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Biotechnological Improvement of Neem
PRIYANKA SRIVASTAVA, MITHILESH SINGH AND RAKHI CHATURVEDI

*aDepartment of Biotechnology, Indian Institute of Technology- Guwahati,
Guwahati - 781039, Assam, India

Chapter 8

SUMMARY

Azadirachta indica A. Juss or Neem (Meliaceae) is a versatile tropical, evergreen
tree, which has attained worldwide prominence in recent years due to its
therapeutic and insecticidal properties. Its use in folklore has been documented
since long where it has been utilized to cure and treat various ailments. The
antifeedant and biopesticidal properties of the tree have further enhanced its
global value. These diverse biological activities are attributed to several limonoids
like Azadirachtin, present in various parts, particularly the seed kernels. However,
these assets of neem have been underutilized due to limitations put forth by its
long generation cycle and strict out-breeding nature that cause enormous variability
in physical traits and chemical profile. Conventional breeding programmes for
qualitative and quantitative improvements have been rendered inefficient due to
prevalent heterozygosity and perennial nature of the tree. In this regard, plant
tissue culture offers a lucrative alternative for quick propagation of plus neem
trees. Till date, various explants ranging from nodes, leaves, zygotic embryos,
endosperm, nucellus, cotyledons, hypocotyls, protoplasts, anthers and ovaries
have been used for the micropropagation of this tree. Also, the in vitro raised
cultures from many of the above stated explants have tested positive for presence
of important metabolites like Azadirachtin. However, more strategic and intensive
efforts are required to channelize laboratory outputs to a commercial scale. This
chapter deals with the recent developments in tissue culture of neem and focuses
on potential areas where biotechnological intervention may play a key role in
improvement of this important tree species.
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INTRODUCTION

Mahogany’s botanical cousin, Neem or Azadirachta indica A. Juss. is an adaptable,
tropical, evergreen tree of the family Meliaceae. Referred to as “Wonder Tree” by many,
the plant is native to South and Southeast Asia and grows well in tropical and subtropical
areas around the world. The history of Neem is inextricably linked to the history of Indian
way of life. It is an integral part of Indian ayurveda since ages. This robust looking tree
has numerous important medicinal, agrochemical and economic uses to its credit. Almost
each and every part of this tree, particularly the leaves, bark and seeds, has multiple uses.
Its deep root system is well adapted to retrieving water and nutrients from the soil profile
and is very sensitive to water logging. It thrives best in hot, dry climates where shade
temperatures often reach 50 degree celsius and annual rainfall ranges from 400 to 1,200
millimeters. Apart from this, neem tree is a renewable source of various useful products.
Besides being a popular avenue tree, with a large crown, the wood of neem has been
used as timber for house building, furniture and other domestic and agriculture tools.
The wood of neem resembles teak wood in its strength, and is more resistant to shock,
fungi, and insect attack. It is immune to termites and is durable even outdoors (Thengane
et al., 1995).

As far as commercial appeal is concerned, the major demand of neem is for its seed-
oil, which contains several bioactive compounds. Azadirachtin, a highly oxidized limonoid
(triterpenoid) present prominently in neem seed kernels, is mainly responsible for diverse
biological activities. It possesses insect repellent, antifeedant, larvicidal, growth inhibiting
properties against a wide range of pests and, thus, has been well recognized as an
environment friendly, biodegradable biopesticide. In neem, the reproductive phase normally
begins after five years and the tree yields an average of 20 kg of fruits per year with
maximum production reaching around 50 kg per year in a fully grown adult tree (>10
year old) (National Research Council, 1992). Of the fruit yield, only about 10% is attributed
to seed kernels, and desired biological active compounds comprise only 10 grams per
kilograms of kernel weight. Thus, an adult neem tree produces only about 20 grams of
pesticidal compounds in a season (Schmutterer, 1990). Besides availability, the quality
of seeds in terms of azadirachtin content and absence of aflatoxin is a major concern for
the neem based industry. Fruits, in neem, are available from June-August which coincides
with the rainy season in India. Thus, only about one-third of the fruits are collected due
to operational problems and quality considerations (Jayaraj, 1993; Vyas and Mistry, 1996;
Venkateswarlu and Mukhopadhyay, 1999). Keeping quality of the seeds is also poor due
to high moisture (30-35%) and oil (40-45%) content.

Neem trees show wide genetic variation in terms of tree size, morphology, fruit size,
and fruit production within the natural population (Ermel et al., 1984, 1987; Benge, 1989;
Schmutterer, 1990; Ketker and Ketker, 1993; Kumaran et al., 1993; Srivasuki et al., 1993;
Ermel, 1995; Wewetzer, 1998). Considerable variability in the azadirachtin content of their
seeds, irrespective of the habitat, is also observed (Ermel, 1995; Sidhu et al., 2003).
Improvement in azadirachtin production can be achieved by clonal propagation of elite
trees. Vegetative propagation of neem by the conventional methods is possible but difficult
(Dogra and Thapliyal, 1996). Therefore, it is normally grown from seeds, which yield a
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TABLE 1

Summarized data on regeneration in tissue cultures of Azadirachta indica

S. Mode of Explant Adult/ Observations References
No. Propagation used Juvenile

1 Axillary Shoot Nodal J Axillary shoots→ Plantlets Drew, 1993; Quraishi et al. 2004

Proliferation segments A Axillary shoots→ Plantlets Joarder et al., 1993; Gill et al., 1996;

Joshi & Thengane, 1996; Islam et al.,

1997; Sarker et al., 1997; Venkateswarlu

& Mukhopadhyaya, 1999; Sharma et al.,

1999; Chaturvedi et al., 2004a

Apical & A Axillary shoots→ Plantlets Roy et al., 1996
axillary shoot

bud

Nodal A Axillary shoots→ did not Quraishi et al., 2004
segments from survive

crown
branches

Nodal A Axillary shoots→ Plantlets Quraishi et al., 2004
segments from
basal sprouts

2. Adventitious Leaf J Callus→ Shoots→ Plantlets Sarker et al., 1997

Shoot Adv shoots→ Plantlets Eeswara et al., 1998

Proliferation Adv shoots→ Plantlets Salvi et al., 2001

Leaf discs A Callus→ Shoots→ Plantlets Narayan & Jaiswal, 1985; Ramesh &
Padhya, l990

Adv shoots→ Plantlets Singh & Chaturvedi, 2009

Contd...
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...Contd.

S. Mode of Explant Adult/ Observations References
No. Propagation used Juvenile

Leaf tip ? Callus→ Shoots Abubacker & Alagumanian, 1999

Zygotic embryo J Calluses→ Shoots Rangaswamy & Promila, 1972

A Shoots→ Plantlets Chaturvedi et al., 2004b

Cotyledonary J Adv shoots→ Plantlets Salvi et al., 2001
node

Cotyledons J Adv shoots→ Plantlets Salvi et al., 2001

Shoots→ Plantlets Nirmalakumari et al., 1993

Callus→ Shoots Abubacker and Alagumanian, 1999

Roots J Adv shoots→ Plantlets Salvi et al., 2001

3. Somatic Cotyledons J Nodules→ Plantlets Muralidharan & Mascarenhas, 1989
Embryogenesis Calli→ Embryos→ Shoots Islam et al., 1993; Su et al., 1997

Calli→ Embryos→ Plantlets Shrikhande et al., 1993

Murthy & Saxena, 1998

Embryos→ Plantlets Murthy & Saxena, 1998

Gairi & Rashid, 2004

Hypocotyl J Calli→ Embryos→ Shoots Su et al., 1997

Embryos→ Plantlets Gairi & Rashid, 2004

Epicotyl J Embryos→ Plantlets Gairi & Rashid, 2004

Cotyledonary J Embryos→ Plantlets Gairi & Rashid, 2004
node

Leaf J Calli→ Embryos→ Plantlets Akula et al., 2003

Embryos→ Plantlets Gairi & Rashid, 2004

Contd...
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...Contd.

