
.---

INDUCTION AND EVALUATION OF BANANA

CULTIVAR'NANJANGUD RASABALE' CLONES

FOR FUSANNIM WILT RESISTANCE

THESIS SUBMITTED TO TIIE T]NIVERSITY OF MYSORE FOR

--)

THE AWARD OF

DOGTOR OF PHILOSOPHY

I N

BIOTEGHNOLOGY

BY

SANDIIYA. R. SITENOY

DEPARTMENT OF STUDIES IN APPLIED BOTANY

AND BIOTECHNOLOGY

I]NIVERSITY OF MYSORE. MANASAGANGOTRI

MYSORE 570 006INDIA

JIINE 2002



fINTVERSITY OF MYSORE

Department of Studies in Applied Botany and Biotechnology

Sandhya R. Shenoy
Senior Research Fellow
(DBT-NRB)

DECLARATION

I, Sandhya R. Shenoy, declare that this investigation entitled "

Induction and Evaluation of banana cultivar 'Nanjangud Rasabale'
clones for Fusarium wilt resistance", submitted by me to the university of
Mysore, for the award of the Degree of Doctor of Philosophy in
Biotechnology, is the result of bonafide research work carried out by me
under the guidance of Prof. H.S. Prakash, Departnent of Studies in Applied
Botany and Biotechnology, University of Mysore, Mysore during 1997-
2002.

I further declare that the results presented here have not been
previously submitted for any degree or diploma, either in this or any other
universitv.

Date: .18. o6. lsoL
Place: Mysore

,'g*dry'K' 
t't' "O

(Sandhya. R. Shenoy)



I

UNIVERSITY OF MYSORE

Departrnenl ot Studies in Applied Botany,
Seed Pathology & Biolechnology

MANASAGANGOTRI. MYSORE . 570 006. INDIA

)r. H. S. Prakash r.s( uPhir.Ph.o
)rotessor

""'^' {l3l,l,ffil:!lll*
Frr O8:rl .4ri/a57
E-ma : taadpdh ebgl.v.nlJiaah

Data

CERTIFICATE

I certifi that the thesis entitled " Induction and Evaluation of banana

cultivar 'Nanjangud Rasabale' clones for Fusarium wilt resistance"

submitted for the award of "Doctor of Philosophy" in "Biotechnology" to

the university of Mysore by Ms Sandhya R Shenoy, is the result of bonafide

research work ca:ried out by her, in the Department of Studies in Applied

Botany and Biotechnology, Manasagangothri, Mysore, under my guidance

during the years 7997-2002 and it has not formed the basis for the award of

any degree or diploma of this university or elsewhere before.

Date: tB 06 ero{

Place: A{ yscne

A
lX.. Oxr.z
I  L'-  . / .

(H.S. Pfkash)
DR. H. S. PRAKASH

Professor
Dopt. ot Applied Bottn,

Urircrrity of Mrrorc
Xu.|tgrngotrl

IrEOlE - 8?o (xr



Jo

JK,y panenk, who enaotnagel m1

JlhS+u*&m, *8o no&ka twe, amd

Jl("trBuB" A d,z,d}uqhben, whopil"p -i,t*r*u.



A CKI@'l'l LED E E ̂ vlE 9f fS

. It gives me immense pleasure to express my deep sens€ of gratitude to my. 
research guide, Prof. H.S. Prakash, Professor, Department of Studies in Applied Botany
and Biotechnology, Manasagangotri, Mysore, India, for suggesting me the problem, his
valuable guidance, constructive criticisms and constant encouragement throughout the
course of this investigation.

Prof, H. Shekar Shetty, Professor and Chairman, Department of Studies in
Applied Botany and Biotechnology, Manasagangotri, Mysore, India, has been a constant
driving force during the entire length ofthis investigation. I am extremely grateful for his
motivation and resourceful advises which will no doubt help me shape my future. I am
greatly indebted to him for giving me an opportunity to work in this department and
exemplary counseling throughout the period of my work.

My thanks are due to Prof. Bharathi. P. Salimath, Dr. S.R. Niranjena, Dr' V'
Ravishankar Rai, teaching faculties in the department for their timely help

My heartfelt thanks to Dr. K' Ramachandra Kini, Lecturer, Department of

Studies in Applied Botany and Biotechnology, Manasagangotri, University of Mysore,
for his ever-helpful nature during the period ofmy work

I greatly appreciate the valuable suggestions and useful tips provided by Dr' T'R
Ganapathi, Scientist, Nuclear Agriculture and Biotechnology Division, BARC, Mumbai'

I am highly thanlftl to Dr. A Shanta Ram, Scientist, Tissue Culture and

Biotechnology Division, Coffee board, Mysore, for helping out with the RAPD analysis.

Also my special thanks to all my colleagues of the Department of studies in
Applied Botany and Biotechnology, university of Mysore for their help and cheerful
disposition.

I gratefully expr€ss rny sincere thanks to my friend Dr. shivakrncshweri for her
friendly comparyl consistent co-operation and unsolicited assistance during the entire

. duration ofmy investigation.

I am deeply grateful to my husband, Rajaram, for his patience' constant support

and good spirit during the entire duration ofmy investigation.

The moral support, constant encouragement and generous fortearance refldercd

by my family folks can never be thanked enough.

The help rendered by whole of the office staffis acknowledged with appreciation.



I

Financial assistance in the form of Junior and Senior Research Fellowship granted
by the Department of Biotechnology, New Delhi, and also the University of Mysore for
providing me an oppoffunity to carry out my investigations in the department is gratefully
acknowledged.

