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— _ ABSTRACT |

A protocol has been developed for the high efficient regeneration of the banana cultivar
Dwarf Brazilian (Musa spp. AAB group) via cell suspension. Primary somatic embryos were
produced when explants of immature male flower buds were cultured on Murashige and Skoog (MS)
medium plus 1 mg/l biotin, 100 mg/ll malt extract, 100 mg/l glwamine, 4 mgll 2,4-
dichlorophenoxyacetic acid, 1 mg/l indole-3-acetic acid (IAA), 1 mg/l . -naphthaleneacetic acid, 30
g/l sucrose and 2.6 g/l Phytagel, pH 5.8 (M1 medium) and then transferred to M1 medium plus 200
mg/l casein hydrolysate and 2 mg/l proline. Suspension cultures were initiated from embryogenic
tissues placed in liquid medium supplemented with 2,4-D (Img/l), biotin (1 mg/l), L-glutamate (100
mg/l), malt extract (100 mg/l), and sucrose (45 g/l), the pH of the medium was adjusted to 5.3. The
packed cell volume (PCV) of the suspension increased 2-5 fold with each monthly cycle. The somatic
embryos were developed when suspension culture aspirated on MS medium supplemented with biotin
(1 mg/), mait extract (100 mg/l), Glutamine (100mg/l), NAA (1mg/l), Kinetin (0.5 mg/l} Zeatin (0.2
mg/l), sucrose (45 g/l), and phytagel (2.6 g/l). Differentiated embryos were transferred 1o MS medium
supplemented with 5 mg/l 6-benzylaminopurine (BA) for development of the mature somatic embryos,
which were isolated and cultured on hormone-free MS medium for germination and development into
plantlets. Approximately 90% of the somatic embryogenesis germinated and developed into plantlets,
and these were subcultured onto MS medium plus 0.1% activated charcoal and 1 mg/l IAA
Approximately 900-1050 plants were obtained from initial starting material (regeneration 90%) of
0.5 ml PCV suspension culture in 4-5 months. Morphologically normal banana plants were
developed from all regenerated plants. Somatic embryogenesis via cell suspension might be an
excellent technigue for mass production, developing a breeding strategy and genetic transformation
of banana.

Key words: In vitro, plant tissue culture, regeneration, somatic embryogenesis, cell suspension,

banana.

Abbreviations MS: Murashige and Skoog, medium (1962). BA: 6-benzylaminopurine, 2,4-D;
dihlorophenoxyacetic acid , JAA: indole-3-acetic acid, NAA: -naphtaleneacetic acid, SE:somatic embryos,
PCV: packed cell volume.

Arab 1. Biotech., Vol. 7, No. (1) Jan. (2004): 99-110.




100 S.M. Khalil and A.A.M. Elbanna

[ INTRODUCTION |

anana (Musa spp.) is one of the most
B impottant tropical fruits in the world

trade. It is a staple food for nearly 400
million people (Haicour ef al., 1998). In many
countries, banana and plantain represent the
major fruit exports and are essential sources of
income for national economtes, with world
production in 2000 estimated at 64.6 million
metric  tons  (Anonymous, 2001). The
production is limited primarily by black
Sigatoka (Mycosphaerella fugiensis),
Fusarium wilt (Fusarium oxysporum var.
cubense), viruses, and nematodes (Radopholus
similes) (Sasson, 1997). Banana bunchy top
disease (BBTD) caused by banana bunchy top
nanovirus (BBTV) and banana CMV disease
caused by banana-cucumber  mosaic
cucumovirus (Banana-CMYV), have enormous
negative impacts on banana productivity Costs
for control of this fungal discase alone average
between $ (.30 and $1.0 per plant in banana
plantations in order to avoid yield losses of 30-
50% (Sagi et al., 1995). In the last 70 vears the
application of classical methods of breeding
for disease resistance has resulted in only
limited success, due primarily to Ilong
generation period of times for banana, high
sterility, and triploidy of most cultivated
bananas. The integration of  genetic
engineering into breeding programs may
provide powerful tools to overcome these
limitations by inducing specific genetic
changes that can be utilized for banana
improvement within a short period of time.
However, these applications require reliable
plant regeneration protocols for banana
(Fitchen and Beachy, 1993 and Vuyisteke and
Swennen, 1992).

