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Abstract

Protocols were standardized for in vitro propagation of several elite and diverse banana
accessions using shoot tip explants. Tissue culture raised plants were field planted at multiple locations.
Studies were undertaken for the induction of mutations using multiple shoot cultures of six selected
cultivars, Shreemanti (AAA), Basrai (AAA), Lai Kela (AAA), Rasthali (AAB), Karibale Monthan
(ABB) and a wild diploid (BB). These shoot cultures were irradiated at different doses of gamma rays
(0-100 Gy) and subcultured thrice (up to M1V3) to separate chimeras, followed by induction of rooting
(M1V4). In general, the rate of multiplication had a negative association with the dose of gamma rays.
Enhanced multiplication of shoots was noticed at lower doses. The proliferation of shoots was arrested
beyond 50 Gy and a dose of 70 Gy was completely lethal for all the genotypes studied. The rooted
plantlets were hardened in the green house and in the early stages of field growth, a few cholorophyll
and morphological variants have been noticed. Preliminary studies have been made with DNA samples
of different varieties and variants for DNA quality and restriction digestion. Studies are underway to
characterize these using PCR based methods.

1. INTRODUCTION

Banana is an economically profitable fruit crop with a large in-country consumption and
a considerable export potential. The world production of banana is about 68.5 million tonnes
but only 7 million tonnes are in world export trade. In India, banana is grown on 3.96 million
hectares with a total production of 10.4 million tonnes. Several cultivars of banana are
cultivated in the country among which, Dwarf Cavendish and Robusta are predominantly
grown because of higher yields, resistance to strong winds and short cropping duration besides
yielding a good profit margin [1]. The fruit has good nutritive value with high carbohydrates
(22.2%), fibre (0.84%) and protein (1.1%) with less fat (0.2%) and water (75.7%). Banana is
a long duration crop of about one and a half years. Edible triploid bananas are vegetatively
propagated by suckers as viable seeds are generally not produced. The production of suckers
varies in different genotypes ranging from five to ten plants per year. Crop productivity and
maturity is dependent on the size and age of suckers and uneven maturity extends the duration
by three to four months. Suckers may also carry soil nematodes or disease causing organisms,
such as bunchy top virus or leaf spot, thereby affecting the production of the crop
considerably.

In vitro propagation of banana through shoot tip cultures is useful in the rapid
multiplication of desirable disease free clones. In addition, careful selection and updating of
mother plants results in improved crop yield [2]. New and effective means of propagating
bananas would be advantageous over the conventional use of sucker material, for germplasm
maintenance, exchange and transportation [3,4].

Mutation breeding in vitro is a powerful tool for the induction and selection of desirable
mutants which can be utilized in banana improvement [5]. Mutagenic treatments on banana
plants have been reported and in vivo sucker material has proved to be less effective and yielded low
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mutagenized material for further screening [6,7]. On the contrary, in vitro mutagenesis employing
multiple shoot cultures has several advantages: a high shoot multiplication ratio resulting in efficient
chimera separation; a drastic reduction in time and space requirements; ease of treatment with
mutagens and subsequent leaching off of chemical mutagens; and optional facility for in vitro
selection against various stresses.

The genetic system of Musa is complicated owing to the inherent problems of sterility,
heterozygosity and polyploidy in most of the clones. Asexual behavior is often an inseparable
barrier in using cross breeding as a tool for genetic improvement. Mutation induction, using
physical as well as chemical mutagens, is useful for the induction of genetic variability. DNA
fingerprinting is a highly sensitive technique, useful for the detection and characterization of
genetic variability and also for identification of various genotypes, at the molecular level [8].
Notably, the polymorphism measured through this technique is free from any environmental
interference and can be repeated with precision.