(Sandhya. R. Shenoy)



*a .;gSf,s='

CONTENTS

General Infoduction

Scope of the Investigation

' Review of Literature

Experimental Results

Chapter I Evaluation of clones of banana cv. 'Nanjangud Rasabale'
obtained through micropropagation, irradiation and somatic
embryogenesis for Fusarium wilt resistance 23

Chapter 2 Molecular variability of in vitro regenerated 'Nanjangud

Rasabale'clones 52

Chapter 3 Isolation and characterization of an antifungal protein from
Urgenia indica to Fusarium oxysporum f. sp. cubense 65

I

6

8

Summary

References

76

EO



ABBREVIATIONS
k1-D 
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General Introdaclion

Bananas and plantains are pe:ennial giant herbs belonging to the genus Mrzso;

ffleir fruits are the fourth most important food in the developing world (May el a/.,

1995). Approximdely lO% of the world's production of bananas (85.5 million tons;

FAO 1998) enters the export market to generate an impo(ant source of income for

tropical and sub-tropical regions (Crouch et al., 1998). More than 100 countries

throughout the tropical and sub tropical regions cultivate bananas (Sharrock and

Frison, 1999) and India is the world's largest banana producer (Singhal, 1999).

In light of the fact tt*Mura tpp. mrko sudr an anotrnous contribution to food

security and also provide export revenue in developing countries, it is a remarkable

paradox that these crops have never benefited from traditional crop breeding. In terms

of important crops for which biotechnology offers the possibility for dramatic genetic

improvemutt there are few opportunities as open for novel approaches as Musa spp.

(Persley et al . , 1987 ; Anzen et al , 1992) .

Therc is a general agreement that edible bananas originated from two species,

M. actminata and, M. balbisiana (Simmonds el al., 1955). Edible bananas have three

different ploidy levels: 2n = 2x = 22,3n = 3x = 33, 4n : 4x : 44. They have been

propagated vegetatively for hundreds of years with somatic mutations providing

variability. Triploids are lhe most nurnerous and widely utilized culfivars (including

desert bananas used in world export trade). Efforts to breed Musa using conventional

methods are fraught with obstacles, including low fertility, various levels of ploidy,

and lack of genetic variability (Vuylsteke er al., 1992). Since almost all accepted

cultivars are seedless, sterile, clonally propagated, conventional breeding efforu must

begin with wrimproved malerial that has been poorly characterized for genetic traits,

Although traditional breeding has been slow for Musa spp., application of the

tools of plant tissue culture have been of significant value to crop improvement and

germplasm distribution (Nevak, 1992; Artzen et al., 1992; Vrrylseteke et al., 1992,

Arias, 1993). The uses of shoot-tip culture, cell suspension cultures and related cell

culture techniques have been used in research activities to overcome limitations in

crop breeding. Banana shoot-tip culture protocols are now widely in use in developed

and developing countries for Musa multiplication (Swennen et al, 1994).



General Introdudon

The sustainable production lwel ofbananas and plantains is threatened by pest

prrssure, which is increasing. Worldwide, Mycosphaerella fijiensis utd Fusarium

oxysporum f.sp. cubense (Foc) are among the most devastating fungal palhogens

affecting these crops. Disease control is so far based on chemical spraying and or

conventional breeding for resistant cultivars. But these methods have serious

drawbacks, including high expense, ineffectiveness (e.g., towards specific races of

Foc), a negative environmental impact and time consuming processes. Superficial

applications of fimgicides cannot effectively control soil-bome pathogens like Fog

which infects the plants through the roots and spreads uia the vascular system.

Breeding for banana resistance is particularly difficult due to the sterile and

polyploid nature of the plant and to the saprophyic-pathogenic nature of the fungus

(Novak, I 992). The relationship of the pathogen wilh the plant host and the complex

interplay occurring between them and environmental pararneters results in an

extremely complex situation (Beckman et al., 1962; Marois, 1990). Selecting plant

genotypes resistant to pathogens has become one of the major lools of combating

agricultural losses and increasing proCuctivity. However, traditional plant breeding is

not able to maintain pace wilh pathogen evolution. Field screening is time consuming

and requires a large amount of space and intensive manpower inputs. Furthermore,

disease rymptoms develop only after a long period of incubation and results can be

misleading due to non-ruriform distribution ofthe pathogen in soil. Plant tissue culture

techniques have been used for investigating mechanism of host-pathogen relationship

(Buiatti and Scala 1984) and have been proposed as an aid in banana breeding

progranrmes (Novak, I 992).

Cell and tissue culturs technologr provides the necessary tools for tho

development of new clones resistant or tolerant to diseases. Tissue culture facilitates

mass propagation, conservation and easy movement of germplasm. Somaclonal

variation has been heralded 8s a source of new variation in plants dreaded by

biotechnologists who seek to alter only a single trait of cultivars without the

uncontrollable changes that accompany the tissue culture process they rely upon

(Veilleux et al., 1998). Somaclonal variants with enhanced resistance to various

diseases are known for many plants including banana (Hwang, 1990). Techniques
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such as somatic embryogenesis and induced mutations offer new opportunities for

inducing genetic variability (Novak, 1992).

Biochemical markers, ospecially phenolic compounds and pcroxidases, have

been used largely as a measure of resistance in numerous planlpathogen interactions

(Quiroga et al.,20OO). Plant peroxidases are localized mainly in cell walls and in

vacuoles. Peroxidase is a multi-purpose enryme that has been correlated with active

plant defense mechanisms by condensing phanolic compounds to form lignin, and

has been used as a parameter to discriminate between susceptibility and tolerance to

Foc race I and 4 on diploidbanarraMusa acaminata (Morpurgo el al.,1994).

Various tlpes of DNA marken, developed in the 1980's have found a number

of applications in the field of agriculture (Ran ade er d1.,2000). The Polymerase Chain

Reaction (PCR) based molecular markers have been used for analysis of genetic

variation in natural populations. One such technique, using arbitrary primers, namely

Random Amplified Polymorphic DNA (RAPD) provides a convenient and rapid

assessment of the differences in the genetic composition of the relared individuals

(rJVelsh and McClelland 1990; Williams et al., 1990). The applicability of this

technique for bananas and plantains has already been demonstrated (Kaemmer et ol.,

1992; Howell et al.,1994; Bhat and Jarret 1995; Damasco et al., 1996).