In vitro culture of banana has been
extensively used to quickly propagate
vegetative clones of many genotypes
(Vuylsteke and De Langhe, 1985; Das ef al.,

1998). Many obstacles remain to be overcome
before an efficient banana regeneration
protocol suitable for genetic transformation is
developed. Plants regenerated  through
organogenesis are not appropriate for genetic
transformation since many chimeric plants are
praduced. Somatic embryogenesis, the
process whereby either a single somatic cell or
clusters of cells develop into embryos, is a
useful approach for in vitro plant regeneration
of many species. This technique in the genus
Musa aimed to the following the development
of high-performance micropropagation
techniques and plant regeneration systems
useful for genetic improvement.

Somatic embryogenesis in Musa using
cell suspension, has been the subject of
research since the 1960s (Novak 1992;
Krikorian and Scott, 1995). On the basis of
differences in explant types, four main
methods have been developed. Novak e? al,
(1989) used the bases of leafs heaths or
rhizome fragments of plants produced in vitro.
Dhed’a et al. (1991) started from thin sections
of a highly proliferation and culture placed in a
liquid medium. Marroquin er al. (1993)
established embryogenic suspension from
immature zygotic embryos; in this case, the
nature of the explants limited the imethod.
Escalant et al., (1994}, Cote er al. (1996), and
Navarro er al, (1997) used young male
flowers as starting material for initiating
suspension cuiture for Grand Nain. Somatic
embryogenesis using embryogenic for cell
suspension cultures have the potential to
produce non-chimeric plants, but they are
limited by low embryo germination [1.5-12%,
Novak er al, (1989); 10-23%, Dhed’a er al.,
(1991);, 3-20%, CoOte er al. (1990)] and low
plant regeneration rates [(13-25%) Navarro ez
al. (1997)] and fong culture times from culture
initiation to plant regeneration [16 months,
Cote et al. (1996);, 18 months, Becker et al.
(2000); 10-11 months, Ganapathi er al.
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(2001). Kosky et al. (2002) and Khalil et al.
(2002). recently reported high germination
rates (89.5%) by secondary somatic embryos
for banana cv. Dwarf  brazilian {AAB).
Immature male inflorescences have been used
to initiate cultures of several banana and
plantain cultivars (Shii er al., 1992; Escalant et
al et al., 1996; Navarro et al.,
1997; Sagi et al., 1998; Becker er af., 2000 and
Khalil et al., 2002, 2003 ).

We describe here an efficient and
reproducible protocol with high frequency
regeneration for somatic embryogenesis via
cell suspension which mass production of
plantlets and genetic transformation to
improve Musa spp. AAB group cv. Dwarf
Brazihian.

| MATERIALS AND METHODS |

Plant material and culture initiation

The initial plant material used was the
“Dwarf Brazilian” cultivar of banana (Musa
spp-) belonging to the AAB group. Male
flower buds were collected from field grown
one-month-old male flowers {about 1 foot in
length). Cultures were initiated within 4 days
after removing the male flowers from the
mother plants. Tissues were sterilized by
washing with | % (v/v) detergent solution for
5 min and the outer bracts were removed until
inflorescence was 53 o long which was
surface sicriized by 1N 90 Clore<® for 15
min and {inaliy rinsed 3 times with sterile
water. In a sterile petri dish, the outer bracts
were peeled with forceps until flower axis of
1.5 cm in length. The remaining flower bud
was cut into 4 segments longitudinally
{orthogonally) through the shoot tip, 2 mm
each (transverse section). A total of 16-20
segments can easily be obtained from a single
male flower.
Callus initiation _

Immature male flowers explants were

- whitish tissue

isolated and cultured on solid M1 medium
consisting of macro- and micro-nutrients and
vitamins of Murashige and Skoog. (1962} plus
1 mg/l biotin, 100 mg/i malt extract, 100 mg/l
glutamine, 4 mg/l 2,4-D, 1 mg/l TAA, | mg/l
NAA and 30 g/t sucrose with pH adjusted to
5.8. The cultures were incubated in the dark at
28 °C for two weeks. The flower bud segments
became swollen 2 weeks after cultures were
intiated in which they could be seen as
protruding  from  the
inflorescence tissues. They were carefully
excised from the mother tissue, transferred to
fresh M1 medium and kept in darkness.
Primary somatic embryos were produced after
tissues were transferred to MMI modified
medium (Khalil er al.. 2002), which composed
(M1 medium with 200 mg/l casein hydrolyzate
and 2 mg/l proline) for 2 months. Compact
white calluses and friable embryogenic tissues
with globular structures containing primary
somatic embryos were formed.