At the Bhabha Atomic Research Centre (BARC), cell and tissue cultures of different
cultivars of banana have been established and an in vitro system for propagation via shoot tip
culture has been standardized. Technical know-how for the production of banana plants
through micropropagation has been transferred to user agencies which have undertaken
commercial production of plants for distribution to farmers. Linkages have been established
with agricultural research stations and universities for conducting field trials of tissue culture
developed plants. Protocols have been optimized for encapsulation of shoot tips for the
production of synthetic seeds [9] and for low cost methods for in vitro propagation [10]. The
radiosensitivity of in vitro shoot cultures has been documented in different genotypes.
Induction and establishment of embryogenic cell and callus cultures and conversion of somatic
embryos into plantlets has been achieved. Different plant growth regulators, dessication,
encapsulation and stress treatments are being investigated to enhance the percentage of plant
conversion.

Efforts have been made for collecting germplasm from different geographical regions
and, to date, the germplasm collection comprises 26 accessions (Ambat Velchi, Ardhapuri,
Bheemkel, Basrai, Chakkera Kela, Elakkibale, Grand Naine, Hajari, Hatti, Karpoorvalli,
Karibale Monthan, Lai Kela, Lokhandi, Monthan, Mutheli, Nendran, Poovan, Rajeli, Rasthali,
Robusta, Safed Velchi, Shreemanti, Trikoni, Williams and two Wild diploids).

In this article, results on in vitro propagation of different cultivars, effects of gamma
irradiation on in vitro cultures of six selected genotypes and molecular studies for fingerprinting,
conducted as a part of the Coordinated Research Project (CRP) of International Atomic
Energy Agency (IAEA), Vienna, on the 'Mutation breeding and related biotechnologies for
banana improvement, are described.

2. MATERIALS AND METHODS

Plant materials for starting tissue cultures were collected from known and reliable
sources for the varieties listed in Table I.

2.1. Establishment of shoot tip cultures and plant regeneration

Shoot tips were isolated from suckers by removing the sheathing leaf bases and were
established in liquid MS medium [11] supplemented with 5 mg/L benzyl adenine (BA). After
three weeks these were transferred to semi-solid medium comprising of 2 mg/L BA and 30
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mg/L adenine sulphate and 3% sucrose. Each shoot tip produced three to five shoots within a
span of three to four weeks.

TABLE I. GENOMIC STATUS OF VARIOUS BANANA CULTIVARS

No.Cultivar

1. Ambat Velchi
2. Ardhapuri
3. Basrai
4. Chakkerakela
5. Elakkibale
6. Grand Naine
7. Hajari
8. Hatti
9. Karpuravalli
10. Karibale Monthan
ILLalKela
12. Lokhandi
13. Monthan

* Wild species,

Genome

AAB
AAA
AAA
AAA
AB
AAA
-
-
ABB
ABB
AAA
-
ABB

not known

No.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

*24.
*25.
*26.

Cultivar

Mutheli
Nendran
Poovan
Rajeli
Rasthali
Robusta
Safed Velchi
Shreemanti
Trikoni
Williams
Bheemkel (Assam)
Ensete superbum (Deccan)
Wild diploid (Karnataka)

Genome

AAB
AAB
AAB
AAB
AAB
AAA
AB
AAA
-
AAA
BB/BBB
-
BB

Multiplication of shoots was carried out by isolating individual shoots and subculturing
those monthly on the same medium until a sufficient number of shoots were obtained. The
individual shoots isolated from these multiple shoot cultures were used for various
experiments. All the experiments were conducted under controlled conditions of light (1000
lux), temperature (25 + 2°C) and relative humidity (65%). To regenerate complete plantlets, the
shoots were isolated individually from multiple shoot cultures and transferred to MS medium with
NAA (1 mg/L) + 0.1% activated charcoal. Well grown, rooted plantlets (7-9 cm in length) were
carefully removed from the culture vessel and the roots were washed thoroughly in tap water to
remove the traces of nutrients. The plantlets were transplanted in the greenhouse in polybags
containing a 1:1 mixture of unsterilized garden soil and farm yard manure (FYM).

2.2. Irradiation experiments

From each of the six genotypes chosen, twelve individual shoots (3-4 cm) were cultured
on half strength MS medium (agar 0.8%) and were then exposed to gamma rays in a 60Cobalt
irradiator at 0, 10, 20, 30, 40, 50, 60, 70, 80 and 100 Gy at 20 Gy/min. Subsequently, the
leafy portion of these irradiated individual shoots was excised and the shoot tips alone were
recultured on the fresh half strength MS medium. After 30 days of culture, the percentage of
shoot survival was calculated from the number of shoots which re-exhibited growth. The data
were analysed and linear regressions were worked out as per Singh and Choudhary [12].