A molecular stratcs/ for the crealion oi Mrto cultivss resistant to fimgat

diseases has also been proposed (Cammue et al., 1993: Sagi et al., 1995; May et al.,

1995) which includes introduction of genes that encode new type of antifingal

proteins into the genome of banana and plantain cultivars. These antifungal proteins

are stable cysteine-rich peptides isolated from seeds of different species (Cammue el

al., L993: Broekaert, 1992; Tenas et al., 1992). They share some unique properties

with respect to the proposed function as antifungal tools for banana such as high lz

vitro ;$gistatic activity against field isolates of both Mycosphaerella fijiensis and

Fusarium orysporum f.sp. a$ensa and the lack of toxicity for human or banana cells

(Cammue et al., 1993). Genes coding for antifungal proteins that show broad

anfifungal aclivity in vitro have been introduced into a plantain landrace and the

resulting transgenic plants await field testing (Remy e/ a/., 1998).
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The cultivar 'Nanjangud Rasabale' belongs to the silk subgroup Rasthali

(AAB) and is a native of Nanjangud area in Chamarqjnagar district of the state of

Ksmat8ks in India" It is one of the best genotypes of banana in India However the

sustainable production level of 'Nanjangud Rasabale' is threatened by dreaded disease

Fusarium wilt, caused by Fusafium orysporum f. sp. cubense, because of which the

area under cultivation is shrinking and has threatened the very existence of this

valuable germplasm. The area under NRB cultivation has declined from 500 ha in

1950 to 20 ha in 1998. This decline is mainly attributed to the onslaught of Fusarium

wilt.

Symptoms a;f Fusarium wtlf

The extemal symptoms of the disease consist of successive wilting and drying

up of the leaves. The fint symptom of the disease is the yellowing of the inner leaf

blade, which extends rapidly from the margin towards the midrib. These leaves hang

withered around the pseudostem and gradually the infection spreads and all the leaves

except the top leaves hang down in course of time. The top leaves, which remain

green for sometime, also wither and the plants exhibit longitudinal splitting of the

pseudostem.

Ite new suckers, which are produced, are also affected. Infected plants do not

produce bunches. Even if they produce any bunches, the fruits will be small and

develop very few 6ngers. The fruits ripen irregularly and flesh becomes pithy and

acidic. When the rhizome is cut open the discoloration of the vascular bundles can be

se€n. The vessels are plugged and the translocation of food materials are interfered

which results in wilting of the plants. The cut stem smells of rotten fish.

Characteristic rymptoms of the Fusarium wilt disease are shown in (Fig. A.).

The Pathogen

FuEarium orysporum f. sp. cubense (Foc) is an imperfect fungus. Numerous

micro-conidia and macro-conidia are produced on small conidiophores. Thick walled

chlamydospores are also found. They are intocalary or bome on short lateral
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branches. The micro-conidia are ovate, non-septate or single septate, hyaline thin

walled and measure 5-7 to 2.5-3 pm. The macro-conidia are comparatively larger,

falcate, thin-walled, hyaline and measures 22-36 by 4-5 pm. The chlamydospores are

globose, thin-walled often paired and measure 7-13 by 7-8 mp. The mycelium is both

inter-cellular and intra-cellular within host tissue. Mostly lhe mycelium is seen in

vascular tissues particularly in xylem vessels.

' 
Foc affects species of Musa and Heliconia and strains have been classified

into four physiological races based on pathogenecity to host cultivars in the field.

Race I infects Gros Michel (AAA) and (AAB) desert cultivars like Silk and Pome;

race 2 infects Bluggoe and other closely related ABB cultivars; race 3 infects

Heliconia species and race 4 infects Cavendish group (AAA) cultivars ard all

cultivars susceptible to race I and 2 (Bentley et al,,1998). Out of the four races of

Foc, race I and 2 are reported in India (Banana compendiunl 1996).

F\smlunr wilt is soil-bome and the fimgus cnters through tre roos. Enty is

facilitated by root damage such as that caused by the nematode, Radopholus simtlis.

Ihe chlamydospores survive in the soil for long period of time and infect plants.

Sometimes the firngus survives saprophl'tically in the infected rhizomes. I1 has also

been noticcd that the disease has been more prcvalent in the crop, wtrich is retained in

the field for mo;e than one season. Several factors such as soil conditions including

textue, structue, temperature and fertility level of soil are responsible for disease

incidence. The cultural operations and plant vigor also influence lhe disease incidence

and spread.
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Scope of lhe Invatigolion

Basic scieirtific research in recent years, pafiiculady in molecular and cell

Hologr, has provided a better understanding of plant regeneration, genetics, gowth

and dwelopment. This has led to the development of a wide range of techniques,

collectively termed Biotechnologt for genetic manipulation and faster regeneration of

plants through cell and tissue culture. These techniques permit a more rapid and

deeper insight into the prevailing genetic diversity, the mechanism by which that

variation is gencrated, and sigrificance of that variation in adaptation and

performance of the plants.

Barnrs ard plantainr rre excellent candidales for virtually all tissue culturc

stsategies (Krikorian el a/., 1984a, Krikorian, 1987; Krikorian, 1990; Vuylsteke cl al.,

1992). However, breeding of the seed-sterile clones to improve bananas is fraught

wifi many difficulties (Stovor et a/., 1986, Rowe et al., 1996). A number of diseasos

seriously alfect banana and plantain plantings through out the world' The amount of

time and money that must be invested in control measures using chemicals are beyond

ttre lwel of subsistencc farmers and pose financial problems even for large

commercial operations. Breeding stategies to generate tolerance or resistance to

importsnt diseases such as the wilt caused by Fusarium orysporum f. sp. atbense

(various races) has thus far been the main breoding objective but this has yet to lead to

commercially successful clones. The improvement programs are rendered all the more

difficult because the potential to breed plantains and bananas is seriously handicapped

by the high sterility of the clones of primary interest (Simmonds, 1955; Stover et 4r.,

1987; Novak, 1990; Crouch eral, 1998).

The reliable application of cell srd tissue culture, somatic embryog€nesis and

inadiation procedurcs are necessary and key components in any comprdtotsive

biotechnologt plan aimed rt improvement of seed-sterile clones of Masa Perusal of

the literature suggests a biotcchnological approactr to plant protection. Studies

described in this thesis unalyses investigations of biotechnological techniquas,

micropropagatiorl cetVtissuc culture and induced mutations to overcome problems

with banana production ofa local variety 'Nanjangud Rasabale'.

