. In India these are lit and made
into dha. The green pods are sometimes used as a vegetable. The tops of the plants with
fruits provide excdlent fodder and are dso made into hay and slage. Pigeonpea contains
goproximately 19.2% protein and 57.3% cabohydraes in dried seed. The protein and
cabohydrate compodtion of Indian plit dhd is 223% and 57.2% respectivey
(Pursglove 1988). It is ds0 a good source of fibre, vitamins and minerds. Pigeonpess
ae excdlent source of vitamin B, average figures arer Thiamine 500 mg; riboflavin 150
mg; nicotinic acid 23 mg per 100 g of edible portion. The average minerd content is
cddum 154194 mg/100 g and phosphorus 238-372 mg/100 g. They ae low in the
essentid amino acids methionine and cystine (Kay 1979).

1.2.5Biotic stresses that affect pigeonpea

Pigeonpea suffers heavy losses in yidd due to fungd, bacterid and vird diseases and
insect pests because of its low and highly variable gran yidd in the rainfed and low
management input conditions under which it is usudly grown. The low and undable
yields can be ascribed to the narrow genetic base of cultivars, which could be broadened
by incorporaing agronomicaly important trats from relatled wild species (Pundir and
Mengesha 1995).
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1.25.1 Fungal diseases

The mogt important and widesporead fungd dissese of pigeonpea is wilt, [Fusarium
oxysporum f. sp. udurm, which is soil-borne and affects the plant a al sages of its
development. In India, where it is paticulaly serious, crop losses of 510 % are fairly
commonplace, and in severe cases can amount to 50 % or more. Other funga diseases of
this crop are lesf spot (Cercospora indica), sem blight Phytophthora cajani) and stem
canker (Diplodia cajani) (Kay 1979).

1.2.5.2 Bacterial diseases

The mgor becteria dissese that plague pigeonpea is the bacterid leaf spot and sem
canker caused by Xanthomonas cajani (Kay 1979).

1.25.3 Viral diseases

Severd virus diseeses affect pigeonpess A deility disease (pigeonpea derility mosaic),
which is transmitted by mite or nematode, can cause dmost complete crop failure. Other
virus diseases are witches broom (tranamitting vector is lesfhopper) and cowpea mosac
(Kay 1979).

1.2.5.4 Insect pests

Subgantid losses in yiedd dso occur due to infedation by insects. The mgor pests are
gran caterpillar (Helicoverpa armigera) (Fig 1.3), red gran plume moth (Exelastis
atomosa), gram pod fly (Melanagromyza obtusa) and thrips (Franliniella sulpurea and
Taeniothrips nigriconig. At the pod-harvest sage, pulse beetles, Callosobruchus
chinensis are a very sarious ped, where infestation can begin in the fidd. The femde
beetle lays eggs on the grain and emerging larvee feeds on the testa, subsequently boring
into the pulse and pupating within the dameged portion of grain. The adult emerges out of
the pupa and begins to feed on the grain (Kay 1979).

1.2.6 Abiotic stresses that affect pigeonpea

Drought, cold, hest and <dinity ae the abictic dresses, which adversdy affect the
Pigeonpea crop. Pigeonpea is grown throughout India, but predominantly in the dates of
Uttar Pradesh, Gujarat and Maharashtra, which together contribute about 85% of the tota
growing area and production of India (Muller et al. 1990). More than 51% of the sdine
sils in India are located in thee states (Agarwd et al. 1976). Indias more than 7 million
hectaues of sdine soils (Abrol 1991) coincides with agrodimatic zones otherwise
favorable for pigeonpea cultivation. Among cultivated legumes, pigeonpea is dasdfied as
moderatdy sensitiveto sdinity (Keeting and Fisher 1985).
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Fig13

Damage caused to the pigeonpea pods by the insect
Helicoverpa armigera Hubner



1.2.7 Other factorsthat need improvement

1.2.7.1 Nutritional quality
In recent years plant breeders have been working to sdect varieties of grain legumes that

ae not only more productive but are dso of an improved nutritiond qudity. In generd,
legume grans comprise an important pat of the humen diet in developing countries
located in tropicd and subtropicd aess The nutritiond contribution is of paramount
importance here, as these populations have limited access to foods of animd origin
(Eggum and Beames 1983). Inadequate proportion of sulfur containing amino acids such
methionine and cydine are the mgor limitations in pigeonpea followed by insufficient
percentage of tryptophan. It appears that the protein qudity of pulses in generd is low,
primarily due to the low content of sulphur-containing amino acids when compared to S
containing aminoacid' s content and compaosition of ceredls (Burr 1975).

Mog nutritiona and biochemicd dudies caried out s0 fa with legume grains
have dedt manly with two factors that are important in determining their protein qudity.
One condgs of the antiphysologicd substances present in legume grains of which the
trypsn inhibitors, amylase inhibitor, and heemaggiutinins are the most important. The
second is the wdl-documented deficiency of sulfur-containing amino acids (Bressani and
Blias 1977).

The full meaning of productivity is not complete if it refers merdy to weight of
grans pe unit area. Rather, productivity must be viewed as the efficiency with which the
totd nutrient production meets the neads of the populaion, with a minimum of wage It
is recommended that the bass for sdection of food crops must be based on production
per hectare as the firs component of productivity. The second component of productivity
has to be nutritiond qudity, which refers mainly to protein. The pulses reman unde-
exploited source of edible protein. Greger dtention needs to be given to ther genetic
diversty in order to improve amino adds profiles in paticular to improve the levd of
aufur-containing amino acids and to diminae anti-nutritiond factors (Eggum and Beams
1983).

1.2.8 Invitro approaches of crop improvement

In recent years, rgpid technologicad advances have resulted in the establishment of highly
specidized techniques of tissue culture with potentid applicaions for crop improvement
(Mroginski & Kartha 1985). Despite the widely reported in vitro recacitrance of legumes,
75 species from 25 genera have undergone de novo regeneration and limited contributions
to crop improvement have been redized (Parott et al. 1992). In the recent years, atention
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has been focused on the deveopment of regeneration systems amenable to gene transfer
technology (Parrott et al. 1992). Asymmeric hybridization and genetic transformation
methodologies involving protoplasts of cultivated and wild species of plants have been
advocated to overcome impedimentsin the conventiond breeding Strategies.

Pigeonpea has wild rdatives that are of potentid vaue through hybridization, in
genetic improvement of the cultivated varieties A remakable trait of the wild species of
pigeonpea is tha most of them have high seed proten (Table 1.7). The maximum
recorded is 33.4 % for Cajanus mollis while the meaen protein in cultivated pigeonpea is
22.1 %. Protein content of the pigeonpea could not be improved by conventiond breeding
due to incompdibility exising between the wild and cultivated pigeonpea (Remanandan
et al. 1988). There are vay few sources of resstance to blight and derility mosac.
Sources of resstance to Fusarium wilt ae not known among the wild rdaives of
pigeonpea. There are no known source of resdance to lepidopteran borers but high
trypsn and chymotrypsn inhibitors are reported (Table 1.7). By conventiond methods
the progress has not yidded much results because of sexud incompatibility with its wild
rdaives. Theefore biotechnologicd methods of improvement has been suggested to
overcome the impedimerts in the conventiond plant breeding. Pigeonpea is conddered as
one of the recacitrant crops and not amenable to tissue culture.

Table 1.7 Seed protein contents and other characters of wild species of pigeonpea

No. Wild Species Seed Remarks
Protein
(%)
1 Cajanus acutifolia F.V. 28.7 Seility mosac resdatt, blignt and
Mudl podfly —susceptible,  high seed proten
content, high trypsn and chymotrypsin
inhibition.

2. C. albicans (W.&A.) 28.7 Seility mosac  resgat, bligt  and

Benth. podfly susceptible high ssed  protein
content, high trypsn and chymotrypsn
inhibition.

3. C. cgjanifolia Haines. 29.2 Highly susceptible to  deility mosac,
blight susceptible, susceptible to
lepidopteran borers (Mogt  probable
progenitor of cultivated pigeonpes).

4, C. lineata W.&A. 32.6 Sevility mosaic resgant, blight
susceptible, high seed protein content.

5. C. mollis Benth. 334 High seed protein content.

Table1.7 Continued...
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Table 1.7 (Contd)

No. Wild Species Seed Remarks
Protein
(%)

6. C. platycarpa Benth. 29.3 Blight ressan, Serility maosaic
susceptible, high seed protein content.

7. C. reticulata 24.1 -

(Dryander) Benth.
8. C. scarabaeoides(L.) 285 Susceptible to deility mosac and  blight,
Benth. Hymnoptera  susceptible, antibiosis  to
Heliothis armigera, high seed protein
content.

9. C. sericea Benth. 28.6 Blignt and derility mosac resdant,
susceptible  to  lepidopteran  borers,  high
seed proein content.

10. | C. volublis (Branco) 29.1 Sterility mosac resdant, blight

Gamble susceptible, high seed protein content, high
trypsin and chymoatrypain inhibition.

11 | Rhynchosia rothii 28.7 High seed protein conent, extreme trypsin

Benth. Ex. Benth. and chymoatrypsninhibition.

12 | R bracteata Benth. 28.6 -

Ex. Bak.

13 | R canaDC 30.7 -

14. | R dendgflora DC 26.4 -

15 | R mnimaDC 26.0 -

16. | R viscidaDC 284 -

Devdopment of pest and dissese resdance ae hindered ether due to cross
incompatibility between ressant wild species and the cultivated verigties or due to
unavalability of sources of resstance among the cross compatible species. To overcome
these problems, a radicd technique such as fuson of protoplasts of wild and cultivated
Cajanus species could be an dtractive propogtion to transfer agronomicdly useful traits
sich as pest and diseese resdance to the cultivated varidties The use of molecular
markers and the generation of a genetic mgp would dso be desrable for marker asssted
sdection and the podtionad cloning of resgance genes in pigeonpea (Ramana Rao et al.
1992).
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Abbreviationsused in Tables 1.8-1.10:

AB - Axillay bud, AM - Apicd merigem, ANT - Anther, CA - Cdlus CN -
Cotyledonary node, CO - Cotyledons, EP - Epicotyl, HY - Hypocotyl, ICS - Immature
cotyledonary ssgments, IEA - Immature embryo axes, L - Leaf, MCS — Mature
cotyledonary ssgmentss MEA - Maure embryo axes, MS - Multiple Shoots NDS —
Nodular dructures, PL - Plant, PRO - Protoplagt, R - Root, S - Shoat, SB - Shoat bud,
SC — Suspension culture, SD — Seed, SE - Somatic embryos.
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The control of insect pest - Heicoverpa armigera (Hubner) could be achieved by
trandfer of insect resdant trats, but the lack of an efficient high frequency plant
regeneration system has deterred the production of transgenic plants in pigeonpea
1.2.8.1 Organogenesisin pigeonpea
There were many reports of regeneraion of pigeonpea by organogeness (Table 1.8).
Multiple shoots were obtained from cotyledon explants (Mehta and Mohan Ram 1980;
Kumar et al. 1984; Sarangi and Gleba 1991; Naidu et al. 1995); Geetha et al. 1998),
goicd merigem (Kumar et al. 1984; Cheema and Bawa 1991; Nadu et al. 1995; Franklin
et al. 1998) mature embryo axes (Sarangi and Gleba 1991; Nadu et al. 1995; Franklin et
al. 2000), cotyledonary node (Shiva Prakash et al. 1994; Gedtha et al. 1998) and axillay
bud (Franklin et al. 1998). All these regeneration systems were organogenesis from pre-
exiding merisems. Moreover, efficient trander of plants to fidd was not achieved and
even if trandeared the information on number of plants transferred to fidd is not
avalable. There are reports of de novo organogeness from leaf (Egpen and George
1993b; George and Eapen 1994; Gegtha et al. 1998, Eapen et al. 1998), epicotyl (Kumar
et al. 1984; Nadu et al. 1995; Geetha et al. 1998) and hypocotyl (Cheema and Bawa
1991; Geetha et al. 1998). However, no histological evidence was provided for de novo
origin of shoot buds. The trandfer of plants obtaned by de novo organogeness to fied
was not achieved successfully in any of the ealier reports. No reports of organogenesis

from digd cotyledonay segments ae avalable High frequency genotype independent
protocol for organogenesisis dill lacking in pigeonpea

Table 18 In vitro studies in pigeonpea (Cajanus cajan (L.) Millsp.]

ORGANOGENES S
No. | Cultivars Explant Mode of _ Reference
Regener ation
1 Prabhat CO CO® MS® PL Mehta & Mohan
Ram 1980.
2. ICP 6917, ICP 6974, | CO CO® MS® PL Kumar et al. 1984.
ICP 7119, ICP 7263 | AM AM® PL
Wild EP EP® SB® PL
3. AL-15 AM AM® PL Cheema & Bawa
HY HY® PL 1991

Table 1.8 Continued...
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Table 1.8 (Contd)

No. | Cultivars Explant Modeof i Reference
Regeneration
4. |- CcO CO® MS® PL Saang & Gleba
MEA MEA® MS® PL 1991
5. ICPL 161 L L® SB® PL Eapen & George
1993b.
6. |ICPL 161 IEA IEA® NDS George & Egpen
ICS ICS® NDS 194
EP EP® CA
D SD® SB
R R® SB® PL
o CO® SB® PL R
L L® SB® PL
7. | Gat-898  Gat-8329, | CN CN® MS® PL Shiva Prakash e al.
BP-86-34, SPMA-4 1994,
8 | T-21 PT-22, T- | MEA MEA® MSR PL Naidu et al. 1995.
Visdeka-1, ICPL 87, N- | CO CO® MS® PL
20-21 EP EP® SB® PL
o. BDN-2 S PR Sreenivasan et al.
1995,
10. | ICPL 161, ICPL 88039, | L L® SB® PL Eapen et al. 1998.
UPAS 120
1 |- AM AM® PL Franklin &  al.
AB AB® PL 19098,
12. | Hyderabad C CN CN® MS® PL Gectha et al. 1998
EP EP® MS® PL
HY HY® MS® PL
CO CO® MS® PL
L L® MS® PL
13. | VBN1, VBN2, SAl, | MEA MEA® MSR PL Franklinet al. 2000
CO5

1.2.8.2 Callus culture

Very few reports of differentiation of cdlus into plants are avaladle in the literature.
Basd pat of the embryo and the pat of the cotyledon adjacent to the embryo gave
multiple shoots via calusing in MS medium containing 05 mgL™" BAP. Distinct variation
has been obsarved in the regenerated plants (Sarangi and Gleba 1991). Kumar et al.
(1983) obtained regeneration from cotyledonary cdlus and lesf cdlus cultures when
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incubaied on Blaydes medium fortified with BAP, NAA and Gibberdlic acid. Shama
Rao and Narayanasvamy (1975) reported that hypocotyl ssgments obtained only from ¢
irradiated (5 kr) seeds produced abundant cdli and shoot buds in 50% of the cultures but
no plants were obtained from these shoot buds. However, no hisologicd evidence of
formaion of shoot buds via cdlus has been demondraed and the plants could not be
transferred to field successfully in any of the reports on cdlus differentiation.

1.2.8.3 Somatic embryogenesis

There are very few reports of somatic embryogeness in pigeonpea (Table 1.9). George
and Egpen (1994) obtaned somatic embryos from immaure embryond axes and
immature cotyledons. Very few somaic embryos were obtaned but plantlets capable of
trander to the fiedld could not be obtained from the somaic embryos. Pad e al. (1994)
reported somatic embryogeness from disd haves of cotyledons. Trander of plantlets to
fidd and higologicd obsarvations to demondrate the initigtion and development of
somatic embryos were not reported. Somatic embryogenesis has dso been reported from
cotyledons. Induson of BAP in the medium resulted in the formation of wel-developed
embryo-like gructures (Ndini Mdlikajuna et al. 1996). Trander of plantlets to the fidd
could not be obtaned. Sreenivasu et al. (1998) obtained indirect somatic embryogenesis
via cdlus from cotyledon and lesf explants. Evidence for the presence of various
devdopmentad dages of somatic embryogeness and histologicd obsarvaions to show
different stages of somatic embryo development were not presented. Somdtic embryos
were obtained from suspenson cultures derived from lesf cdlus (Anbazhegan and
Gangpathi  1999). No hidologicd observations were made to demondrate the various
devdopmentd stages of somatic embryos and the trandfer of plantlets to fiddd was not
achieved. The successful trandfer of complete plants to pots has been achieved in a very

few systems.

Table 1.9: In vitro studies in pigeonpea [Cajanus cajan (L.) Millsp.] : SOMATIC

EMBRYOGENESIS
No. | Cultivars Explant Mode of _ Reference
Regener ation
1 ICPL 161 ICS ICS® SE George & Eapen 1994,
IEA |IEA® SE

Table 1.9 Continued...
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Table 1.9 (Contd)

No. | Cultivars Explant Mode of . Reference
Regeneration
2. T-1515 Gat-82- | MCS MCS» SE® PL Patel et al. 1994.
90, Bandgpdera,
NP(WR)15
3. ICPL 87 L L® CA® SER PL Ndini Madlikajuna et
R R® CA® SE® PL al. 199%.
4. Pusa606, Pusa-|L L® CA® SER PL Sreenivasu et al. 1998,
609, Pusz852, | CO CO® CA® SER PL
Pusa-855, Pusa-
856, H-86-5
5. Vamban-1 L L® CA® SC® SER PL | Anbazhagan &
Gangpathi 1999

1.2.84 Protoplast culture

Protoplast  technology is wel egablished now for many plant species and is beng
routindy used for somaic hybridization and direct gene trander (Puite 1992). Limited
reports of protoplast isolaion and culture are avalable The regeneration of pigeonpea
plants from protoplast deived cdlus has not been achieved so far (Table 1.10).
Pigeonpea protoplasts were fird isolated from leaves (Zhihong et al. 1985). High yidds
of protoplests and formation of cdli were dso obsarved in pigeonpea and its wild
reatives (Kulkani and Krishnamurthy 1989, Ramana Reo et al. 1992, Saang € al.
1992).

Table 1.10: In vitro studies in pigeonpea [Cajanus cajan (L.) Millsp.]
PROTOPLAST REGENERATION

No. | Cultivars Explant | Modeof Regeneration || Reference
1 - L L® PRO® CA Zhihong et al. 1985.
2. T-21, T-148 L L® PRO® CA Kulkarni &
Krishnamurthy 1989.
3. ICPL 87,| L L® PRO® CA Sarangi et al. 1992.
Rayagada Locd,
82208 Kandula

1.2.8.5 Anther culture
Pollen embryogeness was induced in the in vitro cultured anthers of pigeonpea. A

suspenson of pollen from anthers incubated in drop cultures on agar-agar medium
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developed to form embryoids and colonies of cdlus (Bgg et al. 1980). In anther culture,
pollen grans underwent divison and multicdlular sructures were  found by Mohan Ram
e al. (1982). No plantlet regeneration has been achieved s0 far usng anther culture
method.

1.2.8.6 Somaclonal variation

Sudies on somaclond vaiation for the varietd improvement of pigeonpea were carried
out by Chintgopdli et al. (1997). Molecular characterization of somaclond variants was
a'so done recently (Prasanndathaet al. 1999).

1.2.8.7 Embryo rescue

Hybrid vigor is shown in crosses between pure lines, but this is difficult to utilize because
of technicd difficulties and the production of hybrid seed would be codly (Purseglove
1988). The embryos from wide crosses could be rescued a early dages of development
and cultured to get aviable hybrid

Pad e al. (1992) dandardized technique for embryo rescue of intervarietd and
intergeneric  hybrids by culturing on modified MS medium supplemented with 1AA,
kinetin and coconut water. The success in intervarietal crosses was 80-90 % but the cross
of cultivarswith wild Atylosa lineata was unsuccessful.

Ndini Madlikajuna and Moss (1995) developed a interspecific hybrid between
Cajanus platycarpus and Cajanus cajan udng an efficient embryo rescue technique to
overcome the barier, which is podt-zygotic in naure in hybridization experiments All
ealier efforts to hybridize C. platycarpus with C. cajan were unsuccessiul
(Ariyanayagam and Spence 1978, Kumar 1985, Dundas 1985; Pundir and Singh 1987).
The C platycarpus a wild species of pigeonpea hes many desirable characters important
for the improvement of cultivated pigeonpea but is incompetible with the cultigen. The F1
hybrids were found completdy pollen Serile.

Dundas (1985) recommended that the transfer of dedrable genes from C
platycarpus may be possble by finding bridge-cross combinations between C platycarpus
and other compatible wild Cajanus species.
1.2.8.8 Genetic transformation
Only a sngle report of gendtic transformation in pigeonpea is avalable Geetha et al.
(1999) obtaned tranggenic plants of pigeonpea usng  Agrobacteriummediated
transformation with GUS reporter gene and nptll gene as selectable marker.
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1.3 Aims of the thesis
At the time of initiation of this work there were no reports of somatic embryogeness and
genetic trandformation in pigeonpea. The very few reports of regeneration in pigeonpea

on organogenesis were redtricted mainly to pre-existing merisems.

The main objectives of the present work with pigeonpea were therefore :

@ to devdop an in vitro regeneration system via organogenesis using different
explants,

(] to devdop an in vitro regenerdtion sysem via somdic embryogeness using
different explants,

® to sandardize conditions for Agrobacteriummediated genetic transformation.



CHAPTER 2

MATERIALSAND METHODS
(GENERAL)
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This chapter describes the techniques routindy followed in plant tissue culture work. The
materids and methods which were specific to the particular experiments have been dedt
in deal in the regpective chapters Techniques of gendic trandformaion by
Agrobacterium method used in the present sudy has been described in the chapter 6 of
the thesis.

2.1 Glassware

Glassvare used in dl the experiments was procured from “Borosl” India Test tubes
(25x150 mm), Peri dishes (85 mm x 15 mm), Conicd flasks (100 ml, 250 ml, 500 ml and
1000 ml capecity) and Pipettes (1, 2, 5 and 10 ml capacity) were used for conducting the
experiments.

2.1.1 Preparation of glassware

Glasswvare was deaned by an initid boiling in a saturated solution of sodium bicarbonate
for 1 h and subsequent washing in tgp water repestedly. It was then immersed in 30%
nitric add solution for 30 min folowed by a thorough wash with tap waer. The
dlassware, thus washed, was then rinsad twice with glass didilled water and dlowed to
dry in an oven a 200°C for two hours.

Tedt tubes and flasks were plugged with absorbent cotton (Veer Indudtrid Corp.,
Meerut, India) and petri dishes were wrgpped in brown paper prior to derilization.
Graduated pipettes and Pagteur pipettes were packed in duminium pipette canigers.
Autoclaving was carried out at 1.4 kg.cm?for 1 h,

2.2 Plagticware

Seile digossble Petri dishes 35 mm, 55 mm and 8 mm dameter) and filter
deilization units were obtaned from “Laxbro” (India). Microfuge tubes (1.5 ml
capacity) and Microtips (3200 nh and 200-1000 nh cepacity) were obtained ether from
“Biorad” (USA), or “Laxbrao”, Indiaor from “Tarsons’, India

2.3 Chemicds

The chemicds used in the course of the study were of andyticd grade and were obtained
from “Qudigens’, “SD’s fine chemicds’, E-Merck and “Hi-Medid’, India All vitamins,
phytagd, antibiotics (except oefotaxime), growth regulators, chemicds used in the
molecular biologicad sudy were obtaned from “Sgma Chemicd Co.”, USA. Cefotaxime
was procured from Russd India Ltd, Mumba, India Agar-agar and sucrose were
obtained from “Qudigens’ and “S.D’sfine chemicads’ and “Hi-Meda’, India
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2.4 Preparation of culture media

Andyticd grade chemicds and glass didilled water was used for the preparation of
culture media After addition of dl condituents of media, the pH was adjusted to 5.8
usng 0.1 N KOH or HCl. Gdling agent (egar-agar) was added as per the requirement and
the medium was deamed to mdt the agar for 1/2-1 h depending on the volume of the
media and the concentration of the agar. It was then dispensed into test tubes or flasks and
was autoclaved a 1.4 kg.cm? for 20 min. Heat lebile condituents like antibiotics, growth
regulators, vitamins ec., were filter derilized by pasing through a millipore membrane
(022 nm pore sze) and added asgpticdly to the autodaved medium just before gdling.
The compogtion of various basd media usad for culturing of explants has been given in
Table2.1.

Table 2.1: Compogtion of inorganic and organic components (mg/l) of seven plant tissue

culture basd media

Major salts Whites? MSP 12MS LS B5 MBS EC{
NH,NO; - 1650 825 1650 - - 600
KNO; 80 1900 950 1900 3000 2500 950
MgS0,.7H,0 360 370 185 370 500 250 185
(NH,),S0, - - - - 134 150

KCl 65

KH,PO, - 170 85 170 - - 170
NaH,PO, 16.5 - - - 150 150

Na,SO, 200

CaCl,2H,0 - 440 220 440 150 250 166
CaNO5),4H,0 200

Table 2.1 Continued...
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Table 2.1 (Contd)

Minor salts Whites® Ms” 12MS LS B5' MBS ECo'
Na-EDTA.2H,0 - 373 373 373 373 373 37.25
FeSO,7H,0 - 278 278 278 278 278 27.85
HBO; 15 6.2 6.2 6.2 30 30 0.62
CoCl,6H,0 - 0.025 0.025 0.025 0.25 0.25 0.0025
CuS0,.5H,0 0.01 0.025 0.025 0.025 0.25 - 0.0025
MnS0O 4.H,O 504 - - - 10.0 -

NaM 00,.2H,0 - 0.25 0.25 0.25 0.25 0.25 0.025
Kl 0.75 0.83 0.83 0.83 0.75 0.75 0.083
ZnS0,.7H,0 267 86 - - 30 30 0.86
MnSO 44H0 - 223 223 223 10.0 223
MoOs 0.001 - - - - -

Fe(S0)3 25 - - - - -

Organics

My o-inositol - 100 100 100 100 100 100
Nicotinic acid - 05 05 - 10 10 10
Pyridoxin.HCI - 05 05 - 10 10 10
ThiamineHCI - 01 01 04 10.0 10.0 10.0
Glycine - 20 20 - - -

2 White (1963); ° Murashige & Skoog (1962); © Linsmaer & Skoog (1965); © Gamborg
et al. (1968); * Mante & Boll (1975); " Maheswaran & Williams (1984)

2.5 Collection of plant material

Seeds of cultivars of pigeonpea Gaut-82-90, Gaut-82-99, T-1515, N-290-21, T-21, TV-1,
PT-22, ICPL-87, ICPL-87119, ICP-6917, ICP-7128, ICP-7182, BDN-1 and BDN-2 were
used for the present study. These cultivars were collected from Mahama Phule
Agriculturd Universty, Rehuri, Gujara  Agriculturd Universty, Baroda, and
International Crops Research Ingtitute for Semi Arid Tropics (ICRISAT), Hyderabad.
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2.6 Preparation of plant material

2.6.1 Matureexplants

Sixty seeds were taken in 250 ml Erlenmeyer flask and washed with 1% (v/v) detergent
Labolene® for 5 min. Seeds were then washed 5-6 times with distilled water and treated
with 70% ethanol for 1 min folowed by 56 rinses with didtilled water. All further
operdions were caried out under Serile conditions in laminar ar flow cabinet. Seeds
were then trandfeared to a Serile 250 ml Erlenmeyer flask containing 80 ml 0.1% (wiv)
mercuric chloride solution and agitated for 5 min followed by 5-6 washes with derile
digilled water and left in about 250 ml derile digilled water for sosking for 18 h a 25 +
2°C in the dak as daionary or kept on a gyraiory shaker & 200 rpm. Presoaked seeds
were used for prepaation of maure embryo axes, mature cotyledons and digtd
cotyledonary segments or various mature embryo axes derived explants like DCMEA and
ERMEA.. Detals on preparation of explants are provided in the respedtive chapters.

2.6.2 Seedling explants

The surface derilized (as described in section 2.6.1) seeds were inoculated immediady
after surface deilization in 250 ml flasks (7 seedsflask) containing 80 ml of MS basd
medium. The 10 day old seedlings were used for the preparation of various explants like
lesf, epicotyl, cotyledon, cotyledonary node and root. Deals on prepardtion of explants
are provided in the respective chapters.

2.7 Handling of explants

All inoculaions were caried out in a laminar ar flow cabinet. All dissections were done
on a derile filter paper or in a glass Peri dish. Sterile surgicd blades No. 11 and No. 23
(Kehr Surgicd and Allied Products Pvt. Ltd., Kanpur, Indid) were used for cutting the
explants. Forceps, blade holders and other instruments used were dipped in 95% dcohal
and flamed prior to the inoculations.

2.8 Statigtical analysis

The data were andyzed usng ANOVA technique and treatment means were compared
(Panse and Sukhatme 1967).

2.9 Culture conditions

The cultures were incubated in the culture room a 25 + 2°C in dak, diffuse light (4.6
nEinn?.st), medum light (38 nEinm2s?) and high light (140 nEinm2s?) intensity.
The details of culture conditions have been mentioned in the description of each set of
experiments separatdly.
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2.10 Histology

For higologica confirmation of the initiation and ddvedopment of gructures the explants
a dffeent dages of devdopment were fixed in FAA (FormdiniAcdic acid:ethanol)
(559 vi) for 72 h a& RT. Tissues were dehydrated by passng stepwise through t-
butanol series, followed by paaffin wax (58-60 °C mp) embedding as described by
Shama and Sharma (1980). Embedded tissues were cut into 10 nM thick sections, using
rotary microtome (Rechert-Jung 2050 supercut, Germany). The sections were dewaxed
by tregting with xylene for 510 min. After removing paraffin wax, sections were passed
through the following solutions in coplin jas 5 min each (except hematoxylin and eosin
lutions): Xylene > XyleneAbsolute ehand (1:11) > XyleneAbsolute ehand (L1) >
Absolute ethanol = 70 % ethanol = 40 % ethanol = 20 % ethanol > water = 4 % iron
dum (Aqueous — wiv) > water > 1 % hematoxylin (Aqueous — wiv) > water > 20 %
ethanol > 40 % ethanol > 70 % ethanol > Absolute ethanol > Absolute ethandl > 1 %
eosn (W in asolute ethanol > Absolute ethandl > XyleneAbsolute ethenol (L1) >
XyleneAbolute ethandl (1.11) > Xylene - Xylene (Kept for 10-15 min). The dides
were removed from xylene and the sections were mounted in DPX-4 1839-(2-chloro-N-
(4methoxy-6-methyl1,35triazin-2yl  amino  cabonyl) benzene  sulfonamide  (DPX)
(BDH) mountant and observed microscopicaly, photogrgphed using a camera dtached to
amicroscope (Docuvd, Carl Zeiss, Germany), on a100 ASA black and whitefilm.