S. Mode of Explant Adult/ Observations References
No. Propagation used Juvenile

Nodes J Calli→ Embryos→ Plantlets Drew, 1993; Akula et al., 2003

Embryos→ Plantlets Akula et al., 2003

Roots J Calli→ Embryos→ Pantlets Akula et al., 2003

Embryos→ Plantlets Akula et al., 2003

Immature A Calli→ Embryos Chaturvedi et al., 2004b
zygotic

embryos Calli→ Neotnorphs→ Chaturvedi et al., 2004b

Shoot→ Plantlets

Calli→ Embryos→ Plantlets Rout, 2005

4. Haploid Anthers A Calli→ Plantlets (Diploid) Gautam et al., 1993
production (uninucleate

microspore)

Anthers Calli→ Shoots→ Plantlets Chaturvedi et al., 2003b
(early-late (Haploid)

uninucleate
microspore)

Ovaries A Calli→ Shoots→ Plantlets Srivastava et al., 2009
(Diploid)

5. Triploid Immature A Callus→ Shoots→ Plantlets Chaturvedi et al., 2003a
production endosperm (Triploid)

6. Protoplast Protoplast A Cell Division and Chaturvedi, 2003
culture multiplication

A= Explants from Adult Plants; J= Explants from Juvenile Plants; ?= Not mentioned, Adv=Adventitious
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heterogeneous population due to strict cross-pollinating nature of the plant. Moreover,
the seeds loose viability within two weeks (Mohan Ram and Nair, 1996). Plant cell and
tissue culture would not only surmount these limitations but also hasten the production
of clonal material for field planting. It has been suggested as an alternative means for
year-round production of azadirachtin and other neem metabolites with the added
potential of increasing yield by culture selection and manipulation, irrespective of the
season (Allan et al., 1999).

Of late, numerous papers were published on in vitro plant regeneration from various
somatic tissues of neem (Table 1). A large proportion of them deal with embryonal or
seedling explants (Muralidharan and Mascarenhas, 1989; Nirmalakumari et al., 1993;
Shrikhande et al., 1993; Sarker et al., 1997; Chaturvedi et al., 2004a; Rout, 2005; Singh et
al., 2009 a,b). However, a few papers have reported shoot regeneration from endosperm
tissues (Chaturvedi et al., 2003a) and anther/microspores (Chaturvedi et al., 2003b) of adult
tree origin.

To channelize the output obtained on laboratory scale, more efforts are required in
right direction to make the results more viable and of use to general public. This chapter
deals with the recent developments in tissue culture of neem and focuses on potential
areas where biotechnological intervention may play a key role in improvement of this
important tree.

IN VITRO STUDIES IN NEEM

Axillary Shoot Proliferation
Shoot proliferation from axillary buds is desirable where generation of true-to-type

or clonal plants is of interest, like in case of propagation of plus trees of neem. The best
explant for this purpose is the nodal segments. Micropropagation by induction of shoots
from pre-existing meristems is a most popular approach to clonal propagation of plants
because the cells of the shoots-apex are uniformly diploid and least susceptible to
genotypic changes under culture conditions. Thus, it guarantees that the characteristics
of the source plant are conserved (Rao and Venkateswara, 1985). It offers many advantages
over the conventional methods of vegetative propagation: (1) The rate of multiplication
is extremely rapid and can continue round the year, independent of the season. Thus,
over a million plants can be produced in a year starting from a small piece of tissue.
(2) The enhanced rate of multiplication can considerably reduce the period between the
selections of plus trees and raising enough planting material for field trials.

Consequently, several investigators have attempted clonal propagation of neem tree.
Drew (1993) cultured apical and nodal segments from 6-12 months old seedlings of neem.
The axillary shoots, developed in vitro, were cut into one and two node segments for further
multiplication. Two node cuttings gave better response than single node cuttings. On the
best medium, MS (Murashige and Skoog, 1962) with 0.1 µM 6- benzylaminopurine (BAP),
100% cultures produced two shoots (probably one from each node) with a mean height
of 10.8 mm. Recurrent multiplication of shoots was not attempted. Gill et al. (1996) cultured
0.5-1 cm long nodal segments and found that 4.4 µM BAP alone induced shoot
proliferation in 72% cultures (5-7 shoots per culture), which was slightly improved (80%)
by further addition of 2.5 µM indole-3-butyric acid (IBA) to the medium. The auxin did
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not affect the number of shoots per explant. Roy et al. (1996) also found a combination
of an auxin (α-naphthalene acetic acid; NAA) and a cytokinin (BAP) to be better than
BAP alone for shoot proliferation in the cultures of nodal segments from adult trees.
However, the shoots produced on a medium containing BAP and NAA were very small
and unsuitable for rooting. Good multiplication and growth of shoots (6 cm long) occurred
with the addition of 10% Coconut Milk (CM) and 0.15% Casein Hydrolysate (CH) to MS
+ 4.4 µM BAP and 0.5 µM NAA. Islam et al. (1997) reported synergism between BAP and
kinetin (Kn) for shoot proliferation. Sarker et al. (1997) reported nodal explants to be the
best for micropropagation of neem among various explants like hypocotyl, leaf and shoot
tip. He observed that the nodal explants responded best on MS + 8.8 µM BAP + 1.0 µM
NAA medium. Clonal multiplication of elite neem trees via axillary shoot proliferation
has also been reported by Venkateswarlu and Mukhopadhyaya (1999). The micropropagated
plants flowered after 25 months of transplantation and appeared true-to-type in terms
of morphology, growth habit and azadirachtin content.