Large-scale cultivation of banana cultivar 'Nanjangud Rasabale' is being

tlrreatened by the emergenc e of Fuszrium wilt caused by the soil inhabiting fungus
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Foc race l. Whilst efrorts are being made towards developing resistant materials for

commercial planting, howwer, there is a need for developing quick, reliable and

reproducible screening techniques for mass evaluation of somaclones obtained

through micropropagatio4 inadiation and somatic embryogenesis. Though the

setting of'Frsarirm hot spots' would facilitate the testing offield resistance, the scale

of screvning exercises is often limited by time and space.

Biochemical markers, especially phenolic compounds and peroxidases have

been used largely as a measuro of resistance in numerous plant pathogen interactions

(Quiroga et al., 2000). The aim of this research is to determine the levels of total

phenolic comporurds and peroxidases in banana cultivars 'Nanjangud Rasabale'

(susceptible) and 'Dwarf Cavendish' (resistant) with differential resistance to

Fusarium wilt and their possible role as a measure of tolerance./resistance. RAPD

technique using random primers for molecular evaluation of clones obtained through

micropropqgation, irradiation and somatic embryogenesis for polymorphism has been

studied. In addition attempts have also been made lo isolale and purif, an antifungal

protein from Agenia indica (lndian squill) to Foc race l, which is the most potential

molecular stratery for fungal disease control of banana and planlain proposed world

over.

Chapter I deals with micropropagation, irradiafion and somatic

embryogenesis of banana cultivar 'Nanjangud Rasabale' and evaluation of the

somaclonal variants in the sick plot, using peroxidase and phenolic compounds as

earlv bio clrenrical markerr.

Chapter 2 summarizes the RAPD technique using random primers for

differentiation in the genetic composition of the somaclonal variants obtained through

micropropagation, inadiation and somatic embryogenesis. Polymorphism detected in

the banding pattems of RAPD products have beat described.

CArpbr 3 dadlr lho isolttion arrd dtarrtcrizdion of m urtifirngal protcin to

Foc from (hgenia indica. 
I
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Review of Lilerutue

The review of literature presented below focuses only areas that are pertinent to

the present investigation.

Mlcropropagaion

Micropropagation can bc considered as an extension of the traditional mcthods of

plant propagation. It helps in rapid clonal multiplication of superior genotyp$ of disease-

free and pest-free plants (Smith et al., 1990r). Micropropagation is especially a boon in

cases wherc no other vegetative propagation method is available, and in cases where

desired high volume of multiplication cannot be achieved by conventional means

(Chadha et al., 20OO). Today, micropropagation of high value crops is a multi-billion

industry, practiced in sweral small and large nurseries and commercial laboratories all

over the world (Rao and Suprasanna" 1999b). Micropropagation techniques have acquired

many commercial applications in horticulture, agriculture, forestry, and medicine, and in

conservation of germplasm (Ortiz, 1998).

Application of micropropagation has greatly improved Mzsa germplasm handling

for the purpos€s of clonal propagation, uniform production and breeding,

Micropropagation has played a key role in plantain and banana improvement prograns

worldwide @owe and Rosales, 1996; Vuylsteke el al., 1997). Planting material derived

from micropropagation performs equal to or superior to conventional material (Smith and

Drew, 1990a; Vuylsteke, 1998). Micropropagated plantlets establish faster, grow more

vigorously, are taller, have a shorter and more uniform production rycle, and leld higho

than conventional propagules (Drew and Smith, 1990; Robinson et al., 1993; Vuylsteke

and Ortiz, 1996). Maximum yield gains from in vitro derived plants range from 20% in

bananas to 70% in plantains. However, this superior field performance does not appear to

be consistent and requires optimal crop husbandry (Vuylsteke, 1998).
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Irradiation

Mutations are defined as a sudden heritable change in the DNA of a lMng cell,

not caused by the common phenomena of genetic segregation of genetic recombination

(van Harten, 1998). Spontaneous somatic mutations of agronomic value have been

utilized since the earliest phases of plant domestication in a range of vegetatively

propagated crop species, including fruit trees, currants and tuber crops (van Harterl

1998). Howwer, these occur at very low frequencies (10{) and hence not dependable for

practical plant breeding.

Mutation induction and selection of desired traits in combination tvith in vitro

technique offers several advantages over conventional methods, especially in the

vegetatively propagated species (Maluszyn ski el al., 1995a), such as - mutagenizing large

number of samples of minute size in a small space in short duration under disease-free

conditions (Ahloowalia" 1995), rapid production of large populations to separate

chimeras efficiently (Kulkami et al., 1997 a), uniform mutagen treatment as well as

optional facility of rn virlo selection (van Harten, 1998).

Amongst different mutagens, the gamma rays have proved to be superior,

compued to other mutagens. Globally 1028 cvs. of various crops wcre officially

released, using ditrerent types of mutagens and more than 55% of those released were

credited to gatnma rays alone, followed by X-rays (28.4%), whereas all the rest including

chemical mutagens have contributed only about 16%. In case of rice, more than 76Yo qrs,

(out of 2l? released oner) wcrc gamma irradiation induced derivatives (Malusrynski et

a/., 1995b).

The ftequency of mutations depends on eeveral factors, such as rpproptiatc

sclection of the plant parts to be irradiated, and also their radiosensitivity (Anon. 1977;

Karmarkar et aI.,2OOl). In viw plar* propagules or established tissue culture explants

have been mutagenizcd dircctly (Anon. 1977; vtn Harten, 1998). In either casg
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availability ofan established in vitro proliferation and regeneration protocol is inevitable

for increased efficiency ofthe in vito mutagenesis experiments.

Attempts have been msde to bring genetic improvement in banana and plantain

through in vitro mutation. Lopez Torres (1996) reported that the optimum dose of7

radiation from a 60Co source varies from 25-60 Gy depending upon the ploidy levels of

the genotype. According to Novak (1992) optimum doses are 25 Gy for diploids, 35 Gy

for AAA triploids, 40 Gy for AAB and,\BB triploids, and 50 Gy for AAAA tetraploids.