2.11 Hardening of the plantlets

In vitro rooted shoots were taken out from the test tubes and gently washed under tap
water to remove the agar and medium gticking to it. The shoots were dipped in 0.5 % of a
sysemic fungicide BaviginO (BASF, India) for 10-15 min and then washed with tgp
water. The treated shoots were transferred in 8 cm earthen pots containing a mixture of
autodaved vermiculite and soil (L:1). The pots were covered with polypropylene bags
and kept in the hardening room under diffused light conditions. The plants were watered
once in a week. The top corners of polypropylene bags were cut after 2 weeks to
gradudly expose the plants to the outsde environment. After 34 weeks the
polypropylene begs were completely removed.

2.12 Genetic transformation

Deals of maerids and mehods used for Agrobacterium tumefaciens mediated
transformation have been described in the chapter 6.

50



CHAPTER 3

IN VITRO REGENERATION
THROUGH ORGANOGENESIS

|. FROM DISTAL COTYLEDONARY SEGMENTS
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3.1 Introduction

Origin and changes in the specific form (shgpe, dructure, organization) during the
devdopment of an organiam and dl such chages on and in the organism ae cdled
morphogeness (Thorpe 1983). The recent adgptation of descriptive terms from anima
development has dsimulated a better undersanding of morphogeness from cdls and
tissue cultures. Cdls and tissue cultures are viewed as fird acquiring competence, which
is asociaed with dtered differentid gene regulation and expresson (Thorpe 1983).

The commitment of competent cdls for morphogeness is daffected by many
factors induding complex interaction between genotypes, the explant (and its Stage of
development), medium, etc. Morphogeness is triggered usudly after competent cells are
subcultured into a less complex medium dlowing the expression of new deveopmentd
potentid. Thistrigger is referred to as permissve induction (Thorpe 1983).

Morphogenesis in vitro occurs in two different peiterns i.e. embryogeness and
organogeness. Organogeness is the process by which cedls and tissues are manipulated
to undergo changes, which lead to the production of unipolar structures namely a shoot or
root primordium, whose vascular sysem is often connected to the parent tissues In
contrast, somatic embryogeness leads to the production of bipolar dructures containing a
root/shoot axis with a closed independent vascular sysem. Both of these can occur
directly on explants or indirectly via calus (Thorpe 1994).

Research on morphogeness in vitro began in the early 1900s when Haberlandt
theorized that the entire plant could be produced from a single living cdl (Haberlandt
1902). Ealy dudies on tobacco cdlus culture by Miller and Skoog (1953) indicated thet
auxins and cytokinins could be used to manipulate morphogenesis in vitro. In subsequent
dudies, criticd factors determined were the types, concentrations and ratios of various
plant growth regulators used (Sutter 1988). Fioneering work by Steward (1958) and
Renat (1958) on induction of embryogeness in carot suspenson cultures introduced
more questions than answers concerning the role of plant growth regulators and other
contralling factorsin morphogenesis (Sutter 1988).

With the advent of micropropagation and genetic enginesring, plants from
hundreds of species have been grown in vitro (Bgg 1986). Stll many spedes reman
recdditrant in culture conditions It is important that regeneration of whole plants from
sngle cdls or ample tissues of recdcitrant species be accomplished if the posshilities of
gendlic engineering ae to be fully implemented. Until recently, dandardization of
successful methods for regeneration have proceeded empiricaly. The literature abounds
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with methods, which have teken years to devdop because a basic understanding of the
regulatory processes of morphogeness were not known. Furthermore, knowledge gained
from successful manipulation of one species or cultivar is often not applicable to other
goecies or cultivars even if the plants are closdy reaed geneticdly. Development of
successful methods for regeneration of recdcitrant plant species in vitro would benefit
from improved understanding of fundamenta regulatory mechanisms of morphogeness

Snce the discovery of phytohormones and the hypothess of regulation by
axin/cytokinin  ratio (Skoog and Miller 1957), dgnificant progress has been made
leading to important applications in agronomy and indusry and to the promisng
technology of haploidization and of protoplast fusion leading to genetic engineering.

However, changes in the macromicronutrient ratio and the addition of various
substances such as charcod or organic compounds (vitamins, amino acids, polyamines,
polypeptides, deroids or diverse plat extracts) and carbohydraies, a grest number of
combingions and vaiaions of light (qudity and quantity), pH, wae potentid,
temperature, gaseous amosphere, container shape etc., can affect morphogenesis (Tran
Thanh Van 1981). It is beieved that neither the outburst of miscellaneous factors nor the
unique hypothess of auxin-cytokinin ratio can bring one doser to a basc understanding
of the whole process of morphogenetic differentiation as long as the target cdls ae
scettered among a heterogeneous mass of cells. The need for having a common odl origin
for dl morphogenetic patterns emerges from these condderations in order to locdize
more closdy the target cdls and the role of morphogenetic sgnds (Tranh Thanh Van
1981). This hes resulted in voluminous literature describing various factors that influence
morphogenetic response in plant tissues, but the regulatory processes of morphogeness
dill remain unknown.

Plant tissues cultured in vitro are adle to differentiacte and form organs de novo.
Such organs incdude roots shoots and flowers (Thorpe 1980). The earliest report on
controlled shoot formation in vitro was by White (1939). He observed that shoots were
formed on cdlus of Nicotiana glauca X Nicotiana langsdorffii hybrid when it was
submerged in a liquid medium, but not when cultured on the surface of nutrient agar. In
the same year the fird obsarvation of root formation from cdlus was reported by
Nobecourt (1939) usng carot cdlus. White's observation was confirmed and extended
by Skoog (1944) who showed that auxins could gimulae root formation and inhibit shoot
formation. A amilar conduson on the role of auxin in rooting was made by Gautheret
(1945). In addition, Skoog (1944) found that the inhibitory effect of auxin on shoot
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formation could be patidly overcome by increesing the concentration of sucrose and
organic phosphate in the medium.

For manipulating organogenesis in vitro, many growth promoters, phytohormones
as wdl as other types of compounds have been incuded in the medium. Although, a large
number of plant species respond to suitable auxin/cytokinin balance by forming shoots
and roots, the permissve phytohormone baance leads to the induction of organogenetic
tissue only in a number of cases (Hicks 1994). This will then devdop into organs in a
medium with an dtered phytohormond badance Steward et al. (1964) pointed out that
various growth regulating simuli may nesd to be goplied to cdls not only in right
amounts, but dso in the right sequences and under the right culturd conditions. Degite
the vas amount of informaion on hormond control, largey through trid and eror,
knowledge of the fundamenta biology underlying in vitro induction of organogeness
remains scanty (Hicks 1994). For example, the identity of specific root or shoot forming
genes remains unknown. Gene expresson associated with organ specific inductive events
is poorly characterized. The mechanian of action of auxins and cytokinins in
organogenesisis gill amysery.

The devdopment of thin layer culture techniques has dlowed the sudy of direct
organogeness in vitro (Tran Thanh Van 1973). Higher cytokinin leves (10 pM) resulted
in flower inhibiton or morphologicd amnormdities (Van den Ende et al. 1984) or
dimulated vegetative bud formation in Begonia rese (Chyleh and Tran Thanh Van 1975),
Brassica napus (Klimaszewska and Kdler 1985), Beta vulgaris (Detrez et al. 1988) and
Petunia hybrida (Mulin and Tran Thanh Van 1989).

Regeneration of pigeonpea plants via cdlus cultures (Kumar et al. 1983) and
direct differentiation from lesf (Egpen and George 1993b; Egpen et al. 1998) have been
reported. George and Egpen (1994) have reported organogeness from diverse explants of
pigeonpea. Multiple shoot production was achieved from cotyledonay node explants
(Mehta and Mohan Ram 1980; Kumar et al. 1984; Shiva Prakash et al. 1994; Naidu et al.
1995) and from epicotyl explants (Kumar et al. 1984; Nadu et al. 1995). According to
Shama Rap and Naayanaswamy (1975) hypocotyl ssgments, obtained from gamma
irradiated (5 Kr) seeds, produced abundant cdli and shoot buds in 50% of the cultures
George and Eapen (1994) obsarved shoot regeneration from the disd end of cotyledons
when whole cotyledons were cultured. Geetha e al. (1998) obtaned formetion of
multiple shoots in different seedling explants such as ledf, hypocotyl, epicotyl, cotyledon



and ootyledonary node explants Franklin et al. (2000) obtained regenerdtion of viable
plants from embryond axes.

In mogt of the above reports the regeneration was achieved with pre-exising
merisgems and the sysems need germinaion of seeds. George and Eapen (1994) reported
formation of choot buds on digd ends of whole cotyledons on culture. However,
successful  trandfer  of  well-devdoped shoots to fidd has not been achieved.
Organogeness from digd haves of cotyledons cultured done has not been reported o0
far. Therefore the diga cotyledonary segments separated from the rest of the whole
cotyledons were evauated in the present sudy for their regeneration potentiaity. Results
obtained from these experiments are presented in this chapter. This chapter dso describes
the results on differentiation of calus obtained from distl cotyledonary segments.

3.2 Materialsand Methods

3.2.1 Plant Material

Seeds of pigeonpea genotypes Gaut-82-90, T-15-15, Gaut-82-99, BDN-1, BDN-2, ICPL-
87, ICPL-87119, PT-22, TV-1, T-21, N-290-21, ICP-7182, ICP-7128 and ICP-6917 were
surface derilized as described in chepter 2, section 2.6.2. The surface derilized seeds
were then sosked in deile didilled water for 18 h in darkness a 28 + 2 C. A totd of
1890 seeds of each genotype were used for prdiminary experiments described in the
section 3231 For the expeiments with various basa media (section 3.2.3.2), 180 seeds
eech of the genotypes Gaut-82-90 and F1515 were used. For the experiments described
in the section 3.2.3.3, a totd of 390 seeds of each of the genotypes Gaut-82-90 and F15
15 were usd.

3.2.2 Preparation of explant

Cotyledons were slit open from the presosked seeds and the proxima meristemdtic
ends were removed. Only the distd haves (3540 mnf) (Fig 3.1A) without any pre
exiging axillary buds were used as explants. Two explants were inoculated per test tube
with adaxid surface touching the medium. There were 20 explants per treatment and the
experiment was repeated 3 times.

3.2.3 Induction of shoot buds

The influence of various cytokinins on shoot bud induction from explants was teted. MS
basd medium was used in the prdiminay experiments. All media were supplemented
with 3 % sucrose and 0.8 % agar-agar and the pH of the media was adjusted to 5.8 before
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serilization by autodaving a 14 kgom? for 20 min. All the cultures were incubated at
25+2 °C under cool white fluorescent light (38 nE.m%.s™) under continuous light.
3.2.3.1 Effect of different growth regulatorson shoot bud induction
In a prdiminay expeiment, MS basd medium supplemented with cytokinins BAP,
kingtin and AdS in various concentrations and combinations were tested to evauate the
shoot bud induction cgpacity of the explants. Dista cotyledonary segments were cultured
in test tubes containing MS basd medium (20 ml) supplemented with BAP (5, 10 and 20
nM), kingtin (1, 2 and 20 nM), AdS (200, 250 and 300 nM) and various combingtions of
BAP, kinetin and AdS. The cultures were incubated for 4 weeks under conditions
mentioned as above. After 4 weeks, the explants response was scored for the shoot bud
induction.
3.2.3.2 Effect of basal media on induction of shoot buds
The optimized concentrations of BAP, kingtin and AdS in MS basad medium were further
sandardized by varying the basd media keeping the concentration of cytokinins and AdS
condant in this st of experiments. Six different basd media viz. MS medium (Murashige
and Skoog 1962), EG medium (Mahewaan and Williams 1984), LS medium
(Linsmaer and Skoog 1965), Whiteés medium (White 1963), B5 medium (Gamborg et al.
1968) and modified B5 medium (Mante and Boll 1975) were usad in the experiments. Al
the media were supplemented with BAP (20 nM), kinetin (2 nM), AdS (250 nM), 3 %
sucrose and 08 % aga-agar and the pH of the media was adjused to 58 before
autoclaving. All the cultures were incubated under the conditions mentioned as above for
4 weeks.
3.2.3.3 Effect of ECs basal medium supplemented with various combination of BAP,
kinetin and AdS on shoot bud induction
The dandardized shoot bud induction medium of EGs besd medium supplemented with
20 M BAP, 2 nM kingin and 250 nM AdS was modified by (8) exduding each growth
regulator in turn and (9 by varying the concentrations of each of the growth regulators,
one & a time keeping the other two condant, in an atempt to achieve more shoot bud
formation per explant. All the media were supplemented with 3 % sucrose, 0.8 % agar-
agar and the pH of he media was adjusted to 5.8 before autoclaving. All the cultures were
incubated under the conditions mentioned as above for 4 weeks.
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3.2.4 Elongation of shoot buds obtained from distal cotyledonary segments

The shoot buds dong with explants obtained on ECs besd medium supplemented with
BAP (20 nM), kinetin (2 mM) and AdS (250 M) were transferred to harmone-free half-
grength MS basd medium containing 0.8 % agar-agar and 3 % sucrose or to various hdf-
drength MS basd media in tes tubes supplemented with 2 nM BAP+0.2 nM kin+10 nM
AdS, 0520 nM NAA, 0520 nM IAA, 0520 M IBA, 0520 nM BAP, 0.520 nM
BAP plus 05 nM NAA, 0520 nM BAP plus 0.5 nM IAA, 0520 nM BAP plus 05
nM IBA, 1-4 nM GA;3 for dongation of shoot buds into shoots. In addtion the shoot buds
were aso cultured on hdf-grength MS basal medium supplemented with 0.25 % and 0.5
% activated charcod. All the cultures were incubated at 25+2 °C under cool white
fluorescent lights (38 nE.ni%.s®) with 16/8 h photoperiod for 4 weeks. The cultures were
trandferred to freshly prepared media after 4 weeks twice or thrice at 4 weeksinterva.

3.2.5 Rooting of elongated shoots

The dongated shoots derived from hdf-grength MS medium supplemented with 3 niv
GA3 were excised and transferred to hdf-grength MS medium containing 0.8 % agar-
agar, 3 % sucrose with 0.5 mM IBA for rooting. The cultures were incubated under
conditions as described in section 3.2.5 for 3 weeks.

3.2.6 Hardening of plantlets

The rooted plantlets were transferred to pots as described in chepter 2, section 2.11 and
kept for hardening in pots with a soil:vermiculite (1:1) mixture in the hardening room a
25t2 °C under diffuse light (16/8 h photoperiod) conditions for 34 weeks.

3.2.7 Statigical analysis

The data was andyzed usng Andyss of Vaiance technique for completdy randomized
design and the trestment means were compared.
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3.2.8 Histology

For higologicd obsarvaions of shoot bud origin and devdopment the disd hdves of
cotyledons were fixed in formdinglecid ecetic acid : ehanol (5590 vi) for 72 h
Histology was carried out as described in the Chapter 2, Section 2.10.

3.2.9 Initiation of callusfrom distal cotyledonary segments

Digd cotyledonary ssgments were cultured in test tubes contaning ECGs basd medium
(20 ml) with 3 % sucrose gelled with 0.8 % agar-agar and was supplemented with 20 v
BAP, 2 mM kingin and 250 mM AdS for initigtion of cdlus The pH of the medium was
adjusted to 5.8 before dterilization by autodaving a 121 °C a 14 kgcm? pressure for 20
min. All the cultures were incubaied a 252 °C under cool white fluorescent lights (38
nE.mZ.s%) with 16/8 h photoperiod for 4 weeks

3.2.10 Effect of various phytohor mones on differentiation of callus

The noduler cdli obtaned from ddd cotyledonary segments on ECs basd medium
supplemented with BAP (20 nM), 2 nM kingin and 250 nM AdS were separated from
the explants and trandferred to hdf-grength MS medium supplemented with various
levels of BAP (5, 10 and 20 nM), zedtin (1, 2, and 3 nM), IAA (05 and 1.0 mM) and
BAP (5 10 and 20 nM), zedtin (1, 2 and 3 M) in combingtion with IAA (0.5 and 1.0
M) o GA3z (1, 2, 3 nM) to evduae the differentiation of the cdlus into shoots/shoot
buds. All the cultures were incubated under the conditions as mentioned above for 4

weeks. The cdli were trandferred to freshly prepared medium 4 times a an intervd of 4
weeks each.

3.3 Resultsand Discussion

3.3.1 Effect of growth regulators on induction of shoot buds
In an initid experiment, digd cotyledonary segments cultured on MS basd medium

supplemented with various concentrations of BAP (5, 10 and 20 nM), kingtin (1, 2 and 3
mv) and AdS (200, 250 and 300 nM) done did not induce shoot buds A combination of
BAP (5, 10 and 20 nM) and kinetin (1, 2 and 3 nM), BAP (5, 10 and 20 nM) and AdS
(200, 250 and 300 nM), Kinetin (1, 2 and 3 nM) and AdS (200, 250 and 300 nM) did not
support any shoot bud formetion (Table 3.1).
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Table 3.1 Effect of MS basal medium supplemented with different concentrations BAP, Kin and
AdSand their combination on induction of shoot buds from distal cotyledonary segments

Grm?niﬂe?”'amr ngf‘g(t) T-15-15 gz'f‘g; N20021 | T-21 | Tvi | PT-22
BAP(5) NR NR NR NR NR | NR NR
BAP(10) NR NR NR NR NR | NR NR
BAP(20) NR NR NR NR NR | NR NR
Kin (1) NR NR NR NR NR | NR NR
Kin 2) NR NR NR NR NR | NR NR
Kin (3) NR NR NR NR NR | NR NR
AdS (200) NR NR NR NR NR | NR NR
AdS (250) NR NR NR NR NR | NR NR
AdS (300) NR NR NR NR NR | NR NR
BAP (5) + Kin (1) NR NR NR NR NR | NR NR
BAP(5) +Kin (2) NR NR NR NR NR | NR NR
BAP (5) +Kin (3) NR NR NR NR NR | NR NR
BAP (10) + Kin (1) NR NR NR NR NR | NR NR
BAP (10) + Kin (2) NR NR NR NR NR | NR NR
BAP (10) + Kin (3) NR NR NR NR NR | NR NR
BAP (20) + Kin (1) NR NR NR NR NR | NR NR
BAP (20) + Kin (2) NR NR NR NR NR | NR NR
BAP (20) + Kin (3) NR NR NR NR NR | NR NR
BAP (5) + AdS (200) NR NR NR NR NR | NR NR
BAP (5) + AdS (250) NR NR NR NR NR | NR NR
BAP (5) + AdS (300) NR NR NR NR NR | NR NR
BAP (10) + AdS (200) NR NR NR NR NR | NR NR
BAP (10) + AdS (250) NR NR NR NR NR | NR NR
BAP (10) + AdS (300) NR NR NR NR NR | NR NR
BAP (20) + AdS (200) NR NR NR NR NR | NR NR
BAP (20) + AdS (250) NR NR NR NR NR | NR NR
BAP (20) + AdS (300) NR NR NR NR NR | NR NR
Kin (1) + AdS (200) NR NR NR NR NR | NR NR
Kin (1) + AdS (250) NR NR NR NR NR | NR NR
Kin (1) + AdS (300) NR NR NR NR NR | NR NR
Kin (2) + AdS (200) NR NR NR NR NR | NR NR
Kin (2) + AdS (250) NR NR NR NR NR | NR NR
Kin (2) + AdS (300) NR NR NR NR NR | NR NR
Kin (3) + AdS (200) NR NR NR NR NR | NR NR
Kin (3) + AdS (250) NR NR NR NR NR | NR NR
Kin (3) + AdS (300) NR NR NR NR NR | NR NR

NR —No response (No shoot bud formation, explantsremained asit isor turned necrotic)

Table 3.1 Continued...
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Table 3.1 (Contd)

omrgiae [0 T T T woner | i | oot | son
BAP(5) NR NR NR NR NR NR NR
BAP(10) NR NR NR NR NR NR NR
BAP(20) NR NR NR NR NR NR NR
Kin (1) NR NR NR NR NR NR NR
Kin (2) NR NR NR NR NR NR NR
Kin (3) NR NR NR NR NR NR NR
AdS (200) NR NR NR NR NR NR NR
AdS (250) NR NR NR NR NR NR NR
AdS (300) NR NR NR NR NR NR NR
BAP (5) +Kin (1) NR NR NR NR NR NR NR
BAP(5) +Kin (2) NR NR NR NR NR NR NR
BAP(5) +Kin (3) NR NR NR NR NR NR NR
BAP (10) + Kin (1) NR NR NR NR NR NR NR
BAP (10) +Kin (2) NR NR NR NR NR NR NR
BAP (10) +Kin (3) NR NR NR NR NR NR NR
BAP (20) +Kin (1) NR NR NR NR NR NR NR
BAP (20) +Kin (2) NR NR NR NR NR NR NR
BAP (20) +Kin (3) NR NR NR NR NR NR NR
BAP (5) + AdS (200) NR NR NR NR NR NR NR
BAP (5) + AdS (250) NR NR NR NR NR NR NR
BAP (5) + AdS (300) NR NR NR NR NR NR NR
BAP (10) + AdS (200) NR NR NR NR NR NR NR
BAP (10) + AdS (250) NR NR NR NR NR NR NR
BAP (10) + AdS (300) NR NR NR NR NR NR NR
BAP (20) + AdS (200) NR NR NR NR NR NR NR
BAP (20) + AdS (250) NR NR NR NR NR NR NR
BAP (20) + AdS (300) NR NR NR NR NR NR NR
Kin (1) + AdS (200) NR NR NR NR NR NR NR
Kin (1) + AdS (250) NR NR NR NR NR NR NR
Kin (1) + AdS (300) NR NR NR NR NR NR NR
Kin (2) + AdS (200) NR NR NR NR NR NR NR
Kin (2) + AdS (250) NR NR NR NR NR NR NR
Kin (2) + AdS (300) NR NR NR NR NR NR NR
Kin (3) + AdS (200) NR NR NR NR NR NR NR
Kin (3) + AdS (250) NR NR NR NR NR NR NR
Kin (3) + AdS (300) NR NR NR NR NR NR NR

NR —No response (No shoot bud formation, explantsremained asit isor turned necrotic)
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The formation of shoot buds was, however, obtaned in genotypes T-1515 ad
Gaut-82-90 on media with combinations of BAP (20 nM), kindtin (2 and 3 nM) and AdS
(200, 250 ad 300 nM) (Table 3.2). The cotyledonay segments swell and turn green
ater 3 weeks in culture, producing smdl, green, dome-like structures Fig 3.1B) dl over
the surface of the cotyledonary segment. After 4 weeks of culture these <ructures
developed into shoot buds (Fig 3.1C & Fig 3.2A), without an intevening calus phase
All other combinations with three growth regulators (BAP, kingtin and AdS) did not
induce shoot buds on cotyledonary segments (T able 3.2).

Thee reaults indicate the requirement of three cytokinins for induction of shoot
buds. This is in contrast to the use of BAP (Kumar et al. 1984; Naidu et al. 1995; Geetha
et al. 1998), TDZ (Egpen et al. 1998) or kinetin (Geetha et al. 1998) done or BAP in
combination with 1AA (Mehta and Mohan Ram 1980; Egpen and George 1993b; George
and Egpen 1994; Nadu et al. 1995) or NAA (Gegtha et al. 1998; Franklin et al. 2000),
TDZ in combingion with IAA (Egpen & al. 1998) for regeneration of plants from
different explants of pigeonpea. While a combination of BAP and kinetin was used for
regenerdtion of plants from mature embryos and intact seeds (Naidu et al. 1995), use of a
combination of BAP, kinetin and AdS for organogeness has not been reported ealier.
According to Egpen and George (1993b) addition of only BAP to the medium faled to
regenerae plants from pigeonpea lesf discs, and is Smilar to our obsavaions with
cotyledonary segments. Organogenesis from distd cotyledonary segments separated from
the rest of the cotyledon and cultured done has not been reported earlier in the literature.
However, George and Egpen (1994) obsarved formation of shoot buds on the disd end of
cotyledons as well when whole cotyledons were cultured.

Pad e al. (1994) reported induction of somatic embryogeness from cotyledons
of pigeonpea when cultured on MS and B5 media supplemented with BAP, Kin and AdS.
On the contrary, only organogeness was observed in our experiments. The regenerdion
of pigeonpea from cotyledons was achieved earlier (Mehta and Mohan Ram 1980; Kumer
et al. 1983; Kumar et al. 1984; Shiva Prakash e al. 1994; Naidu at al. 1995; Geetha e al.
1998). It was observed that ether the presence of the embryond axis stimulated the
formation of shoot buds on cotyledons or the axillay merigems smply proliferated,
resulting in the production of multiple shoots In the present invedtigaion, the
multiplication of preexisting axillay buds and ther possble influence on shoot bud
formation was ruled out because of the dimination of the proxima end of the cotyledon
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A. Disd cotyledonary
sggments a the time of
inoculdion on  various
growth regulator
combinations

B. Smdl, green, dome like

dructures  gppearing  or
dl over the surface of
digd cotyledonary
segments after 3 weeks of
culture on medie
supplemented  with BAP,
kinetin and AdS

C. Digd cotyledonary
segment showing  shoat
buds induced on medic
supplemented  with BAP,
kinetin and AdS

62



as wdl as the atached embryond axis. Hence, there is enough evidence to say that the
shoot bud induction was de novo. Thiswas dso confirmed by histologica observations.

Out of the fourteen genotypes studied, only the cotyledonary segments of T-15-15
and Gaut-82-90 produced shoot buds and the cotyledonary segments turned necrotic in
the genotypes BDN-1, BDN-2, ICPL-87, ICPL-87119, ICP-7182, ICP-7128, ICP-6917,
PT-22, TV-1, T-21, N-290-21 and Gaut-82-99. The regeneration cgpecity of cotyledonary
segments appears to be genotype-dependent, smilar to the obsarvation of Nadu et al.
(1995) where regeneration of vaious explants of pigeonpea was genctype-dependent.
The shoot bud formation was obsarved only in genotypes T-1515 and Gaut-82-90, and

hence these genotypes were sdected for further experimentation.

Table 3.2 Effect of MS basal medium supplemented with various combination of BAP, Kin and AdS
on induction of shoot buds from distal cotyledonary segments

Grmme?”'amr oot | Tas1s [ ooet | Nmo21 | T21| TvA | PT22
BAP (5) + Kin (1) +AdS (200) NR | NR_| MR NR NR | NR | MR
BAP(5) + Kin (1) +AdS (250) NR | NR | NR NR NR | NR | MR
BAP (5) +Kin (1) +AdS (300) NR | NR | NR NR NR | NR | MR
BAP(5) + Kin (2) + AdS (200) NR | NR | MR NR NR | NR | NR
BAP(5) +Kin (2) + AdS (250) NR | NR | MR NR NR | NR | AR
BAP(5) + Kin (2) + AdS (300) NR | NR | MR NR NR | NR | NR
BAP (5) +Kin (3) + AdS (200) NR | NR_| MR NR NR | NR | MR
BAP (5) +Kin (3) + AdS (250) NR | NR | NR NR NR | NR | NR
BAP (5) +Kin (3) + AdS (300) NR | NR | MR NR NR | NR | MR
BAP (10) + Kin (1) +AdS (200) NR | NR | NR NR NR | NR | NR
BAP (10) + Kin (1) +AdS (250) NR | NR | MR NR NR | NR | AR
BAP (10) + Kin (1) +AdS (300) NR | NR | AR NR NR | NR | AR
BAP (10) +Kin (2) + AdS (200) NR | NR_| MR NR NR | NR | MR
BAP (10) +Kin (2) + AdS (250) NR | NR | NR NR NR | NR | MR
BAP (10) + Kin (2) + AdS (300) NR | NR | MR NR NR | NR | NR
BAP (10) + Kin (3) + AdS (200) NR | NR | NR NR NR | NR | NR
BAP (10) +Kin (3) + AdS (250) NR | NR | MR NR NR | NR | AR
BAP (10) + Kin (3) + AdS (30) NR | NR | NR NR NR | NR | MR
BAP (20) + Kin (1) +AdS (200) NR | NR | R NR NR | NR | MR
BAP (20) + Kin (1) +AdS (250) NR | NR | AR NR NR | NR | MR
BAP (20) + Kin (1) +AdS (300) NR | NR | MR NR NR | NR | NR
BAP (20) +Kin (2) + AdS (200) ® | = | W NR NR | NR | NR
BAP (20) +Kin (2) + AdS (250) e | = | W NR NR | NR | AR
BAP (20) +Kin (2) + AdS (300) ® | 3 | W\ NR NR | NR | NR
BAP (20) +Kin (3) + AdS (200) $ | & | W NR NR | NR | MR
BAP(20) +Kin (3) + AdS (250) s | & | W\ NR NR | NR | NR
BAP (20) + Kin (3) + AdS (300) ® | & | W NR NR | NR | MR

NR —No response (No shoot bud for mation, explantsremained asit isor turned necrotic),
SB —Shoot buds, * Dataisgiven in Table 3.3

Table3.2Continued...
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Table 3.2 (Contd)

Growth Regulator (mM) éQClP? 7'522 ;58'32 |CPL-87 gﬂ‘g BDN-1 | BDN-2
BAP (5) +Kin (1) +AdS (200) NR | NR | NR NR NR NR NR
BAP (5) + Kin (1) +AdS (250) NR | NR | NR NR NR NR NR
BAP (5) +Kin (1) +AdS (300) NR | NR | NR NR NR NR NR
BAP(5) +Kin (2) + AdS (200) NR | NR | NR NR NR NR NR
BAP (5) +Kin (2) + AdS (250) NR | NR | NR NR NR NR NR
BAP (5) +Kin (2) + AdS (300) NR | NR | NR NR NR NR NR
BAP (5) +Kin (3) + AdS (200) NR | NR | NR NR NR NR NR
BAP (5) +Kin (3) + AdS (250) NR | NR | NR NR NR NR NR
BAP (5) +Kin (3) + AdS (300) NR | NR | NR NR NR NR NR
BAP (10) +Kin (1) +AdS (200) NR | NR | NR NR NR NR NR
BAP (10) + Kin (1) +AdS (250) NR | NR | NR NR NR NR NR
BAP (10) +Kin (1) +AdS (300) NR | NR | NR NR NR NR NR
BAP (10) +Kin (2) + AdS (200) NR | NR | NR NR NR NR NR
BAP (10) +Kin (2) + AdS (250) NR | NR | NR NR NR NR NR
BAP (10) +Kin (2) + AdS (300) NR | NR | NR NR NR NR NR
BAP (10) +Kin (3) + AdS (200) NR | NR | NR NR NR NR NR
BAP (10) +Kin (3) + AdS (250) NR | NR | NR NR NR NR NR
BAP(10) +Kin (3) + AdS (300) NR | NR | NR NR NR NR NR
BAP (20) + Kin (1) +AdS (200) NR | NR | NR NR NR NR NR
BAP (20) +Kin (1) +AdS (250) NR | NR | NR NR NR NR NR
BAP (20) + Kin (1) +AdS (300) NR | NR | NR NR NR NR NR
BAP (20) +Kin (2) + AdS (200) NR | NR | NR NR NR NR NR
BAP (20) +Kin (2) + AdS (250) NR | NR | NR NR NR NR NR
BAP (20) +Kin (2) + AdS (300) NR | NR | NR NR NR NR NR
BAP (20) +Kin (3) + AdS (200) NR | NR | NR NR NR NR NR
BAP (20) +Kin (3) + AdS (250) NR | NR | NR NR NR NR NR
BAP (20) +Kin (3) + AdS (300) NR | NR | NR NR NR NR NR

NR —No response (No shoot bud formation, explantsremained asit isor turned necrotic)

The percent induction of shoot buds varied from 5 to 30 % in genotype Gaut-82-
0 ad 5 to 50 % in genotype T-1515. The mean number of shoot buds per explant
vaied from 15 to 139 and 3 to 185 in genotypes Gaut-8290 and T-15-15 respectivey
(Table 3.3. Even though shoot bud formation occurred on 6 combinations of BAP,
kingtin and AdS, the percentage of shoot bud induction (50 % in T-1515 and 30 % in
Gaut-8290) and the number of shoot bud formation per explant (185 in T-1515 ad
139 in Gaut-82-90) was dgnificantly higher in the combination - 20 nM BAP, 2 nM
kindin and 250 nM AdS (Table 3.3). Therefore, further experiments were carried out



usng this combination of growth regulaors to optimize the regeneration of plants from
the explants of T-15-15 and Gaut-82-90 genotypes.