Suspension cultures

Suspension culture was established
from the friable embryogenic callus. Half
gram from such callus was transferred to 10 ml
of liquid medium designated M2 (Cote et al.,
1996) which is an MS based liquid medium
supplemented with 2.4-D {1 mg/1), biotin {1
mg/l), L-glutamate (100 mg/l), malt extract
(100 mg/1), and sucrose (45 g/1). The pH of the
medium was adjusted to 5.3. The suspensions
were cultured in 250-mi Erlenmeyer flasks on
a reciprocal shaker at 100 rpm in darkness for
3 weeks until suspension cultures start to
multiply. Culure medium was changed
weekly during the first month of culture and
subsequently biweekly., Pipetting 1 ml of
mother stock to 20 ml of fresh M2 medium
and changing medium every 7-10 days did
regular maintenance of suspension cultures.
Cultures were maintained at 28 “C under a
photoperiod of 16 h.
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Embryo development
The suspension cultures 180 ul after 7
days of subcuiture were saved to avoiding any
cell aggregates. The 0.5 ml packed cell volume
(PCV) of suspension culture was aspirated on
sterile filter paper on four different media to
determine the suitable medium for embryo
development. The first medium SK4
designated (Khalil ef ., 2002) is MS micro
and macro-elements, MS
supplemented with 10 % coconut water and 30
g/l sucrose. The second medium designated as
SK12 contained MS salts, MS vitamins in
addition to biotin (1 mg/l), L-glutamine (100
mg/l), malt extract (100 mg/l), BA (2.5 mg/)
gibberellic {GA3) (1mg/), sucrose (45 g/l) and
phytagel (2.6 g/M). The third medium
designated as contained SK13, MS salts, MS
vitamins, supplemented with biotin (1 mg/l),
malt extract (100 mg/1), Glutamine (100mg/1),
NAA (Img/l), Kinetin (0.5 mg/l} Zeatin (0.2
mg/l), sucrose (45 g/l), and phytagel (2.6 g/).
The fourth medium designated M2 modified
MS salts, MS vitamin, supplemented with
biotin {1 mg/Ml), mait extract (100 mgl),
Glutamine (100mg/1), 2,4-D (1 mg/l), Zeatin
(0.2 mg/l), sucrose (45 g/1), and phytagel (2.6
g/1). The pH of the four media was adjusted to
5.8 prior to autoclaving. Half of the cultures
was incubated dark at 28 °C in the dark and

the other half was incubated at 28 "C with
photoperiod of 16 h light and 8 h to be study
the effect of incubation conditions on embryo
development.

Differentiation of embryos

Embryo development was achieved by
culturing the embryonic suspension culture on
SK4, SKI12, SK13, and Modifted M2 medium
then transferred to either of the following two
media o determine the best medium for
embryo differentiation. The first medium
designated SK8 (Khalil et al., 2002), which
contains MS salts, MS vitamin, BA (§ mg/D),

vitamins, .

sucrose (30 g/1), and phytagel (2.6 g/1). The
second medium designated as MM4 is a
modification of MM4 medium reported by
Cote er al. (1996) containing half strength MS
salts, MS vitamins, L-glutamin (100 mg/1),
malt extract (100 mg/), biotin (I mg/l) BA
(0.5 mg/l), gibberellic acid (GA3) (1 mg/l),
sucrose (45 mg/l), and phytagel (2.6 g/1). The
cultures were incubated at 28°C with a
photoperiod of 16 h light and 8 h dark for 4
weeks.