Multiple shoot cultures (three to five cultures / treatment, each with four to six shoots)
of all the genotypes were irradiated at 0, 10, 20, 30, 40, 50, 60, 70 and 100 Gy doses with
gamma rays at 20 Gy/min. These were immediately subcultured (MjVo) onto multiplication
medium. Further subculturing was performed at an interval of 30 days, up to M1V3, in order to
separate chimeras. At every stage of subculture, the multiplication ratios (from previous stage
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to next stage) were calculated by dividing the 'number of cultures after subculturing' by the
'number of cultures before subculturing'.

Individual shoots from M1V3 were isolated and cultured on the rooting medium (MS
with NAA 1 mg/L) to obtain Mi V4 population of rooted plantlets. After 45-50 days, the M1V4
plantlets were transferred to perforated polythene bags containing a 1:1 mixture of soil and
FYM, and hardened in the green house for 3 months followed by field planting.

3. RESULTS AND DISCUSSION

3.1. Establishment of in vitro regeneration system

3.1.1. Establishment of shoot tip cultures

The fresh shoot tips produced two or three shoots in the span of about three to four
weeks when split longitudinally into two halves and subsequently transferred to semi-solid MS
medium containing BA (2mg/L ) and adenine sulphate (30 mg/L). Upon subculturing these
shoots, each one produced an additional four to six shoots in the subsequent subcultures. The
average multiplication ratio was found to be about 5 for varieties such as Basrai, Shreemanti
and Lai Kela, whereas Rasthali, Poovan and Karibale Monthan required a little higher
concentration of B A in the multiplication medium to obtain the multiplication ratio of 5 (data
not shown). This indicated genotypic variations in the case of the multiplication ratios in vitro
and hence, whenever required, the protocols were modified to optimize in vitro regeneration.

3.1.2. Plantlets' formation and their establishment in the soil

Shoots showed considerable elongation on medium with 1 mg/L NAA and two to four
roots with laterals were noticed within three weeks and the frequency of complete plantlet
formation was nearly 100%. The plantlets were hardened in the green house for about two
months and the survival percentage ranged between 95-100%. Subsequently the hardened
plants were planted in the field.

3.1.3. Evaluation of micropropagated plants

To date, more than 20000 plants have been regenerated in test tubes and around 4500
plants were planted at multiple locations in the states of Maharashtra and Gujarat for field
trials. In almost all the places, the tissue culture raised plants showed vigorous growth, early
maturity and marginal increase in bunch weight with better quality fruits. In an experiment
conducted at the Research and Development farm of Gujarat State Fertilizers Company,
Baroda, the data suggested an early maturity by about six weeks and an increase in yield of 33
percent, in the tissue cultured plants of cv. Basrai when compared to the control.

3.2. Studies on in vitro mutagenesis

Banana cultivation is seriously hampered by viral and fungal diseases warranting an
intensive programme for the diversification of existing clones and breeding superior cultivars.
However, problems like parthenocarpy, heterozygosity and difficulties in obtaining viable
seeds, have become limiting factors to conventional breeding. In this direction studies were
undertaken for induction of mutations using gamma rays, in six elite cultivars: Shreemanti,
Basrai, Lai Kela, Rasthali, Karibale Monthan, and a wild diploid from Kamataka state.
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3.2.1. Selection of explant material

Use of established in vitro multiple shoots as the initiation material for mutagenic
treatment was found to be better than in vivo suckers or freshly cultured shoot tips from field
grown plants, since it saved much effort in the establishment of cultures and reduced the
chances of contamination and the initial number of shoot tips irradiated.

3.2.2. In vitro multiplication of six selected cultivars for irradiation

In vitro multiple shoot cultures could be easily established from the shoot apices of all
the genotypes used. However, multiplication ratios were influenced by the genomic
composition. In general, Lai Kela (AAA) and the Wild Diploid (BB) clone exhibited higher
multiplication ratios (4.0 and 4.4 respectively) whereas Rasthali (AAB) and Karibale Monthan
(ABB) exhibited low multiplication ratios (2.5 and 1.8 respectively) (Table II).