Table 3.3 Effect of M S basal medium supplemented with various combinations of BAP, Kin and AdS
on shoot bud formation

Gaut-82-90 T-1515

Per centage No. of shoot Per centage No. of shoot
Growth Regulator (mM) response budgexplant response budg/explant

(mean+ sg) (mean + se) (mean + se) (mean + se)
BAP (20) +Kin (2) + AdS (200) 20+2° 90+ 0.7° 0+ 10° 55+0.2°
BAP (20) +Kin (2) + AdS (250) 0+8° 139+ 1.8 50 + 13 185+ 2.1°
BAP (20) +Kin (2) + AdS (300) 15+ 6° 60+ 0.2° 20+ 4 45+08°
BAP(20) +Kin (3) + AdS (200) 10+ 3 40+ 13" 10+5 30+ 05
BAP (20) +Kin (3) + AdS (250) 10+ 5° 15+ 04 5+3 40+07®
BAP(20) +Kin (3) + AdS (300) 5+ 2 20+ 05% 5+ 2 60+0.7

Figures with different alphabets differ sgnificantly at 0.05 probability.

3.3.2 Effect of various basal media on shoot bud induction

In the next st of experiments, BAP (20 nM), kinetin (2 nM) and adenine sulfate (250
nM) were used in combinaion to culture disd haves of cotyledons of the genotypes F
1515 and Gaut-82-90 on vaious basd media The reponse of shoot bud formetion
vaied from 2595 % in the genotype GAUT-8290 ad 55-95 % in the genotype F15-15
(Table 3.4) depending on the basd medium. The average number of shoot buds per
explant ranged from 125 to 323 and 175 to 405 in genotypes GAUT-8290 ad T-15
15, respectivdly (Table 3.4), with the maximum number of shoot buds on ECs basa
medium in both the genotypes. The percentage induction of shoot buds in both the
genotypes was dgnificantly higher on EG basd medium when compared to other basd
media The number of shoot buds per explat was Sgnificantly higher on ECg basd
medium in both the genotypes Gaut-8290 and T-1515. Even though the percentage
response was high on mogt of the basd media tried, the better response in terms of shoot
bud formation on EGs basd medium prompted us to sdect only ECg basd medium for
further studies (Table 3.4).

In contray to our results MS basd medium was used preferentidly for
regeneration of explants of pigeonpea (Eapen and George 1993b; Shiva Prakash et al.
1994; Nadu et al. 1995, George and Egpen 1994; Gedatha et al. 1998, Franklin et al
2000). A few reports of use of B5 medium (Mehtaand Mohan Ram 1980) and Blady's
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medium (Kumar et al. 1984) however has been reported. Pate et al. (1994) have used sSix
basd media for induction of sometic embryogeness smilar to our sudies reported here.
However, the effect of vaious basd media on induction of organogeness from
cotyledonary segments of pigeonpea has not been studied earlier.

Table 34 Response of cotyledonary segments on different basal media supplemented with 20 mM
BAP, 2 mM Kin and 250 mM AdS

Gaut-82-90 T-15-15

Per centage of No. of Per centage of No. of
) Explants Shoot buds explantsforming shoot buds
Medium forming Per explant shoot buds per explant
shoot buds (mean * se) (mean * se) (mean + se)

(mean * se)

MS 25+ F 125+1.3 55+ 5 207+ 207
B5 70+7 265+ 39 70+ &° 20.1+ 28
Modified BS 50+ 5 148+14° 80+ 12° 18 .3+ 2.1°
EGs 9% + 10° 323+40" %5+ 15° 405+ 55°
LS 75+ 285+32° 65+ 7 175+ 15°
White's 80+ 200+25° 75+ 10™ 182+ 2.2

Figureswith different alphabets differ significantly at 0.05 probability.

3.3.2.3 Effect of ECg basal medium supplemented with various levels of BAP, kinetin
and AdS
The dandardized shoot bud regeneraion medium i.e ECs basd medium supplmented
with 20 nM BAP, 2 nM kingin and 250 nM AdS was further modified by (a) exduding
each growth regulaor in turn and (b) by vaying the concentraions of each of the growth
regulaors, one a a time keeping the other two condant, in an atempt to achieve more
ghoot bud formation per explant (Table 3.5). The percentage induction of shoot buds
vaied from 0 to 90 % in both the genotypes Gaut-8290 and T-1515. The number of
shoot buds per explant varied from 15 to 325 in the genotype Gaut-82-90 and 4 to 425
in the genotype T-15-15. However, the optimum response and the mean number of buds
produced per explant were found to be dgnificantly high on the ECs besd medium
supplemented with 20 v BAP, 2 nM Kin and 250 nM AdS (Table 3.5). The EG; bad
medium containing dl the three cytokinins showed higher percentage of shoot bud
formation (90 %) in both the Gaut-82-90 and T-1515 genotypes and higher number of
doot buds pa eplat (325 ad 425 in Gat-8290 and T-1515 genotypes
respectively). Even though the percentage response in ECg basa medium supplemented
with BAP (20 nM), kingtin (2 nM) and AdS (250 nM) was not sgnificantly different
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from certain combingtions (10 M BAP + 2 nM kin + 250 nM AdS and 20 nivl BAP + 2
nM kinetin) in the genotype T-15-15, the number of shoot buds formed per explant was

sgnificantly higher (Table 3.5).

Table 35 Effect of various growth regulator combinations (ECe¢ Basal Medium) on induction of

shoot budson cotyledonary segments

Growth Regulator Gaut-82-90 T-1515
(mM)
Per centage of No. of Per centage of No. of
) Explants forming Shoot buds Explants Shoot buds
BAP | Kin  AdS Shoot Buds Per explant forming Per explant
(mean + se) (mean * sg) Shoot Buds (mean + sg)
(meant se)
0 2 250 0+ @ 0+ @
5 2 250 10+ 2 90+0.7° 40+ 5 55+ 02
10 2 250 10+ P 15+04° 80+ 16%" 275+06
20 2 250 0+ F 325+ 1.3 0+ 18" 425+ 06°
40 2 250 10+ 2 45+ 04° 60+ 10°f 175+ 0.7
20 0 250 0+ (° 70+ 14 125+07°
20 1 250 0+ 0? 70+ 11 275+07
20 3 250 20+5 11.0+ 05° 30+ 6° 90+ 04>
20 4 250 0+ 0 50+ 10% 60+ 02%
20 2 0 0+ 0 80+ 13" 233+06°
20 2 100 0+ 0 60+ o' 27+07
20 2 200 10+ 2 90+0.7° 20+ 4° 40+13
20 2 300 0+ 0 0+ @

Figures with different aphabets differ significantly at 0.05 probability.

3.3.3 Elongation of shoot budsinto shoots

The shoot buds obtained on shoot bud induction medium did not dongate on the same
medium. Therefore the shoot buds obtained from cotyledonay ssgments on ECs basd
medium supplemented with BAP (20 nM), kingtin (2 nM) and AdS (250 nM) dong with
explants were transferred as a mass to test tubes containing various media combinations
(Table 3.6). The shoot buds did not dongae on hormone-free hdf-strength MS basa
medium. The dongation of shoot buds was dso not obsarved on hdf-grength MS basd
medium supplemented with 2 mM BAP, 0.2 nM kinetin and 25 nM AdS {Table 3.6). The
dongation of shoot buds could not be achieved when hdf-drength MS basd medium wes
supplemented with IAA (0520 nM), IBA (0520 nM) or charcod (0.25 and 0.5 %)
(Table 3.6). Hdf-grength MS basd medium supplemented with 0.5 nM 1AA or 05 nM
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IBA in combinaion with 0.5 to 20 nM BAP did not lead to dongaion of shoot buds into
shoots (Table 3.6). The shoot buds produced smdl shoots (Fig 3.2B) after 4 weeks of
subculture on  hdf-grength MS basad medium supplemented with NAA done (0520
nM), 0.5 M NAA in combinaion with BAP (0520 nM) or GA3 (14 nM). On an
avarage, 1.2 to 55 shoots were produced per explant (Table 3.6) depending on the
growth regulator supplement and the genotype. Higher number of shoots were produced
on the medium containing GA3 a 3 nM concentration. The smdl shoots obtained on haf-
srength MS medium supplemented with NAA done (0520 nM), 05 nM NAA in
combinaion with BAP (0520 nM) did not dongae further on the same media
combingtions after 2-3 transfers a 4 weeks interval The smal shoots obtained on 3 nM
GA3 further dongated on 2-3 transfers a 4 weeks interval (Fig 3.2C). It was observed
that half-grength MS basal medium containing 3 MM GA3; enhanced the dongaion of
shoots (Fig 3.3A). Smilaly, Mehta and Mohan Ram (1980) dso observed that addition
o GAj3 in the medium aded shoot dongaion. However, GA; was found to support only
gooradic eongation of shoot buds into shoots and Smultaneous dongation of dl shoot
buds into shoots could not be achieved (Fig 3.3B). In fact, a large number of leafy shoots
(leaves with petioles) were produced (Fig 3.3C & Fig 3.4A) when the explants were
trandered to hdf-drength MS basd medium containing vaious growth regulaors
(Table 3.6). Smilar observations were made in oybean cultures (Kiss et al. 1991b),
where further devdopment of merisems produced adventitious shoot tip primordia with
only active laterd merigems. As a result, only lesf primordia Sarted developing due to
inhibition of shoot differentiation and eongation.

The topica supplementation of IAA as suggested by Shiva Prakash et al. (1994)
was tried to dongate the shoot buds to get more shoots. This was not successful in our
expeaiments possbly because shoot bud formetion on the digd end of the cotyledon is
de novo, whereas Shiva Prakash et al. (1994) have reported the dongation of shoot buds
produced on the cotyledonary node, which has preexiging merigems and had patidly
differentiated cels. It was aso observed that the growth of shoots was very dow as it
took 23 subcultures for the shoot buds to form well-devdoped shoots This is in
accordance with the observations made by George and Egpen (1994). Even though, there
were no dgnificant differences with respect to formation of wel-devdoped doots
between GA; and higher NAA/BAP treatiments, a higher percentage of elongated shoots
to leafy shoots were observed with GA 3 treetment (T able 3.6).
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Table 3.6 Number of shoots recovered from cotyledonary segments after culturing on half-strength
M S medium supplemented with various growth regulators

Gsut-82-90 T-15-15
Growth L eafy shoots® Shoots? Percentage | Leafy shoots! No. of Per centage
Regulator Per explant per explant | of shootsto Per explant shoots? of shootsto
(miv1) (mean % sg) (mean * se) | Leafy shoots (mean #* se) per explant | leafy shoots
(mean * se)
NIL 13.0+ 0,790 0.0 £0.0? g 13.4+ 0.9'" 0.0 £0.0? g
BAP(2) +
Kin (0.2) + abod a @ hij a P
AGS (25 10.7+0.2 0.0+0.0 15.3+ 0.6 0.0+0.0
NAA (0.5) 11.8+1.2°% | 24+ 0.2 20° 12.2+ 1.6 14+06° 12
NAA (1.0) 9.7+0.2% 1.2+0.2° 13° 10.4+ 0.4%° 1.2+05 12
NAA (2.0) 15.0 + 1.4 1.4 +02° &P 14.4+ 1.79 20+03° 14
gﬁs(g?és)) * 14.2 + 1,590 2.2 + 0.2bcd 16 16.0+ 2.6/ 1.8+0.2° 11°
g//:é((lc.)b? T | 140+189 | 26+06 19 136+ 1.9 2407 18
NAA (0.5) + K d bed I d
BAP(2.0) 20.2+2.8 2.8+ 0.5 14 18.8+2.2 34+05 18°
IAA 0.5 89+ 06" 0.0+ 0.0 0 131+ 0.7¢ 00£00°? 03
IAA 1.0 101+ 06® | 00+00 g 126+ 0.7 00+00? ¢
IAA 2.0 91+ 09 0.0+007 @ 11.0 + 2. 7% 00+00?2 g
IAA (0.5) a
BAP(0.5) 10.7+ 2.2% 0.0+00° (0 9.0+ 0.8® 00+00 0g
IAA (0.5) . " a
BAP(L0) 87+ 13 00+0.0° (0 235+ 7.1 00+00 (g
IAA (0.5) ;i " a
BAP(2.0 148+ 18 0.0+ 0.0? o 17.9+ 56 0000 03
IBA (0.5) 119+ 24 | 00+00° ad 88+ 44 00+00? ad
IBA (L0) 14.3+ 2.4% 00+0.0° a 13.8+ 449 00+00° ad
IBA (20) 129+ 12%" | 00x00° a 155+ 6.3 00£00? ad
IBA 0.5 i a
BAP(0.5) 163+25 00+0.0° g 95+ 1.7% 00+00 ¢
IBA (05) hode m a
BAP(L0) 116+ 0.8 0.0+ 0.0° g 238+ 6.8 0000 03
IBA (05) oo a
BAP(20) 131+ 21 0.0+0.0° 0 18.8+ 39 0000 03
GA; (1) 103+ 13 | 33:03%* 32 12,9+ 249 37+04 29
GA3 (2) 11.7+ 0.5%% 35+ 0.3 30 14.3+ 1,291 3.9+05° 27
GA; (3) 12.6+ 1.8%9 43+0.3° 34 185+ 22 55+1.2¢ 304
GA3 (4) 12.1+ 0.9%% 3.5+ 0.7% 2d 16.3+ 3.6 43+03 26
0.25% 97+13" 00+00° o 10.6 + 2.4 00+00% ad
0.50 % 11.8+ 15%%€ 0.0+00° @ 12.4 + 1.7%%f9 00+00° @

1- Leaves with petiole 2.- Wel developed, elongated shoots. Figures with different aphabets differ
significantly at 0.05 probability.
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A. Magnified view of the digd
cotyledonay  segment  showing
shoot buds induced on medie
supplemented  with BAP,  kinetir
and AdS (bar = 350 mm)

B. Shoot buds conveting to gamdl
shoots on hdf-grength MS basd
medium Upplemented with
various growth regulators

C. Multiple shoots obtained on hdf-
strength MS  basd mediurr
supplemented with 3V GA;

Fig3.2
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A. Elongated ghoots obtained on hdf-
drength MS besd medium
supplemented with 3V GA3

B. Sporadic dongation of shoot buds on
hdf-grength  MS basd  medium
upplemented with 3 iVl GA 3

C. Formaion of a large number of ledfy

doots on hdf-grength MS  basa
medium  supplemented  with  various

growth regulators

71



3.3.4 Rooting of the regener ated shoots

The shoots, which were dongated (34 om length) on hdf-grength MS medium
supplemented with 3 nM of GA3 were rooted on hdf-drength MS medium with the
growth regulator IBA (0.5 mM). Higher concentration of IBA (1 MM and 2 nM) resulted
in @normdities in shoot and root devdopment Fig 3.4B & Fig 3.4C) or formation of a
lot of cdlus a the shoot tip (Fig 3.5A) or root-shoot junction Eig 3.5B). On the other
hend hdf-grength MS medium supplemented with 0.5 nM IBA produced profuse rooting
with normd shoots (Fig 3.5C and Fig 3.6A). Eighty per cent of shoots produced well-
devdoped roots in 15-20 days when hdf-grength MS medium was supplemented with
05nM of IBA.

In pigeonpea, Kumar et al. (1983) had observed roaing with IAA or NAA and
George and Eapen (1994) had observed 90 % rooting on NAA medium where as Gegtha
e al. (1998) and Shiva Prakash e al. (1994) found IBA as best auxin for rocting. IBA
was mog preferred auxin for rooting in pigeonpea (Shiva Prakash et al. 1994; Naidu et al.
1995; Geetha et al. 1998; Franklin et al. 2000), which is smilar to our observations Half-
drength MS medium was usad as basd medium for rooting in our dudies Smilarly,
Egpen and George (1993b), George and Egpen (1994), Naidu et al. (1995) ad Franklin et
al. (2000) dso used hdf-drength MS medium for rooting. In contrest, MS basd medium
(ShivaPrakash et al. 1994; Geetha et al. 1998; Egpen et al. 1998), B5 (Mehta and Mohan
Ram 1980) and Blady’s medium (Kumar et al. 1983; 1984) were dso used for rooting of
pigeonpea shoots.

3.3.5 Hardening of plantlets

The rooted platlets were trandered to pots containing soil:.vermiculite (1:1). The
aurvival of plants in pots Eig 3.6B) was 70 per cent after 34 weeks. When a tota of 360
cotyledonary segments were cultured on ECs basd medium supplemented with 20 niM
BAP, 2 nM kingin and 250 nM AdS, 83 % formed shoot buds, of which 56 % formed
gndl shoots Only 18 % of these amdl shoots dongated on hdf-strength MS basa
medium supplemented with 3 nM GAs; The rooting percentage was 80 % on haf-
drength MS basd medium supplemented with 0.5 nM IBA and 70 % of the rooted plants
survived hardening and 25 plants were transferred to soil.

This type of informetion on the number of cotyledons cultured and the number of
plants transferred to soil were not reported earlier in the literature. No report of transfer of
shoots originating from de novo organogenesisis avaladle To our knowledge thisis the
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A. Cotyledonary  ssgments  showing

C

lesfy <hoots produced on hdf-
grength MS  besd medium
upplemented  with  various  growth
regulators

Abnormd shoot and root
devdopment on hdf-drength MS
medium supplemented with 1 and 2
nM IBA

Abnormd shoot ad root
devdopment on hdf-gsrength MS
medium supplemented with 1 and 2
nM IBA
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A. Cdlus formation a shoot tip on hdf-
drength MS  medium  supplementec
with1and2nM IBA

B. Cdlus fondtion a  root-shool
junction on haf-grength MS mediurr
supplemented with 1 and 2 nM IBA

C. Initigion of root on hdf-grength MS
medium supplemented with 05 M
IBA
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A. Profuse rooting on hdf-gtrength
MS medium supplemented with
05nmM IBA

B. Hadened plants obtaned from
digd cotyledonary  segments
urviving in pots
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fird report of organogeness from distd cotyledonary segments as explants. Even though
George and Egpen (1994) mentioned the formation of shoot buds on digd end of
cotyledons when whole cotyledons were cultured, formation wel-devdloped shoots and
trander of plantlets to soil has not been achieved. Higologica evidence has not been
provided for confirmation of de novo origin of shoot buds
3.3.6 Histology
The origin of shoot buds from cotyledonary segments was examined by higtologicd
preparations. Formétion of a layer of non-meristematic compact mass of cdls Eig 3.7A),
which was due to the swelling and formation of smdl dome like Structures on the surface
of cotyledonary segments, not eesly separable from the explant, was obsarved prior to
the development of merigematic pockets of smdl cdls (Fig 3.7B) with dense cytoplasm
and dakly daned nude. The anagomy of differentisted shoot buds dong with leef
pimordum (Fig 3.7C) originging from the compact mess of cdls confirms the
organogenetic pathway of morphogenesis.
3.3.7 Effect of phytohormones on differentiation of callus
There was formation of green nodular cdli (Fig 3.8A & Fig3.8B) dso originating from
the cut surface when disa cotyledonary segments were cultured on EGs basd medium
supplemented with 20 M BAP, 2 nM kingin and 250 nM AdS. The differentiation of
cdlus into shoot buds was not observed when the green nodular cdlus obtaned on EGs
basd medium supplemented with 20 nM BAP, 2 nM kingin and 250 nM AdS were
subcultured on hdf-grength MS basd medium supplemented with various concentration
of BAP (5, 10 and 20 nM), zedtin (1, 2 and 3 M), IAA 05 and 1.0 nM), BAP (5, 10 and
20 M) + IAA (05 nM and 1.0 nM) or zedin (1, 2 and 3 nM) + IAA (05 and 1.0 nM).
In dl the above combinations the cdli remained green for 2-3 subcultures and then turned
necrotic and no regeneration of shoot buds could be observed (Table 3.7).

There was formation of shoot (Fig 3.8C, Fig 3.9A & Fig 3.9B), when cdlus
derived from digd hdf of cotyledon cultured on EGs basal medium supplemented with
20 nM BAP, 2 nM kindin and 250 M AdS, was subcultured 2-3 time & 4 weeks

interva eech on hdf-grength MS basd medium containing GAs (3 nM) (Table 3.7). This
oot formation however, occurred very rady and sporadicdly and was non
reproducible.
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A. Cotyledonary segments (€) surrounded by dome
like (d) masses after 3 weeks of culture (bar =

330 mm)

B. Meaidemaic pocket (m) indicating initigion of
differentiation (bar = 75 mm)

C. Differentiated shoot bud (9 with lesf primordiur
(1) (bar = 125 nm)

Fig 3.7
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Table 3.7 Effect of half-s¢rength MS basal medium supplemented with various growth regulator
combinations on regeneration of callus originating from distal cotyledonary segments on

ECs basal medium supplemented with BAP (5 mM) and 1AA (1 mM)

GR (mM) Gaut-82-90 T-1515
Nil No regenerdtion No regeneration
BAP(5) No regeneration No regeneration
BAP(10) No regeneration No regeneration
BAP(20) No regenerétion No regeneration
Zea(l) No regenerdtion No regeneration
Zea(2) Noregeneration No regeneration
Zea(l3) No regenerétion No regeneration
BAP (5) + 1AA (0.5) No regeneration No regeneration
BAP(10) +1AA (0.5) No regeneration No regeneration
BAP(20) +1AA (0.5) No regenerétion No regeneration
BAP (5) +1AA (1.0) No regenerétion No regeneration
BAP (10) + 1AA (1.0) No regeneretion No regeneration
BAP (20) + IAA (1.0) No regeneration No regeneration
ZEA (1) +1AA (0.5) No regeneration No regeneration
Zea(2) +1AA (0.5 No regenerétion No regeneration
Zea (3) +1AA (05) No regenerdtion No regeneration
Zea(1) +1AA (1.0 No regenerdtion No regeneration
Zea(2) +1AA (1.0 No regeneration No regeneration
Zea(3) +1AA (1.0 No regeneration No regeneration
IAA (0.5) No regenerétion No regeneration
1AA (1.0) No regeneration No regeneration
GAz () No regenerétion No regeneration
GA3 (2 No regeneration No regeneration
GA; (3 Regeneration of shc_)ot rarely. Regeneration of shc_>ot rarely.
Not reproducible Not reproducible

There is no report of regererdion of cdlus derived from explants devoid of pre
exiging meigems In contrary to our obsavaions of no differentiaion of shoots from
cdlus derived from disd cotyledonary segments, Kumar et al. (1983) reported plant
regeneration from cdlus cultures derived from whole cotyledons. Similarly hypocotyl
segments, obtained from grirradiated (5 Kr) seeds, produced abundant cali and shoot
buds in 50 % of the cultures (Shama Rao and Narayanasvamy 1975) but no plants could
be regenerated. Since our obsavaion made involves the rare regeneration of shoots from
the cdlus derived from the cut surface it can only be ussful if it could be repeated
frequently.
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A. Had cdlus appearing on cut surface
of didd cotyledonay  segmen
cultured on EG besd medium
upplemented with 20 M BAP, 2
nM kingin and 250 MM AdS (bar =
800mm)

B. Nodula cdlus aopering on cul
auface of disgd  cotyledonary
ssgment  cultured on  EGs besd
medium supplemented with 20 nM
BAP, 2 nM kingtin and 250 nM AdS
(bar =600 nm)

C. Shoot emeging from cdlus obtained

from digd cotyledonary segment or
hdf-gdrength  MS basd  medium
supplemented with 3 M GA; (bar =

450 mm)
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A. Shoot emerging from
cdlus obtaned from digd
cotyledonary  segment  or
hdf-grength  MS  basd
medium upplementec
with 3 nM GA; (bar = 450
nm)

B. Shoot emerging from
cdlus obtaned from diga
cotyledonary ssgment  or
hdf-srength MS  basd
medium upplementec
with 3V GA3

Fig 3.9
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3.4 Conclusions

In the present study, efforts were made to develop a regeneration system from digd
cotyledonary segments of genotypes Gaut-8290 and T-1515. Induction of a lage
number of shoot buds could be achieved from didd cotyledonary segments devoid of
proxima merigematic region . Maximum number of shoot buds were obtaned on EGs
besd medium supplemented with 20 nM BAP, 2 nM kinetin and 250 nM AdS. The shoot
buds formed shoots and dongated on hdf-grength MS medium supplemented with GAs.
The shoots were rooted on hdf-grength MS medium with 0.5 nM IBA and the plantlets
were hardened with 70 % success The regeneration of shoots from the cdlus derived
from the cut surface of disd cotyledonary segments was rare. The regenerdion system
described aove may be useful for introduction of new genes into pigeonpea genome by
microprojectile-bombardment mediated as wel a by Agrobacteriumrmediaed genetic
trandformation. Totipotent cdls are apparently avalable and are didributed dl over the
aurface of the explant, as shown by the production of buds dl dong the explant with a
large number of buds dugered a the periphery. Avaldbility of a large number of
totipotent cels on the surface of a sngle cotyledonary segment (explant) enhances the
posshility of gendic trandormaion by  microprojectile-bombardment mediated
trandformation. Bud formation is dso associaed with a wounding dte, which is a
prerequiste  for  Agrobacteriummediated trandformation (Bolten et al. 1986;
Sheikholedam and Weeks 1987). De novo regenerdtion systems have been substantiated
to be amenable to Agrobacteriummediated transformation (Hinchee et al. 1988). Since
the present protocol fulfills the reguirement of gendic transformaion, there is a
possihbility of transformation of the explants to achieve transgenic pigeonpea.

The regeneration achieved using distd cotyledonary segments has been published
as a paper entited “Plant regeneration in pigeonpea [Cajanus cajan (L.)

Millsp.] by organogenesis” by Mohan ML and Krishnamurthy KV, (1998) Plant
Cdl Reports 17:705710.
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CHAPTER 4

IN VITRO REGENERATION
THROUGH ORGANOGENESIS

II. FROM MATURE EMBRYO AXES
AND SEEDLING DERIVED EXPLANTS
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4.1 Introduction

Gendlic improvement of pigeonpea has not yet been achieved, even though various
regeneration systems have been devdoped. Gosd and Bgg (1979) obtaned multiple
shoots from in vitro cultured zygotic embryos. Mehta and Mohan Ram (1980) induced
five to 35 shoots from cotyledons of young seedlings raised on B5 medium supplemented
with BAP. Multiple shoot production was obsarved when cotyledons were cultured on B5
medium containing BAP & a concentration of 10° M. Phenolic compounds were
absorbed with PVP reaulting in better growth of plantlets (Mohan Ram et al. 1981). Shoot
buds (2-3) were induced from cotyledon and hypocotyl explants when cultured on MS
medium having BAP and NAA (Cheema and Bawa 1991). Egpen and George (1993b)
observed in vitro shoot regeneration from leaf discs of pigeonpea on MS medium
supplemented with BAP and IAA or IAA-amino acid conjugates. The frequency of shoot
regeneration and the average number of shoot buds produced was dependent on the type
of auxin present in the medium. Shiva prekash et al. (1994) obtained a mass of multiple
shoot initids from the axillay bud region of the cotyledonary node explanted from the
seadlings. Topicd  supplementation with 1AA  increesed the formdion of shoot initids
The plant regeneration was obtained from leaves, maure cotyledons and whole seeds of
cultivar ICPL-161 when cultured on MS + BAP + IAA (George and Eagpen 1994). Kumar
et al. (1984) induced multiple shoots from epicotyl segments, excised cotyledons and
shoot tips of pigeonpea and Atylosa on Blaydes medium with BAP. Multiple shoots
were obtained from maiure embryo axes and maure cotyledons when cultured on MS
medum supplemented with BAP done or in combingion with kinetin or 1AA. Shoot
buds were induced on epicotyl explant derived from 10-12 day old seedings by culturing
on MS medium containing BAP (1 mgl) and IAA (0.1 mg/l) (Naidu et al. 1995). Eapen
e al. (1998) obtaned shoot regeneraion from primary lesf segments when cultured on
MS medium supplemented with TDZ done or in combination with 1AA. Gegtha e 4d.
(1998) obtaned multiple shoots in different seedling explants such as ledf, hypocotyl,
epicatyl, cotyledon and cotyledonary node explants Franklin et al. (2000) obtained
regeneration of viable plants from embryond axes However, reports on  successul
trander of plants to fidd are a few. In addition, the data on the totd number of plants
trandferred to fidd for evdudion are not avalable in any of the reports. Although, we
obtained de novo plant regeneration from digd haves of mature cotyledon, very few
shoots arise from the cut surfaces, which are essentid for atachment of Agrobacterium
cdls to the explant. Moreover, from our prdiminay experiments it was found that
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cotyledons were not infected with Agrobacterium and the dimination of bacterium was
found to be difficult due to over growth.