In most of the above studies, either the juvenile material or material of unspecified
age was used, which is of little significance in clonal propagation of elite trees. The few
other reports lack crucial information such as the rate of shoot multiplication in recurrent
subcultures. Initiation and in vitro propagation of mature trees in general is difficult due
to various problems, mainly recalcitrance of the tissue, contamination and field establishment.
Joarder et al. (1993) found that the pre-culture of nodal segments, taken from 30-year-old
neem tree, on MS basal medium for 2 weeks followed by 4-weeks on MS + 6.6 µM BAP
medium was essential/ beneficial for bud-break to occur. Although the paper lacks details
regarding the rate of shoot multiplication in subsequent subcultures, initially two shoots
developed per node and the number of shoots increased with the increasing number of
subcultures and then declined after five to six subcultures. Joshi and Thengane (1996)
cultured nodal segments from 2-5-year-old juvenile trees as those from 15-20-year-old
mature trees showed negligible bud-break. Sharma et al. (1999) cultured nodal segments
from 3-, 7- and 40-year-old trees and found the explants from younger trees to be more
responsive. Shoot multiplication at a rate of five-fold in 30 days was achieved, generally,
after the fifth passage on MS medium supplemented with 1.1 µM BAP and 0.29 µM IAA
and 81 µM adenine sulphate. However, in the explants taken from 3 and 7-year-old trees,
this rate of shoot multiplication was achieved even by the third subculture. Islam et al.
(1997) recorded 4.5 shoots per explant upto fourth subculture from nodal segments of 25-
year-old tree on MS medium supplemented with 4.4 µM BAP and 4.7 µM Kn. Quraishi
et al. (2004) accomplished the micropropagation of neem by culture of nodal segments
from crown branches of a mature tree, basal-sprouts of another mature tree and a single
juvenile plant. A significant variation was observed in in vitro response of explants from
these three sources. In case of crown and basal-sprouts explants, addition of 12.5 µM
polyvinylpyrrolidone (PVP-40) in the establishment medium was required to control the
leaching of phenols into the medium; juvenile explants did not show phenolic leaching.
DKW medium (Driver and Kuniyuki, 1984) with 0.22 µM BAP was found to be significantly
better than MS medium for shoot proliferation. Shoot cultures of crown branch origin did
not survive and eventually died after the third subculture. In the presence of 4.9 µM IBA
in half strength DKW, 90% of the shoots from basal sprout and 100 % of the shoots of
juvenile origin formed roots, and plantlets survived transplantation.
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Chaturvedi et al. (2004a) reported a recurrent method of clonal propagation of a
50-yearold neem tree through axillary shoot proliferation. In this case, multiple shoots
were formed on ½ MS medium (major inorganic salts reduced to half strength) supplemented
with 1 µM BAP and 0.5 µM gibberellic acid (GA3) (Fig. 1A). The number of shoots enhanced
further when cultures were transferred to ½ MS + 1 µM BAP + 500 mg l-1 CH (Fig. 1B).
However, both the media did not support shoot growth and the shoots remained stunted.
Therefore, further elongation and multiplication of shoots were achieved on full MS +
1 µM BAP + 250 mg l-1 CH through single node segment cultures, at a rate of 7-8-fold
every 5 weeks, on fresh medium of the same composition (Fig. 1C). This rate of shoot
multiplication was maintained for almost 5 years. The shoots were readily rooted on ¼
MS (major inorganic salts reduced to quarter strength) supplemented with 0.5 µM IBA,
with a frequency as high as 82% (Fig. 1D). Finally, the micropropagated plants were
established in soil with more than 87% survival rate (Fig. 1E).

Adventitious Shoot Proliferation
Adventitious shoot proliferation in cell and tissue cultures, in response to hormonal

manipulation of the culture medium, require de novo differentiation of meristematic region,
randomly, all over the tissue other than the pre-existing meristem. It is a multistep process
and a series of intracellular events, collectively called induction, occur before the
appearance of morphologically recognizable organs. Micropropagation via adventitious
shoot regeneration may occur directly or indirectly via an intervening callus phase. Indirect
regeneration often results in somaclonal variations, making this strategy less desirable
for large-scale clonal multiplication (Marcotrigiano and Jagannathan, 1988; Thorpe et al.,
1991). Therefore, regeneration of shoots directly from the explants is regarded as the most
reliable method for clonal propagation.

Shoot regeneration from leaf explants derived from adult Neem trees was first
reported by Narayan and Jaiswal (1985). Leaf discs formed unorganised callus on a
medium containing 2,4-D and BAP. Transfer of callus to a medium containing 0.44 µM
BAP induced shoot-bud differentiation from them. On this medium, 5-8 shoots appeared
after 6-7 weeks. Addition of 0.3 µM NAA in conjunction with BAP enhanced the frequency
of shoot differentiation from 54% to 62.5%. Ramesh and Padhya (1990) cultured leaf discs
from an “elite” tree. The explants formed green nodular callus on Wood and Braun’s
medium (Wood and Braun, 1961) supplemented with 4 µM each of Kn and BAP. After
weeks on the same medium, the callus differentiated 10-12 shoot-buds adventitiously.
Further, addition of 16 µM adenine sulphate to the medium raised the number of buds
per culture to 18-20. Healthy shoots were obtained when the shoot-buds were transferred
to GA3 containing medium. Origin of the leaf discs affected the regeneration frequency.
Discs from middle of the leaf were more regenerative than those from the basal and apical
portions. Eeswara et al. (1998) tested the regeneration potential of leaf explants from 18-
month-old seedlings raised from seeds obtained from Niger, Ghana and Srilanka. Direct
differentiation of adventitious shoot-buds occurred on MS + 4.4 µM BAP + 3.7 µM Kn
+ 32.6 µM adenine sulphate. These authors have highlighted the importance of dark
incubation for shoot-bud differentiation. Cultures incubated in light, right from the
beginning, did not form any shoot-bud. Two weeks of dark incubation was necessary for
shoot-bud induction in most of the clones tested. For recurrent multiplication of shoots,
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it was essential to reduce the concentration of cytokinin ten times the original concentration.
These authors also observed synergism between BAP and Kn for growth and multiplication
of shoots. Individually, BAP or Kn in the medium caused increased abnormalities and
vitrification of shoots. The medium recommended by the authors for recurrent shoot
multiplication is MS + 0.44 µM BAP + 0.4 µM Kn + 3.3 µM adenine sulphate. Singh and
Chaturvedi (2009c) reported organogenesis from leaf explants and found the presence of
at least one auxin or one cytokinin to be obligatory for the induction of organogenic calli
from explants. Whereas BAP was found to be most favorable for shoot organogenesis in
these calli (Fig. 2A), root organogenesis could be achieved on NAA supplemented medium
(Fig. 2B). Thus, the kind of growth regulator had a significant effect on shoot/root
organogenesis in these differentiating calli. On MS + 5 µM BAP, compact calli developed
at the cut end of the explants, which after 5 weeks turned into nodulated calli in more
than 76% cultures. Subsequently, an average of 7 green shoots per explant were developed
from these nodules, after 10 weeks. Shoots were elongated at a lower concentration of
BAP (0.5 µM) and multiplied by forced axillary branching on MS + 1 µM BAP + CH 250
mgl-1. For rooting, ¼ strength MS medium supplemented with 0.5 µM IBA was tested where
79% of the shoots developed roots directly at the base, within 4 weeks. Salvi et al. (2001)
observed shoot regeneration from various seedling explants (cotyledon, cotyledonary node,
epicotyl, hypocotyl, leaf, root-shoot zone, root) on MS + 8.9 µM BAP + 0.6 µM IAA.
However, leaf explants produced the highest numbers of shoot buds per explant and the
roots the least.

Abubacker and Alagumanian (1999) found cotyledons to be the best juvenile explant
for regeneration. All cultures of cotyledon explants developed green, compact and nodular
callus on MS + 6.8 µM 2,4-D + 2.9 µM IAA + 6.6 µM BAP and on the same medium
shoots were differentiated from the callus. Chaturvedi et al. (2004b) obtained plantlets from
immature zygotic embryo cultures via neomorph formation and adventitious shoot bud
formation. Maximum direct shoot bud differentiation (57%) occurred from early
dicotyledonous stage of embryo on MS + 5 µM BAP whereas maximum neomorph
formation (66%) occurred in cultures of torpedo shape embryos on MS + 5 µM 2,4-D. It
was possible to regenerate full plants from the neomorphs via organogenesis on MS +
5 µM BAP.

The limitation associated with immature zygotic embryo culture or other juvenile
tissues of seedling origin is that the plants regenerated by this approach are derived from
unselected bulked seeds, representing different genotypes. At this stage it is difficult to
predict which of these seeds will eventually give rise to an elite tree. In contrast to this,
micropropagation by de novo differentiation of shoot buds from excised leaves is more
suitable for large scale propagation of selected elite mature trees. Again, the initial explant
will not be a limiting factor because the leaves are available in abundant numbers
throughout the year as compared to zygotic embryos, hypocotyl and cotyledons in case
of short viable seeds.