Embryo germination and plantlet formation

Germination of  embryos  was
performed on a mediem designated as SK10,
which consisted of M3 salts with MS vitamins,
30g/1 uicrose and no growth regulators. The
embryos were germinated in petri dishes
(diameter 9 cm). Embryos were maintained on
SK10 medium for 15 days at 28 °C with a
photoperiod of 16h light and 8 h dark. The
plantlets were then transferred to SKI1
medium (MS salts, MS vitamin, | g/l activated
charcoal, 1 mg/l IAA and 30 g/l sucrose) for
elongation at 28 "C with a photoperiod of 16 h
light and 8 h dark. Mature plantlets 5-6 c¢cm
long were obtained after 2-3 weeks on 5KI11
and were ready for acclimatization.

1 RESULTS AND DISCUSSION |

Culture initiation and callus development
Immature male flowers were isolated
and cuitured on MS medium supplemented

‘with | mg/l biotin, 100 mg/l mat extract;-100

mg/l glutamine, 4 mg/l 2.4-D, 1 mg/l IAA, 1
mg/l NAA and 30g/1 sucrose at pH 5.7. The
flower bud segments became swollen 2 weeks
after cultures were initiated. Flower buds
could be seen as whitish tissue protruding
from the inflorescence tissues. These were
carefully excised from the mother tissue and
transferred to fresh M1 medium and kept in
darkness. Primary somatic embryos were
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produced after tissues were transferred to
MMI1 modified medium (M1 medium with
200 mg/l casecin hydrolyzate and 2 mg/l
proline} for 2 months. Initially, the callus that
formed was yellowish and compact, with
white friable embryogenic tissues developing
10-13 weeks after initiation (Fig.1A). The
white friable embryogenic tissues were used to
initiate suspension cultures.

For initiation of suspension culture
transfer about 0.5 g of callus was transferred in
10 ml of liquid M2 medium in 250 ml flasks.
Calli from each independent embryogenic hine
were kept separately, these tissues relcased
embryogenic cells and cell aggregates. The
proembryos became necrotic during the first
week of culture. The cell aggregates multiplied
and formed many-fobed structures, from the
peripheries of which new aggregates were
released. The suspensions were subcultured
once every week by adjusting to 3 % of the
packed cell volume (PCV). A multiplication
ratio of 1:2 to 1.3 was noted every two weeks.
Multiplication rates in terms PCV of between
2 and 5 were observed at each monthly culture
cycle in the liquid medium. The 2.5 fold
monthly growth of the suspension is similar to
that is commonly observed in embryogenic
suspension of other monocotyledons (Redway
et al., 1990; De Touchet er al., 1992 and
Emons and Kieft 1995). The highest rates were
obtained for suspensions maintained in liquid
medium for three moaths (Figure 1B). After

three months of culture, the suspension
consisted mainly of aggregates varying in size.
Some proembryos and nodular structures were
also present in the suspension (data not
shown). The suspension could be maintained
in liquid medium for more than 13 months.

Effects of different media composition on
the development of somatic embryos

The effects of SK12 and SKI13 media
modified in the present study, SK4 medium
(Khalil et al., 2002) and M2 medium (Cote et
al., 1996) on percentage of micro-embryonic
calli and embryos from early stages (Globular,
torpedo, and mature) was studied. The
suspension culture of approximately 0.5 ml
PCV were aspirated onto sterilized filter paper
(Wanton No.1) on solidified four media (SK4,
SK12, SK13 and M2) to determine the suitable
medium for embryo development (Table 1).
When SK13 was used the highest number of
clones and percentage of embryos (Globular,
torpedo and mature) were obtained to
compared SK4, SK12 and M2 media under
dark condition at 28 °C (Figure 3).

Somatic embryos initially appeared
small and rapidly enlarged into distinct
globufar structure, which passing through
recognizable torpedo structure (Figure 2).
Somatic embryos initially globular and
torpedo observed was noted within 18-21 days
after aspirated on SK13 regeneration medium.

Arab J. Biotech., Vol. 7, Ne. (1) Jan. (2004): 99-110.