Smith st aL (1995) exposed micropropagated bananas to y radiation from a 60Co

source and they established a LDso at 40 Gy. Optimal dose for irradiating explants was 20

Gy and at this dose visual changes were apparent and plant survival was sufficiently high

(73%) to make the technique practical on a larger scale. In addition, they also reported

that irradiation of Dwarf Parfitt (A,A,A - Cavendish), produced an extra dwarf that was

horticulturally inferior but resistant to Fusarium orysporum race 4 and another taller

clono Giant Parfitt, with horticultural potential that retained its resistance.

fui early flowering mutrnt of Grand Naine has been produced by irradiation rt

International Atomic Energy Agency in Austria and given the identification number GN-

60A (Novak et aL, 1990). GN-60A was micropropagated and the progenies were

selected for early flowering and outstanding bunch yield (Mak el al., 1996). The seleoted

GN-60A wag named Novaria (combining Novak and Austria) and this could have a

significant impact in subtropical countries where long cycle time due to cold winters is a

major disadvantage (Robinson, 1996).

Significant contributioris by various workers in the field of ionizing radiation

utilized for irradiation using sweral plant parts has been tabulated.

t0
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Crop Explant Referencc

Dianthug Nodal Segments from in vitro

shoots

Casselles eraL (1993)

Cherry Leaves from rn vilro shoots Yang and Schmidt (199a)

Cassava Axillary buds and shoot tips Aliabu e, a/. (1997)

Pineapple /z vitro multiple shoot tips Osei-Kofi et al. (1997)

Cassava Somatic Embrvos Lee et al. (1997)

Sugarcane Embryogenic callus Asad et al. (1997)

Citrus Protoplasts Li et al. (1998)

Rose l,eaves from in vitlo shoots Ibrahime/a/, (1998)

Grape vine /z virro shoot tios Charbaji and Nabulsi

(leee)
Chrysanthemum In vitro multiple shoot tips Goo el al., (1999)

Banana Embryogenic callus Kulkami et al. (2000)

Potato Nodal segments from in vilro

shoot tips

Al-Safadi et al. (2000)

Chrysanthemum Rooted cuttines Mrndal et al. (2000)

Pear .Iz vllro shoot tips Predieri and Zimmerman

(2001)

Somaclonal Variations

The term somaclonal variation refers to all variability observed among tissue

culture regenerated plants (Larkin and Scowcroft, l98l). Somaclonal variations can be

advantageous in sweral ways viz., in vilro selection using phytotoxins, improvec

resistance to disease, virus and nematodes, tolerance to herbicide, salt, nutritional

improvement, agronomic traits and male sterility (Karp, 1994). Somaclonal variation

could arise either from pre-existing genetic variation within the explants or due to the

stresses induced during ln virro passage (van Harten, 1998). In both the csses, the
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variation can either be genetic (heritable) or epigenetic (developmental) (Skirvin e/ a/.,

1994). In recent times, this exciting field has been extensively reviewed (Duncan, 1997;

Brar and Jain, 1998). Until the mid-1970s, somaclonal variations were considered

undesirable and were therefore discarded because, then, the main emphasis was on clonal

propagation and genetic stability ofthe cell cultures (Bajaj, 1990).

When the plants aro rc$ncratd frofi in vltro cultivatcd somatic cellg via a callus

phase, increased genetic variation is noticed in the generated plants (somaclones). Thus,

somaclonal variation has been observed in plants regenerated from shoot tips, protoplasts,

other cultured explants (immature embryo, flowcr, leaves, rhizome etc), microspores,

anthers and ovaries, and also in plants regenerated from cultured tumorous tissues. This

phenomenon has been studied extensively in bananas and plantains (Israeli er al., 1991,

Vuylsteke et al., 1991, 1996; Novak, 1992; Cote et al., 1993; Ortiz et al., 1995) where

variations in useful traits likc plant height, growth habit, fnrit shape and size, pseudostem

colour, fertility status, disess€ and pest resistance have been described. The extent of

somaclonal variation depends on a number of factors viz. the genotype, ploidy lwel,

tissu€ culture procedure employed and time in culture, the source of explant cells and thc

culture media used (Withers, 1993; Israeli et al., 1995). Somaclonal variation is important

for increasing gen*ic variability in the genus Musa particularly with respect to pest or

disease resistance (Trujillo and Garci4 1996).

Many somaclonal variants have been screened for enhanced fruit quality and

resistance to diseases and pests and are being used in conventional breeding for

dweloping superior banana or plantain hybrids (Withers, 1993; Ortiz et al., 1995;

Vuylsteke et al., 1997). Yet there is hardly any variant, which has been released on its

own merit for commercial cultivation. Vuylsteke et al. (1991) have observed that

cultivars vary widely in terme of in vitro stability. Many of the variants are stsblc

through several cycles, otlers revert to the source plant. Despite the associatcd

deleterious effects (van Harten, 1998), somaclonal variations have potential applications

in crop improvement for obtaining superior types.
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The potential usefulness of somaclonal variation in crops first became apparent in

sugarcane @rar and Jaiq 1998). Somaclonal variations have also been observed in case

oftree species such as poplars (Antonetti and Pinoq 1993; Saieed et al., 1994). Martinez

et al. (1997) have reported on the evaluation ofthe somaclones obtained via anther callus

for leaf parameters in grape. Similarly, tissue culture induced morphological and

cytological variations in grape have been reported by (Kuksova el al., 1997).

Somaclonal variations in case of woody ornamental species have been observed

by Rout et al. (1998). In case of apple, somaclonal variants resistant to fire blight were

isolated by Chevreau et al. (1998). Selection of stable somaclonal variant from Citnrs

sinezsis from ccll suspcnrion cultures has been reported by Lin et al. (1999).