Somatic Embryogenesis
In tissue cultures, plant regeneration may occur via organogenesis or somatic

embryogenesis. The latter offers many advantages over the former. Single cell origin of
embryos favor the use of this process for more efficient plant transformation. Embryo is
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a bipolar structure (rather than monopolar) and requires single hormonal signal to develop
complete plantlet, while organogenesis requires two different hormonal signals to induce
first a shoot organ and then a root organ. Thus, somatic embryogenesis favors the
possibility to automate large scale production of embryos in bioreactors and their field
planting as synthetic seeds. It can also be used for the production of metabolites in species
where embryos are the reservoir of important biochemical compounds. This prompted
many scientists to achieve regeneration in Neem via somatic embryogenesis and the most
frequently used explants are the juvenile material such as excised cotyledons, hypocotyls
or immature zygotic embryos (Table 1). Although, majority of the publications have
described regeneration via somatic embryogenesis, in many cases the structures described
as embryos do not appear and/or behave like embryos. Muralidharan and Mascarenhas
(1989) were probably the first to describe embryo-like structures in the cultures of cotyledon
segments of Neem. On B5 medium containing 4.4 µM BAP, the explants formed nodular
structures, which appeared bipolar. Upon transfer to hormone-free B5 medium, the nodular
structures separated from the parent explant and developed leafy structures and a tap
root. The nodular structures never showed bipolar germination.

Shrikhande et al. (1993) reported in vitro plant regeneration via somatic embryogenesis
in the cultures of immature cotyledons on MS (with 5% sucrose) + 4.4 µM BAP + 2.9
µM IAA + 1000 mgl-l CH. Although these authors have furnished histological data in
support of embryogenesis, the structures labelled as somatic embryo appear more like
shoots, with their vascular traces running into the callus. None of the structures resembles
a bipolar embryo with closed radicular and plumular poles. Moreover, on germination
medium the so called “embryos” developed only a shoot, which had to be transferred
to hormone-free ½ MS medium for rooting. Most surprisingly, the authors have described
mature embryos with suspensor. Mature embryos generally lack a suspensor and at no
stage can the suspensor be seen in macrophotographs as depicted in this paper. Su et
al. (1997) were unable to confirm the results of Shrikhande et al. (1993). Under the culture
conditions Shrikhande et al. (1993) got somatic embryos, Su et al. observed only shoot bud
formation. The calli initiated on MS + 4.4 µM BAP + 2.7 µM NAA + 1000 mgl-1 CH,
differentiated greenish, globular detachable structures when transferred to MS + BAP +
IAA + CH, in suspension cultures. In further subcultures on the same medium, the globular
structures differentiated shoots and roots. However, if transferred to MS (5% sucrose)
supplemented with only CH (1000 mgl-1) the globular structures produced embryos on
the spherical head. Maximum embryo differentiation (73%) occurred on MS (10 % sucrose)
+ Zeatin (0.2 mgl-1). Germination of embryos occurred on ½ MS (1% Sucrose).

Islam et al. (1993) reported very high incidence of embryogenesis in the cultures
of cotyledons, on MS + 8 µM NAA. However, the germination frequency of the embryos
on MS + 0.9 µM BAP + 0.03 µM GA3, was very poor (maximum 11.7%) and germination
was monopolar. The embryos formed only shoots. Murthy and Saxena (1998) observed
somatic embryo formation in the cultures of mature seeds directly as well as via callusing.
The cotyledonary callus differentiated nodular structures in suspension cultures on MS
medium with or without TDZ (1 µM). When planted on hormone-free, semi-solid medium,
these structures differentiated embryos, which germinated (60%-70%) on the same medium.

Akula et al. (2003) reported induction of somatic embryogenesis in four out of seven
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selected clones of neem. Direct induction of somatic embryogenesis was achieved from
both nodal and root explants within eight weeks of culture on MS medium without growth
regulators. When these embryos were left on the induction medium, approximately 15%
of the somatic embryos developed into whole plantlets after passing through a series of
developmental stages. Indirect somatic embryogenesis was obtained from leaf explants
grown on MS medium supplemented with a combination of 2.3-4.4 µM Thiodiazuron
(TDZ) and 0.5 µM 2,4-D. Gairi and Rashid (2004) reported direct differentiation of somatic
embryos on different regions of hypocotyl, epicotyl, cotyledonary-node, cotyledons and
leaves of intact seedlings of Azadirachta. Individual embryos on transfer to hormone-free
medium regenerated readily into plantlets. The developmental stage of embryo at the time
of culture is an important determinant of their morphogenic response. In many tree species,
including Juglans (Tulecke and McGranahan, 1985), Liriodendron tuipifera (Sotak et al., 1991)
and Prunus avium (DeMarch et al., 1993), somatic embryogenesis was strongly affected by
the developmental stage of the zygotic embryo. To identify the most responsive stage of
embryos for morphogenesis, Chaturvedi et al. (2004b) cultured immature embryos at
different stages of development- globular, heart-shape, torpedo-shape and early
dicotyledonous stage. (Early dicotyledonous embryos were 2.5 times smaller than fully
developed dicotyledonous embryos (Fig. 3A) on MS medium supplemented with a range
of growth regulators. Morphogenic responses varied considerably with the stage of embryo
at culture. Globular embryos generally turned brown without showing any morphogenic
response. Older embryos germinated, formed calli or differentiated three types of organized
structures: shoots, somatic embryos and neomorphs (abnormal structures with varied
morphology). The same explant often differentiated more than one kind of regenerants.
Maximum somatic embryogenesis and shoot-bud differentiation occurred directly from the
explant on MS + 5 µM BAP medium, and the most responsive embryo stage was early
dicotyledonous, followed by torpedo shape. The former showed differentiation of shoots
and somatic embryos at higher frequency (57%) (Fig. 3B). In the combined presence of
5 µM BAP and 1 µM 2,4-D in MS medium, early dicotyledonous embryos showed a fairly
high degree of somatic embryogenesis and neomorph formation (50%) but these structures
were differentiated from the callused explants (Fig. 3C). However, regeneration involving
a callus phase runs the risk of introducing variability due to genetic instability of the
callus cells. Therefore, only directly differentiated regenerants were utilized by them for
micropropagation.

Irrespective of the treatment and the stage of zygotic embryo, somatic embryos
exhibited considerable morphological abnormalities, such as pluricotyledony (Fig. 4A i),
fusion of cotyledons (Fig. 4A ii) and absence of cotyledons (Fig. 4A iii). The occurrence
of normal dicotyledonous embryos was extremely rare. On MS basal medium, 3% of the
embryos developed a long tap root in 4 weeks (Fig. 4B) but plumular shoots did not appear.
Although somatic embryos never germinated to form complete plantlets on any of the
treatments tested, secondary embryogenesis occurred on MS basal medium supplemented
with BAP + IAA, or GA3 + IAA. On MS + 1 µM BAP + 0.5 µM IAA, 100% somatic embryos
exhibited secondary embryogenesis with a mean number of 14 embryos per parent embryo.
Secondary embryogenesis was preceded by callusing of the primary somatic embryos (Fig.
4C). However, on 5.0 µM GA3 + 2.5 µM IAA, secondary embryos differentiated directly
from the primary somatic embryos (Fig. 4D, E). Like primary somatic embryos, secondary
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somatic embryos exhibited morphological abnormalities, and failed to germinate on any
of the treatments tested.