104

Fig. (1): Stages of regeneration via cell suspension and production of plantlets from immature
male flower buds in Musa cv. Dwarf Brazilian cultivar . A, primary somatic
embryogenesis from explants on modified M1 medium (Bar 0.5 em); B, suspension
culture was developed on M2 medium (Bar 0.5 em); C, embrvos induction on SKI3
medium 4 weeks after plating on culture medinm; D, differentiation of embryos and
maturation on SK8 medium (bar 0.5 cm); E, germination of embryos and production of
small plantlets on SK10 medium two weeks post cultured on germination medium (Bar 0.5
cm); F, elongation and development of mature regenerated plantlet of banana on SKI11 3
weeks after subcultured on elongation medium (bar 0.5 cm).
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Table (1): Effects of different media composition on development of embryos from 0.5
ml of cell suspension of banana after 40 days aspirated on media with
different conditions of incubation.

Type of Number of Percentage of Percentage of Percentage of  Percentage of
medium clones micro-calli Globular embryos torpedo mature
embryo embryos
Dark
SK4 1070 60.3 18.1 15.6 0.0
S5KI12 712 10.2 37.2 41.6 11.0
SKl13 1230 3.1 19.3 442 334
M2° 573 49.2 37.2 13.6 0.0
Light
SK4 990 28.9 48.1 230 0.0
5K12 660 15.9 28.2 40.7 15.2
5K13 1120 9.8 38.3 32.1 19.8
M2 620 45.3 39.2 15.5 0.0

* Khalil er al. (2002)
" Cote et al. (1996)

Fig. (2): Somatic embryogenesis from
suspension culture wusing male
flower buds in banana (Musa
AAB ¢v. Dwarf Brazilian) Single
(8) or cluster (A) of embryos were
observed on SKI13 medium after
18 days from plating suspension
culture on sterilized filter paper
on culture medium (bar 2 mm).
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Effects of two media on the development of
somatic embryogenesis and plant
regeneration

The effects of SK8 developed by
Khalil er al. (2002) and a differentiation
medium (MM4) developed by Cote er al.
(1996) on the maturation of embryos and
development of regenerated banana plants
were studied. Figure (4) illustrated that the
somatic embryos, which developed on SK13
and transferred to differentiation SK8§
produced the highest number of shoots
(96%). Culture on MM4 medium makes
these embryos to be differentiated with small
shoot (Fig 1D). However, embryonic

suspension originally cultured on SKI3
produced 96 % embryos developed to shoois
when transferred to SK8 differentiation
medium (Fig. 4). The percentage of embryos
developed to shoots from embryonic
suspension originally cultured on SK12, SK4
and M2 was decreased to 58.2, 32.1 and
12.8% respectively, when transferred to SK8
differentiation medium (Fig. 4). On the other
hand, the percentage of embryos developed
to shoot from embryogenic suspension
originally cultured on 5K12, SK13, SK4 and
M2 was decreased 57.8, 42.3, 32.9 and 6.5,
respectively, when transferred to MM4
differentiation medium.

Fig. (3): Development of early stages (globular, torpedo and mature) of somatic embryos from embryonic
cell suspension after 40 days from plating on solidified media. A, somatic embryos on M2 medium;
B, Somatic embryos on SK4 medium; C, somatic embryos on SKI13 medium; D, Somatic embryos on

SKI12 medium (bar 0.5 cm).
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1
Fig. (4): Development of embryos to
shoots on two- ¥
differentiation media. Bars T
represent the percentage of ;;
embryos  developed to
banana shoots on MM4

medium (white) and on SK8
medium (Black).

Germination of somatic embryos and
development of regenerated banana plants
Mature somatic embryos, which
differentiated on SK8 and MM4 media were
separated from the culture mass and placed
directly on MS free hormones medium
(without growth regulators). Somatic embryos
gave rise to small plantlets (shoots and roots)
within 10 days (Fig. 1E). The small plantlets
were  subcultured onto MS  medium
supplemented with 1 mg/l IAA and 0.1%
activated charcoal for elongation and
development of new leaves (Fig. 1F). Figure
(5) showed that the somatic embryos
developed on SK13 and transferred to
differentiation medium SK38 produced a higher
number of germinated embryos (3.5) time than
cultured on MM4 medium, when the small
shoot were separating and cultured on MS
-medium without lrormone: On the other hand,
the percentage-germinated embryos were
decreased when media like SK12, SK4 and
M2 (Fig. 5). The percentage of germination
and development of completely regenerated
banana plants from embryogenic suspension
reported in this study 90-96% (Fig. 5), were

