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In vitro cloning of Azadirachta indica from root explants
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Abstract

In vitro cultures of Azadirachta indica A. Juss. were raised by first culturing the root segments on modified Murashige
and Skoog (MS) medium supplemented with 8.88 uM 6-benzylaminopurine (BAP), 9.84 uM N°-(2-isopentenyl)
adenine (2iP), 5.71 puM indole-3-acetic acid (IAA), 81.43 pM adenine hemisulphate and 2.27 uM putrescine for 2 d
followed by their transfer to the same medium except containing one-tenth of the initially used concentrations of BAP,
2iP and IAA. The regenerated shoots sustained proliferation in the basal medium supplemented with 1.11 uM BAP,
1.43 uM IAA and 135.72 pM adenine hemisulphate. The isolated shoots were rooted to produce plantlets in the
presence of 2.46 puM indole-3-butyric acid (IBA). The plantlets showed uniform luxuriant growth under field
conditions. True-to-type nature of the field-grown root-regenerated plants was ascertained by random amplified

polymorphic DNA (RAPD) analysis.
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Azadirachta indica A. Juss. (family Meliaceae),
popularly known as neem, is a multipurpose tree which
has acquired significance for its commercial uses in
pharmaceutical and agro-industries. The main limitations
in sexual propagation are the recalcitrant nature of seeds
with short span of viability and high heterozygosity
(Ezumah 1986, Sacande et al. 2001). Vegetative
propagation by cuttings, however, has constraints due to
problems of rooting, availability of cuttings of right
maturity, particular season of the year and presence of
disease causing organisms within the material (Dogra and
Thapliyal 1996). Therefore, it is imperative to use plant
tissue culture methods. Micropropagation of neem tree
through tissue culture has been reported by employing
nodal stem segments (Chaturvedi et al. 2004b, Arora et al.
2010) and leaf segments (Ramesh and Padhya 1990,
Arora et al. 2009). Here, we report an in vitro method
employing root explants for cloning 4. indica leading to
production of true-to-type plantlets. The fidelity of the
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method has been proved by carrying out random
amplified polymorphic DNA (RAPD) analysis of mother
tree as well as of the plants regenerated through root
segments.

Plantlets of Azadirachta indica A. Juss. were produced
employing nodal stem segments of a 40-year-old tree
following the protocol reported earlier by Arora et al.
(2010). Roots measuring about 3 cm in length, excised
from in vitro-grown plantlets were cultured in liquid
medium which is a modification of Murashige and Skoog
(1962; MS) medium except containing 6.25 mM
NH4NO3, 495 mM KNO3, 1.36 mM CaC12.2 H20,
1.10 mM KH,PO,, 1.83 mM MgS0..7 H,O, 0.49 uM
pyridoxine-HCl, 39.96 uM glycine, 2 % sucrose and
addition of 0.35 mM Na,SO4 0.76 mM (NH4),SO.,
23.73 uM L-arginine, 68.42 uM L-glutamine, 63.45 uM
cysteine-HCI, 0.2 uM D-biotin, 0.13 uM riboflavin,
56.77 uM ascorbic acid and removing m-inositol, supple-
mented with 0.05 puM indole-3-butyric acid (IBA) and

Abbreviations: BAP - 6-benzylaminopurine; 2,4-D - 2.4-dichlorophenoxyacetic acid; IAA - indole-3-acetic acid; IBA - indole-3-
butyric acid; IPA - indole-3-propionic acid; 2iP - N°-(2-isopentenyl) adenine; MS medium - Murashige and Skoog medium;
NAA - a-naphthaleneacetic acid; NOA - a-naphthoxyacetic acid; PVP - polyvinylpyrollidone; RAPD - random amplified
polymorphic DNA; TDZ - thidiazuron; Z - zeatin.
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adjusted to pH 5.2. These excised root cultures served as
stock cultures for regeneration experiments employing
root explants. Root cultures were subcultured after every
60 d.

Initially, for inducing differentiation in segments of
roots, taken from 2-year-old root cultures, 6-benzylami-
nopurine (BAP) at different concentrations (0.55, 0.67,
0.88 and 1.11 puM) in combination with different
concentrations of N°®-(2-isopentenyl) adenine (2iP) (0.62,
0.74, 0.98, 1.23 uM), with 0.57 uM indole-3-acetic acid
(IAA) and 81.43 pM adenine hemisulphate was
incorporated in regeneration medium. The regeneration
medium is a modified MS medium with change in
concentrations of NHyNO; (18.74 mM), KNO;
(14.79 mM), Mg,S0O,4.7 H,0 (1.83 mM), pyridoxine-HCI
(0.49 pM) and addition of Ca(NOs),.4 H,0 (0.42 mM),
Na,S0, (0.70 mM), K,SO,4 (0.57 mM), L-arginine-HCl
(47.45 pM), L-glutamine (171.06 puM), ascorbic acid
(141.95 uM) and removing m-inositol. In addition, root
explants were also subjected to a pulse treatment in which
explants were firstly cultured on regeneration medium
supplemented with a higher concentration of BAP
(8.88 uM), 2iP (9.84 uM) and TAA (5.71 uM) along with
81.43 uM adenine hemisulphate for durations of 1, 2, 3, 4
or 5 d and subsequently cultured on the same medium but
containing one-tenth concentrations of BAP, 2iP and IAA
along with the same concentration (81.43 uM) of adenine
hemisulphate.