Somatic Embryogenesis

Somatic embryogcnesis is thc production of cmbryolike shuctuts! (Giltryoid)

from somatic cells. It has sweral distinct stages, beginning with induction of

embryogenic gtate, followed by differentiation into an embryo, and subsequent

maturation, germination and conversion into plants. Somatic embryos can develop and

germinate to form plants in a manner analogous to germination to zygotic embryos. It

offers advantages over regeneration via organogenesis. First among these advantages is

that complete propagules are formed. As somatic embryos have both shoot and root

meristems, separate shoot induction and root induction steps are not required (Parrott,

1993). Another advantage is that somatic embryogenesis tends to be less prone to

somaclonal variation than organogenesis. Percentage of oFtypes does not exceed 2Yo

(Scoofs, 1998). Furthermore, this can be particularly advantageous during genetic

transformation of a given genotype, in which case changes other than the engineered trait

are undesirable. Thus this technology provides not only exciting alternative for a large-

scale clonal propagation and somatic hybridization but also a fast cell regeneration

system for genetic engineering.
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The development of somatic embryos can be achieved by emplolng the
appropriate explant, culture media and environmental conditions. Mohan Ram and
steward (1964) were first to obtain slow growing cell suspensions from immature fruit-
derived callus in Musa. Novak e/ a/. (1989) reported recovery of plants from somatic
embryos obtained in cell suspensions from rhizome tissue in diploid and triploid banana
cultivars. Novak (1992) reported that embryogenic callus was induced from basal leaf
sheaths and rhi2ome tissue from AA" AAA and ABB clones, when placed in liquid
medium with zeatin. Success has also been obtained with meristematic ,,scalps,' of
cooking banana w. Bluggoe as explants (Dhed'a et at., l99l). According to Escalant
and Teisson (1989, 1993) calli from immature zygotic embryos and triploid somatic
embryos from male flowers were excellent materials (explants) for somatic
embryogenesis in Musa. Meristematic tissues from shoot tips can also be induced to
undergo somatic embryogenesis (cronauer and Krikorian, 1993, 1986). It is thus evident
that several plant tissues can serve as explant, with the caveat that stage of dwelopment
or maturity of the tissue can be very important. Howwer, the recent reports @scalant el
al ,1994a; Grapin e/ al., 1998; Ganapathi et al., 1999) indioate that immature female and
malc flowers are th: best explants. with their use, the technique can be extended to all
types of Musa.

Production of somatic embryos from the selected explant may proceed either
directly or indirectly after some form of callus culture. The procedure adopted earlier
consisted in cultivating immature zygotic embryos of wild species on a semi-solid
medium with picloram (4-amino 3,5,6{richloropicolinic acid) to obtain an embryogenic
callus with somatic embryos. The somatic embryos were germinated and dweloped into
plantlets (cronauer and Krikorian, 1988; Escalant and reisson, 1989). Later, Escalant e,
al. Q99a\ described a method for deriving primary somatic embryos (or pro_embryos)

from the explants and their subseQuent development into somatic embryos by direct
secondary embryogenesis or cell suspension cultures.

To derive primary embryos, the explants (mare flowers) are curtured in a remi-
solid medium consisting of mixture of auxins. The first callus appears after one to two
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months and the first embryos after three to four months. Callogenesis consists of thc

production ofa compact nodular callus with high starch content. Certain external parts

of the callus is transformed succeedingly into translucent, flaky areas on which

embryogenic cells with large protein reseryes appear. Somatic embryos follow. Escalant

et al. (1994b) succeeded in obtaining somatic embryos from a variety of banana

genotypes (commercial AAA and AAB cultivars) by this method. The embryos thus

produced are perfect and can regenerate whole plants after transfer to a germination

medium.

Scalps, somatic explants derived from in vitro proliferating meristem cultures, can

be generated from any given banana or plantain landrace (Mun spp). A pre-culture of

meristems on a medium with 100 pM BA enhanced significantly the competence for

somatic embryogenesis. Out of 2l landraces covering all diploid and triploid genome

groups and the most important banana types, 18 cultivars showed an embryogenic

response. From 15 accessions an embryogenic cell suspension could be established

(Schoofs et al., 1998).

Defense+elated enqilrw

Plants in nature are subject to constant attack by plant pathogenic microbes.

Nwertheless, only a very limited number of these succeed in infecting the plant. This

lack of success is caused by in part, plant defense, which can be of either structural or

chemical in nature. The natural protection of plants, against pathogens is based on a

variety of constitutive barriers already present in the plant before the actual attack. The

combined effect of all these barriers is referred to as "constitutive resistance". In additioq

plants can activate protective mechanisms upon contact with invaders; this is termed as
"induced resistance".

Although many thousands of oathogens are present in nature, indMdual plant

species are susceptible to only a very small number of these pathogens. In many cases,

when a pathogen comes in contact with a plant, the potential pathogen attempts to infect
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the plant. However, only a few specific cases the pathogen has the ability to somehow

suppress or nullifr the constitutive or inducible defenses of the plant to stop further

invasion by the pathogen. Based on this information, it has been concluded that

susceptibility to disease is at least partly due to overcoming performed defenses or to a

failure of the plant to induce its defenses rapidly enough to stop a pathogen rather than

being solely based on heritable "genes for resistance".

Peroxidase

Peroxidases (tlzOz oxidoreductase; EC l.ll.l.l7) are hemoglycoproteins that

occur widely in plants and have been associated with resistance to plant diseases. Plant

peroxidases are monomeric, heme-containing proteins that are usually glycosylated

isoperoxidases, arising from the transcription of different genes or from post-translational

modification and are widely distributed within both intra and extracellular environment

@estwick el al., 1998). Peroxidases have been implicated in the hypersensitive response

and play an active role in the H2O2-dependent polymerization of hydroxycinnamyl

alcohols (monolignols) during the final stages of lignin biosynthesis (Miyazawa et al.,

1998). Peroxidases also catalyze rapid H2O2-dependent crosslinking of cell wall

proteins such as the hydroxyproline-rich glycoproteins and proline-rich glycoproteins

@verdeen et al., 1998), as well as crosslinks between other wall components (Fry, 1986;

liyama et al., 1994) in plants. As a result of oxidative crossJinking reactions, cell walls

may be strengthened and may function as physical barriers against invading pathogeru.