higher than those reported by Novak et al
(1989) (1.5-12%); Dhed’a er al. (1991) (10 -
23%)., Cote et al. (1996) 3-20% ; Grapin et al.
(1996) 10-20 % and Navarro et al. (1997) (13-
25 %) . Our results are even higher than to
those of Kosky et al. (2002) who reported 89.3
% germination using TIS and cell suspension
using a bioreacter and Khalil er al. (2002) who
reported 89.5 % germination percentage using
secondary somatic embryos. The established
protocol in this paper for regeneration takes
4.5-5.5 months from initiation of suspension
culture, but, longer time in other studies e.g.
16 months (Cote et al. 1996), 18 months,
(Backer er al., 2000) and 10-11 months
(Ganapathi er al., 2001). We have
successfully regenerated plants using the
system described in this paper via cell
suspension culture. The high efficiency of
regeneration reported-in this-paper is-useful for
plant mass propagation and for genetic
transformation experiments, indicating that
this protocol is reproducible and needs short
time.

Arab I Biotech., Vol 7, No. (1) Jan. (2004): 99-110.




100
80_
Fig. (5): Effects of differentiation
SK8 and MM4 media on E, 60
the embryo germination -g ]
and  production of @
plantlets. ® 40,
20
0]
[ "REFERENCES -~ -~ |

Anonymous (2001). FAOSTAT Database.
Food and Agriculture Organization of the
United Nations, Rome.

Becker, D.K., Dugdale, B., Smith, M.K.,
Harding, RM. and Dale, J.L. (2000).
Genetic ransformation of Cavendish banana
(Musa spp. AAA group) cv. ‘Grand Nain' via
microprojectile bombardment. Plant Cell Rep
19:229-234

Schwendiman, J., Teisson, C. and
Escalant, J.V. (1996). Embryogenic cell
suspensions from the male flower of Musa
AAA cv. Grand Nain. Physiol Plant 97:285-
290.

Das, A., Paul, A.K., Chaudhuri, S. (1998).
Banana tissue culture variation in response of
four genotypes. Horticulture, 11: 13-20.

De Touchet, B., Duval, Y. and Pannetier, C.
(1991). Plant regeneration from embryogenic
suspension cultures of oil palm (Elaeis
guineensis Jacq). Plant Cell Rep., 10: 529-
532.

Dhed’a, D., Dumortier, F., Panis, B.,
Vuylsteke, D. and De Langhe, E. (1991).
Plant regeneration in cell suspension cultures

S.M. Khalil and A.A.M. Elbanna

B s’

Sk4 SK12 SK13 M2

of the cooking banana cv. Bluggoe (Musa
spp- AAB Group). Fruits 46:125 135

Emons, AM.C. and Kieft, H. (1995).
Somatic embryogenesis in maize (Zea mays
L.). In Biotechnology in Agriculture and
Forestry. Somatic Embryogenesis  and
Synthetic Seed II (Y. P. 8. Bajaj, ed.), Vol. 1,
pp- 24-38. Springer-Verlag, New York, NY.
ISBN 0-387-57449-2.

Escalant, J.V., Teisson, C. and Cote, F.X.
(1994). Amplified somatic embryogenesis
from male flowers of triploid banana and
plantain cultivars (Musa sp.). In Vitro Cell.
Dev. Biol., 30: 181-186.

Fitchen, J.H. and Beachy, R.N. (1993).
Genetically engineering protection against
viruses in transgenic plants. Rev. Microbiol.,
47:739-763.

Ganapathi, T.R., Higgs, N.S., Palint-Kurti,
P.J., Arntzen, C.J., May, G.D. and Van
Eck, J.M. (2001). Agrobacteritm-mediated
transformnation  of  embryogenic  cell
suspensions of the banana cuitivar Rast-hali
(AAB). Plant Cell Rep., 20: 157-162.

Grapin, A., Schwendiman, J. and Teisson,
C. (1996). Somatic embryogenesis in
plantain banana. In Vitro Cell Dev Biol.
Plant, 32: 66-71.

Haicour, R., Trang, V.B., Dhed'a, D,

Arab J. Biotech., Vol. 7, No. (1) Jan. (2004): 99-110.