Rout (2005) reported somatic embryogenesis from immature zygotic embryos that
were cultured 40 days after anthesis, on MS medium supplemented with 1.11 µM BAP
and 4.52-6.78 µM 2,4-D. Best embyogenic callus proliferated in the medium fortified with
1.11 µM BAP and 4.52 µM 2,4-D. Embyogenic callus when transferred on same medium
containing reduced auxin (0.45 µM 2,4-D), numerous embryos proliferated from the surface
of callus. Maturation and germination of the somatic embryos occurred on half strength
MS salts and vitamins supplemented with ABA and 2% sucrose; the maximum percentage
(64.2%) of germination was observed with 0.94 µM ABA within 2 weeks of culture.

Haploid Production
Anther culture

The most effective and popular technique to obtain haploids is by in vitro anther or
microspore culture. The perspective of raising haploid plants through in vitro androgenesis
offers scores of foreseeable advantages like, shortening of breeding period, production of
homozygous diploid lines in a single step through chromosome doubling and isolation of
valuable recessive traits at sporophytic level which otherwise, remain accumulated and
unexpressed in natural heterozygous diploid population. The prevalent heterozygosity and
absence of pure lines in woody plants make selection and genetic studies rather difficult
to conduct. Conventional breeding programmes are both unpredictable and time consuming
where several generations of selfing is required to obtain homozygous pure lines, which
is difficult to realize in woody plants due to long generation cycle.

Anther culture has been successfully applied to many plant species to produce
haploids; its single biggest advantage is its simplicity. Isolated microspore culture in
contrast to anther culture, has several important advantages (Bonga et al., 1997; Radojevic
et al., 2002). By removing the anther wall, proliferation of diploid sporophytic tissues are
avoided. More importantly, homogenous population of microspores at the developmental
stage, most suitable for androgenesis can be obtained. In addition, as the development
of microspores is independent of the sporophytic tissues, the media components and
culture treatments have direct access to the microspores. Thus, under optimal conditions,
more microspores can be induced to convert into embryos. In spite of these positive
attributes, microspore culture cannot yet compete with anther culture for double haploid
production, especially in tree species. Pelletier and Ilami (1972) introduced the concept
of “Wall Factor”, according to which the somatic tissues of the anther play an important
role in the induction of sporophytic divisions in pollen.

Androgenesis is highly desirable in Neem trees to overcome the prevalent self
incompatibility, heterozygosity and long reproductive cycle. In spite of this, a limited effort
has been made for the improvement of this valuable tree through in vitro haploid
production. Gautam et al., (1993) cultured anthers at the uninucleate stage of microspores
and observed some multicellular pollen on a medium containing NB (Nitsch, 1969) with
10 µM BAP or MS + 10 µM BAP + 10 µM NAA/IAA. However, all the plants regenerated
from anther callus were diploid. Chaturvedi et al., (2003b) for the first time achieved
androgenic haploids of neem by anther culture at early-to-late uninucleate stage of pollen
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(Fig. 5A). It has been postulated that androgenic induction is only possible with immature
anthers containing immature pollen at early-to-late uninucleate stage of development. In
fact, the stage of microspore development at which the anthers are cultured is more crucial
than the composition of the nutrient medium. The competence of a microspore to enter
embryogenic development is governed by its ability to mount a stress response. Later stages
in pollen development are unable to mount such a response (Cordewener et al., 1995),
thereafter, becoming incompetent for embryogenic induction.

Chaturvedi et al. (2003b) obtained haploid formation in Neem via callusing. The
best medium for inducing callusing in the anther cultures was MS basal medium (9%
sucrose) supplemented with 1 µM 2,4-D, 1 µM NAA and 5 µM BAP (Fig. 5B). Histological
sections revealed that in 4-week-old cultures the anther-wall cells had started dividing
while the microspores appeared to be unchanged (Fig. 5C). However, in 8-week-old
cultures the anther locules were filled with the callus (Fig. 5D). The anther callus
multiplied best on MS medium supplemented with 1 µM 2,4-D and 10 µM Kn (Fig. 5E).
These calli differentiated shoots when transferred to a medium containing BAP (Fig. 5F,G);
5 µM BAP was optimum for young calli (75% cultures differentiated shoots), but older
calli showed the best regeneration with 7.5 µM BAP. The composition of the callus
maintenance medium had a definite effect on the regeneration potential of calli. Calli
maintained on medium containing 2,4-D exhibited good regeneration initially, but calli
multiplied on a medium containing 1 µM 2,4-D and 10 µM Kn retained the regeneration
potential for a longer period. Shoots elongated at a lower concentration of BAP at 0.5
µM (Fig. 5H). These shoots were multiplied by forced axillary branching and rooted in
vitro (Fig. 5I). The plants were subsequently established in soil. Of the plants that
regenerated from anther callus 60% were haploid (2n=x=12) (Fig. 5J), 20% were diploid
(2n=2x=24) and 20% were aneuploid (2n=2x-2=22).

Ovary culture

Gynogenic development of plants from unfertilized cells of female gametophyte
(embryo sac) in ovary/ovule cultures is an alternative to anther/ pollen culture for haploid
production. Gynogenesis was first reported in barley by San Noeum (1976). This method
of haploid production is more tedious than androgenesis. Whereas there are indefinite
numbers of microspores (male gametes) within the anther wall for androgenic haploid
production, there is single egg cell (female gamete) per flower for gynogenic haploid
production. The female gamete is deep seated within the embryo sac (female gametophyte),
thus making the entire process very cumbersome. However, the technique is useful where
anther culture has been unsuccessful, plants are male sterile or androgenesis is confronted
with the problem of albino or non-haploid formation. To date, there is single report on
in vitro ovary culture of Neem by Srivastava et al. (2009). Unfertilized ovaries, obtained
from closed flower buds of an adult 54-year-old neem tree were used as explants. Ovaries
were excised from flower buds of four sizes (2, 3, 4 and 5 mm) and the corresponding
developmental stage of ovary was determined by paraffin sections (Fig. 6A-D). The best
medium for inducing calli from unfertilized ovaries was MS medium with 9% sucrose,
1 µM 2,4-D and 5 µM BAP; calli were further maintained and multiplied on MS medium
supplemented with 0.5 µM 2,4-D either alone or in combination with 4.5 µM Kinetin. The
callus maintenance medium, concentration of BAP in the regeneration medium and stage
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of ovary at culture were found to be critical factors for shoot differentiation from callus.
Maximum shoot regeneration (78%) was observed when calli, induced from ovaries of
4 mm size flower buds and proliferating on MS + 0.5 µM 2,4-D, were subcultured to MS
containing 5 µM BAP. Histological analysis revealed that 4 mm sized flower buds
correspond to a 2-nucleate stage of embryo sac. The shoots were multiplied by forced
axillary branching on MS medium supplemented with 1.0 µM BAP and 250 mgl-1 CH.
Later, the shoots were rooted on ¼ strength MS medium supplemented with 0.5 µM IBA
at a frequency of 79%. The plants were subsequently hardened with transplantation rate
of 81.8%. The cytological analysis by root-tip squash preparation revealed that all the
plantlets were diploid.

Plant regeneration via ovary culture has also been reported in several plants such
as lily (Van Tuyl et al., 1991), sweet potato (Ruth et al., 1993), onion (Bohanec et al., 1995;
Luthar and Bohanec, 1999), sugar beet (Gurel et al., 2000), maize (Tang et al., 2006), coconut
(Perera et al., 2007) and Psoralea corylifolia (Chand and Sahrawat, 2007). Although the main
objective of the above studies, including the Neem was to obtain haploid plants,
regeneration of diploid plants revealed the potential use of ovary explants for adventitious
shoot proliferation. Occurrence of uniformly diploid plants indicated the feasibility of
utilizing this juvenile unfertilized ovary explants for large scale micropropagation of neem.
In contrast, the leaves, nodal and intermodal segments from mature trees show recalcitrance
due to accumulation of secondary metabolites.