The reinforcement of the wall reduces susceptibility to wall-degrading enzymes, possibly

restricts diffrsion of pathogen-derived toxins to the host, and in the case of some fungal

pathogens acts as a mechanical barrier to physical penetration towards the protoplast

(Bestwick et al., 1998).

The role of peroxidases in plant defense reactions has been reported in many

clcgant publications (Gaspar el al., l98O; Moerschbacher, 1992; Ray et al., 1998; van der

Westhuizen et al., 1998; Wang and Liu, 1999). Peroxidases can play a role in cell wall

toughening and in the production of toxic secondary metabolites. Its simultaneous
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oidant and anti-oxidant capabilities can make it an important factor in the integratec

defense response of plants to a variety of stresses (Hammerschmidt el al., 1982;

DeJaegher et al., 1985). Peroxidases are also implicated in lignin biosynthesis (Sato er

al., 1995; Quiroga et a1.,200Q\, ethylene production and suberization (Peyrano et al.,

1997; Quiroga el al., 200O). Peroxidase activity has been positively correlated with plants

resistance to pathogen attack. Upon inoculation with a pathogen, the peroxidase activity

increased immediatcly in the resistant cultivar as compared to a susceptible cultivar that

either did not show, or showed delayed increase in the peroxidase activity. In addition,

resistant cultivars often show an earlier induction of peroxidase activity than susc€ptible

ones (Vera-Estrella et al., 1992; Scott-Craig et al., 1995). Peroxidase over expressing

plants showed a signfficantly increased resistance to pests, possibly through the

production of phenolic radicals capable of crossJinking plant proteins and carbohydrates

rendering them indigestible jo insects (Lagnimint et al., 1993).

Morpurgo et al. (1994) have reported the use of peroxidage as a parameter to

discriminate between susccptibility and tolerance of Musa acuminala clones to Foc race I

and race 4. Several workers have used polyphenol diversification and isozymes

polymorphism to differentiate Mzsa clones (Bonner et al., 1974; Rivera" 1983; Jarret anc

Litz, 1986 a" b; Jarret 1990; Espino and Pimentel, 1990; Horry, 1993; Janet and Gawel,

1995; Ford-Lloyd et al., 1997).

Phenolic Compounds

Phcmolio compounds tfiat imprcgnate host reaction products rre thought to ptry an

important role in the resistance process, either making physical barriers stronger or

chemically impervious to the previously mentioned hydrolytic enzymes of the pathogen

@eckman 1987; MacHardy and Beckman 1981). Enrymes that are instrumental in the

formation of these compounds have been prwiously studied in many different hosts,

including banana. For example, phenol-oxidizing enzlrmes mainly peroxidases are

associated with many different vascular diseases (Mace and Wilson 1964; Mace et al.,

1972; Meuller and Beckman 1978).
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MPD 4ased markers fior characterization of genetic variabiliA

The Random Amplified Polymorphic DNA (RAPD) technique offers a powerful

tool to detect DNA polymorphism among plants, microorganisms and animals. In

particular, RAPD can be used to distinguish different clones and cultivars (Galderisi et

at., 1999). RAPDs are strongly dependent on experimental conditions. Careful

optimization of each step of the amplification reaction is needed to achiwe the necessary

reproducibility of the RAPD data (Micheli et al., 1994; Micheli and Bov4 1997). The

quality and quantrty of template DNd the source of the DNA polymerase and the

amplification conditions are critical factors. RAPD has the advantage of being technically

simple and rapid and has been used for plant genetics and phylogenetic studies

(Yamamoto el al., 1994; Demeke el al., 1996).

Kjng et af. (191) and Wolfe and Gcssler (1992) reportcd the availability of

RAPD markers that aid in mapping genes coding for agronomically important characters,

which increased ihe efficiency and reduced the time-scale of plant breeding. RAPD

markers generated by the PCR were used to differentiate between morphologically

indistinguishabte strains and varieties (Welsh and McClelland, 1990; Welsh et al., 1991;

Goodwin and Annis, 1991).

The RAPD technique is central .round tfr" polymerase chain reaction (PCR), a

technical innovation that has swept though molecular biology laboratories and has been

applied in a wide range of DNA-handling situations. PCR is a method, which allows a

particular section ofthe DNA of an organism to be repetitively copied (amplified) so that

eventually it is present in such a high quantity that it can be simply stained by a

fluorescent dye and visualized by fluorescent emission when DNA fragments are

separated by electrophoresis. In order that copying can occur, short lengths of DNA

(usually known as primers) are added to the PCR mix. Differences in banding pattern

represent differences between DNA samples, and hence diversity (Ford-Lloyd el a/.,

1997). 
I
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Kaemmer et al. (1992) and Bhat et aI. (l99ia) have observed that oligonucleotide

fingerprinting and RAPD technology are more efficient in differentiating clones within
each AAd AAAA AAB and ABB gcnomes. Also RApD is a very fast way of obtaining

information about genetic variation (williams et al., 1990; welsh and Mcclelland, 1990).

The RAPD technique has been applied, in Musa to discriminate the genomic composition
of triploid cultivars and varietal identification (Kammer et al., 1992; Howell e/ at., 1994;

Bhzt et al., 1995b). This has also been used to study pattern of diversity amongst

germplasm collections from different geographic regions such as the Indian subcontinent

@hat and Janet, 1995). Dwarf off-types and general lwels of somaclonal variation have

been identified using RAPD markers (Damas co et aI., 1996; Ford-Lloyd et aL, 1997).

Along with other rype of markers, RAPD has been used for the dwelopment of linkage

maps of diploid banana (Faure et al,, 1993). Kulkarni et al. (1999) have reported RApD-
profile variation amongst cultivated, wild and irradiation-derived variants of banana.

Howwer, RAPD markers can suffer from problems of reliability and transferability,

which may limit their application and selection progrsrnmes (Ellswoth et at., 1993).