For augmenting shoot bud differentiation as also
differentiation of lesser number of aberrant regenerants,
the effect of incorporation of 22.69 uM putrescine at
initial step and after 2 d its one-tenth concentration
(2.27 pM) at subsequent step, was studied. In addition,
the effect of different lower concentrations (1.13, 2.27
and 5.67 uM) of putrescine at both the steps of pulse
treatment (initial and after 2 d) was also investigated to
further improve the response. Incubation period for each
experiment was 60 d. Each experiment was set with
20 replicates having 3 segments of root in each and
repeated twice.

For production of plantlets, about 3 cm long shoots,
excised from 30-d-old cultures of proliferating shoots,
were rooted in rooting medium which is another
modification of MS medium, modified by reducing the
concentrations of NH4;NO; (6.25 mM), KNO; (4.95 mM),
CaCl,.2 H,0 (1.36 mM), Mg,SO,.7 H,O (0.61 mM)
and pyridoxine-HCI (0.49 uM), adding (NH4),SOy (0.76
mM), Na,SO, (0.70 mM), ascorbic acid (56.77 uM),
D-biotin (0.2 pM), L-arginine-HCl (47.46 puM) and
removing m-inositol. Rooting medium is supplemented
with 2.46 pM IBA. The isolated in vitro-rooted shoots
(plantlets) were transplanted to soil in pots after being
acclimatized in half-strength Knop’s solution fortified
with trace elements and iron of MS medium.

The pH of all media was adjusted, before adding
0.75 % (m/v) agar (HiMedia Laboratories, Mumbai,
India) and the media were sterilized by autoclaving at
1.08 kg cm? for 15 min. Growth regulators and
putrescine were filter (0.2 um) sterilized and added to
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autoclaved medium after it had cooled to below 50 °C.
Cultures were incubated under 25 pmol m™ s™' photon
flux density for 15-h photoperiod except for excised root
cultures which were maintained in total dark.
Temperature and relative humidity of the culture room
were maintained at 27 + 1 °C and 70 £ 4 %, respectively.

For histological analysis differentiating root segments
were fixed in FAA solution consisting of formalin:
glacial acetic acid : alcohol (70 %) in the ratio of 4:6:90
(v/v). Standard procedure of paraffin embedding
(Johansen 1940) was followed for the histological
studies. Ethyl alcohol-xylol series were used for
dehydration and infiltration. Sections of favourably
responded and properly wax-embedded explants were cut
at 10 um thickness by a rotary microtome. They were
processed and stained in Harris’s haematoxylin and
safranin, used as the differentiating stains. Permanent
slides were made using Canadian balsam. Slides were
observed under the light microscope (Leica ATC 2000,
Wetzlar, Germany; software Digi 3) and photographs
were taken.

Twelve field-grown root-regenerated plants were
randomly selected for RAPD analysis. Total DNA was
extracted from fresh, young leaf tissues of root-
regenerated plants and mother tree (40-year-old tree)
according to Farooqui et al. (1998) and based on method
proposed by De Kochko and Hamon (1990) for cotyledon
of seeds. RAPD analysis was carried out using
7 randomly chosen decamer primers (F and U Kkits)
obtained from Operon Technologies, Alameda, USA.
Polymerase chain reaction (PCR) was performed in
accordance with the protocol of Williams et al. (1990)
with modifications in annealing temperature (35 °C
instead of 36 °C) and the durations of PCR steps of
denaturation, annealing and extension that were reduced
to 45 s, 45 s and 1 min instead of 1 min, 1 min and 2 min
respectively in the original paper of Williams et al.
(1990). DNA amplification was performed in a PTC-200,
DNA engine, (MJ Research, USA) for 45 cycles. The
amplifications were carried out in 0.025 cm’ of final
reaction volume containing 0.0025 cm® of 10x assay
buffer, 0.002 cm’ of 08 mM dNTP mix
(0.2 mM each), 10 pmol of RAPD primer, 1.5 mM
MgCl,, 1.5 units of Tag DNA polymerase (Bangalore
Genei, Bangalore, India) and 30 ng of genomic DNA.
PCR was initiated by a denaturation step of 94 °C for
3 min followed by 44 cycles each, consisting of
denaturation for 45 s, annealing at 35 °C for 45 s and
extension at 72 °C for 1 min. The final cycle was allowed
for 5 min at 72 °C extension. After completion of the
PCR cycles, the amplification products were separated
electrophoretically on 1.5 % agarose gel in 0.5x TBE
buffer. Before loading the samples tracking dye was
added to the sample. Low range DNA ruler (Bangalore
Genei) was used as molecular size marker. After the
completion of electrophoresis, the gel was stained in
ethidium bromide solution and destained in sterilized
single distilled water and it was photographed on UV
transilluminator, using Night Hawk (Huntington
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Station, USA) gel documentation system. All the
reactions were repeated at least twice and only the
consistently reproducible bands were considered.