Triploid Production

Endosperm is a unique tissue in its origin, development and ploidy level. It is a
product of double fertilization but unlike the embryo it is triploid and develops into a
formless tissue (Bhojwani and Bhatnagar, 1999). It is, therefore, an interesting tissue for
morphogenesis. The earliest attempt to grow endosperm tissue in cultures was made by
Lampe and Mills 1933 (cited in LaRue, 1936). However, the first tissue cultures of immature
maize endosperm were raised in 1949 by LaRue. Since then, immature and mature
endosperm of several species has been shown to form continuously growing calli
(Bhojwani and Razdan, 1996). Totipotency of endosperm cells was first demonstrated by
Johri and Bhojwani (1965). To date, differentiation of shoots/ embryos/ plantlets from
endosperm tissue has been reported for at least 45 species belonging to 21 families (Thomas
and Chaturvedi, 2000). In many of these reports the regenerants were shown to be triploid.
A key factor in the induction of cell divisions in mature endosperm cultures is the
association of the embryo. The embryo factor is required only to trigger cell divisions;
further growth occurs independent of the embryo. Production of triploids from endosperm
cultures of neem was reported for the first time by Chaturvedi et al. (2003a).

Triploid plants are usually seed-sterile. However, there are many examples where
seedlessness caused by triploidy is of no serious concern or, at times, even advantageous.
Some of the crops where triploids are already in commercial use include several varieties
of apple, banana, mulberry, sugar beet and watermelon (Elliott, 1958). Natural triploids
of tomato produced larger and tastier fruits than their diploid counterparts (Kagan-Zur
et al., 1990). In neem, azadirachtin is obtained from the kernels and, therefore, triploids
may not be good for the elites selected for this tetratriterpenoid. However, the elites of
neem selected for other secondary metabolites such as nimbin, nimbinin, nimbidin,
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nimbindiol and tannins, produced in the bark, and quercetin, nimbosterol and gedunin
obtained from leaves (Thengane et al., 1995), triploidy may offer advantages. Traditionally,
triploids are produced by crossing induced superior tetraploids and diploids. This
approach is not only tedious and lengthy (especially for tree species) but in many cases
it may not be possible due to high sterility of autotetraploids (Esen and Soost, 1973; Gupta,
1982). In contrast, regeneration of plants from endosperm, a naturally occurring triploid
tissue, offers a direct, single step approach to triploid production. This is particularly
useful for tree species like neem. The selected triploids, expected to be sexually sterile,
can be bulked up by micropropagation.

There has been a single published report on in vitro production of triploid plants
from endosperm tissues of Neem by Chaturvedi et al. (2003a). Neem bears non-endospermous
seeds. Therefore, only immature endosperm could be cultured. The seed stage corresponding
to early-dicot stage was found convenient to excise the endosperm. In older seeds, the
endocarp becomes hard rendering dissections difficult. Generally, it has been found that
mature endosperm requires the initial association of embryo to form callus but immature
endosperm proliferates independent of the embryo. However, in neem the association of
embryo proved essential to induce callusing of immature endosperm; the best explant was
immature seed (Fig. 7A). Endosperm callusing generally requires an auxin, a cytokinin
and a rich source of organic nitrogen, such as yeast extract (YE) or CH (Nakajima, 1962;
Rangaswamy and Rao, 1963; Bhojwani and Johri, 1971; Srivastava, 1971; Wang and
Chang, 1978; Gmitter et al., 1990). Neem endosperm showed good proliferation on MS
+ 5 µM 2,4-D (45%) but best callusing (53%) occurred on MS + 5 µM NAA + 2 µM BAP
+ 500 mgl-1 CH. The responding cultures exhibited bursting of seed after 2 weeks of culture
initiation, releasing the green embryo and callusing endosperm (Fig. 7B). After another
week, the seed had wide open and a white fluffy callus had emerged (Fig. 7C).

Regeneration in mature endosperm cultures may occur directly from the endosperm
(Johri and Bhojwani, 1965; Bhojwani and Johri, 1970; Nag and Johri, 1971) or after
callusing (Lakshmi Sita et al., 1980). However, in immature endosperm cultures, regeneration
is invariably preceded by callusing (Gmitter et al., 1990; Garg et al., 1996; Thomas et al.,
2000). Regeneration from endosperm tissue generally occurs via organogenesis. The two
exceptions are Citrus (Wang and Chang, 1978) and Santalum (Lakshmi Sita et al., 1980)
where somatic embryogenesis was observed. On MS + NAA + BAP + CH, the compact
and nodular calli of neem endosperm differentiated green loci (Fig. 7D). When these calli
were transferred to a medium containing a cytokinin (BAP/Kinetin), shoot-buds
differentiated from all over the callus. Maximum regeneration, in terms of number of
cultures showing shoot-buds and number of buds per callus, occurred in the presence
of 5 µM BAP (Fig. 7E). A characteristic feature of the regenerants from neem endosperm
callus was the preponderance of multicellular glands on the surface of the shoots (Fig.
7F). These glands, occasionally stalked, were found in large numbers on younger leaves
close to the shoot apex. Shoots were multiplied by forced axillary branching and rooted
in vitro. Cytologial analysis revealed that over 66% of the plants were triploid with
2n=3x=36 (Fig. 7G) and rest were diploids with 2n=2x=24 (Fig. 7H).

Protoplast Culture
The application of protoplast technology for the improvement of woody plants

offers new option to complement conventional breeding programs. The ability of isolated
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protoplasts to undergo fusion and take up macromolecules and cell organelles offers
many possibilities in genetic engineering and crop improvement (Bhojwani et al., 1977).
However, to fully explore the potentials for protoplasts-technology on woody crops,
efficient and reproducible methods for protoplast isolation and purification must first
be established. There is single report on protoplast isolation and culture in Neem by
Chaturvedi (2003).

Since leaf tissue is a readily accessible source of genetically uniform cells, it is
often desirable to use mesophyll protoplasts in somatic hybridization studies, but, in
Neem, leaf tissues do not yield large number of protoplasts owing to the difficulty in
removing the lower epidermis (Chaturvedi, 2003). An alternative, therefore, is the
cultured cell material where protoplasts can show greater potential to divide (Bhojwani
and Rajdan, 1996). Chaturvedi (2003) isolated protoplasts from Neem callus raised from
anthers on MS + 5 µM pCPA, MS + 1 µM 2,4-D, MS + 1 µM 2,4-D + 1 µM Kn and
MS + 1 µM 2,4,5-T. The soft and friable callus, obtained after four subcultures, was found
to yield more protoplasts than earlier subcultures. Maximum yield (5.8 × 106) protoplasts/
g fresh weight) of viable protoplasts was obtained from granular, friable, light brown
callus grown on MS + 5 µM pCPA (Fig. 8A). Besides cycles of subcultures, the age of
the callus also appeared to influence protoplast production. Calli from 3-week-old
subcultures consistently gave maximum yields of protoplasts than the calli from 2- or
5- week-old subcultures. The protoplasts were characteristically spherical but varied
considerably in size (Fig. 8B). As compared to mesophyll protoplasts, those isolated from
cultured tissues exhibit a great variation in their size, which the author suggested is
chiefly due to heterogeneity of the cultured cell population. The optimum duration for
enzyme treatment, containing a mixture of 2% cellulase R-10 and 0.2% Macerozyme R-
10, was 4 h. Longer incubations in the enzyme solution resulted in clumping of the
protoplast. Further, the author observed that protoplast cultured as thin layer were better
in terms of sustained division than as flattened drops. Most of the protoplasts cultured
on MS + 5 µM pCPA liquid medium became oval after 4 days, indicating new cell wall
regeneration. Approximately 10% of the protoplasts entered division after 11 days (Fig.
8C). However, considerable work needs to be done to optimize the various parameters
for isolation and culture of protoplasts.