RAPD markers are used to determine the genetic stability of long-term shoots of

Japanese black pine (Pirus thunbergil Parl) (Goto et al., 1998). RApD technique was

also used to dwelop PCR - based markers linked to downy mildew resistance genes in

lettuce and the amplified RAPD products were cloned and sequenced (paran and

Michelmore, 1993). Galderisi et al. (1999) have developed a comprehensive RApD based
procedure for routine molecular typing of various plants. Identification, preservation of

the genetic resources of cultivated cole Brassica oleracera L. and the analysis of genetic

variation by RAPD was carried out by Divaret et al. (1999). Sun e/ a/. (1997)

demonstr;'ed the efficiency of RAPD analysis for the identification of markers linked to

the yellow rust resistance gene in wild emmer wheat Triticum dicoccoifus.

Elwen apple cultivars were differentiated using RApD markers obtained by pCR

(Koeller et al., 1993). A set of bands consistent in their presence or absence was chosen

to create a differentiating band pattern. The applicability of RApD technique for bananas
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and plantains has been demonstrated by Kaemmer et al. (1992); Howell el al. (1994);

Bhat and Jana (1995); Damasco et aL (1996)

Usefutness of RAPD profiles has been reported for the diversity analysis of

Citrzs, the linkage map dwelopment and hybrid identification (Yamamoto et al., 19981'

Cristofani -:t al., 1999; Elisiaro e/ al., 1999), grape varietal classification and linkage

analysis (Vidal et al., 1999; Lodhi at al., 1997), cultivated and wild genotypes of papaya

(Iobin et al., 1997; Magdalita et al., 1997) and in mango (Lopez et al., 1997).

Anfifungal Proteins

Plants have no immune system, and yet they successfully fight infection with both

constitutive and induced defense mechanisms (Vigers et al., l99l\. Their resistance is

mainly based on a dynamic defense system composed of antimicrobial agents of different

molecular weight classes (Cammue el al., 1994). The best studied of these are the

phyoalexins, secondary metabolites with a broad antimicrobial spectrum that arc

specifically synthesized upon perception of appropriate defense-related signal molecules.

The production of phyoalexins depends on the transcriptional activation of a series of

genes encoding enzymes ofthe phytoalexin biosynthetic pathway. During the last decade,

howwer, it has become increasingly clear that some plant proteins can play a more direct

role in the control of phytopathogenic fungi. Sweral classes of proteins with antifungal

properties havc now been identified including chitinases, p- 1,3-glucanase, chitin binding

lectins, zeamatins, and thionins and ribosome-inactivating proteins.

Chitinases are onc of thc first antilbngal proteins reported (Molano et aL, 1979;

Schumbaum et al., 1986). Schumbaum et al. (1986) demonstrated that purified bean

endochitinase was a potent inhibitor of hyphal extension of the deuteromycetc

Trichodcrma viride.

Roberts and Selitrennikoff (1988) showed that barley, maize and wheat chitinases

were more potently antagonistic to Phycomyces blakeslearus tnd, Trichoderma reesi.

.
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Extracts from infected iea pods had high B-1,3-glucanase and chitinase activities and

inhibited growth of 15 out of 18 tested fungi (Mauch et al,, 1988b\. Roberts and

Selitrennikoff (1990) isolated a membrane acting protein from maize belonging to

thaumatin class that had profound antifungal activity. vigers et al. (1991) reported the

presence of zeamatin, a 22-kDz protein that had potent activity agsinst a variety of fungt

that acted by causing mernbrane permeabilization.

Arlorio ct al. (1992) demonstrsted that purified chitinase alone or in the prescnoe

of B- 1,3-glucanase, both from infected pea pods arrested the growth of Trichoderma

longibrachianm hypha. Analysis of two novel classes of plant antifungal proteins from

ndish (Raphanus salivns L) s€eds with broad antifungal spectrum was reportcd by Terras

et at. (1992). Two 28-kDa chitinases, designated chitinase A (chit A) and chitinase B

(chit B) were purified from maizc seeds to homogeneity by Huynh et al. (1992) They

reported that the antifungal actMty of chit A against the growth of Ttichoderma reesi,

Alternaria solani and Fusarium oxlwrum was greater than chit B'

' Isolation of sctfcn rntifirngal ptoteins from Brassicaccac lpccio wr! rcported by

Tcrras el al. (L993). These proteins were basic, multimers of S-kDa polypeptidc

specifically inhibiting the fungal growth. It was reported that only specific basic isoforms

of tobacco chitinasc and 0-1, 3-glucanase were antifungal against various fungi tested iz

vlrro (Sela-Buurlage et al., 1993). Three proteins from grain sorghum that have potent

action against Fusaritan monildorme (Kumari and Chandrashekar, 1994) were isolated

and partially characterized. They were 18, 26 and 30 kDa in size respectively. Their

mode of action has been studied. The I 8 kDa protein acts by releasing fungal cell wall

material, whitc the 26 and 30 kDa proteins act on the membranes. The levels of these

proteins were related to grain hardness (Kumari el al., 1994).

Ji and Kuc (1996) reportcd antifungal actlvitybf B-1,3-glucanare and chitinasc

purified fr.rm cucumber (cucamis saliws) on colletotrichum lagenarium. A 22 tD8

chitinase and 26 kDa B-1,3-glucanasc were isolated from cowpea (Vigna unguiaiata)

seeds and these were shown to deter development in an in vitro assay of the
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phyopathogenic fungi

(Gomes el al., 1996).

Colletotrichum lindemuthiarum Md Colletotrichum musae

pepides with antimicrobiat properties are pr$ent in most if not all plant spccics.

The potential of antimicrobial peptides for engineering disease resistance in crops has

been obtained with chimeric transgenes based on a thionin, a plant defensin and a lipid

transfer proteins (Broekaert el al., 1997),

The genes encoding antifungal proteins are currently being used by agribusiness

to create genetically modificd plants tnat have increased fungal resistance in the field

(Selitrennikofi, 2001). Genes coding for antifungal proteins that show broad antifungal

activity iz vitro have been introduced into a plantain landrace and the resulting transgenic

plants await field testing (Remy e/ al., 1998).
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