Therefore, with a view to find a suitable dternate explant for genetic
trandformation dudies, severd explants were tested for ther regeneration potentid in
vitro. This chapter describes an efficient and rgpid method of direct organogeness from
mature embryo axes (MEA) derived explants such as edootyl region of maure embryo
axes (ERMEA) and decapitated mature embryo axis (DCMEA) and the results obtained
with various seedling explats like lesf, epicotyl, proxima cotyledonay segment, digd
cotyledonary segment, cotyledonary node and root.

4.2 Materials and Methods

4.2.1Plant Material

Seeds of pigeonpea genotypes T-1515 and Gaut-8290 were surface derilized as
described in chapter 2, section 2.6.1. The seeds were sosked in derile didilled water and
incubated on a gyratory shaker (200 rpm) for 18 hin darknessa 28 + 2 °C.

4.2.2 Explant preparation

4.2.2.1 MEA derived explants

The pre-soaked seeds were washed twice with sterile distilled water and cotyledons were split
open. The embryo axis was extracted (Fig 4.1A) and the shoot apex region and the root pole were
removed as shown in Fig 4.1B. The segment of the embryo between shoot apex and cotyledonary
node (referred to as epicotyl region of mature embryo axes: ERMEA) (Fig 4.1C) and the mature
embryo axis in which both shoot and root pole were removed (referred to as decapitated mature

embryo axis DCMEA) (Fig 4.2A) were used as explants. There were 20 explants per trestment
and the experiments were repeated thrice. The cultures were incubated a 25-2°C under cool

white fluorescent lights (38 "E.:m®.s*) under 16/8 h photoperiod for 4 weeks.

4.2.2.2 Seedling explants

The seeds immediately dfter surface dSerilization were inoculated in 250 ml Erlenmeyer
flasks (7 seeddflak) containing 80 ml of hormonefree MS basal medium with 3 %
sucroxe and 08 % agar-agar. They were incubated under continuous illumination
provided by cool white fluoresoent light (140 nE.m?s?) a 25 + 2 °C for germindion for
10 days. Various explants were prepared from 10 day old seedlings (Fig 4.2B).

42221 L eaf

Leaf pieces (2-3 mnf) were taken from primary leaves of 10 day old seedlings The
leaves were separated from the seedling and the explants were prepared. The petiole and



A. Embryo axis extracted from seeds pre
socked for 18 hindak a 25 £2°Con a
gyratory shaker a 200 rpm (rp - root pole
er - epicotyl region, sa - shoot apex (bar =
1000 nm)

B. The figure <howing shoot goex ().
epicotyl region (er) and DCMEA (dcmes)
removed from the embryo axis (bar = 800
nm)

C. The epicotyl region of maure embryc
axis (ERMEA) explant used for culturing
on EG basd medium supplemented with
BAPand IAA (bar = 500 mm)

Fig4.1



A. DCMEA explant used for culturing on
ECs basd medium supplemented with
BAPand IAA (bar = 600 nm)

B. The seedlings (10 day old) growing on
hormone-free MS basd  medium used
for prepardtion of different explants

Fig4.2
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leef gpex were removed. The leaf was given a cut dong the midrib and the portion with
midrib was made into pieces (223 mnt) and cultured.

4.2.2.2.2 Epicotyl

The long epicotyl was separated by making cuts just bdow primary leaves and just above
cotyledonary node. The epicotyl was cut into 0.5-1.0 cm long pieces and were used as
explants.

4.2.2.2.3Root

The tap root was cut into 0.51.0 cm long pieces and used as explants.

4.2.2.2.4 Cotyledonary segments

Cotyledons were separated from seedlings and were cut transversdy & the middle to
inoculate as proximd and digta cotyledonary segments separately.

4.2.2.2.5 Cotyledonary node

Cotyledons were separated from seedlings and cuts were given just above and below the
podtion of atachment of cotyledon to seedlings The resulting portion was used as
cotyledonary node (CN) explants.

Schematic diagram  of various seedling explants used in the experiment is
represented in Fig 4.3. Two explants per tube containing 20 ml medium were cultured.
Each st of experiment had 10 tubes and the experiments were repeated thrice. All the
cultures were incubated a 25 + 2 °C under cool white fluorescent lights (38 nfe.mizs?)
under 16/8 h photoperiod for a period of 4 weeks

4.2 .3 Basal Medium
ECs basd medium was found to be best for induction of shoot buds from distd

cotyledonary segments as described in chapter 3 hence, EGs basd medium supplemented
with 3% sucrose and 0.8% agar-agar was usad in dl the experiments. All the media were
sterilized by autodaving a 1.4 kg.cm® for 20 min.

4.2.3.1 Medium for MEA derived explants

The ECs besd medium supplemented with BAP (5 nM) and (10 mM) in combination with
IAA (05 10, 15 20 and 30 nM) was used for culturing MEA derived explants,
ERMEA and DCMEA. The BAP was added to the medium before adjudting the pH to 5.8
and derilization. The medium was dispensed in 250 ml cgpacity Erlenmeyer flasks (150
mifflask) and autoclaved a 1.4 kg.cni? for 20 min. Filter sterilized IAA was added to the

medium before dispensaing from 250 ml flasksinto 85X 15 mm plastic petridishes.

87



LEAF =2

EPICOTYL =

PROXIMAL COTYLEDONARY <i
SEGMENTS

DISTAL COTYLEDONARY D
SEGMENTS

COTYLEDONARY NODE <fF
ROOT <

Fi g 4.3  Schematic diagram of seedling and
various explants used for experiments.
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4.2.3.2 Medium for seedling explants

The combinaion of BAP (20 nM), Kin (20 nM) and AdS (250 niM), which was found
optimum for induction of shoot buds from digd cotyledonary segments (Chepter 3) was
usad for evauating the regeneration capacity of various seedling explants dso. The pH of
the medium was adjused to 58 and disgpensed into test tubes (20 ml/tube) before
autoclaving at 1.4 kg.cm? for 20 min.

4.2.4 Elongation of shoots

The ghoots obtaned from ERMEA and DCMEA explaits on ECg basd medium
supplemented with 5 MM BAP and 1 nM IAA were trandferred dong with explants for
dongation of shoots on hdf-grength MS basd medium supplemented with 3 % sucrose,
08 % agar-agar and 3 nM of GAj3 (Snce dongaion of shoot buds from digd
cotyledonary segments was better on this medium as mentioned in chepter 3). The
cultures were incubated under the conditions mentioned as above for 4 weeks.

The explants with shoot buds obtained on ECs besd medium suplemented with 20
nM BAP, 2 nM kingin and 250 nM AdS from epicotyl, cotyledonay segments
(proxima and digd), cotyledonay node and root explants were trandferred to hdf-
grength MS medium supplemented with 3 % sucrose, 0.8 % agar-agar and 3 nM GA; for
dongation of shoot buds into shoots The lesf pieces dong with shoot buds were
tranferred to hormone-free hdf-drength MS basd medium containing 3 % sucrose and
08 % agar-agar in test tubes or to hdf-drength MS basd medium supplemented with
BAP (2 nM) + kin (0.2 nM) + AdS (10 nM), 0.520 nM NAA, 0520 nM BAP plus 05
nM NAA o 3 M GAs for dongation of shoot buds into shoots. The cultures were
incubated under the conditions mentioned as above for 4 weeks.

4.2.5 Rooting and Hardening

The shoots dongated on hdf-grength MS basd medium supplemented with 3 M of GA3
were excised and transferred to hdf-drength MS basd medium containing 05 niM IBA
for rooting. The cultures were incubated under the conditions mentioned as above for 3
weeks The rooted plantlets were hardened in pots with soil:vermiculite (1:1) mixture at
25+2°C under diffuse light (16/8 h photoperiod) conditions for 3-4 weeks.
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4.2.6 Statigtical analysis

The data were andyzed by ANOVA technique for a Completely Randomized Design and
the treatment means were compared.

4.3 Results and Discussion

4.3.1 MEA derived explants

43.1.1 ERMEA

The explants swdled and turned green within 3 weeks of culture, producing smadl, green
shoots directly from the cut surface of the ERMEA segments (Fig 4.4A and 4.4B). The
percentage formation of shoots varied from 3-68 % in genotype 1515 and 2843 % in
genotype Gaut-82-90 depending on the concentration of BAP and IAA (Table 4.1). The
mean number of shoots per explant was 04105 (T-1515) and 21-31 (Gaut-82-90)
(Table 4.1). The highest percentage of shoot induction and number of shoots per explant
was obsarved on ECs basd medium supplemented with 5 M BAP and 1 nM IAA and
the genotype T-15-15 was best in teems of regeneration from ERMEA explants. Very low
percentage of ERMEA explants of genotype T-15-15 formed shoots when the BAP
cancentretion was increesed to 10 nM BAP or when 10 nM BAP was used in
combingion with IAA a 05, 10, 15 20 ad 25 nM (Table 4.1). Therefore, these
combinations were not tried with ERMEA explants of the genotype Gaut-82-90. When
100 ERMEA explants of each genotypes were cultured on EGC; basd medium
supplemented with 5 MV BAP and 1 nM IAA, 68 explants of genotype F15-15 and 37
explants of genotype Gaut-82-90 formed smdl shoots.
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Table 41 Effect of various combinations of BAP and IAA on shoot regenergion on ERMEA
explants of pigeonpea genotypes

T-1515 GAUT-82-90
BAP | 1AA Percentage No. of Percentage No. of
o) | () Induction Shoots/Explant Induction Shoots/Explant
(meantx) (meantx) (meantx) (meantx)
5 Nil 12+ 44 48+03 30+ 10° 2305
5 05 52+ 7° 2.3+ 0.4 43+ 12° 27+08
5 10 68+6 105+ 26 37+ 1% 31+022
5 15 7+ P 37+ 0.7 33+ 8° 23+06°
5 20 5+ 1® 20+ 1.0 28+ 2° 21+03*
5 25 10+ 5™ 20+ 05 40+7° 23+03°
10 Nil 13+3° 35+ 0.7% NT NT
10 05 10+ 3F° 3.2+ 0.8 NT NT
10 10 3+ 2 17+ 10 NT NT
10 15 6+ 3 15+ 09% NT NT
10 20 10+ 6™ 04+ 02 NT NT
10 25 13+ 7° 18+ 1.0%° NT NT

Figures with different alphabetsin superscript differ significantly at 0.05 probability. NT —Not tried

4.3.1.2 DCMEA

The DCMEA explants turned green and produced smal shoots at shoot apex region (Fig
44C, 45A and 4.5B) in 3 weeks of culture and many shoot buds a cotyledonary node
region. The percentage response of shoot formation a the shoot goex region was 530 %
and 21-31 % in the genotypes T-15-15 and Gaut-82-90 respectivdy (Table 4.2). The
number of shoots per explant varied from 3.052 in the genotype T-1515 and 2028 in
the genotype Gaut-82-90 (Table 4.2). The percentage induction of shoots and the number
of shoots per explant were dgnificantly higher in 1515 genotype when 5 nM BAP and
1 ™ IAA were used. There was no sgnificant difference between trestments in the
genotype Gaut-82-90 in terms of percentage induction of shoots and the number of shoots
per explant. Even though there was no significant difference between the genotypes T-15
15 ad Gaut-82-90 in percentage induction of shoots the number of shoots per explant
was dgnificantly higher in the genotype T-1515. Out of 100 DCMEA explants of T-15
15 ad Gaut-82-90 cultured on ECs basd medium supplemented with 5 M BAP and 1
mM 1AA, 30 and 31 explants of T-1515 and Gaut-82-90 genotypes respectively formed
smadl shoots &t the shoot apex region.
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A. Shoots aisng from ERMEA
explants cultured on EGCs bes
medium  supplemented  with BAF
andIAA

B. Magnified view of shoots aising
from ERMEA explat cultured or
ECs basd medium supplemented
with BAP and IAA (bar = 120C
)

C. Shoot emeging from shoot gpex
region of DCMEA  explanl
cutured on EGs basd mediur
upplemented with BAP and |1AA
(bar = 1000 mm)
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A. Magnified view of  ghoots
gpeaing from shoot  goex
region of DCMEA explan
cutured on EGs basd mediur
supplemented  with  BAP  anc
IAA (bar =750 nm)

B. Magnified view of  shoots
gopearing  from  shoot  agpex
region of DCMEA  explani
cultured on EGs basd mediur
upplemented  with BAP  anc
IAA (bar =750 nm)
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Table 4.2 Effect of various combination of BAP and IAA on shoot* regeneration on DCMEA
explants of pigeonpea genotypes

T-1515 GAUT-82-90
BAP(5 Percentage No. of Percentage No. of
mv) Induction Shoots/Explant Induction Shoots/Explant
+ (meantx) (meantx)) (meants) (meantx)
IAA (V)
Nil 6+ 1 45+0.6™ 23+ 52 20+ 117
05 50+ 1° 30+06% 27+ 9 23+.07°
10 30+ 13 52+0.8" 31+ 42 27+ 042
15 13+ 3 30+09% 23+ 6% 21+ 05
20 D+ E 39+ 02% 21452 28+ 14
30 13+ 3P 25+1.0° 25+ 7 25+ 08"

Figures with different aphabets in superscript differ significantly a 0.05 probability.
*Only shoots arriving from shoot gpex region were considered and the shoots arriving from cotyledonary
noderegion were not counted.

4.3.1.3 Elongation of shootsderived from ERMEA and DCM EA explants

The explants dong with shoots induced on ECs basd medium supplemented with 5 niv
BAP and 1 nM IAA were trandeared to dongation medium (haf-grength MS + 3 nM of
GA3) dfter 4 weeks Only 33 % of ERMEA and 25 % of DCMEA of these explants gave
rise to elongated shoots (Table 4.3) (Fig 4.6A) in the genotype F15-15. The smdl shoots
produced in the genotype Gaut-82-90 did not dongate to form wel-developed shoots Al
the smdl shoots turned into lesfy shoots Elongation of shoots in the genotype T-15-15
occurred in only 22 of the ERMEA explants and 5 of the DCMEA explants transferred on
hdf-drength MS basd medium supplemented with 3 nM GA; in 4 weeks time The
number of eongated shoots were only 1.4 and 1.3 per explant in ERMEA and DCMEA
explants repectivdy (Table 4.3). A totd of 30 dongated shoots from the ERMEA
explants and 6 dongated shoots from the DCMEA explants could be obtaned. While
many smdl shoots did not eongate and turned into ledfy shoots Smilaly, difficulty in
eongation of shoot buds aisng even from embryond axes was obsarved by Franklin et
al. (2000). The same was our experience with disd cotyledonary segments. The
regeneration of shoots usng ERMEA and DCMEA explants has not been reported so far
in literature.
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Table4.3 Elongation of shootsderived from the M EA derived explants of the genotype T-15-15 on

the EC 5 basal medium supplemented with 5 mM BAP and 1 mM IAA

E Per centage elongation No. of shootg/explant
xplant

(meanxse) (mean*se)
ERMEA 33+ 10 14+ 03
DCMEA 25+5 13+03

4314 Rooting and Hardening of shoots obtained from the ERMEA and the
DCMEA explants

The 30 dongated shoots obtained from the ERMEA explants and 6 dongated shoots from
the DCMEA explants of genotype T-1515 on hdf-drength MS basd medium
supplemented with 3 nM GAs were separated and trandferred to test tubes containing
hdf-drength MS basd medium supplemented with 0.5 nM IBA for rooting. The rooting
(65 %) took place in 3 weeks time (Fig 4.6B). 20 rooted plantlets obtained from the
ERMEA explants and 4 rooted plantlets from the DCMEA explants were trandferred to
pots filled with soil:vermiculite (1:1) mixture for hardening and kept & 25 + 2 °C under
diffuse light (16/8 h photoperiod) conditions for 3.4 weeks.

Gegtha et al (1998) dso obsaved grester multiple shoot formation with
combinations of BAP and an auxin, smilar to the observations made in the present study.
Although, the regeneration of plants from epicotyl explants has been reported earlier
(Naidu et al 1995; Kumar et al 1984; Gedatha e d. 1998), the explants were prepared
from 10-15 day old seedling. In our experiments, however, the epicotyl region of mature
embryo axis was used as explant.

4.3.2 Seedling explants

4.3.2.1 Induction of shoot budsfrom leaf explants

The leaf segments enlarged and produced shoot buds after 45 weeks in culture (Fig
4.7A). The percentage of shoot bud formation was in 50-70 % cultures of the genotype F
1515 and 1062 % cultures of the genotype Gaut-82-90 (Table 4.4). The number of
shoot buds per explant varied from 23152 and 25133 in the genotypes T-1515 ad
Gaut-82-90 respectivdy. The combination of 20 nM BAP, 2 M kin and 250 nM AdS
was best both in percentage response of shoot bud formation and in the number of shoot
buds produced per explant, even though shoot bud induction was obsarved on BAP done
or in combination with AdS. The genotype T-1515 exhibited better response both in
terms of percentage of shoot bud formation and in the number of shoot buds per explant
(Table4.4). Forty two leaf explants of the genotype T-15-15 and 37 leaf explants of
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A. Hongaed shoots obtained from ERMEA and
DCMEA explants on hdf-grength MS basa
medium supplemented with 3 MM GA3

B. Rooted dhoots obtaned from ERMEA ad
DCMEA explants on hdf-strength MS basd
medium supplemented with 0.5 nM IBA
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genotype Gaut-82-90 formed shoot buds on EGs basd medium supplemented with 20 nivi
BAP, 2 nM kinetin and 250 nM AdS

Studies on organogenesis from leaf explants reported earlier employed MS basd
medium and a growth regulator combinations of BAP and IAA or IAA conjugaes (Egpen
and George 1993b; George and Egpen 1994), TDZ done or in combinaion with IAA
(Egpen et al. 1998) or BAP (Geetha et al. 1998). In contrast, we used ECs basd medium
and cytokinins BAP, kin and AdS in various combinations. The genotypes used in the
present study are different than the ones used in the earlier reports.

Table 44 Effect of various growth regulator combinations (ECe Basal Medium) on induction of
shoot buds on leaf pieces

T-1515 GAUT-82-90
Growth % of explants No. of % of explant s No. of
Regulator forming Shoot buds forming Shoot buds
(M) Shoot buds per explant Shoot buds Per explant
(mean+ (meent (meant ) (ment )
BAP(20) 0+ @ 10+ 2 25+ 04
Kin(2) 00" - 0+0%
AdS(250) 0+ 0 - 0+0°
BAP(20) + Kin (2) 0+0 - 0+0°
BAP(20) + AdS(250) 50+ 10° 23+02° 50+ & 39+ 05°
Kin(2) + AdS(250) 0+ 0" - 0+0%
BAP(20) + Kin(2) + 70+6° 152+05 62 + 19 133+ 1.1°
AdS(250)

Figures with different alphabets in superscript differ significantly a 0.05 probability.

4.3.2.2 Elongation of shoot buds obtained from leaf explants

When the shoot buds obtained from leaf explants on ECs basd medium supplemented
with BAP (20 nM), kin (2 mM) and AdS (250 nM) were transferred to various media
combinaions, there was no dongation of shoot buds into shoots in any of the media
except on hdf-grength MS basd medium supplemented with 3 M GA3; (Table 4.5). All
other media produced only leafy shoots. Sporadic ongation of shoots Fig 4.7B & 4.7C)
was obsarved on hdf-drength MS basd medium supplemented with 3 nM GA3 Only 5
% of the cultures showed further dongation on GAs medium into shoots producing 2.3

shoots per explant in the genotype T-15-15. In the genotype Gaut-82-90 the shoot buds
did not convert into shoots in any of the explants trandferred to haf-srength MS besd

medium supplemented with 3 M GA3 A totd of 5 shoots were obtained from 60 lesf
pieces of the genotype T-1515. However, none of the shoots produced roots on the
rooting medium containing half-strength M'S basdl medium supplemented with 0.5 nmivi
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A. Shoot buds gopeared on leaf explants
cultured on  ECe  besd  mediur
upplemented with 20 nM BAP, 2 nM
kingtinand 250 nM AdS

B. Shoot buds and shoots gppeared on lef
explants cultured on ECs basd mediur

supplemented with 20 nM BAP, 2 nM
kinetin and 250 nM AdS

C. Elongated shoots obtaned from ledf
explants on hdf-grength MS bad
medium supplemented with 3 nM GA 3

Fig 4.7
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IBA and died after 4 weeks of culture and therefore could not be hardened. The
regeneration frequency was very low. Smilaly, low frequency of dongation of shoot
buds obtained from leaves was dso reported earlier by Egpen et al. (1998).

Table 45 Number of shoots recovered from leaf pieces after culturing on halfstrength MS medium
supplemented with various growth regulatorsfor elongation

T-1515 Gaut-82-90
Growth Leafy shoots Shoots? Percentage | Leafy shoots Shoots Percentage
Regulator Per explant Per explant Of shoots to Per explant Per explant Of shoots to
(mv) (mean + %) (mean + %) leafy shoots (mean + %) (mean + =) Leafy shoots
NIL 11.0+09 0.0£0.0 0 16.1+ 3.1 0.0£0.0 0
BAP(2) +
Kin (0.2) + 74+24 0.0+0.0 0 47+ 04 0.0+00 0
AdS (25)
NAA (0.5) 12.1+29 0.0£0.0 0 126+ 19 0.0+ 0.0 0
NAA (1.0) 145+20 0.0+£0.0 0 88+18 0.0+£0.0 0
NAA (2.0) 55+12 0.0£0.0 0 6.6+11 0.0+0.0 0
NAA (0.5) +
BAP(0.5) 115+1.1 0.0+0.0 0 7.0+ 0.6 0.0+0.0 0
NAA (0.5) + + + 0 + + 0
BAP(1.0) 52+15 0.0£0.0 85+0.9 0.0£0.0
NAA (0.5) +
BAP((Z.O)) 40+0.9 0.0+0.0 0 83+0.8 0.0+0.0 0
GAz(3) 10.2+2.1 2.3%+05 23 75+17 0.0£0.0 0

*Leaveswith petiole
Well developed, elongated shoots
4.3.2.3 Induction of shoot buds from epicotyl explants
Seventy five per cent of the epicotyl segments of both T1515 and Gaut-82-90 genotypes
produced shoot buds Fig 4.8A) (Table 4.6). The formation of shoot buds was associated
with abundant cdlus surrounding them (Fig 4.8B). The average number of shoot buds per
explant was 6 for the genotype T-1515 and 4 for the genotype Gaut-82-90 (Table 4.6).
Out of 60 epicotyl explants of the genotypes T-1515 and Gaut-82-90 cultured, 45
explants formed shoot buds.

Regeneration from the egcotyl explants were reported earlier by Geetha et al.
(1998) on MS basd medium with BAP or Kingin supplements, by Nadu et al. (1995) on
MS medium supplemented BAP done or in combingtion with 1AA, and by Kumar et al.
(1984) on Blady's medium with BAP o Kingin in combinaion with 1AA. However,
George and Egpen (1994) obsarved only cdlus and no shoot buds on epicotyl explants
when cultured on MS medium containing BAP and IAA. We obtained both cdlus and
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shoot buds when epicotyl explants were cultured on ECs basd medium supplemented
with BAP (20 nM), Kinetin (2 nM) and AdS (250 mM).

4.3.2.4 Elongation of shoot buds obtained from epicotyl explants

The epicotyl ssgments of the genotypes T-1515 and Gaut-82-90 forming shoot buds
were trandferred on hdf-strength MS basd medium supplemented with 3 niM GA;3 for 4
weeks for dongation of shoot buds into shoots. Elongation of shoots Eig 4.8C) occurred
in only 10 % of the explants of the genotype T-15-15. The dongation of shoots was not
obsarved in the genotype Gaut-82-90. On an average 1.5 dongated shoots were obtained
per explant. A totd of 7 shoots were obtained from 60 epicotyl segments of the genotype
T-15-15.

4.3.2.5 Induction of shoot buds from root segments

Root segments generdly did not respond to the trestment (Table 4.6). However, very
rardy formation of nodular dructures (Fig 4.9A) and smdl shoot (Fig 4.9B) were
observed in the genotype T-15-15. George and Eapen (1994) observed plant regenerdtion
from roots of seedlings, which were preconditioned on 15 mg/L of BAP for 4 weeks and
cultured on MS basd medium with BAP and IAA. However, in our dudies the
preconditioning of seedlings was not done before culturing of the root ssgments.

4.3.2.6 Elongation of shoot buds from root segments

The nodular dructures and the smdl shoots, which gopeared rardly on root ssgments did
not convert or eongate into shoots when they were cultured on hdf-grength MS basd
medium supplemented with 3 nM GAs.

4.3.2.7 Induction of shoot buds from proximal cotyledonary segments

Proximd cotyledonary ssgments produced shoot buds and shoots with a large number of
leaves after 3-4 weeks of culture (Fig 4.9C). The percentage of shoot bud formation was
63 % in the T-1515 and 53 % in the Gaut-8290. The average number of shoat buds
produced was 164 and 175 per explat in the genotypes T-1515 and Gaut-82-90
respectively (Table 4.6). The genotype F1515 was better than Gaut-82-90 in percentage
induction of shoot buds however, there was no dggnificant difference between two
genotypes in terms of number of shoot buds produced per explant. The formation of shoot
buds from proximd cotyledonary segments is observed frequently and normaly as they
contan preexiding merigems. Out of 60 proximd cotyledonary segments of each
genotype cultured, 38 segments of T-15-15 and 32 segments of Gaut-82-90 formed shoot
buds
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A. Shoot buds gopeared on epicotyl explants
cultured on EGs basd medium
supplemented with 20 nM BAP, 2 nM
kingtinand 250 mM AdS

B. Magnified view of shoot buds gppeared on
epicotyl explats cultured on ECs basd
medium supplemented with 20 nM BAP, 2
nM kingin and 250 nM AdS (bar = 600
mm)

C. Hongated shoots obtaned from epicotyl
explants on hdf-drength MS basd medium
supplemented with 3nM GA 3

101



A. Nodular dructures appesred on root explants
cultured on ECe besd medium supplemented with
20 "M BAP, 2 nM kingtinand 250 nM AdS

B. Smdl oot gopeared on root explants cultured on
ECs besd medium supplemented with 20 nM
BAP, 2 nM kingin and 250 nM AdS (bar = 750
mm)

C. A lage number of leaves gopearing dong with
shoot buds on proximd end of cotyledonay
ssgments  cultured on  EG  basa  medium
supplemented with 20 nM BAP, 2 M kingtin and
250 MM AdS
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Shoot regeneration was observed from cotyledons on MS basd medium with BAP
or Kindin (Gegtha et al 1998), on MS medium with BAP done or in combination with
IAA or kingtin (Naidu et al. 1995), on B5 medium supplemented with BAP (Mehta and
Mohan Ram 1980), on Blady's medium containing BAP (Kumar et al. 1984). Our studies
differ in terms of basd medium and in the concentrations of BAP, kinetin and AdS used.
4.3.2.8 Elongation of shoot buds obtained from proximal cotyledonary segments
The shoot buds dong with proxima cotyledonary segments were transferred on  hlf-
drength MS basd medium supplemented with 3 nM GAs for dongation for 4 weeks.
Only 15 % (6 out of 38 explants transferred) of the explants produced eongated shoots
(Fig 4.10A) in 4 weeks with an average of 1.7 shoots per explant in the genotype F15
15. Mog of the shoot buds turned into leafy shoots. In the genotype Gaut-82-90, dl the
shoot buds turned into lesfy shoots and no wel-deveoped shoot could be recovered. A
totd of 10 shoots were recovered from proxima cotyledonary segments of the genotype
T-15-15.
4.3.2.9 Induction of shoot buds from distal cotyledonary segments
The percentage induction of shoot buds in diga cotyledonary ssgments was 87 % in the
genotype T-1515 and 67 % in the genotype Gaut-82-90. Each cotyledonary segment
produced 14.3 and 10.1 shoot buds (Fig 4.10B) in the genotypes T-15-15 and Gaut-82-90
respectively (Table 4.6). The T-1515 exhibited better response when compared to Gaut-
82-90 both in terms of percentage induction of shoot buds and number of shoot buds per
explant. When 60 digd cotyledonary segments were cultured, 52 cotyledonary segments
of the genotype T-1515 and 40 cotyledonary segments of the genotype Gaut-82-90
formed shoot buds. Smilar to our gudies, George and Egpen (1994) reported shoot bud
formation on digd hdf of the cotyledon, however, they have used whole cotyledon from
meature seeds for inoculaion on MS medium supplemented with BAP and 1AA, indead of
diga cotyledonary segments separated from the whole cotyledon.
4.3.2.10 Elongation of shoot buds obtained from distal cotyledonary segments
The shoot buds dongated Fig 4.10C) into shoots in only 18 % of the digd cotyledonary
segments when they were trandferred on haf-grength MS basdl medium containing 3 niM
o GAs3 for 4 weeks in the genotype T-15-15. The dongaion of shoot buds occurred in 9
cotyledonary segments producing 2 shoots per explant. A total of 18 shoots were obtained
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A. Elongated shoot obtained from proximd enc
of cotyledonary segments on  hdf-srength
MS besa medium supplemented with 3 nM
GAs

B. Shoot buds egopeared on disd end of
cotyledonary segments cultured on ECs; basa
medium supplemented with 20 nM BAP, 2
nM kingtinand 250 nM AdS

C. Blongated shoot obtained from disd end of

cotyledonary ssgments on hdf-srength MS
basd medium supplemented with 3 M GA 3
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from digd cotyledonary segments of the genotype T-1515. The shoot buds did not
convert to form shootsin distd cotyledonary segments of the genotype Gaut-82-0.

4.3.2.11 Induction of shoot buds from cotyledonary node explants

The cotyledonary node explants produced shoot buds (Fig 4.11A) in 65 % of T-1515
cultures and in 60 % of Gaut-82-90 cultures (Table 4.6). The average number of shoot
buds was 40.7 in the genotype T-1515 and 325 in the genotype Gaut-8290. The
genotype T-1515 was better in percentage induction of shoot buds as wel as in the
number of shoot buds produced per explant. Out of 60 cotyledonary node explants 39
explants of the genotype T-15-15 and 36 explants of the genotype Gaut-82-90 produced
shoot buds on ECs basd medium supplemented with 20 nM BAP, 2 nM kingtin and 250
nM AdS. Smila to our dudies, Shiva prekash et al. (1994) obtained a large number of
dhoot buds from ootyledonary node explants by culturing on MS basd medium
supplemented with BAP.