Genetic Transformation
Genetic transformation of plants is becoming an indispensable aid to plant tissue

culturists in understanding the role of individual genes in the life of a plant. This technique
offers several advantages over the traditional methods as it allows introduction of genes
from variable sources unlike the traditional ones where the movement of genes is restricted
between closely related plants only. Furthermore, addition of a useful trait by molecular
techniques would not disrupt an elite phenotype which is often a problem associated with
conventional breeding where whole genomes are transferred from the donor to the recipient
organism.

Very few attempts have been made to genetically engineer neem. Naina et al. (1989)
reported that wounded aseptic seedlings infected with Agrobacterium tumefaciens developed
tumours that differentiated shoots on MS basal medium. The shoots synthesized octopine
and were kanamycin resistant, suggesting their transformed nature. Allan et al. (2002)
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established hairy root cultures from stem and leaf explants of Neem, with an aim to
investigate their production of insect antifeedant compounds in general and azadirachtin
in particular. They found that hairy root cultures had a relatively fast growth rate (0.134
g dry weight per day) and showed a 100-fold increase in biomass over a 4-week culture
period. Both roots and cultivation medium showed antifeedant activity against desert
locust Schistocerca gregaria.

Recently, Satdive et al. (2007) conducted a study where the seedlings of Neem were
infected by Agrobacterium rhizogenes for obtaining hairy root cultures. They also studied
the effect of different culture media and elicitation, on growth and production of
azadirachtin by hairy root cultures of Azadirachta indica. Out of the three media tested,
Ohyama and Nitsch (1972), Gamborg’s (1968) and MS basal media, hairy roots cultured
on Ohyama and Nitsch’s basal medium produced maximum yield of azadirachtin (0.017%
DCW). Further, addition of biotic elicitor and signal compounds enhanced the production
of azadirachtin as compared to control cultures on Ohyama and Nitsch medium.
Additionally, extracts from hairy roots were found to be superior against the larvae of
Spodoptera litura for antifeedant activity, as compared to those obtained from leaves.

Secondary Metabolite Production
The order Rutales that include family Rutaceae, Meliaceae, Simaroubaceae and

Cneoraceae is amongst the richest and most diverse sources of secondary metabolites in
the Angiospermae. Almost every part of the tree, leaves, bark and seeds have long been
used for medicinal purposes. The most distinguishing metabolites of the Rutales are
limonoids, which are tetranortriterpenoids derived from tirucallane furanyl/steroidal
skeleton. They have also attracted considerable interest because of their fascinating
structural diversity and their wide range of biological activity. In particular they characterize
members of the family Meliaceae, where they are abundant and varied.

A. indica which belongs to the same family contains numerous compounds that
exhibit a wide range of bioactivity. The spectrum of compounds chiefly comprise of nimbin,
nimbidin, nimbolide, salanin and azadirachtin. Among these the most significant compound
is Azadirachtin, a complex tetranortriterpenoid that makes up the major proportion of
the seed kernels. It is a highly oxidised tetranortriterpenoid which boasts a plethora of
oxygen functionality, comprising enol ether, acetal, hemiacetal, and tetrasubstituted
oxirane as well as a variety of carboxylic esters. It has been the focal point of research
for the last several years. This is one compound that is responsible for broad range of
bioactivity including biopesticidal and antimicrobial properties. Azadirachtin has a
complex molecular structure, and as a result the first synthesis was not published for
over 22 years after the compound’s discovery. Recently, Veitch et al. (2007) realized a major
breakthrough in first total synthesis of this compound. Both secondary and tertiary
hydroxyl groups and tetrahydrofuran ether are present and the molecular structure reveals
16 stereogenic centres, 7 of which are tetrasubstituted. These characteristics explain the
great difficulty encountered when trying to produce it by a synthetic approach.

Biotechnologically, azadirachtin is abundant in the seed kernels but as discussed
in introductory section of the chapter, the seeds show a lot of variation in azadirachtin
content owing to the enormous heterozygosity prevalent in the genus. Moreover, the
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storage quality of seeds is poor due to high moisture content and they lose viability within
a few weeks. Sidhu et al. (2003) reported that the variability in azadirachtin content and
synthesis of other triperpenoids like nimbin and salanin is due to the individual genetic
differences between the trees and not due to environmental factors. Keeping all this in
mind and the hardships associated with the chemical synthesis of the molecule, researchers
all over the world are focusing on tissue culture and scale up studies to harvest this
important compound from in vitro raised cultures. These aseptic cultures offer an
advantage over conventional sources by providing consistent supply of chemicals all the
year round unaffected by environmental fluctuations and geographical barriers, once an
elite source is selected.

Raval et al. (2003) studied the effect of basal media on growth and production of
azadirachtin-related limonoids in plant cell culture of neem with an aim to enhance their
yield as they form major group of pesticidal compounds in the neem trees. While maximum
biomass was obtained on MS medium, maximum production of azadirachtin related
limonoids was observed on White’s medium (White, 1963). The results obtained indicated
toward non-growth associated production characteristic of azadirachtin related compounds.
Two years later, Prakash and Srivastava (2005) came out with statistically optimized media
for cell growth and azadirachtin production in neem suspension cultures, obtained from
the seed kernels. A maximum of 15.02 g/l biomass and 2.98 mg/g azadirachtin was
produced using optimum nutrient concentrations. The studies were extended further to
establish the kinetics of cell growth/ azadirachtin formation and substrate consumption
of A. indica suspension culture in low shear steric impeller bioreactor with statistically
optimized conditions. The culture marked a growth of 15.5 and 0.05 g/l azadirachtin in
10 days of cultivation after which azadirachtin concentration showed a decline (Prakash
and Srivastava 2006). Further, Prakash and Srivastava (2007) compared azadirachtin
production in stirred tank bioreactor with two different impellers. The maximum cell mass
(18.7 g/l) and azadirachtin yields (0.071 g/l) were observed with centrifugal impeller as
compared to setric impeller bioreactor. Prakash and Srivastava (2008) also studied the
role of elicitors like salicylic acid, chitosan, jasmonic acid, methyl jasmonate, and yeast
extract at different concentrations in shake flask suspension culture of A. indica. Chitosan,
salicylic acid and jasmonic acid stimulated the highest increase in azadirachtin content,
which ranged from 2 to 3-fold greater than the control. The combined effect of these elicitors
on azadirachtin content studied by Response Surface Methodology resulted in 5-fold
higher azadirachtin production (15.9 mg/g DCW versus 3.2 mg/g in control cultures)
due to synergistic effect of these elicitors.