Somatic embryogenesis via suspension cultures of banana 109

Assani, A., Bakry, ¥. and Cote, F.X.
(1998). Banana improvement through
biotechnology ensuring food security in the
21st century. Cahiers-Agricultures, 7: 468-
475.

Khalil, S.M., Cheah, K.T., Perez, EM.,
Perez, D.A. and Hu, J.S. (2002}
Regeneration of banana (Musa spp. AAB cv.
Dwarf Brazilian) via secondary somatic
embryogenesis. Plant Cell Report, 20: 1128-
1134,

Khalil, S.M., Elbanna, A.A.M. and Hu, ].S.
{2003). High frequency, Genetic trans-
formation of banana (Musa spp. cv. ‘Apple’
AAB) via microprojectile bombardment-
mediated gene transfer: factors affecting
transformation efficiency. Egyptian Genetic
and cyto. (in press).

Kosky, R.G., Silva, M., de F., Pérez, L.P,,
Gilliard, T., Martnez, F.B., Vega, M.R.,
Milian, R.C. and Mendoza, E.Q. (2002).

Somatic embryogenesis of the banana hybrid

cuitivar FHIA-18 (AAAB) in liquid medium
~and scaledup in a bioreactor. Plant Cell
Tissue Organ Cult, 68: 21-26.

Krikorian, A.D. and Scott, ML.E. (1995).
Somatic embryogenesis in -bananas and
plantains (Musa clones and species). In
Biotechnology in Agriculture and Foresty,
Somatic Embryogenesis and Synthetic Seed
IT (Y. P. S. Bajaj, ed.), Vol. 1, pp. 183-195.
Springer-Verlag, New York, NY. ISBN (-
387-57449-2. ,

Marroquin, C.G., Paduscheck, C., Escalant,
J.V. and Teisson, C. (1993). Somatic
embryogenesis and plant  regeneration
through cell suspensions in Musa acuminata.
In Vitro Cell. Dev. Biol., 29; 43-46. '

Murashige, T., and Skoog, F. (1962). A
revised medium for rapid growth and
bioassay with. tobacco tissue culture. Physiol
Plant, 15: 473-497.

Navarro, C., Escobedo, R.M. and Mayo, A.
{1997). In virro plant regeneration from
embryogenic cultures of a diploid and a

triploid, Cavendish banana. Plant Cell Tissue
Organ Cult., 51: 17-25.

Novak, F.J., Aftza, R., Van Dure, M.,
Dallos, M.P., Conger, B. and Xiaolang, T.
(1989}). Somatic embryogenesis and plant
regeneration in suspension cultures of dessert
(AA and AAA) and cooking (ABB) bananas
(Musa spp.). Biotechnology, 7: 154-159.

Novak, F.J. (1992). Musa (bananas and
plantains). - {n Biotechnology of Perennial
Fruit Crops (F.A. tfammerschlag and R.E.
Litz, eds), pp. 449-4,88. CAB International,
Walling-ford. ISBN 0-851-98708-7.

Redway, F.A., Vasil, V. and Vasil, LK.
{1990}, Characterization and regeneration of
wheat (Triticum aestivim 1.} embryogenic
cell suspension cultures. - Plant Cell Rep., 8:
714-717.

- Sagi, L., May, G.D., Remy, S., Swennen, R.
© (1998). Recent developments in biotechno-

logical research on bananas (Musa spp.).
Biotechnol Genet Eng Rev., 15: 313-327.
Sagi, L., Panis, B., De Smet, K., Remy, S.,
Swennen, R. and Cammue, B.P.A. (1995).
Genetic transformation of banana and
plantain  (Musa  spp.) via  particle
bombardment. Bio/technology, 13: 481-485.
Sasson, A. (1997). Importance of tropical and
subtropical horticulture, future prospects of
biotechnology in tropical and subtropical
horticulture species. International Society for
Horticultural
Shii, C.T., Ma, S8.8., Huang, 1.C. and Ching,
W.H. (1992). Somatic embryogenesis and
. plantlet regeneration in suspension cell
cuftures of triploid bananas (Musa AAA
subgroup cavendish. In: No editors listed.
Program Abstr. Int. Symp. Recent Banana
Cultivation  Techmol. Taiwain  Banana
Research Institute, Ping-tung, Taiwan, pp21-
22,

“Vuylsteke, D. (1989). Shoot-tip culture for the

propagation, conservation and exchange of
Musa germplasm. Practical manuals for
handing crops in vitro, vol. 2. The

Arab J. Biotech., Vol. 7, No. (1) Jan. (2004): 99-110.