4.3.2.12 Elongation of shoot buds obtained from cotyledonary node explants

Elongation of shoot buds into shoots was observed only in the genotype T15-15 and the
shoot buds turned into lesfy shoots in the genotype Gaut-82-90. Only 13 % of the 39
cotyledonary node explants of the genotype T-15-15 produced dongated shoots (average
23 pa explat) (Fig 4.11B) when they were trandfared to hdf-drength MS basd
medium supplemented with GA3; (3 nM) in 4 weeks A totd of 12 shoots have been
obtained from 5 explants producing e ongated shoots.

Table 4.6 Shoot bud induction in various seedling explants on ECs basal medium supplemented with
20 mM BAP, 2mM Kin and 250 mM AdS

T-1515 Gaut-82-90

% explants No. of % explants No. of
Explart forming Shoot buds/ forming Shoot buds/

shoot buds explant shoot buds Explant

(meen + ) (meen + ) (meen+ =) (meen+ =)
Epicotyl 7511 6.0+0.7 75+ 16 40+£0.3
Root 0£0 0+£0
Cotyledon (Proximal end) 63+5 164+ 22 53+ 3 175+ 24
Cotyledon (Distal end) 879 143+ 13 67+ 14 101+ 16
Cotyledonary node 65+7 407+ 14 60+ 6 325+ 36

4.3.3 Rooting and Hardening

Rooting of shoots obtained from epicotyl (7), proximd cotyledonay segments (10), digd

cotyledonary segments (18), cotyledonary node explants (12) were done on hdf-strength
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A. Shoots gppeaing from cotyledonary node
explats cultured on ECs basd medium
supplemented with 20 nM BAP, 2 nM

kinetin and 250 nM AdS

B. Elongaed shoots obtaned from cotyledonary
node explats on hdf-drength MS basd
medium supplemented with 3 nM GA 3

Figa.
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MS basd medium supplemented with 0.5 mM IBA (Fig 4.12A). The frequency of rooting
was 55 % and rooting took place in 1520 days Over dl 26 rooted plantlets could be
obtained from differait seedling explants Smilar obsarvaions on rooting was obsarved
by Nadu et al. (1995) and Shiva prakash (1994). Geetha et al. (1998) found IBA as best
auxin for rooting. Other auxins used for rooting were NAA (Mehta and Mohan Ram
1980, Gegtha e al. 1998, Eapen et al. 1998, Kumar et al. 1983, Eapen and George
1993b; George and Egpen 1994) and IAA (Kumar et al. 1983; Geethaet al. 1993).

The rooted plantletls were trandered to  soil:ivermiculite mixture (L:1) for
hardening a 2542 °C for 34 weeks in pots. The survival of plantlets in pots was 65 %
(Fig4.12B). A totd of 32 plantlets from dl the explants could be hardened in pots.

4.4 Conclusions

In the present dudies, various explants of pigeonpea cultivars T-1515 and Gaut-82-90
were evauated for their organogenetic potentidity. Better shoot formaion was observed
from maure embryo axis deived explats like ERMEA and DCMEA on ECs basd
medium supplemented with BAP (5 nM) and IAA (1 nM). The organogeness was
obsaved from various seedling derived explats such as ledf, epicotyl, proximd
cotyledonary segments, dista cotyledonary segments and cotyledonary node. The shoot
buds were induced on ECs basd medium supplemented with 20 M BAP, 2 nM kinetin
and 250 nM AdS. The genotype T-1515 was found to have better organogenetic
potentidity when compared to the genotype Gaut-82-90. In dl the explants used for
study, the eongation of shoot buds into shoots was found to be difficult and dongation of
shoots occurred in low percentages. Mogt of the shoot buds turned into leafy shoots and a
vay few shoots dongated sporadicdly. This has resulted in the problem of trandferring a
large number of plantlets from each explant and evaduaing ther performance in the fidd,
even though alarge number of shoot buds could be obtained on various explants.

Inherent in the devdopment of a dmple plant trandformetion method is the
identification of a rdiable and easy method for prolific plant regeneration. The method of
organogenesis from DCMEA and ERMEA explants described avoids the germinaion of
seeds for culturing of explants. When compared to other explants formation of shoots
directly from DCMEA and ERMEA explants was observed and the shoot formation was
asociaed with the cut surface of the explant. This makes the method highly useful for
genetic meanipulation of pigeonpea through Agrobacteriummediaed transformation
procedure.
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A. Rooting of shoots obtained from
epicotyl, proximd  cotyledonary
sgments,  digad  cotyledonary
segments and  cotyledonary  node
explants on hdf-drength MS
basd medium supplemented with
05V IBA

B. Hardened plants in pots obtainec
from various maure embryos
axis deived and seedling derivec
explants

108



CHAPTERS

SOMATIC EMBRYOGENES S
AND PLANT REGENERATION
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5.1 Introduction

Somdic embryogeness is the devdopment of embryos from somatic cdls, without the
fudon of gamees which devdop into differentiated plants through characteristic
devdopmenta paterns not obsarved in zygotic embryogeness (Tisserat et al. 1979,
Williams and Maheswvaran 1986; Rangaswvamy 1986, Zimmeman 1993, Mekle et al.
1995). It is a pathway of de novo regeneraion from in vitro cultured tissue mediated by
cdlus (indirect) or from cdls of an organized dructure such as stem, lesf, hypocotyl or
zygotic embryo (direct) (Williams and Mahesvaran 1986). The somatic cdls within a
plant contain the genetic information necessary to form a complete and functiond plant
(Merkle et al. 1995).

The initiation of somatic embryogeness occurs with the termination of the
exiging gene expresson paten in the explant tissue, and its replacement with an
embryogenic gene expresson program in those cdls of the explant, which give rise to
somaic embryos (Merkle et al. 1995). Embryogenic cdls, which form after many
divisons in culture and require growth regulators not only for re-entry into mitoss but
dso for daemingtion of the embryogenic date ae temed as IEDC's (induced
embryogenic  determined  cdls). Formation of IEDCs hgppens in case of indirect
embryogeness (Sharp et al. 1980; Williams and Maheswaran 1986). By contrest, direct
embryogenesis in culture proceeds from cdls which are pre-determined for embryogenic
devdopment i.e they are PEDC's (pre-embryogenic determined cdls), which reguire an
extend dimulus dther in the form of growth regulators or favourable conditions
conducive for the induction and deveopment of embryos (Sharp et al. 1982 Williams
and Mahesvaran 1986; Caman 1990). After the induction of embryogenic determined
cdls, there is no difference between indirect and direct somatic embryogeness (Williams
and Mahesvaan 1986). The embryogenic cdls dosdy resemble the repidly dividing
merigemdtic cdls of gpicd meidems, i.e, they ae gmdl, isodiametric, rich in
cytoplasm, thin wdled, with large nude and prominet nudedi axd minimdly
vacuolated (Tisserat et al. 1979; Williams and Maheswaran 1986).

The quetion of gngle or multiple-cdl origin of somatic embryos is directly
relaed to the coordinated behavior of the neighboring cdls as a morphogenic group
(Williams and Mahesvaran 1986). Determined cedlls may operate singly or in groups to
form embryos. In the case of indirect somatic embryogenesis (via cdlus or suspension
culture), the origin of embryos was found to be from a dump of embryogenic cdls - the
proembryond mass (PEM), from which one to many embryoids deveop (Williams and
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Mahesvaran 1986). Direct somatic embryogeness may dso be multicdlular (Haccius
1978), or may aise from a single supeficid cdl (Konar and Natarga 1965) or by both of
these pathways (Maheswaran and Williams 1986).

The ability to induce somatic embryogeness in plants gppears to be a universa
trat whose occurrence depends on the interaction of an gppropriste tissue with an
gopropriate induction dimulus. Induction of somatic embryogenesis in plants one of the
sgnificant achievements of expaimentd embryology, has become an experimentd tool
of biotechnology.

Remakable progress hes been made in the commercidization of somdic
embryogeness snce firsd described by Steward et al. (1958) in carrot. The potentids of
somdic embryogeness derive from a number of factors tha involve high regenerative
cgpecity, the ability to regenerate from sngle cdls in both gametophyte and sporophyte
tissues the bipolaity of embryos and compactness and broad metabolic potentid of
embryogenic tissue (Janick 1993).

5.1.1 Uses of somatic embryogenesis

The mgjor uses of somatic embryogenesis may be summarized asfollows

5.1.1.1 Clonal propagation

Somatic embryos offer some potentid advantages over conventional  micropropagetion
sydem like (i) high prolifertion rae — as many as 135 million embryos per liter
sugpendon culture (Janick 1993) (i) singulaion — each embryo being separate package
that can be handled without the physcd separation required from organogeness or
axillay branching sysems (jii) bipolarity — the wel developed embryos contains root
and a shoot merigem, indicating that converson to seedling can be obtained in single sep
and (iv) the promise of dond propagation via synthetic seed technology (Janick 1993).

5.1.1.2 Crop improvement

Somdic embryogeness can be utilized as a regeneration technique for cel sdection of
natural or induced mutations. Sdection for sAt tolerance and disease resstance has
proven efficient in embryogenicaly competent cdlus tissues of citrus (Litz et al. 1985).

5.1.1.3 Embryo rescue

Embryo rescue is a widdy used technique to rescue embryos that normaly abort in wide
coses and is an edablished technique to obtan vidble plants from incompatible
interspecific crosses. Somatic embryogeness has been exploited as a means of obtaining
plants from intergeneric hybrid embryos (McGranahen e al. 1988; OziasAkins & al.
1992h).
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5.1.1.4 Transformation

More number of regenerants can be obtained originating from few or dngle cdls which
increases the likdihood of achieving trandformed  cdls Chimeric trandformants cycled in
repetitive sysdems can lead to obtaning wholly trandformed individuds (Beker and
Wetzgein 1992).

5.1.1.5 Metabalite production

Cdl/organ cultures have been suggested as a means to synthesize desrable metabolites
(Al-Abta et al. 1979). Lipid syntheds has been followed in embryo cultures in a number
of spedies induding cocoa, jojoba, borage, rape seed, carrot (Janick 1991; Weber et al.
1992) and peanut (M haske and Hazra 1994).

5.1.1.6 Disease elimination

Because of the absence of vascular connections between the nucdlus and other materna
tissues, poly embryonic species are generdly free of infections that might have affected
the paent plant. Smilaly, plants derived via somaic embryogeness from nucdlus or
nucdlar calus would dso be free of pathogensinduding viruses (Janick 1993).

5.1.1.7 Germplasm preservation

In some species like cocoa, coconut, mango and rubber, seeds are traditiondly used for
preservation of germplasm. Seeds of these species are desiccation sendtive and  thus
canot be stored by conventiona techniques. This can be overcome by cryopreservetion
of mature or immature zygotic or somatic embryos (Janick 1993).

5.1.1.8 Basic studies

Somtic embryogeness dso provide an important tool for the andyss of molecular and
biochemica events that occur during induction and meturation.

5.1.2 Somatic embryogenesisin pigeonpea: Current satus

George and Egpen (1994) obtained sométic embryos from immeture embryond axes and
immature cotyledons on Lg medium fortified with different auxins. Vey few somaic
embryos were obtained but plantlets cgpable of transfer to the field could not be obtained
from the sometic embryos.

Pae et al. (1994) reported somdic embryogeness from disd hdves of
cotyledons on vaious basd media supplemented with 3 cytokinins BAP, kingin and
AdS. However, trander of plantlets to soil and sudies to demordrate the initiation and
development of somatic embryos were not reported.

Somaic embryogeness has dso been reported from cotyledons on MS basd
medium containing NAA a high concentration (50 mg/l) and BAP. Induson of BAP in
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the medium reaulted in the formation of wel-devdoped embryo-like dructures (Ndini
Mdlikarjuna et al. 1996). Transfer of plantletsto the field could not be achieved.

Sreenivasu e al. (1998) obtained indirect somatic embryogenesis via cdlus usng
high concentration of TDZ from cotyledons and leaf explants on MS basd medium. The
presence of various developmentad stages and histological observetions were not reported
to show different dages of somatic embryo deveopment. The embryogeness was
obtained via cdlus which might lead to formation of somadond variants and ae not
suitable for genetic transformation.

Somatic embryos were obtained from suspenson cultures derived from lesf cdlus
(Anbazhagan and Gengpathi  1999). No higologicd obsarvetions were made to
demondrate the various developmentd dages of somaic embryos and trandfer of
plantlets to field was not achieved.

Even though there are many reports of somatic embryogeness in  pigeonpes,
highly reproducible complete plant regeneration protocols are very few (Sreenivasu et al.
1998; Anbhazagan and Ganapathi 1999). However, the data on the number of plants
transferred to pots or fidd is not avalable in any of the above reports. Therefore, it is
difficult to assess the efficency of these protocols for use in genetic transformation
dudies. Moreover, when the present work was initisted no reports of somatic
embryogeness in pigeonpea were avalable in the literature. It is for these reasons
atempts were made to induce somdic embryogenesis from distd cotyledorery segments
and to regenerate normd hedthy plants of pigeonpea in this sudy. The present chapter
describes the results of the dudies undertaken with the genotypes T-1515 and Gaut-82-
90. Thexe genotypes were chosen for dudies on somatic embryogeness as regeneration
potentidity via organogenesis was obsarved only in these two genotypes out of 14
genotypes used in our study using digta cotyledonary segments (Chapter 3).

5.2 Materialsand Methods

5.2.1 Plant material

Seeds of pigeonpea genotypes T-1515 and Gaut-8290 were surface derilized as
described in chapter 2, section 2.6.1. The surface derilized seeds (60 seedsflask) were
soaked in derile didilled water for 18 h in the dak a 28 + 2 °C and kept on gyratory

shaker a 200 rpm.
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5.2.2 Explant preparation

Cotyledons were removed from the pre-sosked seeds split into halves and the proxima
merisematic ends were removed. Only the dista haves (354.0 mnT) without any pre-
exiging axillary buds were used as explants.

5.2.3 Induction of somatic embryogenesis

The effect of various auxins and cytokinins on induction of somaic embryogeness from
diga cotyledonary segments was evauated. ECs; basd medium with 3 % Sucrose and
jdled with 08% agar-agar was used for induction of somatic embryos. The pH of the
medium was adjusted to 5.8 before autodaving. All the cultures were incubated & 2512
°C under cool white fluorescent lights under a 16 h photoperiod.

5.2.3.1 Effect of growth regulatorson induction of somatic embryogenesis
In a prdimnay experiment, different phytohormones were tesed to assess the

morphogenetic response of the explant. Disd cotyledonary segments were cultured in
test tubes (2 explantstube) containing 20 ml of EG basd medium supplemented with
24-D (5 - 100 nM), 245T (5 - 100 nM), NAA (5 - 100 nM), Pidloram (5 - 100 nM),
Dicamba (5 - 100 nM), BAP (1 - 50 nM), TDZ (1 - 5 nM) and combinaion of 24-D (5 -
20 M) + 245T (5 - 20 nM), 24D (5 - 20 nM) + NAA (5 — 20 nM), 245T (5-20
nM) + NAA (5 — 20 nM). In addition, combinations of BAP (1 and 5 nM) and 24-D (5 -
100 nM), 245T (5 - 100 nM), NAA (5 - 100 nM) were also tested. A total number of
20 explants were used per trestment and the experiment was repested thrice. The cultures
were incubated for 6 weeks under the conditions mentioned as above. At 6 weeks, the
nature of explant’s reponse in terms of globular embryos formed was recorded.

5.2.4 Development of cotyledonary structures

The explants dong with globular embryos obtained on 5 M BAP were transferred to: (a)
hormone-free ECs and MS basd medium (b) ECes basd medium supplemented with
vaious growth regulators such as BAP (1 and 5 nM), ABA (0.5 — 2 nM), GAz (1 - 5 nM)
(©) MS besad medium with various hormones like BAP (1 and 5 nM), ABA (05 —2 nM),
GA3; (1 - 5 nM) for further devdopment of globular embryos into cotyledonary Sage
embryos The explants dong with globular embryos obtained on 10 nM TDZ were
transferred to: (8 hormonefree ECs and MS basd medium (b) EG basa medium
supplemented with various growth regulators such as TDZ (1 and 10 niM), ABA (05— 2
nM), GAs (1 - 5 nM) () MS basal medium with various hormones like TDZ (1 and 5
nM), ABA (05 — 2 nM), GAs (1 - 5 nM) for further development of globular embryos
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into cotyledonary stage embryos. The cultures were incubated under the conditions as
described above for a period of 8 weeks After 8 weeks, the formation of cotyledonary
stage embryos were recorded.

5.2.5 Maturation of cotyledonary stage of embryos

The cotyledonary stage somatic embryos obtained on MS basd medium  supplemented
with 3 nM GA3; were separated from the explant and placed on hdf-strength MS basd
medium with 0.8 % agar-agar, 3 % sucrose and 05 nM ABA in tet tubes (1
cotyledonary embryo/tube) for maturation. The cultures were incubated a 25 £ 2 °C
under cool white fluorescent lights with 16 h photoperiod for a period of one week.

5.2.6 Germination and conversion of mature somatic embryos

The maure soméic embryos were ghifted to phytohormone-free haf-srength MS basal
medium containing 0.2 % phytagd and 3 % sucrose or to hdf-drength MS basd medium
in 250 ml flasks (80 ml medium per flak) containing 0.5 and 1 nM BAP for germination
and converson. The cultures were incubated under the conditions described as above far
15 days.

5.2.7 Development of plantlets

Fully conveted embryos with wdl-defined root and shoot were tranderred to hormone
free haf-grength MS basd medium in 250 ml flasks (80 ml medium per flask) containing
3% sucroe and 0.2% phytagd for further eongation of roots and shoots. The cultures
were incubated under the conditions described as above for 15 days.

5.2.8 Transfer of emblingsto soil

Pantlets were hardened as described in chapter 2 section 2.11. The plants were hardened
for 3-4 weeks in the hardening room under diffused light conditions at 25+2 °C.

5.2.9 Statigtical analysis

The data was andyzed usng Andyss of Vaiance technique for completdly randomized
design and the trestment means were compared.

5.2.10 Histology
For higologicd corfirmetion of the origin and dructure of somatic embryos the explants

were fixed in FAA for 72 h a various sages of devdopment of somatic embryos. Tissues
were dehydrated through t-butanol series. Paraffin embedding of tissue samples was done

and sections of 10 nM thickness were cut, stained with hematoxylin-eosn and mounted
with DPX mountant and observed microscopicdly (detailed description in chepter 2,
section 2.10).

115



5.2.11 Parameter studies

Various parameters in the genotype Gaut-82-90 were evauated to enhance the frequency
of induction of somatic embryos. The genotype Gaut-82-90 was used for parameter
dudies snce this genotype was better than T-1515 in percentage induction of someic
embryos and in the number of globular embryos formed per elant and in the further
development of globular somatic embryos.

5.2.11.1 Effect of different basal media

Sx basd media such as ECs, MS, B5, Modified B5, LS and White's supplemented with 3
% sucrose, 0.8 % agar-agar and 5 nM BAP were used to test the induction of somatic
embryogenesis from disd cotyledonary segments in genotype Gaut-82-90. The cultures
were incubated for 6 weeks a 25 + 2 °C under light intengity of 38 niEinm?2s® with a 16
h photoperiod provided by cool white fluorescent lights. Induction of sometic embryos
was recorded after 6 weeks.

5.2.11.2 Effect of explant source

The somatic embryogeness potentidity of the explants such as maiure embryo axes,
meture cotyledons, disd cotyledonary ssgments and leaf of genotype Gaut-82-90 was
tested. Seeds of pigeonpea genotype Gaut-82-90 were surfece derilized as described in
chapter 2, section 2.6.1. The surface derilized seeds were soaked in derile digtilled water
for 18 hinthe dark & 28 + 2 °C and kept on gyratory sheker a 200 rpm.

The seed coat from the pre-sosked seeds was removed, cotyledons were split
open, the embryo axes were extracted and used as mature embryo axes explants. The
reulting cotyledons were cultured as mature cotyledons The diga  cotyledonary
segments were prepared as described in section 5.2.2. The leaf explants were obtained
from 10 day old seedlings (procedure for germination of seeds is destribed in chapter 2,
section 2.6.2). Ledf pieces (2-3 mnt) were taken from primary leaves of seedlings The
leaves were separated from the seedling and the explants were prepared by discarding the
petiole and the leaf gpex. The lesf was cut dong the midrib and the portion with midrib
was madeinto pieces of 23 mnt and cultured.

The explants were cultured on ECGs basd medium supplemented with 5 nivi BAP.
The cultures were incubated under the conditions mentioned as above for 6 weeks.

Induction of somatic embryos was recorded after 6 weeks.
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5.2.11.3 Effect of carbohydrate source
Five carbohydrate sources like sucrose, glucose, matose, glycerol and fructose were used
to evduate the somatic embryogeness in disa cotyledonary segments of genotype Gaut-
82-90. The cultures were incubated under the conditions mentioned as above for 6 weeks.
Induction of somatic embryoswas recorded after 6 weeks.
5.2.11.4 Effect dark v/slight incubation
The digd cotyledonary segments of genotype Gaut-82-90 were inoculated on EGs basa
medium supplemented with 5 nM BAP. The cultures were incubated under different
culture environments like 16 h photoperiod light, 24 h phtoperiod light and under dak
conditions for 6 weeks. Induction of somatic embryos was recorded after 6 weeks.
5.2.115 Effect of agitation in liquid induction medium
The digd cotyledonary segments of genotype Gaut-82-90 were inoculaed in 250 ml
flasks containing 40 ml liquid EGs basd medium supplemented with 5 nM BAP (liquid
induction medium) and the flasks were sheken a 200 rpm for 1 week under dark
conditions. The cotyledonary segments were then inoculated on hormone-free ECg basa
medium with 3 % sucrose and 0.8 agar-agar or on ECs basd medium supplemented with
various concentraion of BAP (05 — 20 nM) in tes tubes (with 20 ml medium). The
digd cotyledonary segments which were not agitated in liquid induction medium and
cultured on EGs; basd medium with 3 % sucrose, 0.8 % agar-agar and 5 nM BAP served
as control. The cultures were incubated for 6 weeks a 25 + 2 °C under light intengty of
38 nEm?s! with a 16 h photoperiod provided by codl white fluorescent lights. hduction
of somatic embryos was recorded after 6 weeks.
5.3 Results and Discussion
5.3.1 Effect of various phytohormones on induction of somatic embryognesis from
distal cotyledonary segments
Reports on plant regeneration in pigeonpea via somdic embryogeress were not avalable
when the present work was initiated. Since our observations (Chapter 3) reveded that
ECs basd medium was useful in obtaning higher percentage of regeneration of shoot
buds from digd cotyledonay segments, ECs basd medium was used initidly for
evduation of embryogenic potentid of digd cotyledonary segments of genotypes Gaut-
8290 and T-1515. Out of dl combinations tested (Table 5.1) for induction of somatic
embryos, induction of globular embryos was observed after 6 weeks of culture on ECg
basd medium supplemented with BAP (1, 5, 10 and 20) or TDZ (1, 2, 3, 4 ad 5 nM).
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All other concentrations and combinations of auxins and combingtions of auxins and
BAP reaulted in the formation of loose fridble cdlus (Table5.1).

Somatic embryogenesis has been induced from lesf and cotyledon explants of
pigeonpea usng TDZ (Sreenivesu et al. 1998), which is gmilar to our dudies Auxins
were used for induction of somatic embryogeness from leff suspenson culture
(Anbazhagan and Gangpathi (1999) and immeature cotyledons and immature embryond
axes (George and Egpen 1994), In contrest, our experiments with different auxins
produced only loose frigdble cdlus Nalini Mdlikajuna et al. (1994) reported somdic
embryogeness on a medium contaning NAA and BAP. In our expeiments,
combinations of different auxins and BAP reaulted in formation of only frisble cdlus.
Pad e al. (1994) suggested a combination of 3 cytokinins (BAP, kin and AdS) for
induction of somatic embryogeness in pigeonpea, however, we found addition of only
BAP or TDZ is aufficent to induce somdic embryogeness from disd cotyledonary

segments.
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Table 51 Effect of ECe basal medium supplemented with various growth regulator
concentrations and combinations on induction of somatic embryogenesis from distal

cotyledonary segments
Growth Regulators (miM) T-1515 Gaut-82-90
24D (5) C C
24-D (10) C [
24-D (20) C C
24-D (50) C C
24-D (100) C C
245T (5) C C
2,4,5T (10) C C
2,4,5T(20) C C
2,4,5T(50) C C
2,45-T(100) C C
NAA (5) C C
NAA (10) C C
NAA (20) C C
NAA(50) C C
NAA (100) C C
Picloram (5) C C
Fidoram (10) C C
Pidoram (20) C C
Pidoram (50) C C
Picloram (100) C C
Dicamba (5) C C
Dicamba (10) C C
Dicamba (20) C C
Dicamba (50) C C
Dicarba (100) C C
24D (5) + 245-T (5) C [
24-D (10) + 245T (10) C [
24-D (20) + 245T (20) C C
24-D (5) + NAA (5) C C
2A4-D (10) + NAA (10) C C
24-D (20) + NAA (20) C C
2,45T (5) + NAA (5) C C
2,45-T (10) + NAA (10) C C
2,45 (20) + NAA (20) C [

C—cdlus
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Table5.1 (Contd.)

Auxin
24-D(5)
24-D(10)
24-D(20)
24-D(50)
24-D(100)
24-D(5)
24-D(10)
24-D(20)
24-D(50)
24-D(100)
245T(5)
2,45T(10)
2,45T(20)
2,45 T(50)
2,4,5T(100)
2,45T(5)
2,45T(10)
2,45T(20)
2,45T(50)
2,4,5T(100)
NAA(5)
NAA(10)
NAA(20)
NAA(50)
NAA(100)
NAA(5)
NAA(10)
NAA(20)
NAA(S0)
NAA(100)

C —cdlus, NR —No response (Expl

The digd cotyledonary segments of the genotypes T-1515 and Gaut-82-90
cultured on ECg basd medium fortified with various concentrations of BAP and TDZ
produced a large number of globular embryos Fig 5.1A, Fig 5.1B and Fig 5.1C) aisng
directly on the surface of the cotyledons. BAP a dl concentrations except a 50 nM
supported formation of globular embryos and the explants turned necrotic after 6 weeks
of culture a& 50 nM concentration of BAP (Table 5.1). The percentage induction of

Growth Regulator s (miM)

Cytokinin
BAP(1)
BAP(1)
BAP(1)
BAP(1)
BAP(1)
BAP(5)
BAP(5)
BAP(5)
BAP(5)
BAP(5)
BAP(1)
BAP(1)
BAP(1)
BAP(1)
BAP(1)
BAP(5)
BAP(5)
BAP(5)
BAP(5)
BAP(5)
BAP(1)
BAP(1)
BAP(1)
BAP(1)
BAP(1)
BAP(5)
BAP(5)
BAP(5)
BAP(5)
BAP(5)
BAP (1)
BAP(5)

BAP(10)

BAP(20)

BAP(50)

TDZ (1)
TDZ(2)
TDZ(3)
TDZ(4)
TDZ(5)

T-1515

BARARARBRERRMAMROO000D0000000000000000000000000O0

ants turned necrotic), SE — Somatic embryos

Gaut-82-90

RRARRAZHRARRONO0O0D0000000000000000000000O0O

soméatic embryogeness on various concentrations of BAP (T able 5.2) varied from




A. Cotyledonary  ssgment  showing
the formation of globular embryos
after 6 weeks of culture on EC
basd medium supplemented  with
BAP or TDZ (bar = 1000 )

B. Globular embryos appesring or
cotyledonary ssgments cultured or
ECs basd medium supplemented
with BAP or TDZ for 6 weeks
(bar =750 nm)

C. A lage number of globula
embryos formed on cotyledonary
segments cultured on EGs basd
medium supplemented  with BAF
o TDZ for 6 weeks (bar = 55C

nm)




5376 % in the genotype Gaut-82-90 and 62-80 % in the genotype T-15-15 with 5 nM
BAP recording highest percentage of induction of globular embryos in both the
genotypes. The average number of globular embryos per explant ranged from 139 to
276 and 108 to 167 in genotypes Gaut-8290 and T-1515 respectivdy with the
cotyledonary ssgments producing maximum number of globular embryos on 5 nM BAP
in both the genotypes. The induction percentage of somaic embryogness was higher in
the genotype T-1515 wheress, the average number of globular embryos per explant was
sgnificantly higher in the genotype Gaut-82-90. (Table5.2).

Table 5.2 Somatic embryo induction in cotyledonary segments on ECe basal medium supplemented
with variouslevels of BAP

GAUT -82-90 T-1515

BAP Per centage No. of gobular Per centage No. of globular
(M) Induction Embryos per explant Induction Embryos per

(mean se) (meantse) (meantse) explant
(meanxse)

1 53+3% 14.8+11° 62+5° 11.1+0.7
5 76+2° 27.6+22° 80+1° 16.7+06"
10 70+3° 23.9+13° 64+2° 10.8:04°
20 57+22 13.9+05?2 69+22 10.9+042

Figures with different aphabetsin superscript differ significantly at 0.05 probability.

The percentage induction of somatic embryogenesis fran cotyledonary ssgments
on vaious concentrations of TDZ ranged from 74 to 97 % in the genotype Gaut-82-90
and 75 to 91 % in the genotype T-1515. The percentage response was highest at 10 nM
TDZ in both the genotypes The genotype Gaut-82-90 produced 19.2 to 384 globular
embryos per explant while T-15-15 genotype recorded 130 to 209 globular embryos
(Table 5.3). The number of globular embryos produced per explant was highest & 10 niM
TDZ in the genotype Gaut-82-90 and & 5 nM TDZ in the genotype T-15-15. However,
there was no dgnificant difference between 5 M and 10 nM TDZ concentretions in
terms of number of globular embryos produced per explant in the genotype T-15-15. The
genotype Gaut-82-90 was better when compared to genotype T-15-15 both in tems of
percentage induction of somdic embryos and in the number of globular embryos
produced per explant (Table5.3).

In generd, higher percentage of somdic embryogeness and the number of
globular embryos per explant were observed on 10 M TDZ than 5 nM BAP in the
genotype Gaut-82-90. In genotype T-1515 higher percentage of somdic embryogenesis
was on 10 M TDZ when compared to 5 nM BAP. However, there was no dgnificant



difference between TDZ (10 nM) and BAP (5 nM) in terms of the number of globular
embryos formed per explant in genotype T-15-15 (Table 5.2 v/is Table 5.3).

