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Abstract - High frequency in vitro regeneration in Holarrhena antidysenterica had
been previously achieved successfully using Murashige and Skoog’s medium(MS)
fortified with 15µM BA. Stability in culture regenerated plants have been observed
by studying the changes in chromosome numbers as well as changes in DNA content using cytophotometric data. Somatic chromosomes from regenerated plants
revealed a diploid chromosome complement of 2n=22 and confirms the same
chromosome number of in vivo plants. No changes in ploidy level were observed
which confirm previously reported finding that culture regenerated plants were
clonally uniform and lacked somaclonal variation. Stability among regenerants of
different stages has also been confirmed using 4C nuclear DNA estimates. Variation in callus morphology and somatic embryo has been observed in culture conditions using various sets of growth regulators. Such changes in morphological patterns have been studied using Scanning Electron Microscopic techniques.
Key words: MS - Holarrhena antidysenterica; in vitro regeneration; callus morphology; scanning electron microscopy.

INTRODUCTION
Holarrhena antidysenterica is a valuable medicinal plant belonging to the family Apocynaceae.
The plant is a deciduous lactiferous medicinal
shrub or even a small tree, 9-10m. high and is more
or less distributed throughout India, especially in
the wet forests and tropical Himalayas ascending
up to an altitude of 12,00m (SATYAVATI et al. 1987).
The bark and roots serve as an excellent remedy for
both acute and chronic dysentery, especially in cases where there is excessive blood with mucus and
colic pain associated with stool (GHOSE 1984).
The study of genetic make up of in vitro regenerants and other plant tissues, using cytological
methods are widely and successfully applied, to
observe marked differences between the range of
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cell types found in whole plants and the phenotypes expressed by plant cell in culture (GOULD
1984). Such differences have been revealed by
cytogenetic techniques for plant tissue culture, or
even whole plants, that have been recommended
by workers like DARLINGTON and LA COUR (1976),
SHARMA and SHARMA (1980) and EVANS and REED
(1981).
Although DNA content and chromosome
numbers provide evidence for gross genetic
changes, direct evidence of such changes at the
informational level has not been reported in cultured plant cells, but has been implied from regenerated plants. Till date there are large number of
reports concerning DNA content and chromosome architecture at the cell level in cultured cells
and tissues of a broad range of plant species (PARTANEN 1963), summarized in reviews by Sunderland (1973), D’AMATO (1975), BAYLISS (1980),
LARKIN and SCOWCROFT (1981).
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In view of the above idea, the present study is
aimed to analyse chromosome number and
cytophotometric data from regenerated plants
and also to study the morphological patterns of
organogenetic callus and somatic embryos using
SEM techniques.
MATERIAL AND METHODS
Cytological study
For cytological observation, root tips were taken
from regenerated plants and were first pretreated in
chilled saturated solution of Para Dichloro Benzene
(PDB), for five hours at 4°C. The tips were then
washed in distilled water and transferred to fixative
containing glacial acetic acid: ethyl alcohol in the ratio
of 1:3 for overnight. The roots were washed in distilled
water and kept in 45% acetic acid for 20 minutes.
These were then transferred to 2% aceto orcein: (N)
HCl (9:1) mixture for 1 hour after heating gently over
a flame for a few seconds. Later the tips were taken on
a slide, squashed in 45% acetic acid, sealed with paraffin wax and observed under the microscope.
Cytophotometric estimation of DNA content
For cytophotometric estimation the sample was
prepared for Feulgen stain specific to DNA. A monochromatic light is passed through the sample. The
Fuelgen stained material showed maximum
absorbance at a wavelength of 550nm. The readings
were taken by measuring the amount of light absorbed
by each genome as related to the amount of light
absorbed on the basis of optical density, in terms of
relative arbitrary units of absorbance which were then
converted to absolute units (Picograms or 10-12g) by
using the formula: 4C nuclear DNA=A/B x C
Where A = 4C nuclear DNA value of Allium cepa
i.e. 67x10-12g derived from the determinations of Van’t
Hoff’s (1965) 2C nuclear DNA value; B = the mean
absorption figure measured on the Allium cepa root
tips and C = the mean of the absorption figures measured for the sample.
For cytophotometric estimation of 4C nuclear
DNA content, shoot tips and root tips were collected
from different randomly selected regenerants at different stages of in vitro culture. Three different sets
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were taken, which consisted of the following: SET I Shoot tips from cultured plants; SET II - Root tips
from cultured plants; SET III - Root tips from hardened plants.
These were fixed in 1:3 aceto ethanol solution
overnight, hydrolyzed with N (HCl) at 60°C for 30
minutes and stained with fuchsin sulphurous acid for
one hour in the dark. The stained material was washed
in three changes of SO2 water for ten minutes each
and squashed in 50% glycerol. The slides were
scanned for cytophotometric estimation, which was
carried out in Leitz Wetzler Aristophot with a
microspectrophotometer and single wavelength of
550nm (SHARMA and SHARMA 1980). Measurements
were made on 15 prophase plates and for every batch
of two slides, root tips of Allium cepa (4C= 67pg;
VAN’T HOFF 1965) were used as the control to convert
the observed values to absolute amounts (pg).
Study of Scanning Electron Microscopy (SEM) of in vitro generated tissues.
SEM observation was done to study the surface
morphology of different in vitro generated tissues. The
sample preparation for observing specimens under
SEM mostly depends on the nature of sample and a
successful sample preparation is achieved, only when
the integrity of the living cell is maintained. Hard and
dry objects have intrinsic mechanical strength require
no specimen preparation. But, samples like callus tissue
that are normally soft and electrically non-conductive,
the application of a metal conducting coating is necessary. In general, the preparation procedure for a soft
tissue or cell (hydrated) for surface examination (or
exposed interior) is cleaning the surface, stabilising
the solid materials by chemical fixation, dehydrating by
air drying or critical point drying or freeze drying, and
finally coating the specimen with some metal to make
it conducting electrically.
In the present investigation, three different samples
were taken for SEM viz. the friable non-differentiating
callus tissues, hard type of differentiating callus and
somatic embryos. For sample processing the following
steps were involved:
Cleaning and selection – The surfaces of the tissue
samples were cleaned with water and the area to be
observed were selected and trimmed. Pieces of callus
tissue were of the size <1cm in diameter.