Recently, Singh and Chaturvedi (2009d) studied the effect of morphogenesis and
explant source on azadirachtin production. They established cultures from various
explants of neem (zygotic embryo, leaf, anther and ovary), and screened calli on the best
culture medium for the highest azadirachtin production. Eight cell lines (four dedifferentiated
and four redifferentiated) were eventually selected on the basis of cell differentiation
response. In all in vitro cell lines, the highest azadirachtin content (2395.7 Kg/g DCW)
was found in redifferentiated callus originated from immature zygotic embryo. A positive
correlation between organogenesis and azadirachtin production in neem has been
observed.
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Fig. 1 : Nodal Segment Culture

(A) Five-week-old single node
segment cultures on ½ MS + 1
µµµµµM BAP + 0.5 µµµµµM GA3, showing
the emergence of multiple
shoots at the node and basal
callusing; the shoots did not
elongate.

(B) Cultures transferred from A to
½ MS + 1 µµµµµM BAP + 500 mg
l-1CH. Some of the shoots have
elongated and some new shoots
have differentiated after 5
weeks.

(C) A nodal segment from B, 5
weeks after transfer to MS + 1
µµµµµM BAP + 250 mg l-1CH. The
axillary shoot has elongated
considerably.

(D) 4-week-old culture on ¼ MS +
0.5 µµµµµM IBA. The shoot has
developed healthy roots
directly from the cut, basal end.

(E) Hardened micropropagated
plants, 11 months after transfer
to soil.

Fig. 2 : Leaf Culture

(A) 8-week-old culture of leaf disc on MS + 5.0 µµµµµM BAP. Brownish green, nodulated callus
has developed which later differentiated into green shoot buds.

(B) 5-week-old culture of leaf disc on MS + 5.0 µµµµµM NAA, showing root proliferation from
nodulated callus.

Colour Page
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Fig. 3 : Somatic Embryogenesis

(A) Different stages of zygotic embryos (i)
Globular, (ii) early heart shape, (iii) late
heart shape, (iv) torpedo shape, (v) early
dicotyledonous, (vi) fully developed
dicotyledonous embryo.

(B) Four-week-old culture of an early
dicotyledonous embryo on MS + 5 µµµµµM BAP,
showing the differentiation of somatic
embryos (arrows) on one side and shoots
(arrowheads) on the other side of the explant.

(C) Four-week-old culture of an early dicotyledonous stage embryo on MS + 5 µµµµµM BAP + 1 µµµµµM
2,4-D, showing differentiation of somatic embryos (SE) and neomorphs (NEO) from the
callused explant.

Fig. 4 : Somatic Embryogenesis
(A) Somatic embryos excised from cultures

showing: (i) pluricotyledony, (ii) fusion of
cotyledons, and (iii) absence of cotyledons.

(B) Somatic embryos cultured on MS basal
medium for 4 weeks; very long tap root
has developed in both the embryos but the
plumular end has not formed a shoot.

(C) Eight-week-old somatic embryos culture on MS + 1 µµµµµM BAP + 0.5 µµµµµM IAA, showing callusing
of the explant and differentiation of secondary embryos from the callus.

(D, E) Cultures of somatic embryos (5- and 8-week-old) on MS + 5.0 µµµµµM GA3 + 2.5 µµµµµM IAA,
showing secondary embryogenesis directly without any callus formation.
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Fig. 5 : Anther Culture
(A) Squash of an anther at culture,

showing two microspores stained
with DAPI. Whereas the larger grain
is at the late uninucleate stage, the
smaller one is at the mid-uninucleate
stage.

(B) 8-week-old anther cultures on MS +
5 µµµµµM BAP + 1 µµµµµM 2,4-D + 1 µµµµµM
NAA. Anthers were completely
covered by proliferating brown callus.

(C) Transverse section of an anther, after
4 weeks of culture, showing the origin
of callus from the surface of anthers;
microspores appear unchanged.

(D) Same as C, microspores callused after 8 weeks and the microcalli can be seen inside the anther
locules.

(E) 8-week-old anther callus multiplied on MS + 10 µµµµµM Kn + 1 µµµµµM 2,4-D.
(F) Anther callus from E, 6 weeks after subculture on MS + BAP; many green shoot-buds have

differentiated.
(G) Same as F, after 8 weeks, showing distinct green shoots.
(H) Individual elongated shoots on MS + 0.5 µµµµµM BAP after 8 weeks. Shoot has elongated well.
(I) A shoot from H, rooted on ¼ MS + 0.5 µµµµµM IBA. Healthy, branched roots have differentiated

directly from the cut basal end of the shoot.
(J) Shoot-tip cell of anther-derived plant, showing haploid chromosome number 2n=x=12.

Fig. 6 : Ovary Culture

(A) A section of an ovary from 2 mm flower bud,
showing the presence of immature ovule at
the integumentary primordia stage.

(B) A section of an ovary from 3 mm flower bud,
showing megaspore-mother-cell (arrow
marked).

(C) A section of an ovary from 4 mm flower bud,
showing 2-nucleate (arrow marked) embryo
sac.

(D) A section of an ovary from a 5 mm flower
bud, showing 4-nucleate embryo sac. Three
of the nuclei are clearly seen in the picture
(arrow marked).
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Fig. 7 : Endosperm Culture
(A) Longitudinal half of a neem fruit at the

early dicotyledonous stage of the embryo.
At this stage it has a massive endosperm.
(Emb, Embryo; End, Endosperm; OW, Ovary
Wall; Int, integument)

(B) 2-week-old culture of an immature seed on
MS + 5 µµµµµM NAA + 2 µµµµµM BAP +500 mgl-1

CH. The seed has burst, releasing the green
embryo and callusing endosperm.

(C) Same, after 3 weeks; a white fluffy endosperm
callus has emerged from the burst seed. The
green embryo can be seen at one end.

(D) 8-week-old subculture of endosperm callus
on MS + 5 µµµµµM NAA + 2 µµµµµM BAP + 500 mgl-

1 CH, showing callus proliferation. Note the
appearance of green loci (arrowhead
marked).

(E) 5-week-old subcultures of endosperm callus
on MS + 5 µµµµµM BAP, showing differentiation
of numerous shoots.

(F) A regenerant showing multicellular glands on its surface.
(G) Shoot tip cell of an endosperm-derived plant, showing triploid number of chromosomes (2n

= 3× = 36).
(H) Root tip cell of a seedling, showing diploid number of chromosomes (2n = 2x= 24).

Fig. 8 : Protoplast Culture

(A) Three-week-old proliferating granular, friable,
light brown anther callus on MS + 5 µµµµµM
pCPA.

(B) Freshly isolated protoplasts from calli as in
A, showing considerable variation in size.

(C) Eleven-day-old culture of protoplast in liquid
MS medium supplemented with 5 µµµµµM pCPA.
The protoplasts have regenerated walls as
indicated by the change in their shape. One
of the protoplast has also divided (arrow).

Colour Page



   213BIOTECHNOLOGICAL IMPROVEMENT OF NEEM

CONCLUSIONS

The success stories achieved in various laboratories throughout the world indicate
towards the immense popularity, importance and demand of this medicinal tree species.
Though numerous breakthroughs have been achieved in the area of micropropagation,
secondary metabolite analysis and bioassays of neem using different explants, few
important areas like haploid production and genetic transformation are still at infancy.
Moreover, the commercial viability of the tree and its products like azadirachtin, has not
been very promising since demand to supply ratio is very high. Somehow, there is an
important link missing that will step up the magnitude of fruits obtained in laboratory
to a commercial scenario. Cumulative utilization of biotechnological tools and concerted
unidirectional efforts are required, so that the results obtained on laboratory scale can
be made more accessible and brought to the benefit of public in general.
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