From the above study it can be concluded that 5 nM concentration of BAP and 10
nM concentration of TDZ ae the mog potentid growth regulators for induction of
somdic embryogeness from digad cotyledonary segments in genotypes Gaut-82-90 and
T-15-15. Therefore, further experiments were carried out usng only these concentrations

of BAP (5 M) and TDZ (10 nM).

Table 5.3 Somatic embryo induction in cotyledonary segments on ECg basal medium supplemented
with variouslevelsof TDZ

GAUT -82-90 T-1515
TDZ Per cent_age No. of globular Peroent_age No. of globular
Induction Embryogexplant Induction Embryogexplant
() (meantse) (meantse) (meantse) (meantse)
05 64+9 27.8:34% 84t 4 13.0:24%
1 88+3* 20.7+28" 75+5" 10.4+13°
5 74+ 7" 28.6+:33% 8or 4 20.9+23°
10 orF 38.4+49° 91+6° 17.8:11%
20 75+5% 19.2+¢1.7 o0+ 1° 14.0+15°

Figures with different alphabetsin superscript differ significantly at 0.05 probability.

Cytokinin induced embryogeness is rare, but has been achieved in Trifolium
(Maheshwaran and Williams 1986), peanut (Gill and Saxena, 1992), Phaseolus sp. (Mdik
and Saxena 1992b), pigeonpea (Pad et al. 1994) and chickpea (Murthy et al. 1996). In
those cases where both auxins and cytokinins were used together, the presence of
cytokinin ether had no effect or had a derimentd effet on the induction of
embryogeness (Parrott et al. 1992). However, Mdlikajuna et al. (1996) obsarved
somdic embryogeness only on addition of cytokinin to the auxin supplemented medium
in pigeonpea

Vaiaion in response of induction of somatic embryos observed between different
cultivars was dmilar to the ealier observations in soybeen (Bawde et al. 1986
Komasuda and Ohyama 1988; Parrot et al. 1989; Baley et al. 19938 and peanut (Sdlars
e al. 1990, OziasAkins et al. 19928 George and Egpen 1993, Baker e al. 1995;
McKently 1995; Chengdrayan et al. 1993).

Pad et al. (1994) reported induction of somaic embryogeness in cotyledons of
pigeonpea. when cultured on media supplemented with BAP (222 nM), Kin (2.3 nM) and



AdS (2710 nM). In our experiments, however, induction of somatic embryogeness was
observed when the medium was supplemented with either BAP or TDZ done.

The somatic embryo formation was observed on cdli derived from cotyledon and
lesf tissue of pigeonpea by Sreenivasu et al. (1998) or suspension cultures of lesf derived
cdlus (Anbazhagan and Gangpathi 1999). However, in the presant dudies direct
gopearance of globular embryos on cotyledonary segments was observed without any
callus formetion.

George and Egpen (1994) could produce normd embryos from  immature
cotyledons and immature embryond axes as explats on auxin supplemented medium,
but faled to get plantlets Ndini Mdlikarjuna et d. (1996) dso reported somdic
embryogeness on a medium containing NAA and BAP. In contragt, only BAP or TDZ
supplementation was sufficient to induce somatic embryosin our experiments.

5.3.2 Development of embryos from globular stageto cotyledonary stage

The globular embryos did not develop further when cotyledonary segments with the
globular embryos obtained on ECg basd medium supplemented with TDZ (10 M) were
tranderred to hormone-free ECs or MS basd media The further development of globular
embryos dso did not occur when the explants with globular embryos obtained on EGs
basd medium supplemented with TDZ (10 nM) were transferred to () the same medium,
(b) ECs basd medium supplemeted with reduced concentration of TDZ (1 nM) or ABA
05 1ad 2nM) or GA3 (1, 2 3, 4and 5 nM) and () MS basd medium supplemented
with reduced concentration of TDZ (1 nM) or ABA (05, 1 and 2 nM) or GA3; (1, 2, 3, 4
and 5 nM). The obsarvation thaa TDZ may not be ided for further devdopment of
globular embryos wes dso reported earlier by Viss-Tenyenhuis e al. (1994) in
geranium and TDZ is lethd to somatic embryo development. In contrast Sreenivasu et al.
(1998) obsarved the development of pigeonpea somatic embryos induced on TDZ from
leaf explantsviacdlus.

The formation of heat and cotyledonay embryos was not obsarved when
gobula embryos induced from didd cotyledonary segments on ECg basd medium
supplemented with BAP (5 nM) were trandferred to hormone-free ECs or MS basad
media. The further devdlopment of globular embryos dso did not occur when the explants
with globular embryos obtained on EG basd medium supplemented with BAP (5 nM)
were transfered to (@) the same medium, (b) EG basd medium supplemented with
reduced concentration of BAP (1 nM) or ABA (05, 1 and 2 nM) or GA3 (1,2 3, 4and 5
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nM) and () MS basd medium supplemented with reduced concentration of BAP (1 nM)
o ABA (05 1 and 2 nM). However, the devdopment of globular embryos into heart-
shaped (Fig 5.2A) and cotyledonary embryos (Fig 5.2B, Fig 5.2C and Fig 5.3A) was
obsarved when the explants with globular embryos obtaned on ECg basd medium
supplemented with 5 nM BAP were transferred to MS basd medium containing various
levdsof GAs (1, 2 3, 4and 5 nM).

The medium with 3 nM GAz produced the highet number of cotyledonary
embryos when compared to other concentrations of GA3; (Table 5.4). The formaion of
cotyledonary embryos was obsarved in 15 % cultures of genotype Gaut-82-90 and 10 %
cutures of genotype T-1515 when the cotyledons producing globular embryos were
transferred to MS basd medium supplemented with 3 nM of GAz. On an average 2.5 and
2.6 cotyledonary embryos per explant were obsarved in genotypes Gaut-82-90 ad T-15
15 respedively. The effect of GA3 on deveopment of somaic embryos has been very
wel demondrated in papaya (Chen et al. 1987), tepary bean (Kumar et al. 1988b), Black
mugtard (Vibha et al. 1990) and spinach (Komai et al. 1996).

Table 5.4 Cotyledonary embryo formation on MS basal medium supplemented with various levels of

GA3
GAUT -82-90 T-1515

GA Per centage No. of cotyledonary | Percentage No. of cotyledonary
( m\jl) Induction Embryos/explant Induction Embryos/explant

(meanse) (meanzse) (meanzse) (meanz se)
1 00Q? 0000 00:G 00£00
2 10+5° 10+04° 05+1° 1.00+06°
3 154 25+06° 10+F 26205°
4 052 1.0+03° 051° 17403
5 051° 13+03° (0003 0000

Figureswith different alphabetsin superscript differ significantly at 0.05 probability.

From the above pilot expeiment, it could be conduded that the formation of
cotyledonary embryos can be achieved when the explants with globular embryos derived
from EC; basd medium supplemented with 5 nM BAP were trandfered to MS basd
medium supplemented GA3 and 3 nM concentration of GA 3 is the optimum concentration
for such a response. It is aso observed that genotype Gaut-82-90 is a better genotype then
T-15-15 in terms of the number of globular embryos formed per explant (Table 5.2) and
in terms of percentage of cotyledonary embryos produced (Table 5.4). Therefore, further
experiments for improving the percentage formation of globular embryos by various



A. Heat shaped somatic embryo formed

on cotyledonary segment cultured on
MS basd medium supplemented with

GA 3 (bar =500 nm)

B. Cotyledonay dage somaic embryos
foomed on cotyledonay — segment
cultured on MS basd  medium

spplemented  with GA; (bar = 1000
nm)

C. A gnge isolaed cotyledonary dage
somatic embryo (bar =425 nm)




parameters (section 5.3.7) were caried out with Gaut-82-90 genotype only and ECes basd
medium supplemented with BAP (5 nM) for induction of sometic embryos.

When a totd of 560 cotyledonary segments were cultured on EGs basd medium
supplemented with 5 M BAP, 425 explants produced globular embryos These globular
embryos in 63 explants formed 158 cotyledonary stage embryos, when the explants with
globular embryos were trandeared to MS basd medium supplemented with 3 nM GAaz. A
large number of cotyledonary embryos formed were morphologicaly abnormd (63 %)
(out of 158 embryos obtained 100 embryos were found to be morphologicaly aonormd).
Abnormad embryos were characterized by dther absence of shoot or root primordia,
uneven growth of cotyledons. These abnorma embryos faled to develop further. The
norma cotyledonary stage embryos were sdecied based on the presence of shoot and root
primordia and even growth of cotyledons Fifty eight normd cotyledonary embryos were
obtained. The morphologicd varidions of cotyledonay sege embyos incdude horn
dhaped embryos (Fig 5.3B), bdl shgped embryos (Fig 5.3C), embryos with sngle
cotyledon (Fig 5.4A), dicotyledonary embryos (Fig 5.4B), tricotyledonary embryos (Fig
5.4C) and cone shaped embryos (Fig 5.5A). This obsarvation was smilar to the earlier
reports in peenut (Hazra e al. 1989; Ozias-Akins 1989), soybean (Hartweck et al. 1988;
Lazzeri et al. 1987a Buchhem et al. 1989) and chickpea (Suhedni et al. 1996).

5.3.3 Maturation of somatic embryos

Maturetion of somaic embryos is maked by expanson of cdls and accumulation of
dorage reserves (Raghavan 1986). The term ‘maturation’ used here denotes the
devdopment of cotyledonary sage somatic embryos into distinct bipolar dtructures with
well defined shoot and root pole and expanded cotyledons. The normd  cotyledonary
dage somatic embryos derived on MS basd medium supplemented with 3 nM GA3
produced maure somatic embryos (Fig 5.5B) when placed on hdf-strength MS basal
medium supplemented with ABA (05 nM) after one week. Mature somatic embryos had
wdl-developed root and shoot pole The mauration percentage of normd cotyledonary
embryos was 30 %. Out of 58 cotyledonary embryos trandferred, 31 embryos matured
while the remaining embryos formed cdlus or turned necrotic. The effect of ABA on
mauration of somaic embryos in pigeonpea is Smilar to earlier report in chickpea
(Suhagini et al. 1994).

ABA prevents precocious germination of the cotyledonary dtage sometic embryos.
Precocious or premature development, particularly germination isamgor problem
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A. A dngle cotyledonay dage
somatic embryo (bar = 53t
nm)

B. Hoon  shgped  cotyledonary
dage somatic embryo (bar =
460 mm)

C. Bdl ggped  cotyledonary
dage somatic embryo (bar =
550 mm)




A. Cotyledonary dage somatic embryo with
sngle cotyledon (bar =575 mm)

B. Dicotyledonay somdic embryo (bar = 600
nm)

C. Tricotyledonay somdic embryo (bar = 540
mm)

Fig5.4



during somdic embryo devdopment and this is controlled ether by increesing the
osmolaiity of the mauration medium with additiond sucrose (Camaen 1989) or hy
incorpordting ABA into the medium (Ammirato 1974). ABA may be necessay during
embryogeness to initigte the synthess of storage proteins and proteins involved in
desccation tolerance (Gdau et al. 1990). ABA was seen to influence development of
carot somatic embryos and in paticular affected their cgpacity to develop functiond
shoot meigem (Nickle and Yeung 1994). A decrease in endogenous levels of ABA
through fluridone (ABA synthess inhibitor) gpplication has been coupled with repid
vacuolation of cdls in the apicd bilayer. This vacuolation was concurrent with a dedline
in conveson of embryos (Nickle and Yeung 1994). It has been shown ealier that
maturation of somatic embryos on ABA is necessty in Phaseolus (Mdik and Saxena
19923) and dfdfa(Redenbaugh et al. 1991).

5.3.4 Germination and conversion of somatic embryos

The term ‘germination’ denotes the eongation of the primary root and ‘converson’ refers
to the development of plantlets with a well-established root sysem and shoot with a leest
the first pair of leaves (Mathews et al. 1993). Germindion (Fig 5.5C) and converson of
somdic embryos was observed when 31 mature somatic embryos obtained from hdf-
drength MS basd medium supplemented with 0.5 M ABA were placed on hdf-strength
MS basd medium supplemented with 0.5 nM BAP. When embryos were incubated on
hdf-grength MS medium without any growth regulaor, only devdopment of roots was
observed (Fig 5.6A), while BAP (1 nM) supported shoot formation and sweling of
cotyledons without root devdlopment (Fig 5.6B), 0.5 nM BAP supported both shoot and
root formation (Fig 5.6C). 39 % of the embryos germinaied and converted to plantlets.
Out of 31 mature somatic embryos 12 germinated and formed plantlets (Fig 5.7A).

5.3.5 Transfer of plantletsto soil

On trander of 12 plantlets to pots containing a soil : verimiculite mixture (L:1) for 15
days 42 % of plantlets survived Eig 5.7B). Only 5 plants could thus be wdl established
in the pots after hardening.

5.3.6 Histology
At the time of culture, the cotyledonary segments showed a sngle layered epidermis and

the parenchyma was filled with food reserves (Fig 5.8A). A stion pasing through the
cotyledonary segment reveded the development of globular embryos directly from

130



A. Cone dhgped cotyledonary dage somdic
embryo (bar =575 nm)

B. Maure somdic embryo with wel deveoped
shoot and root pole obtained on hdf-grength
MS basd medium supplemented with 0.5 nM
ABA (bar = 225 nm)

C. Germinaed somatic embryo obtained on hdf-
drength MS bas medium supplemented with

0.5 nM BAP (bar = 1000 mm)
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A. Somaic embryo producing only roots or
hormone-free half-strength M S basdl medium

B. Somaic embryo sowing ony  shood
devdopmet and swdling of cootyledons on
hdf-grength MS basd medium  supplemented
with1niM BAP

C. Somatic embryo showing norma shoot and rool
gowth on hdf-grength MS basd mediur
supplemented with 0.5 v BAP




A. Converted plantlets  with  wdl-
developed root system

B. Hardened plant surviving in pots




epidema  and subepidermd  layers dong the periphery of the explant (Fig 5.8B).
Initiation of embryos from sngle cells was not observed.

Smilaly in immaure cotyledons of soybean, embryos deveoped from epiderma
and subepidemd  layers involving initigtion of embryos both from sngle-cdls and
multiple-cells (Hartweck et al.1988) and from the supeficid layer of cdls (Barwde et al.
1986a; Hepher et al. 1988). In pea, higologicd dudies of immeature cotyledons reveded
the dividon of cdls in the supeficid layers manly in the epidermd and sub-epiderma
layers (Tetu et al. 1990).

A stion of ealy cotyledonay stage somaic embryo showed vascular initids,
cotyledons and a deveoping shoot merigem region (Fig 5.8C). Maure somatic embryo
has wedl deveoped cotyledons with provascular drand, shoot pole and root pole The
section pasing through the center of the maiure somatic embryo showed the lesf
primordiaat the shoot pole and a prominent root pole (Fig. 5.8D).

The higologicd obsarvations of different Sages of somaic embryo deveopment
reveded the direct origin of globular embryos from epideemd and sub-epidermd layers
of the cotyledonay segments involving multiple cdls The obsarvaions dso confirmed
the bipolar naure of the dructures obtained, which is necessty for classfying the
Structures observed as indeed somatic embryos.

5.3.7 Parameter studies

Three factors such as explant, culture medium and culture environment play a mgor role
in the production of somatic embryos in wvitro. As seen in dl cases of organized
devdopment in vitro, there is an inter-play between the explant, culture medium and
culture conditions. To achieve optimum responses, the interactions of the above factors
must be determined empiricdly (Thorpe 1988). It is for this reason, various basd media
explats, cabohydrates, culture environments and agitetion in liquid induction medium
have been tried to improve the percentage of induction of somatic embryogeness
obtained in the genotype Gaut-8290 as well as to achieve higher percentage of further
devdopment of globular embryos found in Gaut-82-90 on ECGs basd medium with 5 niM
BAP. The vaious paranges were dudied only with Gaut-8290 as this genotype
response is much better than T-1515 in percentage induction of somatic embryos (see
section 532 for ddals) and in the further devdopment of globular somaic embryos on
ECs basd medium supplemented with 5 mivi BAP.
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. Section of explat a the time of culture, showing parenchymatous cdls filled with
food reserves (bar = 500 mm)

. Section of cotyledonary segments showing formation of globular (g) embryos (bar =
500 nm)

. Section of ealy cotyledonary dage somaic embryo with cotyledon (C) developing
shoot meristem (sm) and vascular initias (vi) (bar = 825 nm)

. Longitudind section of mature cotyledonary stege somaic embryo showing root
pole (rp), shoot pole (sp)and provascular strand (pv) (bar =500 mm)



5.3.7.1 Effect of different basal media

The percentage induction of somaic embryos vaied from 12 to 76 with MS basd
medium recording the lowest and ECs basd medium recording the highest. LS medium
produced the minimum number of globular embryos (1.57) per explant when compared to
the maximum number of globula embryos (27.6) per explant on ECs basd medium
(Table 5.5). It can be concluded from the above studies that ECs basd medium is best
suited fa induction of somatic embryogeness from didd cotyledonary segments of
pigeonpeas The optimized ECs; basd medium supplemented with 5 nM BAP waes
therefore used for further optimization of parameters such as explant source, carbohydrate
source and agitation in liquid induction medium only on EGs basd medium with 5 niM
BAP.

In contrast t0 our obsarvaions, MS basd medium is the mos commonly used
medium for tissue culture of grain legumes. Induction of somaic embryogeness usng
MS medium has been reported in peanut (Hazra et al. 1989; Ozias-Akins 1989; McKently
1991; Baker and Wetzdein 1992; Wetzdein and Baker 1993; Murthy and Saxena 1994,
Chengdrayan et al. 1995), Pea (Tetu et al. 1990), Chickpea (Barna and Wakhlu 1993;
Sagare e al. 1993 and Suhasini et al. 1996), pigeonpea (Ndini Mdlikarjuna et al. 1996;
Sreenivesu et al. 1998), winged been (Ahmed et al. 1996) soybean (Chritianson et
al1983; Ranch & al. 1985, Bawde e al. 1986a; Hepher et al. 1988) and Vicia
narbonensis (Pickardt et al. 1989; Albrecht and Kohlenbach 1989). However, in our
experiments ECs basd medium found to be the best for induction of somatic
embryogeness. Pad e al. (1994) dso observed induction of somatic embryogeness in
pigeonpea usng ECg basd medium, which issmilar to our results.

Table 55 Effect of various basal media supplemented with 5 mM BAP on somatic embryogeness
from distal cotyledonary segments of genotype Gaut-82-90

Medium Per centage induction No. of globular embryos/explant
(mean+se) (mean * se)

EG 76+ 3F 276+ 22

MS 2+ 2 167+ 08

B5 2+ 360+ 09

Modified B5 R+5 240+ 0.7

LS 36t6 157+ 04

White's 54+ 18° 554+ 05°

Figures with different a phabets in superscript differ significantly at 0.05 probability.
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5.3.7.2 Effect of explant source

Among explants like mature embryo axes, maure cotyledons (whole), distd cotyledonary
segments and ledf, the induction of somatic embryogeness was highest in terms of
percentage induction as well as in the number of globular embrycs formed per explant in
digd cotyledonary segments (76 %) followed by meture cotyledons (whole) (50 %) and
lesf (42 %). The number of globular embryos per explant was dgnificantly less in leef
(47 and maure cotyledons (whole) (10.2) when compared to digd cotyledonary
segments (27.6). There was no induction of somaic embryogenesis from mature embryo
axes (Table5.6).

Table 5.6 Effect of ECg basal supplemented with 5 mM BAP on somatic embryogeness from different
explants of genotype Gaut-82-90

Explant Per centage induction No. of globular embryosexplant
(mean+se) (mean*se)
Mature Embryo axes NR
Mature Cotyledons (Whole) 50+ 6 102+ 0.8°
Distal cotyledonary segments 76+ 3 276+ 22
Lef 2+8 4714

NR- No Response, Figures with different aphabetsin superscript differ significantly at 0.05 probability.

5.3.7.3 Effect of Carbohydrate source

The influence of carbon sources such as glucose, fructose, sucrose and matose on
embryogenic response of cultivar Gaut-8290 was compared. The best embryogenic
response was obtained with 3 % sucrose (76 %) followed by matose (44 %) and Glucose
(30 %). No embryogenesis was observed when glycerol and fructose were supplemented
to the medium. The number of globular embryos per explat was dso highest in sucrose
supplemented medium (27.6) when compared to mdtose (14.7) and glucose (104) (Table
5.7).

The plant tissues are incgpable of autotrophic growth under in vitro conditions, o
cabohydrates are added to provide energy source (Kozai 1991, Leifert et al. 1995).
Carbohydrates are dso necessary in tissue culture as osmotic agents (Thorpe 1982). The
mos commonly used carbohydrate for culturing of plant tissues in vitro is sucrose. In
nature, carbohydrate is trangported within plant tissues as sucrose and tissue may have an
inherent capecity for upteke, trangport and utilization of sucrose (Egpen and George
19933). Despite the widespread use of sucrose supported by numerous successes, other
sugars have adso been reported as being suitable carbon sources for embryogeness of
different species (Genga and Allavena 1991). Glucose has been demondrated to be
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effective for Phaseolus cocccineus (Genga and Allavena 1991), while mdtose proved to
be an efficdent carbon source for somaic embryo production in dfdfa (Strickland et al.
1987). Mdtose has ds0 been used ingead of sucrose for maurity of somatic embryos in
soybean (Finer and McMullen 1991) and dfdfa (Denchev et al. 1991).

Table 57 Effect of ECq basal medium supplemented with 5 mM BAP and various carbohydrates on
somatic embryogenesis from distal cotyledonary segments of Gaut-82-90

Carbohydrate Per centage induction No. of globular embryos/explant
(3%) (meantse) (meanxse)
Sucrose 76+ F 27622
Glucose 3+ 104 +08°
Maltose 44+ 7 147 +34°
Glyceral NR
Fructose NR

NR- No Response, Figures with different alphabetsin superscript differ siginificantly at 0.05 probability.

5.3.7.4 Effect of dark v/slight incubation

The percentage induction of somaic embryogeness was better when the cultures were
incubated under 16 h photoperiod (76 %) when compared to 24 h light conditions (51 %)
and dark incubetion (48 %). But there was no dgnificat difference between 24 h light
incubation and dark incubation. However, the number of globular embryos produced in
light & 16 h photoperiod was highest (27.6) followed by 24 h photoperiod (11.8) and dark
incubation (6.5) (Table5.8).

The culture environment dso influences the process of somatic embryogeness
Somdtic embryogeness can occur under a variely of light/dark regimes, but in gened,
darkness may be better (Thorpe 1988). However, in pigeonpea incubation under light at
16 h photoperiod was better when compared to dark incubation. According to Thorpe
(1988) requirement with respect to illumination of cultures varies anong plants.
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Table 58 Effect of ECe basal medium supplemented with 5 mM BAP on somatic embryo induction
from distal cotyledonary segments of genotype Gaut-82-90 incubated under different
cultureenvironment.

Culture environment Per centage induction No. of globular embryos/explant
(meanxse) (meanxse)

Light (16 h photoperiod) 76+3° 21622

Light (24 h photoperiod) 51+5% 118+ 08

Dark 48+ 8" 65+0.3°

Figures with different aphabets in superscript differ Sginificantly at 0.05 probability.

5.3.7.5 Effect of agitation in liquid induction medium

The highest percentage of soméic embryo induction was achieved when the disd
cotyledonary ssgments were agitaed in liquid induction medium a 200 rpm for 1 week
and then transferred to EG; basd medium supplemented with 05 niM BAP followed by
ECs basd medium supplemented with 1 nM BAP (65 %), hormone free ECgs basd
medium (60 %) and ECs basd medium supplemented with 2 nM BAP (55 %). The
treetment ECs basd medium supplemented with 05 nM BAP was found be the bet
(24.1) in producing greater number of globular embryos per explat when compared to
ECs basd medium aupplemented with 1 nM BAP (147), ECs basd medium
supplemented with 2 mM BAP (14.2) and hormore-free ECs basd medium (12.6) (Table
5.9). There was no dgnificant difference in the controls where in the agitation in liquid
induction medium was not caried out compared to the experimenta trestment where in
the cotyledonary segments were agitated in liquid induction medium and trandered to
ECs basd medium supplemented with 0.5 nM BAP in terms of percentage induction of
ometic embryos and in the number of globular embryos per explait (Table 5.9).
However, the induction of somatic embryogeness on hormonefree ECs besd medium
when the cotyledonary segments were agitated in liquid induction medium was found to
be lower than the controls (Table 5.9).
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Table 59 Effect of agitation in liquid induction medium on somatic embryo production from distal
cotyledonary segmentsof genotype Gaut-82-90

Per centage induction No. of globular embryos/explant

BAP (ml)
(mean+se) (meanse)
Control* 76+ F 276+ 22
Nil 60+ 6% 126+ 2.6°
BAPOS5 75+ 11° 241+ 31°
BAPL0 65+ 15° 147+ 1.4
BAP2.0 55+ 212 142+ 16°

Figures with different aphabetsin superscript differ significantly at 0.05 probability.
*The dista cotyledonary segments were inoculated on EGs basd medium supplemented with 5 M BAP
without agitating a 200 rpm for 1 week.

5.4 Conclusions

In the present investigdions, efforts were made to dandardize the protocol for Sométic
embryogeness from dista haves of cotyledonary segments The somatic embryos were
induced and a large number of globular embryos were produced by culturing the
cotyledonary segments on ECGs basd medium supplemented with BAP or TDZ. However,
further development of globular embryos and formetion of cotyledonary sage embryos
occurred only when the globular embryos obtained on ECs basd medium supplemented
with BAP were trandferred to MS basal medium supplemented with GA3 (2 - 5 nM).
Vaious parameter dudies were caried out to improve the efficency of somdic
embryogeness achieved on optimized parameters of culture conditions such as ECs basd
medium supplemented with 5 M BAP in genotype Gaut-82-90 with digd cotyledonary
segments as explants. In soite of various efforts, the formation of cotyledonary embyros,
gemindion and converson of embryos into platlets was very low. The protocol needs
to be improved further for use in genetic transformetion experiments. The sysem may be
ussful for basc dudies of embryogeness snce vaious morphologicd vaidions were
observed in the development of cotyledonary stage somatic embryos.

Pat of this chapter has been published as a paper enttitlted * Somatic
embryogenesis and plant regeneration in pigeonpea [Cajanus cajan (L.)
Millsp.]” by Mohan ML and Krishnamurthy KV (2001) Biologia Plantarun
(In Press)
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CHAPTER 6

GENETIC TRANSFORMATION STUDIES
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6.1 Introduction

One of the mogt important events in the human higtory perhgps occurred when
man sopped merdy gahering food and became a famer. That was probably the
beginning of genetic enginexring (Kemp 1983). Through classcd breeding, countless
plants were domedticated by man ether by creaing genetic diversty by crossng
individuds or by sdlecting offspring that showed some useful trait/s (Kemp 1983).

Classicd plant breeding, however, hes its limitations as it depends on sexud
compatibility and often takes 10-15 years to rdease a new vaiety (Pauls 1995). Due
to the unsuccessful crosses and narrow gene pool avalable within a species, genetic
enginering as an additiond tool, is being used, to kesp pace with the burgeoning
population in the deveoping oountries. Gendlic enginering is defined as  the
manipulaion of plant genomes via the introduction of a characterized DNA segment
(Comai 1993).

Gendlic enginering offers many opportunities for improving agriculture and
public hedth. An dite variety could be modified for a sngle trat with the gene's
coding for insect, disease (vird and fungd) resstance or herbicide tolerance from
entirdly different organisms. Other qudity traits such as protein and carbohydrate
content, modified plant oil and faty add compostion for hedth reasons, enhanced
flavor and texture, longer shef life could dso be introduced (Smith 1994). Potentid
benefits indude higher yidds and enhanced nutritiond vaue for crops and livestock,
reduction in pesticide and fertilizer use, development of disease ressance and the use
of plants to produce vauable heterologous molecules, which yidd many new products
(Havdl 1995). Tranggenic plants have been engineered to produce a variety of
products using their high capacity of sdf-assembling fermentors, which operate in
non-derile conditions a a cost of only severd hundred dollars per ton of biomass
(Raskin 1996).

With the worldwide market for herbicddes a $ 6 hillion, the firgt target for
ressarch was herbicide resgant tranggenic plants. Herbicide tolerant plants have a
number of commercddly and environmentaly desrable propeties and would provide
more codt effective and environmentaly friendly weed control (Smith 1994).

Disease resstance has dso been targeted as an advantageous trait in the mgor
cops and a number of drategies have been employed to achieve this god (Smith
1994). Virus resgance is important for good crop yidds and dso to reduce the
amount of chemicals required to control the insect vectors thet tranamit the virus.
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Introduction of bacterid insecticide genes from Bacillus thuringiensis into
plants to confer pest resstance by inhibition of insect vectors has dso been achieved
(Fuimoto et al. 1993, Kozid et al. 1993). Cotton, which is transgenicaly insect
ressant will probably be the first insect ressant plant to be commercidized (Smith
1994). Shade et al. (1994) described the use of a-amylese inhibitor to provide
ressance agang bruchid bedles in legume seeds In tranggenic pess, gene
expresson was obsarved in the seed and the protein was accumulated a sufficient
levels to prevent infestation with the bruchid beetle weevils,

The 2S dorage dbumin of Brazil nut (Bertholeita excelsa) has been a popular
target for increesng the level of sulfur-amino acids in legumes, because it contains
multiple methionine and cydine resdues (Habben and Lakins 1995). Sadbach et al.
(1994) have condructed a chimeric 2S dbumin cDNA that is conditutively expressed
throughout the seeds and reveds that the Brazil nut protein is syntheszed in this
organ, dbet in low concentrations. Storage lipid modification via enginering of the
faty acid biosynthess enzymes has dso been achieved (Murphy 1992), which will
contribute to the production of hedthier foods as wel as production of chemicd feed
stocks.

Crop losses can occur due to cold and freeze damage. Cold tolerance could be
induced in cold-susceptible plants by a process cdled “acclimation” and one of the
changes tha occur is the production of organic compounds and antifreeze proteins
(Hew and Yang 1992), which lower the freezing temperaiure of tissue liquids
Georges et al. (1990) expressed a fuson between chloramphenicol acetyl transferase
and a synthetic gene encoding the founder antifreeze protein in maize tissues. They
observed that tissue extracts, which showed the presence of the protein, disdlayed a
reduction in ice crystd formation.