3.2.3. Effect of irradiation on individual shoots

It was observed that the irradiated individual shoots could be scored with precision as
live or dead, only after excision of the leafy portion. The linear regression coefficients of dose
(Gy) on the survival percentage of shoots ranged between -0.86 to -0.75 (Fig. 1). The negative
values of the regression coefficients indicated that shoot survival and irradiation had an inverse
association. The lethal dose 50% (LD50%) ranged from 30 Gy (Rasthali, AAB) to 52 Gy (Lai
Kela, AAA), with an average of about 40 Gy (Fig 1). Doses beyond 70 Gy were completely
lethal. Hence in further experimentation 0 and 100 Gy doses were included as the standard and
lethal controls respectively.

TABLE II. THE GENOTYPES USED FOR bUCO GAMMA IRRADIATION

Name of genotype Genomic background Salient features

BASRAI

SHREEMANTI

LALKELA

RASTHALI

KARIBALE MONTHAN

WILD DIPLOID

AAA

AAA

AAA

AAB

ABB

BB

A clone from Cavendish Dwarf.

A selection from Basrai with increased
height and yield.

Tall, highly preferred for taste and attractive
red fruit skin.

Tall, short fruits with fresh yellow coloured
skin and delicious taste.

Tall, keeping quality is the main advantage.

A seeded clone from Karnataka State, is
currently in cultivation because of tolerance
toBBTV.
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FIG. 1. Effect of gamma irradiation on % survival of in vitro individual shoots of banana.

3.2.4. Effect of irradiation on multiple shoot cultures

In general, the shoot multiplication ratio decreased with increasing amount of irradiation;
however, the data showed considerable variation (Table III). Furthermore, this variation
increased with advancing subculture cycle (Fig. 2). Interestingly, the multiplication ratios were
found to be enhanced at lower doses (Shrimanti and Rasthali, both at 10 and 20 Gy, and Basrai
at 20 Gy) (Table III). The proliferation of the multiple shoots was arrested beyond 50 Gy
except cv. Shrimanti, 60 Gy) and a dose of more than 70 Gy was lethal for all the genotypes
studied. At higher dose (50 Gy), cv. Lai Kela exhibited numerous clusters of minute shoot
buds.

Individual shoots of M1V4 populations could easily be rooted on medium with NAA (1
mg/L). Thick and dark coloured roots were noticed in the case of Shrimanti (10 Gy) (Fig. 3a).
A shoot culture from cv. Shrimanti exposed to 60 Gy was isolated which neither produced
multiple shoots nor any roots, and where new leaves appeared very slowly (Fig. 3b).

3.2.5. Field evaluation of M1V4

A total of 6300 rooted plantlets were generated from the in vitro irradiation experiments
and hardened in the green house. In the initial growth phase under field conditions, some plants
of Shrimanti (50 Gy) expressed white spots on the first few leaves (Fig. 3d) compared to
control (Fig. 3c). Leaf variants were also observed in the case of Karibale Monthan (20 Gy)
(Fig. 4b). Plants with a bilateral arrangement of leaves (traveler's palm-like) were noticed in
case of Basrai (30 Gy) (Fig. 4c). In cv. Basrai (10 Gy), a single plant has flowered in less than
6 months (Fig. 4d). These M1V4 plants are now being observed for their field performance and
the variants will subsequently be re-evaluated for confirmation of the variations noticed.
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TABLE III. EFFECT OF ^CO GAMMA IRRADIATION ON MULTIPLICATION RATIOS
OF IN VITRO CULTURES OF BANANA

Multiplication ratio
Genotype

SHREEMANTI
(AAA)

BASRA!