Data were analyzed by analysis of variance (ANOVA)
and a Duncan’s multiple range test (DMRT). All
statistical analyses were performed using the SPSS
statistical software package.

Table 1. Effect of duration of pulse treatment on regenerant
differentiation in root segments after 60 d. Means + SE of
20 replicates, containing 3 segments each. Mean values
followed by different superscript letters within a column are
significantly different at P < 0.05, as determined by DMRT.

Duration of Response Bud number Aberrant  Callusing
pulse [d] [%] [explant™] regenerants

1 13.3 20£027°  62+040° -

2 40.0 2.8+£0.19°  57+0.23% -

3 30.0 234022 58+0.14°

4 6.6 22+025°  53+0.09° +

5 0 0 0* -

Stock cultures of excised roots, which were main-
tained in root culture medium supplemented with
0.05 uM IBA showed sustained growth of roots without
any decline for the past 2 years (Fig. 14). In order to
induce regenerant differentiation in segments of roots
taken from 2-year-old excised root cultures, the root
explants were cultured in different concentrations of BAP

Table 2. Effect of different concentrations of putrescine at initial
and subsequent treatment on regenerant differentiation in root
segments after 60 d. Means + SE of 20 replicates, containing
3 segments each. Mean values followed by different superscript
letters within a column are significantly different at P < 0.05, as
determined by DMRT.

Initial conc.Subsequent Response Bud number Aberrant

[uM] conc. [uM] [%] [explant’]  regenerants
22.7 227 40 33+0.18° 1.8+0.17°
1.13 1.13 50 45+0.51° 1.4+0.12°
227 227 60 8.0+0.14% 1.1+0.79®
5.67 5.67 20 12+0.11* 0.3+0.04
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Fig. 1. 4 - Sustained growth of excised roots in prolonged culture (2 years) in root culture medium supplemented with 0.05 uM IBA
(bar = 12.5 mm). B - Direct differentiation of shoot buds (sb), shoots (sh) and aberrant regenerants (ab) in root segment
(bar =0.69 mm). C - A longitudinal section of responded root explant showing endogenous differentiation of meristemoids from the
pericycle (p) juxtaposed to the vascular tissue of explant beneath the cortical tissue (bar = 0.05 mm). D - Proliferation of shoots
regenerated from segments of roots in regeneration medium supplemented with 1.11 uM BAP, 1.43 uM IAA and 135.72 uM adenine
hemisulphate (bar = 15.3 mm). E - RAPD profile of field-grown plants of neem regenerated from root segments obtained with
primer OPF-04. Lanes: 1 - low range DNA ruler, 2 - the mother plant, 3 to 14 - root-regenerated plants.