110 S.M. Kkalil and A.A.M. Elbanna

International Board for Plant Genetic Tropical Crops in Africa. International

Resources (INPGR), Rome. Institute of Tropical Agriculiural (ITTA),

Vuylsteke, D. and Swennen, R. (1992). Ibadan, Nigeria. pp 143-150.

Biotechnology approaches to plantain and Vuylsteke, D). and Pe Langhe, E. (1985).

banana  improvement at [ITA. In: Feasibility of in vitro propagation of bananas

Biotechnology: Enhancing Research on and plantains. Trop Agric., 62: 323-328.
gtyadl gaidoll

3908l 08 Zlagll LAY g 156 JUs o

ke L'\,:.!“uédldgs, R S deae da
VYTV el Rl agand K e — Aae M AN Al gy 2gaa
TIN5l A 5l el e — Al Cesal ban g — Ay e 3 Aad Aed ) Jeea **

SIS 50 AAB Jo8 S 1 58 Ol e oty el caia A Al gl Sale Y Alle 5el6S 53 wluSS ki
e Al e 3 KA &ja sl ast sl a5 ASLall 15 de) ) N Lealsd S A0 LW Aded) LAY § ) e
£y omeliphat e 5 et Galatiae AW fd ade Ven g O 0 [ aale b Led ilias gy D 0e i
ST, C- R g I AUSOU PR PRV (YCFE S P ' I NI PO P TRV SYCI A W P s R I S P
Anlodl A3l bl o LB 2 Dy o8 L ppdisaed lldy Jalid gl /Al a¥ Uy 8w A, s
LAY Cdandul 4L g IO Baad elldg oy A [ sede ¥ g ddg s 3 fal ek Ve gl UL ias
sia J:m/f.\ﬁéu\Ld_ia_aL.mE}sM,@.:Uycmécd#mu@g;&mgg@\‘w@wuu
waliiue il Sl peale Yoy el g A [ seale Vee s O 8D [ aade Y aud ol Sy
e YoV auiy POV ddlaad UAN gad Joaes da) 0, Y pH b dasia a3y S90S il fol e 0 g0 Jgall
Y lgd cilias 7 Sy il g Ay o B2l WOAD e Euteal LY ko o5 by L ALY b o de e JS
s oias Allfa sade o g aligla /A paalet e e g il gall Galitine G fal paade Ve g g S fa) sande
iy dalid A/ e YO G5 S Gl s £ 5 aud wliad GG gl ela N g 0l AN/ e Le X
O Aacalil Jal pall pglail dllg ity Ly AR sanle © ledd Cilime oSy add jpe Ay oAb S8 Ao
LU Sy paill Cilebiie (e d4A 3y e Whed )5 Xy Mature Embryos  dswall a¥1 die & o 85 . Al
Al A A e Ll 2 b Caandp Aiial LDIAD e % 48 Mes (IS & By L B sl sl 06K
A LY Al pal 3 el AlalSh bl sy Glidg ad dgud Jaal AL anke Y 5 3t aad (% Y e s aa
IS5 . sed 0-f s Adead WA 06 POV e o 000 e (B8] Sge i Yeon B 8es dga zG)
st Bally aly Juah il Wlae s Lagde daledl Gyiall LOAD e B3l D (g pimdll sailly o gdgh ol IS0
Lia¥h %0 CliSal Va L A 7o Al je s eed O RalYY aer g BN e Sl gl ol D )
ol et e AIAY el SO0 ZUEY Al S Jhae ey Ao eda gk o3 A Gl LD s Sl
gl jiedy pall Cpeeadd A8 ) eh duigh Jloe (B Haa0OU Alle e S g3 Ly a5 (5 e @Ua (e D alal
cgalt A Aladd DAY e ad gl alel B ATl (5 s o B Jb R0 %80 G liay LYY Ay

Arab J. Biotech., Vol. 7, No. (1) Jan. (2004): 99-110.