The &bility to creste transggenic organisms offers the opportunity of
progranming plants to accumulaete foreign proteins in seeds, roots or leaves — to
enhance ther qudity, vadue o even provide a new source of vauable
pharmaceuticls, induding antibiotics The FLAVR SAVR™ tomao is the firgt
gendticdly engineered plant product to be relessed, and has a synthetic gene that
inhibits the expresson of polygdacturonese (Fray and Grierson  1993), which
normaly accderates fruit softening and contributes to the over ripening of tomatoes.
Tranggenic plants with improved seed protein and oil content in corn (Berquidt et al.
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1992), cotton plants ressant to boll worm (Perlak et al. 1990), plants with ability to
gynthesize antibodies and vaccines (Mason et al. 1992), plants which synthesze
biodegradable plastics (Nawrath et al. 1994; Porrier et al. 1992; Porrier et al. 1995)
are ome of theimportant examples of genetically engineered plants.

6.1.1 History of genetic transformation

In 1983, the era of plant trandformation was initisled when Agrobacteriummediated
gene ddivery was used for producing transgenic plants (Fraey et al. 1983). Following
years of unsuccessful experiments with variations in feeding isolaed DNA to plant
tissues and organs, gene transfer became a redlity soon after it was discovered that the
S0il bacterium Agrobacterium tumefaciens and A. rhizogenes are consdered as natura
gendlic engineers due to ther ability to trander and intergraie DNA into plant
genomes through a unique integrative gene transfer mechanism (Jouanin et al. 1993).

The fird tranggenic plants were developed in the early 1980's usng a
disamed verson of the Ti plasmid of Agrobacterium tumefaciens a pathogenic
bacterium, which can trandfer pat of its “T-DNA” into the plant genome (Smith
1994). The genes caudng crown gdl disesese were removed from the Ti plasmid,
while leaving the DNA trander mechaniam intact. Replacing the tumour causng
genes with foreign genes and the subsequent converson of plant cels to kanamycin
antibiotic resgtance by the trandfer of a bacteriad sdectable marker gene (Neomycin
phosphotransferase) into the plant cdls, the expresson of foregn genes into plants
could be achieved (Smith 1994).

The production of tranggenic plants depends on the dable introduction of
foregn DNA into the plant genome, followed by regeneration of hogt cdls into intact
plants, and the subsequent expresson of the introduced geng(s) (Wdden and
Wingender 1995). Initid successes in  trandormation  Sudies were  limited  to
Solanacese, tobacco (Nicotiana tabacum L.) in paticula. This has dramdicdly
changed throughout the 1980's and into the 1990's where now it is possble to
trandform a wide range of plants many of which ae of agronomic importance
(Songgtad et al. 1995) usng gendicdly engneered avirulent drains of Agrobacterium
as vectors (Herrera-Edtrella et al. 1983).

Hog range limitations of Agrobacteriummediaied gene transfer prompted the
search for dternate gene trandfer systems, leading soon to the development of “direct
gene trander to protoplests’ (Potrykus 1995). Further limitations in these gene
trander systems led to the exploration of various other gpproaches such as pollen
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trandformation, pollen tube pahway, dectrophoress microlaser, liposome-fuson and
injection, mecroinjection, direct DNA gpplication etc. (Potrykus 1995). However,
none of these approaches have been developed into a reproducible gene transfer
technique (Potrykus 1995). Trandformation can dso be achieved by methods which
include the direct insartion of DNA into protoplests by microinjection (Crossway et
al. 1986) or eectroporation (Horn et al. 1988).

The bidlidic transformation (particle bombardment) system — coating DNA on
tiny metd patides and shooting these into plant tissues was the next breskthrough
(Klein et al. 1987; Sanford 1988), which not only led to the efficdent production of
tranggenic “modd plants’, but dso opened a route for genetic engineering of mgor
cop plants (Potrykus 1995). This method depends far less on sophidicated tissue
culture procedures and is independent of the limitations of tissue culture. This method
has proved to be particularly successful with plants that are less amenable to tissue
culture, such as ceaeds and legumes (Wdden and Wingender 1995). The
trandformation of cereds and legumes has recelved much atention, because of the
agronomic importance of these crops. The ddails of different methods adopted to
engineer plants are outlined in the following sections.

6.1.2 Methods of gene transfer

6.1.2.1 Agrdbacterium mediated gene transfer

Agrobacterium tumefaciens is a gramnegative soil bacterium causng crown gdl
tumors a wound Stes of infected dicotyledonous plants (Gevin 1993). It ataches to
plant cdls and then tranders pat of its tumor-indudng (Ti) plesmid cdled T
(transferred) DNA, to some of these plant cells. The FDNA becomes integrated into
one of the chromosomes of the plant cdl and expresson of the gene located on the T
DNA leads to the formaion of proteins involved in the production of an auxin and a
cytokinin, which causes the tumorous phenotype (Hooykees and Bejersbergen 1994).
Gene trander systems based on Agrobacterium exploit the naturd DNA transfer
ability of these plant pathogens. The T-DNA genes can be replaced by any other gene
of interest, which can be tranderred to the plant genome For plant species that are
readily amenable to tissue culture, Agrobacteriummediated gene transfer, the first
widdy adopted means of cregting transgenic plants remans the most popular
technique (Wdden and Wingender 1995). Probebly the grestest advantage of the
sysem is that it offers the potentid to generate transgenic cdls a rdaively high
frequency without dgnificant reduction in plant regeneration rates (Wdden and
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Wingender 1995). Plants are usudly transformed with relatively smple condructs, in

which the gene of interest is coupled to promoter of plant, vird or bacterid origin,

some promoters confer conditutive expression, while others may be sdected to permit

tisue-spedfic expresson, or environmentaly inducible expresson. The cauliflower

mosaic virus (CaMV) 35S RNA promoter is often used because it directs high levels

of expresson in mogt tissues (Waden and Wingender 1995). Genetic transformation

that is effected by Agrobacterium is dependent on the use of disamed Ti plasmid.

The Agrobacterium genes that are respongble for tumor formation can be replaced

with foreign genes thet are expressad following infection of plant cdls (Litz and Gray

1995). Theinserted geres could be :

1) a sHectable marker, such as the gene for neomycin phosphotransferase (NPT 1),
which confers resstance to antibiotic kanamycin;

2) a gene that encodes a scorable marker, such as b-glucuronidese (GUS) which
undergoes a useful hisgtochemica color reaction (Jefferson et al. 1987);

3) a sequence tha encodes a promoter, such as 35S from caulflower mosac virus,
for expressing the different genes that have been introduced into the plasmid;

4) and genesthat have agriculturd interest (Litz and Gray 1995).

Agrobacteriummediated transformation involves incubaion of cdls or tissues
with the bacterium, followed by regeneration of plants from the trandformed cdls
directly andlor via cdlus dage Trandormaion mediaied by Agrobacterium has
provided a reliable means of creating transgenics in a wide variety of species that are
amenable to tissue culture and regeneration (Waden and Wingender 1995). Earlier
reports of gendic trandformation by Agrobacterium generdly involved tissues that
regenerate through organogeness such as leaves (Horsch et al. 1985). However, for
gpecies that are not eadly regenerated by organogenesis, such as wanut (McGranahan
et al.,, 1988) and mango (Mathews et al., 1992), embryogeness has increesngly been
preferred.

Agrobacteriummediated gene traafer remans the most common method of
trandorming dicotyledonous plants, incduding legumes (Kumar and Davey 1991).
Legumes are naurd hosts to Agrobacterium and many grain legumes produce sably
transformed callus (Puonti-K aerlas 19930) and plants.
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6.1.2.2 Direct gene transfer

DNA can be introduced directly into plant protoplasts by techniques that are Smilar to
those used for animd and yeest cdls. The fredy accessble plasma membrane alows
the easy entry of the DNA (Jenes et al. 1993). The advantage of this procedure is thet
it can be used on any plant from which protoplasts can be obtained (Dreper et al.
1982). It was firg reported by Paszkowski et al. (1984) in tobacco. The smple
goplication of naked DNA under defined conditions to plant protoplasts has been
shown to result in the uptake and integration of DNA into the plant (Draper et al.
1982). It was developed as an dternative to Agrobacteriummediated gene transfer
because of hogt range limitetions.

Direct uptake of DNA into protoplasts can be promoted by chemicd and
physcad trestment, eg., with polyethylene glycol (PEG), and gpplication of eectric
pulses (electroporation) repectively or a combination of baoth.

The basc procedure involves the preparation of protoplasts from plant tissue
by enzymatic digedion, the addition of DNA to the protoplast suspenson, the upteke
of DNA dimulated by various methods, the sdection for expresson of a transformed
gene usudly applied & some point in the regeneration process from the treated
protoplagt to plants.
6.1.2.2.1 Electroporation mediated genetransfer
A widdy used physicd treatment for enhancing the frequency the of tranformeation
of protopladts is to subject them to eectric pulses This trestment is beieved to create
trangent pores in the cal membranes through which the DNA present in the externd
solution gains entry under gppropriate conditions (pH, concentration). This leads to
dther trandent expresson of introduced DNA, or dable integration of the DNA into a
sndl proportion of the protopleds, and the transgenic tissues and plants can be
regenerated (Jones 1995). Conditions should be chosen such that the pore formation is
reversble and the protoplasts recover from the trestment (Jones 1995).
6.1.2.2.1.1 Electroporation of protoplasts
Electroporation causes the upteke of DNA into protoplads by temporary
permesbilizetion of the plasma membrane to macromolecules (Hinchee et al. 1994).
This is achieved by gpplicaion of a high intendty dectric fidd to protoplasts
contained in a buffer between two eectrodes DNA diffuson occurs immediaey
ater the dectric fidd is gpplied and until the pores in the membrane resed (Fromm et
al. 1987). The efficiency of gene transfer and viability of protoplasts is influenced by
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the amplitude and duration of the dectric pulse and compodtion of the dectroporation
medium (Jenes et al. 1993). Electroporation has been used successfully for trangent
(Songstad et al. 1995) and dable trandformation (Negrutiu et al. 1987; Shilito et al.
1985) of protoplasts from a wide range of species and tissue sources Stable
trandormation of maize protoplasts (Fromm et al. 1986) and carot protoplasts
(Langridge et al. 1985) has been reported.

6.1.2.2.1.2 Electroporation of entiretissues

Electroporation of intact lesf tissue of rice (Dekeyser et al. 1990) has been achieved.
The applicability of this technique to other monocots induding wheat, maize and
barley has dso been reported (Jeneset al. 1993).

6.1.2.2.2 PEG (polyethylene glycol ) method.

PEG is the most widdy used chemicd trestment for fadlitating DNA uptake into
plant protoplasts PEG acts to increase the permesbility of cdl membranes and hes
been used a an dficient protoplast fuson agent. PEG mediated transformation
involves mixing freshly isolated protoplests with DNA and immediady adding a
given concentration of PEG dissolved in a buffer. PEG concentration can affect
protoplast viability and gene trander efficiency (Jenes et al. 1993). Production of
tranggenic plants is dependent on the regeneretion competency of the resultant
transformed callus (Hincheeet al. 1994).

6.1.2.2.3 Microproj ectile bombar dment-mediated transfor mation

This method is cgpable of drcumventing the hogt-range redrictions of Agrobacterium
tumefaciens and the regenerdtion problems of protoplagt transformation (Klein et al.
1987). Micoprojectile-mediated  trandformation  is a mechanicd method  of
introducing DNA into dmogt any plant species and genotype (Hinchee et al. 1994,
Wadden and Wingender 1995). This mechanicd method may be highly advantageous
when mgor biologicad baries exig to dther Agrobacterium or protoplast mediated
trandformation (Hinchee et al. 1994). Heavy microprojectiles (tungsten/gold) coated
with DNA are accderated into cdls and tissues The cdls can survive the intruson of
paticles thus this technique facdilitates the trangport of genes into any type of intact
cdls or tissues (Jenes et al. 1993) and was demondraed for the firg time in maize
cdls (Klein et al. 1987). Paticle-mediated plant transformetion technology has been
used to trandform severd plant species, incduding reatively recacitrant species such
& maze (Fromm e al. 1990), soybean (McCabe et al. 1988) and wheat (Vasl e al.
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1992). Stable transformation usng this method has been achieved in tobacco (Klen et
al. 1988; Tomeset al. 1990).

6.1.2.2.4 Other methods

Due to hog range limitations of Agrobacterium and the absence of regeneration
protocols from protoplasts for the direct gene trandfer, aernate gpproaches of gene
transfer were explored.

Pollen tube pahway (Luo and Wu 1988), dectrophoress (Ahokas 1989),
microlasr (Guo et al. 1995), sonication (Joersbo and Brungtedt 1990), incubation of
dry embryos in DNA (Toegofer et al. 1989), slicon fiber mediated gene trandfer
(Kegppler et al. 1990), microinjection (Neuhaus and Spangenberg 1990; Potrykus
1990) etc. are the methods reported. These methods can be extended for the genetic
trandformation of legume species especidly, pigeonpea [Cajanuscajan (L.) Millsp].

6.1.3 Transformation studiesin grain legumes

The mgor problem in the devdopment of commerddly vidble Agrobacterium
mediated transformation methods is the lack of efficient plant regeneration systems in
which a lage proportion of cels in the explant are capable of regeneration (Jordan
and Hobbs 1994). The ealier reports on legume transformation employed wild type
oncogenic drains of Agrobacterium leading to the production of crown gdl tumors or
hairy roots (Kumar and Davey 1991). However, these tumors faled to regenerate
shoots in most of the cases dudied. With the edablishment of effident plant
regeneration sysems in legumes, desrable genes have been introduced into the plant
genome through binary vectorsin many grain legumes (Table 1.3).

Progress with legumes is limited compared to plants of other families such as
solanacese, however, snce legumes are gradudly becoming amenable to tisue
culture, somatic cdl techniques will be incressngly targeted to these species (Kumar
and Davey 1991). Tranggenic grain legumes have been produced using a combination
of patide bombardment technology and de novo explant to plant regeneration
sysems. Suspension cultures have dso been utilized, dthough, success has been very
limted (Chrigou 1995). Among legumes, only soybeans and peanuts have received
much aitention as far as able transformation is concerned (Christou et al. 1993). For
important species such as soybean, peanut and Phaseolus, dite varieties can be
engineered redivdy eesily (Chrigou 1995). Gendicdly engineered soybean was
recovered using embryonic axes from mature and immature soybean seeds (McCabe
et al. 1988) and cotyledon explants (Hinchee et al. 1988). Transgenic pea plants were

149



adso recovered from cotyledonary node explants (Jordan and Hobbs 1993). However,
the low trandformation frequency wes atributed to the limited number of competent
cdls in the explants (Jordan and Hobbs 1994). Transgenic plants in legumes have dso
been recovered from soybean (McCabe et al. 1988; Hinchee et al. 1988), pea (Puonti-
Keerlas et al. 1989; Schroeder et al. 1993; Grat et al. 1995), peanut (Schndl and
Wesinger 1993; Egpen and George 1994b; Brar et al. 1994; McKently et al. 1995),
Phaseolus (Mariotti et al. 1989, cowpea (Penza et al. 1991) and chickpea (Fontana et
al. 1993; Kar et al. 1996; Krishnamurthy et al. 2000).

Despite much progress, A. tumefaciens-mediated transformation of legumes is
dill not sufficiently effective in many species for commercid use (Jordan and Hobbs
1994). Wild type A tumefaciens does not atack dl plants and it is important to
edablish that Agrobacterium grain to be used and the species and genotypes to be
trandformed are compatible Wild type drans have been found to be virulent on
oybean (Hood et al. 1987; Owens and Cress 1985; Hood et al. 1986; Pedersen et al.
1983; Byme et al. 1987), pea (Puonti-Kaerlas et al. 1989; Hawes et al. 1939; Hobbs
et al. 1989), dry bean (B Khdifa and Lippincott 1968, McCleen et al. 1991), lentil
(Warkentin and McHughen 1991) and moth bean (Gill et al. 1988). However, there is
condderable varigion among the legume species as wdl as in the ablity of the
different drains to infect legumes (Byrne e al. 1987, Puonti-Kaerlas et al. 1989;
Hobbs et al. 1989; McClean et al. 1991, Warkentin and McHughen 1991) and in the
response of the different genotypes within a species to tha infection (Owens and
Cress 1985; Byrne et al. 1987; Puonti-Kaerlas et al. 1989; Hawes et al. 1989; Hobbs
et al. 1989; McClean et d. 1991; Armgtead and Webb 1987). Such interactions can be
vay important as, depending on the dran-genotype combinations used, soybean
(Owens and Cress 1985) and dfdfa (Mariotti et al. 1984) ranged in response from
nonsusceptible to very highly suscetible.  Therefore, other successful means  of
legume trandformation (eg. bioligics) ae essntid for potentid  improvement  of
legumes (Jordan and Hobbs 1994).
6.1.4 Transformation studiesin pigeonpea : Current status
To dae only a dngle report of genetic trandormation in pigeonpea is avaladle
Gegtha et al. (1999) obtaned transgenic plants of pigeonpea using Agrobacterium
mediated trandformation with GUS reporter gene and nptll gene as sdlectable marker.
The data on the number of transgenic plants trandferred to fiedd and their performance
is not avalable in the above report. No report on pigeonpea trandformetion is dso
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available usng GFP gene as reporter gene. Moreover, there were no reports of genetic
transformation in pigeonpea when this work was initiated.

Therefore studies have been carried out to sandardize an Agrobacterium
medisted trandformation protocol for pigeonpea The Standardized protocol may be
ussful to achieve the aforementioned gods — production of disease/pest resstant high
yidding cultivars of pigeonpea
6.2 Materialsand methods
6.2.1 Plant material
The genotype T-1515 was found to be better in terms of the number of shoots
produced from DCMEA explants as described in chepter 4. Therefore, the genotype
T-1515 was used for trandformation experiments. Seeds of the genotype T-15-15
were surface gerilized as described in section 2.6.1. The surface serilized seeds were
soaked in gerile didilled water for 18 h in the dark a 28 + 2 °C and kept on gyraory
shaker a 200 rpm. They were dissected under gterile conditions and the embryo axes
were separated from the cotyledons. These embryo axes were injured by the remova
of 1-2 mm of shoot and root apicd merigems (referred to as decapitated mature
embryo axes — DCMEA) and wee used as explants for co-cultivation with
Agrobacterium drans pGV2260-35S-GUSINT and pBIN 35Smgfp5-ER  containing
marker and reporter genes. Around 180240 DCMEA explants were used per
experiment and the experiments were repeated thrice in case of treatment with
Agrobacterium dran pGV2260-p35SGUSINT and 6 times in case of treatment with
Agrobacterium grain pBIN 355-mgfp5-ER. Forty DCMEA explants inoculated on the
M1 medium, without trestment with Agrobacterium served as control.

6.2.2 Agrobacterium strain

6.2.2.1 GUSreporter gene

The Agrobacterium tumefaciens dran LBA4404 contaning the pGV2260-35S-
GUSINT plaamid is pBIN19 derivaive, which caries a chimeric NPTIl gene and a
GUS gene condruct with a ST-LS1 gene derived intron (Vancanneyt et al. 1990) Fig
6.1A) was kindly provided by Dr. Degpek Pentd (Univergty of Dehi, South Campus,
New Ddhi, India) (Table 6.1).

6.2.2.2 GFP reporter gene

The disarmed Agrobacterium tumefaciens drain LBA4404 (Hoekema et al. 1933)
harboring a binary plasmid pBIN 35Smgfp5-ER (Fig 6.1B) was used as vector for
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trandformation. The condruct was kindly provided by Dr. Jm P Hasdoff from MRC
Laboratory of Molecular Biology, Cambridge England (Table 6.1). pBIN 35S
mgfp5-ER is a plant binary vector derived from pBI121 (Jefferson et al. 1987) in
which the Bam HI - S& | fragment containing the GUS reporter gene has been
replaced with Bam HI — Ss | fragment containing mgfp5ER gene. The nucleotide
subdtitutions that dter codon usage (but not amino acid sequence) diminate cryptic
solicng in Arabidopsis by desroying the slice stes and branch point and lowering
the A-U content around the cryptic intron (Hasdoff et al. 1997). Fudon of the N-
teemind dgnd sequence from Arabidopsis thaliana basc chitinese and C-termind
HDEL sequence dlows compartmentdization of GFP away from the nudeoplasm and
cytoplasm and into the lumen of the endoplasmic reticulum resulting in  highly
fluorescent transgenic plants and an gpparent decrease in phytotoxicity (Hasdoff et al.
1997). GFP5 has dud exditation pesks (395 nm and 473 nm) of gpproximady equd
amplitude, which can be visudized wel with ether long wavdength UV (eg. hand
held lamp) or bluelight (e.g. argon laser) (Semering et al. 1996).

Table 6.1 Agrobacterium and plasmid strain used in the present investigation

Agrobacterium/Plasmid Culture conditions Reference

YEB
+ 100 mg/ml Kanamycin
pGV2260-p35SGUSINT + 50 mg/ml Streptomycin Vancanneyt et al. 1990
+ 100 mg/ml Rifampicin

YEB

pBIN 35Smgfp5-ER + 50 mg/ml Kanamycin Haseloff et al. 1997
+ 250 mg/ml Rifampicin

6.2.3 Mobilization of GFP geneinto Agrobacterium

The plaamid contaning pBIN 35Smgfps-ER was introduced into the Agrobacterium
tumefaciens srain LBA4404 usng the freeze-thaw method described by Dityatkin et al.
(1972) with modifications The Agrobacterium dgran LBA4404 containing heper Ti
plasmid was grown ovenight & 28 °C in 5 ml of YEB medium contaning 250 mg/l of
rifampicin. Two millilitre of the overnight grown culture wes added to 50 ml of YEB
medium in a 250 ml Erlenmeyer flask and the culture was shaken a 250 rpm a 28 °C
until the culture grows to an ODgy Of 0.5. The culture was chilled on ice and the cell
suspension was centrifuged a 3000 g for 5 min. a 4 °C. The supernatant was discarded
and the cdls were resuspended in 1 m of 20 mM ice cold CaCl> solution.
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The cdl suspenson was digpensed into pre-chilled microfuge tubes as 0.1 ml diquots
One microgram of pBIN 35 mgfp5-ER plasmid DNA was added to the cells The cdls
were frozen in liquid nitrogen and thawed by incubating the microfuge tubes in a 37
°C wae bah for 5 min. The volume of the culture was made up to 1 ml usng YEB
medium and incubated a 28 °C for 24 h with gentle shaking. The cdls were soun
down for 30 s and the supernatant was discarded. The cdls were re-suspended in 0.1
m YEB medium and were subsequently spreed on YEB agar plate containing 250
mg/l rifampicin and 50 mg/l kanamycin. The plates were incubated a 28 °C for 23
days. The transformed colonies were picked and grown. The becterid colonies were
mantaned on YEB agar plaes contaning 50 mg/l kanamycn and 250 mgl
rifampicin a 4 °C or as glycrol socksa —70 °C.

6.2.4 Bacteriological medium

Agrobacterium drans  (pGV226-p35SGUSINT  and  pBIN  35Smgfp5-ER)  were
grown in YEB (1 g/l of Bacto-yesst extract; 5 ¢/l Beef extract; 5 g/l Bacto peptone 5
ol Sucose 05 gl MgSOs) medium (Shaw 1988). The pH of the medium was
adjugted to 7.2 before Stexilization by autodaving.

6.2.5 Growth media and conditionsfor Agrobacterium

A dnge bacteid ocolony was inoculaed in 5 ml of liqud YEB medium with
antibiotics (concentrations as mentioned in Table 6.1) and grown & 28 °C on a
gyratory sheker a 200 rpm for 48 h. One hundred and fifty micro liter of his culture
was suspended in 15 ml of YEB medium with antibiotics and incubated a 28 °C on a
sheker a 200 rpm for 24 h. In order to find out the growth pattern of Agrobacterium
drains used, the cdl dendty of bacterium was messured & an opticd densty a 600
nm a 4 h intervad for a period of 24 h and plotted againg time Fig. 6.2). Based on
this graph the 18 h grown culture (late log phase) was used for treating the explants.

6.2.6 Regeneration media

DCMEA explants in dl the experiments were cultured on ECs basd medium
supplemented with 3 % sucrose, 0.8 % agar-agar, BAP (5 nM) and IAA (1 M) for
shoot regeneration (M1 medium) (The medium on which the shoot regenerdtion wes
achieved from DCMEA explants as described in chapter 4). The shoots were alltured
on hdf-drength MS basd medium supplemented with 3 nM GA; for dongation (M2
medium).
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Haf-grength MS basd medium supplemented with 05 nM IBA (M3 medium) was
used for rooting. DCMEA explants were cultured on EGs besd medium supplemented
with 3 % sucrose, 0.8 % agar-agar, BAP (0.5 nM) and 24D (5 nM) for cdlus
formation and maintenance (M4 medium).

6.2.6.1 Determination of lethal dose of kanamycin

The LDso of kanamycin used, as sdective pressure was determined by culturing 30
DCMEA explants (6 explants per petri dish and 5 petri dishes per trestment) in M1
medium and supplemented with various concentrations of kanamycin (25, 50, 75,
100, 200, 300 and 400 mg/l). The cultures were incubated for 4 weeks a 25+2 °C
under 16 h photoperiod a light intensty of 38 nE.m“s® provided by cod white
fluorescent lights.

6.2.6.2 Co-cultivation of explants

DCMEA explants were treated with Agrobacterium sran pGV2260-p35SGUSINT or
pBIN 35S-mgfp5-ER. Agrobacterium culture growvn in 5 ml YEB medium for 18 h
with antibiotics as mentioned in Table 6.1 was centrifuged a 5000 rpm a RT for 10
min. The pelet was resugpended in 25 ml of liquid M1 medium. This sugpenson weas
then used for co-cultivation experiments. Treatment of explants was caried out by
dipping DCMEA explantsin abatch of 20 in Agrobacterium suspenson for 20 min.

All the explants trested by dipping were blotted dry on a derile filter paper
and cocultivaled on M1 medium for 72 h. These were then washed with deile
didgilled weater, blotted dry on deile filter paper and incubated on M1 medium
containing 500 mg/l cefotaxime for one week. After one week of culture the embryo
axes were trandferred to M1 medium containing 250 mg/l cefotaxime (Claforan —
Rusd India Ltd) and 50 mg/l kanamycin. Cultures were incubated under the
conditions mentioned as above for 4 weeks.
6.2.6.3 Regener ation of shoots
The shoots regenerated on M1 medium containing 50 mg/l kanamycin and 250 mg/l
claforan after 4 weeks of incubation were trandferred to a freshly prepared M1
medium containing 125 mg/l of daforan and 50 mg/l kanamycn and were incubated
for another 4 weeks The green shoots growing in the presence of 50 mg/l kanamycin
were then trandered to M2 medium supplemented with 50 mg/l kanamycin and
incubated for 4 weeks. The shoots surviving on M1 medium supplemented with 50
mg/l kanamycin for 8 weeks were scored for GUS staining or green fluorescence.



6.2.6.4 Rooting and hardening

The shoots obtained from DCMEA explants treated with Agrobacterium stran pBIN
BSmofps-ER surviving on M2 medium supplemented with 50 mg/l kanamycin (13
weeks after co-cultivation) were trandferred to M3 medium for rooting and incubated
for 3 weeks. The rooted plantlets were hardened as described in chapter 2, section
211 and mantaned in the controlled environment a 25+2 °C under 16 h photoperiod
of alight intensity of 38 nE.m”.s™ condiions for 2 weeks.

6.2.6.5 Callus development from DCM EA

In a separate experiment, 20 DCMEA explants trested with Agrobacterium by dipping
were blotted dry on a deile filter pgoer and co-cultivated in M4 medium for 72 h.
These were then washed with derile digtilled weter, blotted dry on derile filter paper
and incubated on M4 medium containing 500 mg/l cefotaxime for one week. After
one week of culture the DCMEA explants were trandfared to M4 medium agan
contaning 250 mgl coefotaxime (Claforan — Russd India Ltd) and 50 mgll
kanamycin. Cultures were incubated under the conditions mentioned as above Cdli
developed after 4 weeks of culture, were trandeared to fresh M4 medium having
kanamycin (50 mg/l) and daforan (125 mg/l) and incubated for another 4 weeks
After 4 weeks of incubetion the cdli were agan trandferred to fresh M4 medium
containing 50 mgl of kanamycn for another 4 weeks. The cdli obtaned on M4
medium without kanamycin or daforan from DCMEA explants not tregied with
Agrobacterium served as controls. Cdli were tested for GUS activity and green
fluorescence after 4 and 8 weeks of their culture in M4 medium with kanamycin and
claforan.

6.2.7 Tissue staining for GUS activity

Higochemicd andyds was caried out to determine the b-glucuronidase activity in
cdlus growing on M4 medium &fter 4 and 8 weeks. The leaves of the shoots surviving
on M1 medium supplemented with kanamycin (50 mg/l) was tested after 8 weeks
The tissues were cut into smal bits (0.5 cm) and immersed in 1 mM XGluc solution
(Table 6.2) in microtiter multiwell plates (Sgma Chemicd Co., USA) and incubated
overnight a 37 °C (Stomp 1992). The tissues were bleached in 100 % ethanol before
observation.



Table 6.2 Reagent mix for GUS assay

Stock Solution Final concentration Reagent mix (mi/ml)
1.0 M NaPO, buffer, pH 7.0 0.1M 100
0.25M EDTA, pH 7.0 10mM 40
0.005 M K-ferricyanide, pH 7.0 0.5 mM 100
0.005 M K-ferrocyanide pH 7.0 05mM 100
0.002 M X-glucuronide 10mM 50
10 % Triton X-100 (Optiond) 0.1% 10
Didtilled weter - 600

6.2.8 Fluor escence microscopy

Visudization of GFP fluorescence in plant tissues was achieved using a Leica Wild
MPS 32 gereo microscope (Leitz Wetzlar, Germany) fitted with G filter. Photographs
were taken usng Leica MPS 32 photoautomat camera set to take automdtic exposure
(under dark field) on Fujichrome 400 ASA film.

6.2.9 DNA isolation

6.2.9.1 Plant DNA isdation

Genomic DNA was extracted from putaivey trandormed plants cdli and
untransformed pigeonepear plants and cdlus usng Doyle and Doyle (1987) method
with modifications Two putdively transformed plants obtained (0.5 g tissue) 16 and
18 weeks dfter co-cutivation with Agrobacterium gran pBIN 35S-mgfp5-ER were
used. The cdlus (1 g) devdoped and maintaned for 12 weeks on M4 medium
supplemented with 50 mg/l kanamycin dfter tresing DCMEA  explants  with
Agrobacterium grain pBIN 35S5-mgfp5-ER was used as transformed callus. The ledf
tissue (1 g) of seedlings grown on hormone-free MS basal medium for 4 weeks was
used as control. The cdlus (1 g) produced and mantaned on M4 medium from
DCMEA explants, which were not treated with Agrobacteriumwas used as control.