166



used in combination with different concentrations of 2iP
along with 0.57 uM IAA and 81.43 uM adenine
hemisulphate. Maximum regenerant differentiation was
obtained in 0.88 uM BAP and 0.98 uM 2iP along with
0.57 uM TAA and 81.43 pM adenine hemisulphate but it
was associated with callusing. The combinations of
cytokinins effective for neem differentiation were
reported by Ramesh and Padhya (1990) and Eeswara
et al. (1998). Addition of adenine hemisulphate has also
been reported to stimulate shoot bud formation (Ramesh
and Padhya 1990, Vila et al. 2003). Intervening callusing
during regenerant differentiation could be reduced to a
good extent and the number of regenerants increased by
giving pulse treatment in consonance with the
requirement of explants to be exposed to a growth
regulator for a minimum length of time for a given
morphogenetic event to be initiated (George 1993).
Sequential culture of explants from higher to lower
concentration of morphogenetic stimuli has been found
useful also in other plant species (Singh et al. 2002, Pati
et al. 2004). The pulse treatment comprised culturing of
explants initially in high concentrations of BAP, 2iP and
IAA, ie., 8.88 uM, 9.84 uM and 5.71 puM, respectively,
together with 81.43 uM adenine hemisulphate for
different duration of time (1, 2, 3, 4 and 5 d) followed by
their transfer to one-tenth concentrations of BAP, 2iP and
IAA, ie., 0.88 uM, 0.98 uM and 0.57 uM, respectively,
along with 81.43 uM adenine hemisulphate (Table 1).
Considering different duration of time, the aforesaid
pulse treatment applied for 2 d was found optimum for
inducing direct regenerant differentiation from root
explants without intervening callusing. However, in the
differentiated regenerants, there was more number of
aberrant regenerants (meristematic nodules and embryo-
like structures) as compared to shoot buds. There are
reports of simultaneous regeneration of more than one
type of morphogenetic structures (D’Onofrio and Morini
2003/2004). Whilst shoot buds gave rise to shoots, the
meristematic nodules underwent the process of
organogenesis and consequently either budded into
similar nodular structures or differentiated into roots
rarely into shoot buds as well as bipolar structures having
shoot and root on opposite ends giving rise to plantlets
and the embryo-like structures showing arrested growth.
Furthermore, it was observed that by incorporating
22.7 uM putrescine to the optimum pulse treatment at the
initial step followed by its one-tenth concentration at the
subsequent step, the process of regenerant differentiation
was augmented in respect of formation of more number
of shoot buds as compared to aberrant regenerants
(Table 2). The promotive effect of exogenous polyamines
on shoot regeneration has also been reported in Brassica
campestris (Chi et al. 1994) and Corylus avellana (Nas
2004). The number of differentiated shoot buds could be
increased further from 3.3 to 8.0 coupled with
differentiation of lesser number of aberrant regenerants
when the same lower concentration (2.27 uM) of
putrescine was used at both the steps of optimum pulse
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treatment (Table 2; Fig. 1B). This is in agreement with
the results obtained by Purohit et al. (2007) in Achras
sapota in which putrescine in combination with BAP was
found to be most effective in shoot multiplication. It has
been reported that exogenous application of polyamine
(putrescine) may reduce the production of ethylene and
enhance morphogenesis (Bais et al. 2000). There are
other reports also where root segments have been
demonstrated to produce regenerants in vitro, as in case
of  Populus tremula (Vinocur et al. 2000),
Eleutherococcus koreanum (Park et al. 2005) and Lycium
barbarum (Hu et al. 2008).

Histological studies of differentiating root segments
revealed the origin of regenerants from the pericycle
tissue (Fig. 1C). The significance of shoot meristem
differentiation from pericycle tissue lies in the fact that
the direct regenerant differentiation from this tissue will
result into the formation of true-to-type plants, since the
pericycle tissue is genetically stable and represents true-
to-mother type genetic make-up (Yeoman and Street
1977). The origin of regenerants from pericycle was also
demonstrated in other woody plant species such as
Populus deltoides (Chaturvedi et al. 2004a) and Melia
azedarach (Vila et al. 2005).

Differentiated shoot buds developed into shoots which
proliferated further in regeneration medium in the presence
of 1.11 uM BAP, 1.43 uM IAA and 135.72 uM adenine
hemisulphate (Fig. 1D). The isolated shoots rooted 100 %
in rooting medium supplemented with 2.46 uM IBA. The
in vitro-rooted shoots (plantlets) were hardened first in an
inorganic salt solution under culture room conditions for
about 30 d and then grown in potted soil under glasshouse
conditions and after about 6 months of growth they were
transplanted in the field. The root-regenerated plants in
field showed uniform luxuriant growth.

One of the main prerequisite conditions for the
development of process of cloning is the maintenance of
genetic stability in tissue culture-raised plants. True-to-
type nature of the plants produced in the present study
was ascertained by RAPD analysis. Five primers,
(OPF-01, OPF-03, OPF-04, OPU-19 and OPU-20)
resulted in amplification of monomorphic profiles across
all the root-regenerated plants and one such profile
(obtained using primer OPF-04) shown in Fig. 1E. RAPD
has shown to be an efficient molecular marker for
determining the genetic diversity among accessions of
Curcuma spp. (Hussain et al. 2008). Genetic stability of
in vitro-grown plants has also been assessed in
Dictyospermum ovalifolium (Chandrika et al. 2008) and
Platanus acerifolia (Huang et al. 2009) by inter simple
sequence repeat (ISSR) markers. RAPD method was
chosen for its rapidity, sensitivity and easy-to-use charac-
teristics. Our results with RAPD profiles of root-
regenerated plants of neem show their true-to-type nature.
Thus the results provide a strong support to the use of the
proposed method for in vitro cloning of neem, because
there do not exist any genetic variations in the
regenerated plantlets during culture process.
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