(AAA)

LALKELA
(AAA)

RASTHALI
(AAB)

KARIBALE
MONTHAN
(ABB)

WILDDIPLOID
(BB)

Generation

M,V0->MiV!
MiV]->MiV2

M,V2->M]V3
M1V3->M,V4

MiV0^>M,Vi

MiV t->MiV2

M,V2^>MiV3

M,V3->MiV4

MiVo^>MiVi
MiV]->MiV2

MiV2->MiV3

M,V3->M,V4

M,V0->MiVi
M,Vi ->MiV2

M1V2->M,V3

M!V3->M1V4

M,V0->MiV,
MiV]->M,V2

MiV2->M]V3

MiV3->M,V4

MiV0->MiVi
M,V,->MiV2

M,V2->M,V3

M,V3.>MiV4

0

3.2
-
4.0
3.0

-

3.0
4.8
3.3

4.0
-
3.6
2.6

„

2.2
2.1
2.5

1.8
1.3
1.0
1.0

3.5
2.5
4.0
4.4

10

4.8
2.9
3.8
2.7

4.5

4.1
4.7
1.5

3.4
3.5
3.6
1.4

4.5
1.8
2.0
2.8

3.7
1.7
2.3
2.9

4.0
2.8
3.2
2.5

20

4.5
3.2
5.8
2.4

5.5

4.6
5.1
2.1

2.9
2.5
2.7
2.3

5.7
2.1
4.5
4.5

2.2
1.5
1.5
1.1

3.3
2.3
2.7
3.0

Dose (Gy)
30

2.5
2.2
3.9
5.1

1.0

2.8
4.4
2.3

3.3
2.3
2.7
3.4

3.3
1.8-
1.3
0.0

3.2
2.0
1.0
1.0

2.5
1.9
3.3
3.1

40

2.7
2.3
5.3
3.7

1.0

2.3
4.1
2.7

1.6
1.9
3.4
5.6

3.2
1.7
1.5
0.0

1.0
1.0
0.0
0.0

1.0
1.3
1.0
6.0

50

2.1
3.5
4.6
2.4

-

•

-

3.8
2.8
2.5
3.0

1.8
2.6
6.0
0.0

1.2
2.0
1.0
0.0

0.0
0.0
0.0
0.0

60

2.3
2.5
5.5
4.0

-

_
-
-

1.0
0.0
0.0
0.0

1.0
0.0
0.0
0.0

1.0
0.0
0.0
0.0

0.0
1.0
1.0
0.0

70

1.0
1.0
0.0
0.0

0.0

0.0
0.0
0.0

1.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

100

0.0
0.0
0.0
0.0

0.0

0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

contaminated, 0.0 necrosed.

In the present study, in vitro multiple shoot cultures of six banana cultivars belonging to
different genomic groups (AAA, AAB, ABB and BB ) were irradiated with gamma rays and it
was observed that cultivars with a hybrid genome (AAB - Rasthali, ABB - Karibale Monthan)
were more vulnerable to irradiation when compared to cultivars with a single genome (AAA -
Lalkela, BB - Wild diploid).
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FIG. 2. Effect of gamma irradiation on multiplication ratio oversubcultures in Wild Diploid banana
(BB).

FIG. 3. Examples of phenotypic effects of irradiation a. left cv. Shrimanti, control, normal roots:
right, thick and dark roots with 10 Gy ;b. A shoot culture ofcv. Shrimanti (60 GY) which produced
neither multiple shoots nor roots; c. Shrimanti (control); d. White spots on the leaf (cv. Shrimanti,
50 Gy).
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A high multiplication ratio in both AAA and BB genomes and a lower ratio in the hybrid
(AAB and ABB) genomes indicated that the genotype had an important role to play in the
proliferation of in vitro shoots. Vuylsteke [2] has summarized results of the effect of genotype
on multiplication rates and clearly highlighted differential multiplication rates in different
genotypes. In our studies, the low multiplication ratios were mainly due to apical dominance of
several individual shoots which strongly resisted production of multiples. Certainly, the lower
in vitro multiplication ratios may affect efficient separation of chimeric regions. Therefore, it
was felt that the multiple shoot cultures with at least moderately high multiplication ratios (3.0
or more) be established, otherwise subculturing of mutagenized populations would be required
up to MiV6 or MiV7.

, - • - • . » ; .