The tissues were crushed in liquid nitrogen in a precooled mortar and pestle
to a fine homogeneous powder. The powder was quickly trandferred to a SS34 tube
containing 7.5 ml of ice cold Extraction Buffer (0.35 M Sorbitol; 0.1 M TrisHCl pH
75, 5 mM EDTA, pH 7.5). The tube was gently sheken and 7.5 ml of Nude Lyss
Buffer 2 M NaCl; 0.2 M Tris pH 7.5, 50 mM EDTA, pH 7.5 2 % CTAB) was
quickly added. To this 3 ml of 5 % Sarkosyl solution was added. The tube weas
incubsted & 65 °C for 20 min. The contents were cooled down and 18 ml of
CHCls:Isoamyladcohol  (24:1) mixture was added. The tube was centrifuged & 4000
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rpm for 15 min a 4 °C. The agueous phase (supernatant) was taken into a new SS34
tube and was extracted with 15 ml of CHCls Isoamyldcohol (24:1). 15 ml 3 M
sodium actate was added and mixed. 165 ml of isopropyl dcohol was added and
incubated & RT for 10 min. The contents were centrifuged a 8000 rpm for 10 min &
4 °C. The pdlet was washed with 0.5 ml of chilled 70 % ethand by suspending the
pelet and centrifuging a 10000 rpm for 10 min a 4 °C. The supernatant was removed
completdly and the pelet was dried by inverting the tube on pgper towd. The pelet
was dissolved in 50 nh of sterile milli Q water. RNAse a a concertration of 10 ng/ml
was added and incubated a 37 °C for 1 h. The DNA was reprecipitated by
phenol:chloroform extraction and the pellet was dissolved in sterile milli Q water.

6.2.9.2 Plasmid DNA isolation and preparation of probe

The hybridization probe conssted of a 880 bp mgfp5-ER sequence excised from the
pBIN 355-mgfp5-ER plasmid. Plasmid DNA was isolaled from ovenight (18 h)
grown Agrobacterium culture usng the modified Birnboim and Doly (1979) protocol.
Isolated plasmid DNA was trested with RNAse and purified usng phenal:chloroform
method. The plasmid DNA was cut usng the redriction enzymes Xba | (Amersham,
USA) and Sac | (to isolate the GFP fragment, which was purified by agarose gd
dectrophoresis and oligolabelled with *P (Feinberg and Vogelstein 1984) to produce
a highly radioactive probe. This probe was then denaured by bailing to give a sngle
Sranded probe suitable for addition to the hybridization solutions (Draper et al. 1988).

6.2.10 Southern hybridization

The presence and integration of the GFP gene in the kanamycin resstant plants and
cdlus was andyzed by Southen blots (Southern 1975). For this 15 ng of DNA
isolaed from putaively transformed plants and cdli was digested with redriction
endonuclease Eco RI (10 unityng of DNA), separated through a 1 % agarose ge
prepared in 1Ix TAE Fig 6.3A) and transferred (Sambrook et al. 1989) and blotted on
to Hybond N* Nylon membrane (Amersham) by vacuum transfer. Negative controls
condded of DNA isolated from untrested pigeonpea plants and cdlus. The 880 bp
fragment of mgfpS-ER was labelled with *[a-dATF] and used for hybridization
performed according to Sambrook et al. (1989) in 6x SSPE, 5x Denhardt’s solution,
04 % SDS, 0.1 mg/l denatured Solmon Sperm for 24 h a 55 ° C before washing
membranes with 2x SSPE, 05 % SDS solution a& 55 ° C. Hybridizing bands were
detected by 5 days exposure to Kodak X-OMAT AR autoradiogrgphy filmat—70 ° C.



6.3 Resultsand discussion

The worldwide efforts to trandform an ever increasing number of pant species with
high efficiency hes resulted in a number of promisng gene trander sysems that
continue to become more refined (Fsk and Dandekar  1993).  Although,
Agrobacteriumymediated transformation remains the method of choice dternative
methods such as dectroporation and paticle bombardment have been deveoped in
order to drcumvent the poorly undersood biologicd bariers, which prevent its
goplication to certain plants. (Fisk and Dandekar 1993).

The fact that leguminous plants are difficult to regenerate in vitro prevented
thelr trandformation and the production of transgenic plants for a long time. However,
sgnificant progress has been made recently and reports of transformation are now
avalable for many food legumes viz., cowpea (Penza et al. 1991), pea (Davies et al.
1993; Jordan and Hobbs 1993); Schroeder et al. 1993), peanut (Ozias-Akins et al.
1993, Egpen and George 19%4b; McKently et al. 1995), lentil (Warkentin and
McHughen 1992), Vicia narbonensis (Pickardt et al. 1991), chickpea (Fontana et al.
1993; Kar et al. 1996; Krishnamurthy et al. 2000) and soybean (Hichee et al. 1988;
Parrot et al. 1989; Faco et al. 1995).

Pigeonpea, an important grain legume suffers heavy losses due to fungd
diseeses and insect pests, manly pigeonpea pod borer. Although, wild spedies of
Cajanus have numerous trats the cross incompatibility between the wild and
cultivated varieties has deterred the improvement of the crop by conventiond plant
breeding techniques (van Rheenen et al. 1993). Insect resstant plants could be
devdoped by the trandformation of plants with synthetic genes that encode for insect
ressgance (Raffa 1989). Pod borer larvae Helicoverpa armigera (Huebner) are
susceptible to Bacillus thuringiensis (Bt) endotoxins when expressed in plant cdls
(Mohapatra and Sharma 1991). The prerequidte for the trandfer of genes of desirable
trats are the establishment of an efficient plant regeneration sysem in vitro from an
explait amenable for trandormation and dandardization of an  efficient genetic
trandformetion protocol. Only one report of pigeonpea trandformaton is avalable
where transgenic plants were obtained usng GUS reporter gene (Geetha et al. 1999).

The results obtaned from Agrobacteriummediaed trandformation in
DCMEA explantsare presented here.
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6.3.1 Determination of lethal dose of kanamycin

DCMEA explants (Fig 6.3B) formed shoots on M1 medium supplemented without
kanamycin (control) after 4 weeks of incubation. The shoot formation was dso
obseved on M1 medium supplemented with kanamycn a& 25 and 50 mgl
concentrations. No shoot formeation was observed on M1 medium with 75, 100, 200,
300 and 400 mg/l of kanamycin. Inhibition of proliferation shoots in more than 50 %
of DCMEA explants was obsarved when cultured on M1 medium containing 50 mg/l
of kenamycin (Fig 6.3C) for 4 wesks Surviva of few shoots was observed on 25
mg/l kanamycin after another passage of 4 weeks. However, the shoots formed on 50
mg/l kanamycin bleached completdly in another 4 weeks when trandferred to M1
medium containing 50 mg/l kanamycin. Therefore 50 mg/l kanamycin was used as the
optimal sdective pressure for trandformation experiments. In a previous report by
Geetha et al. (1999) dso, 50 mg/l kanamycin was used as the sdection pressure.

6.3.2 Co-cultivation

Dipping of explants in the Agrobacterium culture for 15-20 min was done as longer
periods of incubation posed problems in the dimination of bacteria and contamination
in subseguent cultures of DCMEA explants in vitro. After dipping of explants for 15
20 min the explants were transferred to M1 medium and incubated for co-cultivaion
for 72 h. At the end of the cocultivation period of 72 h, the explants were trandferred
to M1 medium contaning an atbiotic (cefotaxime) that will spedificaly  inhibit
bacterid growth. After 1 week, the explants were trandferred on a sdective agent
(kanamycin) that will sdect those cdls receiving and expressng the gene trandfer
casdtte. The method is Smilar to the trandformation system used in soybean (Hinchee
et al. 19949).

6.3.3 Transfor mation studieswith Agrobacterium strain pGV2260-p35SGUSINT
6.3.3.1 Development of shoots

A few explants (3 out of 616 explants trested with Agrobacterium dran with
pGV260-p35SGUSINT) survived and formed shoots (Fig 6.4A) on M1 medium
containing kanamycin (50 mg/l) after 4 weeks of culture. The shoots did not grow and
eongate further after 8 weeks of culture on M1 medium supplemented with 50 mg/l
kanamycin. The untrested explants cultured on M1 medium containing 50 mg/l
kanamycin did not survive.
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Prior to our sudy, DCMEA explants have not been used for transformation of
pigeonpea. Geetha e al. (1999) have recently reported the use of shoot gpex and
cotyledonary nodes from 5 day old germinated seeds and development of transgenic
plants in 12 weeks of incubetion.

Embryo axes has become the explant of choice for development of transgenic
plants via Agrobacterium co-cultivation in chickpea (Kar e al. 1996; Krishnamurthy
e al. 2000), peanut (McKently et al. 1995), pess (Davies et al. 1993). Use of embryo
axis as an explant has sevard advantages. (1) due to its smdler dze, it is amicable to
both Agrobacterium a wdl a patide bombardment mediated transformation
techniques, (2) the explants take the leest time to develop into single shoot (10-15
days) compared to severd months in case of plant regeneration via cdlus phase, (3)
someclonad  variaions can be aveoided if cdlus phase can be bypassed, (4)
regeneration through embryo axis is genotype independent.
6.3.3.2 Induction of callus
DCMEA explants trested with Agrobacterium dran pGV2260-p35SGUSINT  and
cultured on M4 medium containing kanamycn (50 mg/l) and cefotaxime (250 mgll)
induced cdlus after 2 weeks of incubation & the cut ends Proliferation of calus was
achieved on trander to fresh M4 medium containing 50 mgkanamycin and 125 mg/l
cefotaxime after 4 weeks The cdli were taken @& 4 and 8 weeks for GUS
histochemica assay.
6.3.3.3 GUS activity in shoots and callus
The control explants, which were not cocultiveted with Agrobacterium gran
pGV2260-p35SGUSINT did not show GUS activity. There was no GUS ativity in
the shoots (putaive trandformants) obtained on the medium contaning 50 mgll
kanamycin after 8 weeks of culture When compared to untrandformed cdlus,
trandormed cdli obtained from DCMEA explants showed intense blue color after 4
weeks (Fig 6.4B) and 8 weeks of culture (Fig 6.4C). Absence of GUS activity in
shoots may be due to premaure terminaion of the introduced T-DNA during the
transfer process (Cousins et al. 1991).

Bacterid b-glucuronidese (uidA and gusA), commonly refered to as GUS
gene, has become the mgor reporter gene used as a tool for the andyss of plant gene
expresson (Wdden and Schel 1990). The assay is extremdy sendtive and uses X-
gluc (5bromo, 4-chloro, 3-indalyl, b-D-glucuronide), which can quditatively show
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cdl and tissue specificity (Jefferson 1989) Cleavage of X-gluc by the enzyme b-
glucuronidese produces the find insoluble blue color precipitate dichloro dibromo
indigo (CIBr-indigo) (Fig 6.5). It is readily detectable a low concentrations, find
cdeavage product is insoluble in water, reaction proceeds to an insoluble intermediate,
which on oxidaive dimerization gives intense blue color, and this product dlows
precise cdlular locdization and little loss of enzyme product on tissue processing.

In the present study, use of Agrobacterium gran containing a portable intron
in the b-glucuronidase (GUS) gene ruled out the posshility of fdse GUS activity
(blue color) in higochemicd tes of the explants due to becterid contamination. The
introduction of the porteble intron into the GUS gene leads to nearly complete
represson of its expresson in Agrobacterium because of the absence of the
eukaryotic splicing gpparatus in  prokaryotes. Use of such condruct avoids the
confusion of GUS gene expresson in inoculated explants (Vancanneyt et al. 1990).

Snce shoots obtaned from DCMEA explants dfter co-cultivation with
Agrobacterium dran pGV2260-p35SGUSINT strain did not survive after 8 weeks of
section pressure on M1 medium supplemented with 50 mg/l kanamycn, southern
hybridization could not be performed.

The GUS gene has been used extensvely as a reporter for gene expresson in
plants (Jefferson et al. 1987). Transformed tissues or patterns of gene expresson can
be identified histochemicdly, but this is generdly dedructive tes and is not suitable
for assaying primary trandfomants, for following the time course of gene expresson
in living plats nor as a means of rapidy screening segregating populations  of
seedlings. The green fluorescent protein (GFP) from jdlyfish Aequorea victoria can
be directly visudized, and therefore, shares none of these problems.

6.3.4 Transformation studieswith Agrobacterium strain pBIN 35Smgfp5-ER

6.3.4.1 Development of shoots

DCMEA explants of genotype T-15-15 were trested with a plant binary vector pBIN
BSmgfps-ER  usng  Agrobacterium co-cultivation method. They ae an  dtractive
dternative to cocutivation of leaf bits or for direct gene trander in the case of
leguminous plants (Penza et al. 1991). One of the early deps in transformation by A.
tumefaciens is the atachment of the bacteria to the plant host cdl and the bacterium
gppears to be the active partner in attachment (Matthyse 1994).
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Fig 6.5 Cleavage of 5bromo, 3inddyl, b-D-glucuronide by the enzyme b-
glucuronidase into dichlore-dibromo-indigo (Cl-Br-indigo)
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The DCMEA explants &fter trestment with A. tumefaciens were cultured on
M1 medium ocontaning 500 mgl cefotaxime and Sdection pressure of 50 mgll
kanamycin was gpplied after one week ingead of immedae agpplication of sdection
pressure as reported by Geetha et al. (1999). Kanamycin sdection was beneficid in
producing transgenic cdli and shoots as the sdlection pressure enriched the growth of
trandformed tissue and suppressed the growth of untransformed tissue smilar to
obsarvation in an earlier report of soybean (Hinchee e al. 1988). By contrast, no
selection pressure was gpplied et dl in areport of cowpea by Penza et al. (1991).

The putative transformants were identified by the virtue of their survivd on
M1 medium containing 50 mg/l kanamycin in dl the experiments in which kanamycin
section was gpplied after 1 week following Agrobacterium co-culture smilar to an
ealier report in chickpea (Fontana et al. 1993), where the sdective pressure was
goplied 3 weeks after co-cultivaion and as agang an ealier report of soybean
(Hinchee et al. 1988), where in kanamycin sdection was utilized immediatdy. Even
though varied number of explants aurvived and devdoped shoots on medium
supplemented with 50 mg/ll of kanamycn depending on the batch, ther number
decreased in subseguent trandfer to fresh medium. The initid survivd of explants and
formation of shoots varied from 8.11 to 26.79 % after 4 weeks of incubation, but only
17 to 6.7 % of the explants with shoots survived on kanamycin after 8 weeks of
culture. Untrested explants cultured on medium containing kanamycin (50 mg/l)
formed shoots in 28 % of the cultures after 4 weeks, however, these shoots bleached
and died after 8 weeks of culture. The results obtained with transformation with GFP
geneispresented in Table6.3.
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Table 6.3 Shoots recovered in various experiments after treatment with Agrobacterium strain
pBIN 355-mgfp5-ER and selection on 50 mg/l kanamycin

No. I'EI'):ZEnetds EXpla;t;fofirSml " f:)/:nfgtoi(z)tn (aftSerer\%/ :/\\;?Ioeks % survival SI':l gvgfnzqg?t;]

(after 4 weeksof . fluor escence
sdlection) of selection)

C1 100 52 52.0 52 52.0

G2 100 28 280 0 00

1 186 38 204 11 59 4

2 22 18 81 7 32 0

3 203 26 128 6 30 0

4 209 56 26.8 14 6.7 5

5 190 25 132 7 37 1

6 233 21 90 4 17 0

C1 - Control without selection pressure, C2 - Control with sdlection pressure of 50 mg/l kanamycin, T
6— different batches of co-cultivation experiments

After 4 weeks of incubation on M1 medium supplemented with 50 mgll
kanamycin, the shoots arisng from shoot gpex region of DCMEA explants were cut a
the base of the shoots and were subcultured in test tubes Fig 6.6A) on M1 medium
supplemented with 50 mg/ll of kanamycin for another 4 weeks The green shoots
continued growing on this medium containing 50 mgl kanamycin for 4 weeks (Fig
6.6B). Hedthy and phenotypicdly normd kanamycin ressant shoots were obtained
when shoots produced on M1 medium were trandferred on M2 medium containing 50
mg/l of kanamycin §ig 6.6C) for 4 weeks. Most of the shoots appeared bleached and
ome shoots, which were green initidly bleached out gradudly, leaving only a few
green shoots. The shoots growing on sdection pressure (M1 medum supplemented
with 50 mg/l kanamycin) for 8 weeks were sdected for andyss of green
fluorescence. The control leaves for andyss of green fluorescence were taken from
the shoots obtained from DCMEA explants, not trested with Agrobacterium growing
far 8 weeks on M1 medium without kanamycin.

Gengtic transformation usng GFP reporter gene has not been reported so far
in pigeonpea. However, Gegtha et al. (1999) have recently reported Agrobacteriun:
mediated trandormation in pigeonpea usng GUS (uidA) reporter gene. GFP is
increesingly being usad in plat biology from the cdlular levd to whole plat leve.
GFP is the fird truly in vivo reporter sysem useful in whole plants (Leffd et al.
1997).
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A. Shoot obtaned on M1 medium supplementec
with kanamycin (50 mg/l) dter 4 weeks of
SHection

B. Shoots surviving on M1 medium Supplementec
with 50 mg/l kanamycn after 8 weeks of
SHection

C. Elongaed shoot surviving on M2 mediur
supplemented with 50 mg/l kanamyan
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6.3.4.2 Callusinduction

DCMEA explants trested with Agrobacterium dran pBIN  35S-mgfps-ER  and
cultured on M4 medium containing kanamycin (50 mg/l) and cefotaxime (250 mg/l)
induced cdlus after 2 weeks of incubation & the cut ends Proliferation of calus was
achieved on trander to fresh medium containing 50 mgl kenamydn and 125 mgll
cefotaxime. Eight weeks old cdlus was used for visudizing green fluorescence and
12 weeks old calus was used for southern hybridization.

6.3.4.3 Visualization of green fluorescence

The lef bits andyzed for GFP presence by fluorescence microscopy showed green
fluorescence (Fig 6.7A) as compared to red auto-fluorescence by the control leaves
(Fig 6.7B). The cdli growing on kanamycin containing medium was dso andyzed for
green fluorescence. The transformed cdlus dso showed green fluorescence (Fig
6.7C). Out of dl the experiments 10 shoots showed green fluorescence. Mogt of the
shoots showing green fluorescence eventudly died under sdection pressure in 1-2
trandfers on M2 medium supplemented with 50 mg/l kanamycin a 4 weeks interva
and only 2 shoots from dl the experiments could be recovered.

6.3.4.4 Rooting and hardening

The putaivdy tranformed shoots which survived sdection pressure on M2 medium
supplemented with 50 mg/l kanamycin produced roots on M3 medium in 3 weeks
(Fig 6.8A). One shoot darted wilting during rooting sage and the other rooted plant
was hardened under controlled conditions (Fig 6.8B). However, hardened plant (Fig
6.8C) could not survive long and dtarted wilting after 2 weeks. Both these pants were
used for southern anaysis.

Fuson of the N-teemind dSgnd sequence from Arabidopsis thaliana basc
chitnese and C-temind HDEL sequence in the condruct mgfp5-ER  dlows
compartmentdization of GFP away from the nudeoplasm and cytoplasm and into the
lumen of the endoplasmic reticullum resulting in highly fluorescent transgenic plants
and an gopaent decrease in phytotoxicity. This results in better regeneration of
tranggenic plants expressing GFP gene. Smilaly, when GFP was tageted to the
endoplasmic  reticulum, trandormed cdls regenerated routindy to give highly
fluorescent Arabidopsis plants (Hasd off et al. 1997).
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A. Section of leaf from putative transformants
showing green fluorescence (bar = 600 nm)

B. Section of control lesf showing red
autofluorescence (bar = 900 nm)

C. Transformed cdlus showing oreer
fluorescence (bar = 600 mm)

Fig 6.7

1



Fig 6.8

A. Rooted putatively transformed shoot of the genotype T-15-15
B. Hardening of putatively transformed plantlet of the genotype T-15-15
C. Hardened putetively transformed plant growing in pot
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6.3.5 Southern analysis

Southern  hybridization of plants confirmed the integraion of the GFP gene
confirming tha pigeonpea is susceptibleamendble  to  trandformation by A
tumefaciens Integration of the GFP DNA was in unique Stes in each transgenic plant.
Southern hybridization aso confirmed the presence of the gene in tranggenic cdli. No
hybridization could be dtected for un-transformed plants and callus (Fig. 6.9).

6.4 Conclusions

In the present study, an atempt was made to Standardize protocol for Agrobacterium
mediated genetic  trandformation sysem by co-adtivation method  usng
Agrobacterium drains harboring plasmid p35SGUSINT and pBIN  35Smgfp5-ER.
The integration of GUS gene in cdlus has been confirmed by hisochemicd andyss
The integration of GFP gene in cdlus and putativdly transormed plants has been
confirmed by both fluorescence microscopy and southern andysis.

In legumes, dable transgenics have been obtained. Even though the present
protocol does not give a fookproof method for production of transgenic plants of
pigeonpea with dedrable traits, neverthdess it is a dep towards obtaining transgenic
pigeonpess. Since transformation was confirmed by GUS and green fluorescence in
cdlus cultures, production of transgenic plants through regeneration of calus cultures
into plants is an exciting probability. Although, we have shown tha DCMEA explant
of pigeonpea is susceptible to A, tumefaciens, further optimization of the protocal is
necessay to obtan high frequency trandormation.  Agrobacteriumrmediated
trandformetion has been the primay tool for the trandormation of many
dicotyledonous crgps. This is because of the rddive ease and precison of gene
trander to intact, regenerable explants (Hinchee et al. 1994) and the other methods of
gene trander via protoplagts being limited by the technicd difficulties in reproducibly
achieving regereration from protoplasts (Hinchee et al. 1994).
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Fig6.9

Southern  hybridization of EcoRI digeted DNA from control plant (lane 3),
control cdlus (lane 4), trandformed cdlus (lane 6 & 7), putaively transformed
plants (lane 9 & 10)

174



SUMMARY
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Biotechnology is now the cutting edge of plat stience offering new techniques,
goplictions, and opportunities for cop improvement.  Application of  biotechnologicd
tools in crop improvement programs can be effective in three different, complementary
ways (a) speading up the process of conventiond breeding (b) cregting genetic variability
through tissue culture and (c) evolving noved genotypes through recombinantDNA
technology. It can provide solutions to problems like pests, biotic and abictic sresses and
can be us=ful inincreasing the productivity of the specific crop.

Gran legumes are an important source of dietary proteins, fibre and caories The
legumes ae economicaly important as they form the third largest food crop (190 m.
tonnes), following cereds (2054 m. tonnes) and root and tuber crops (625 m. tonnes). The
importance of legumes range from food to fodder, wood to spices and ornamentas. They
aso play auseful rolein biologica nitrogen fixation.

Pigeonpea beongs to the family Pepilionacese and subfamily Pepilionoidese and
is one of the mgor grain legumes grown in the world and in India it has a large area
under cultivation (3.67 million hectares). India is the largest producer of pigeonpea in the
world (245 million tonnes). Nearly 85 % of the world's pigeonpea crop is grown in India
It is the seoond mogt important grain legume of India after chickpea The crop is plagued
by many biotic and abiotic dresses, the mgor one being the pod borer insect Helicoverpa
armigera Hubn and the conventiond breeding methods yidded not much results in
improving the crop resstance againg maor pests and dissases. India is the mgor country
among the pigeonpea producing countries, hence, serious efforts are being made to
improve the crop using bictechnologica methods.

An efficent plant regeneraion system is a mgor prerequiste for devdopment of
tranggenic plants. At the time of initigtion of this work, there were no reports of somatic
embryogeness and genetic trandormation in pigeonpeas The very few reports of
regeneration in  pigeonpear on organogeness were redricted manly to pre-exiding
merigems. Therefore, this sudy was carried out with an objective of devdoping a highly
eficdent and reproducible in vitro plant regengraion mehod via organogeness or
somatic embryogenesis usng different explants. The sudy was dso amed to dandardize
conditions for Agrobacterium mediated gendic trandformation and ther molecular
characterizetion 0 that pigeonpea cultivars with agronomicaly desirable traits could be
evolved through biotechnologicd methods.
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Themain findings of the entire work have been summarized asfollows.

A. In vitroregeneration through organogenesis from distal cotyledonary segments

1

10.

A protocol of plant regeneraion from digd cotyledonary ssgments of genotypes T-
1515 and Gaut-82-90 has been devel oped.

Induction of shoot buds was achieved from digd cotyledonary segments devoid of
proxima nerisematic ends of cotyledons of mature seeds

Maximum number of shoot buds were induced from disd cotyledonary segments on
MS basd medium supplemented with 20 v BAP, 2 niM kinetin and 250 nM AdS

The highest number of shoot buds were induced on EG; basd medium supplemented
with 20 nM BAP, 2 nM kingin and 250 nM AdS, and was more than MS, B5,
Modified B5, LS or White's basal media supplemented with same growth regulators.

The genotype T-1515 (323 shoot budsexplants) was better in forming shoot buds
than the genotype Gaut-82-90.

Elongation of shoot buds was obtaned on hdf-srengh MS basd medium
supplemented with 3 MM GA 5.

Rooting (80 %) of dongated shoots wes achieved on hdf-drength MS basd medium
supplemented with 0.5 nM IBA.

Rooted plants aurvived (70 %) after hardening in pots.

Regeneration of shoots from cdlus was obsarved rardy when cdlus derived from
digd cotyledonary ssgments on ECs basd medium supplemented with 20 nM BAP, 2
nMM kingin and 250 nM AdS was subcultured on hdf-drength MS basd medium
supplemented with 3 nM GA 3.

The origin of shoot buds from cotyledonary segments was examined by histologicd
prepardtions. The anaomy of differentiated shoot bud dong with the leaf primordium
originating from the compact mass of cels confirms the organogenetic pathway of
morphogenesis.

In vitro regeneration through organogeness from mature embryo axes and
seedling derived explants

Multiple shoots were obtained from various maure embryo axes derived explants
such as ERMEA and DCMEA explants of genotypes T-15-15 and Gaut-82-90.

Induction of maximum number of shoots was achieved from ERMEA and DCMEA
explants on ECs basd medium supplemented with 5 M BAP and 1 M 1AA.
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10.

11

The genotype T-1515 was found to be better in organogenetic potentidity of
ERMEA and DCMEA explants than Gaut-82-0.

Elongation of shoots was achieved on hdf-srength MS basd medium supplemented
with 3nM GAs.

Rooting (65 %) of dongated shoots was done on hdf-drength MS basd medium
supplemented with 05 M IBA.

Shoot buds were induced from various seedling derived explants such as  ledf,
epicotyl, root, proxima cotyledonary segments disd cotyledonay segments and
cotyledonary node explants of genotypes T-15-15 and Gaut-82-90.

The shoot buds were induced on ECs besd medium supplemented with 20 nM BAP,
2nM kingtinand 250 M AdS

The genotype T-1515 was found to be better in organogendtic potentidity of various
seedling explants than Gaut-82-90.

Elongation of shoots wes achieved on hdf-srength MS basd medium supplemented
with 3nM GA;.

Rooting (65 %) of dongated shoots of epicotyl, proxima cotyledonary segments,
digd cotyledonay segments and cotyledonary node explants was done on hdf-
grength M'S basd medium supplemented with 0.5 mivl IBA.

The rooted plartlets were hardened with 65 % success.

C. Somatic embryogenesis and plant regeneration

1

A plant regeneration sysem via somatic embryogeness was developed usng diga
cotyledonary segments of genotypes Gaut-82-90 and T-15-15.

The somatic embryogeness was induced from distd cotyledonary segments on EGs
basd medium supplemented with BAP or TDZ.

The formation of ootyledonay embryos was obsarved from globular embryos
obtained on ECs basd medium supplemented with 5 mivi BAP.

The genotype Gaut-82-90 was better in producing somatic embryos when compared
to the genotype T-15-15.

Further devdopment of globula embryos was achieved on MS basd  medium
supplemented with 3 nM GA 3.

Maturation of somatic embryos was done on hdf-drength MS basd  medium
supplemented with 0.5 MM ABA.
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Germination and converson of somaic embryos occurred on hdf-srength MS basd
medium supplemented with 0.5 nM BAP.
On trandfer of 12 plantlets transferred to pots, 42 % of plantlets (5) survived.

9. The higologicd obsavaions of differet Sages of somatiic embryo deveopment

10.

reveded the direct origin of globular embryos from epidemd and sub-epidermd
layers of the cotyledonary segments involving multiple cdls. The observetions dso
confirmed the bipolar nature of the dructures obtaned which is necessary for
classfying the Structures observed as indeed somatic embryos.

The effect of various paramees like basd media explat source, carbohydrate
source, culturd environment and agitation in liquid induction medium on induction of
somdic embryo were sudied. The EG; basd medium, disa cotyledonary segments,
sucroe a 3 % levd, incubation a 16/8 h photoperiod in light were optimum for
sometic embryo induction in genotype Gaut-82-90.

. The highest percentage of sometic embryo induction was achieved when the digd

cotyledonary segments were agitated in liquid induction medium a 200 rpm for 1
week and then transferred to EGs basal medium supplemented with 0.5 nivl BAP

D. Genetic transfor mation studies

L

The DCMEA explants of T-1515 genotype were used for Agrobacterium
mediated transformation.

Agrobacterium tumefaciens dran LBA4404 containing the plasmid pGV2260-
BSGUSINT or pBIN 355 mgfps-ER was used as a vector for transformation.

The plasmid contaning pBIN 35S mgfps-ER was  introduced  into  the
Agrobacterium tumefaciens srain LBA4404 using the freeze-thaw method.

LDso for selection of transformed shoots was found to be 50 mg/l kanamyain.

No plants showing GUS activity were obtaned when the DCMEA explants were
trested with Agrobacterium dran pGV2260-p35SGUSINT. Cdlus obtained from
DCMEA explaits were trested with Agrobacterium dran  pGV2260-
p35SGUSINT showed GUS activity in histochemicd assay.

Green fluorescent and Southern pogtive plants and cdlus were obtained when the
DCMEA explants were treated with Agrobacteriumstrain pBIN 35S-mgfp5-ER.
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