FIG. 4.a. The split bunch observed in tissue culture derived plant of cv. Rasthali; b. left. Control;
right. Leaf variant in cv. Kahbale Monlhan (20 Gy); c. Bilateral leaf arrangement (Traveler's palm
like) in cv.Basrai (30 Gy); d. Early flowering plant (6 months) in cv. Basrai (10 Gy).
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It is necessary to understand the lethal effects on individual shoots before irradiating
multiple shoots. Excision of the leafy portion of the shoots, after irradiation allowed precise
scoring of live and dead cultures. This was because of unmasking of dead shoot tips by
surrounding leaves, which if not excised, remained green for a longer period and thus dead
shoots could wrongly be scored as live. The lethal effects on individual shoots were in
conformity with Broertjes [13] who reported that mutation frequency increased with increasing
dose (linearly with X or gamma rays) but survival and regeneration capacity decreased with
increasing dose. In the case of banana, Yang et al. [14] obtained a very high correlation
coefficient (0.97) between dosage and explant death for irradiation of dissected shoot tips, but
the coefficient was only 0.18 when intact shoot tips were used.

In the present study, LD 50% was found to be 40 Gy on an average. Similar
observations have been reported by Yang et al. [14] and Smith et al. [15]. It was observed that
cvs. with hybrid genomes (Rasthali, AAB and Karibale Monthan, ABB) were more vulnerable
whereas cvs. with single genome (Lai Kela, AAA and Wild Diploid, BB) were less sensitive to
irradiation. Novak et al. [7] also have reported genotypic differences for the LD50%, 20 Gy
being the least for diploid (AA) clone SH-3142.

The effect of irradiation on multiple shoots was characterized by a drop in multiplication
ratios, 70 Gy and more being totally lethal. Yang et al [14] were of a similar opinion but
Silayoi et al. [16] have reported only 30 Gy as a lethal dose. Such variation could be due to
genotypic differences. Two additional features were: enhancement in multiplication ratio at
lower dose (10 and 20 Gy) than was also observed by De Guzaman et al. [17] and Siddiqui et
al. [18], and occurrence of a large amount of variation in multiplication ratios (see Fig. 2).
Thus the in vitro proliferation of irradiated multiple shoots appears to be complex, affected by
one or more of several factors: irradiation dose, unbalanced distribution of chimeric and non
chimeric sectors resulting in differential growth rates, genotype, apical dominance, subculture
cycle and its duration, and somaclonal variation.

In our studies, we compared different extraction methods for obtaining pure and high
molecular weight DNA and subsequently, the total genomic DNAs were extracted from nine
different genotyes (including a wild diploid and four samples obtained from field grown plants
in the mutation breeding trial) using a modified CTAB (Cetyl trimethyl ammonium bromide)
method. The DNA samples could be digested with EcdRl and BaniHL indicating that these are
amenable to restriction digestion. A set often oligonucleotide DNA primers has recently been
received from the IAEA through Dr. P.M. Gresshoff. These will be tested for their ability to
elicit DNA polymorphism.

4. CONCLUSIONS AND PROSPECTS

Our studies have led to the collection of banana germplasm from different geographical
regions and the development of in vitro systems for use in the selection of desirable clones
through mutation breeding. Field observations have been made on certain morphological
variants and evaluation of these is underway. Molecular studies have been initiated in the
aspects of DNA isolation, restriction digestion and RAPD analysis.

The prospects of using biotechnological approaches like protoplast culture and fusion,
and genetic transformation with novel, useful genes for banana improvement are promising
[19]. Efficient in vitro systems like shoot tip cultures and embryogenic cultures are being
worked out for genetic transformation, selection and regeneration of transformants. With the
advent of particle bombardment using the biolistic system and the Agrobacterium mediated
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transformation method, it is now possible to develop transgenic plants and studies have already
shown success in obtaining transgenic plants of banana [20,21]. Since banana is the common
man's fruit and also a staple food for the developing countries, major efforts should be directed
for its overall improvement, especially for incorporating useful genes for: disease resistance;
insect/pest resistance; enhanced fruit quality and shelf life; and pharmaceutically important
proteins and vaccines. In coming years, it is hoped that biotechnological tools will be
successfully employed in the genetic improvement of banana.
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