Table 1 – Estimates of nuclear DNA content from regenerants at different stages of in vitro culture of Holarrhena antidysenterica.

Set
I
II
III

Regenerants at different stages
Shoot tips from cultured plants
Root tips from cultured plants
Root tips from hardened plants

* Data presented as mean value of ten replicas ± standard error

4C*
6.64±0.070
6.76±0.031
6.29±0.026

DNA content (pg)/genome
2C
No. of Mega bp
3.32
166
3.37
162
3.14
157

No. of bp
1.66x109
1.68x109
1.57x109
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Drying – All samples were then dried to remove
water from the material. In the present study, all tissue
samples were air-dried.
Mounting – The dried samples were affixed to
30mm SEM mounting stubs made of aluminium with
the help of conducive double adhesive copper tapes
(Pelco industries).
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Coating – The whole tissue samples were placed in
an ion coater (IB-2 model-Hitachi), for gold coating,
in order to eliminate the charging effect of electron
beam and also since secondary electrons are used in
the image formation, so the samples also need to generate sufficient secondary electrons, to give a good
quality image. The thickness of the gold coating was
200Å at a voltage of 1400V DC and a current of

Fig. 1 – a) Mitotic chromosome number from culture regenerated plant of Holarrhena showing metaphase from root tips
(ca. x 2000). b) Friable non-differentiating callus showing uneven surface with ridges and depression (x 300). c) Hard type
of nodular differentiating callus, showing a porous nature and protrusions (x 500). d) Somatic embryo showing wrinkled surface (x300). e) Magnified view of same showing small protruding globule-like structures (x500).
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8-10mA. Gold is commonly used, as it does not form
oxides and forms a uniform and stable coating.
Operation – The samples were then placed in an
evacuation chamber of the SEM instrument (model
S-415 A Hitachi, Tokyo, Japan) in vacuum at a pressure of 10-5mm. After this an accelerating voltage
was operated at 25KV to run an electron beam. Variations in the accelerating voltage, brightness and
contrasts etc. were done for best resolution. The secondary electron image was observed in the CRT and
photomicrographs were taken at different magnifications.

RESULTS AND DISCUSSION
Chromosome analysis of the regenerated
plants revealed the presence of 22 somatic chromosomes (2n=22) at the metaphase stage from
root tip cells (Fig. 1a). Aneuploid or polyploid
cells were not detected. All chromosomes were
very small in size, ranging from 0.5µm-1.0µm.
High frequency direct regeneration through
axillary shoot proliferation from nodal explants,
followed by successful ex vitro establishment
has already been reported earlier (RAHA and
ROY 2001). The present findings indicate that in
vitro direct regeneration of plants through either
nodal multiplication or shoot tip multiplication
from long term culture tissues have pre-existing
definite chromosome numbers that can be
genetically stable even under culture conditions.
Within the family Apocynaceae (GHOSH et al.
1998), the chromosomes of regenerants of Rauvolfia serpentina showed 22 somatic chromosomes from root tip cells. No aneuploid cells
were detected by the same authors, thus confirming the fact that genetically stable clones
could be produced through tissue culture. Similar observations were also made by BANERJEE
and SHARMA (1986) in R. serpentina.
Thus, considering the cytological observations it could be definitely concluded that
plantlets derived through nodal culture were
absolutely genetically stable clones. It can also
be pointed out that in spite of application of
high cytokinin levels in the culture medium
(15µm BA) that induced high levels of
microshoot proliferation the chromosome configuration remained unaffected. This might be
due to the fact that throughout the culture
regime, the tissues showed organised growth
patterns.
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The cytophotometric analysis of the estimates of 4C nuclear DNA content collected
from randomly selected regenerants at different
stages of in vitro culture viz. shoot tips and
root tips from cultured plants and root tips
from hardened plants ranged narrowly from
6.29pg to 6.76pg (Table 1). The 4C DNA content in the root tips was 6.76pg, and almost
corresponded to the 4C content of shoot tips,
which was 6.64pg. Root tips from hardened
plant comparatively showed a lower 4C DNA
content of 6.29pg. But no statistically significant differences in DNA amounts, between
regenerants during various stages of culture
were observed.
The present investigation involved the in vitro estimation of 4C nuclear DNA content in
different regenerants. The results indicate that
the 4C DNA content showed insignificant variation among the different regenerant stages viz.
root tips and shoot tips from cultured plants
and root tips from hardened plants.
The estimation of 4C DNA content has been
made extensively by different workers (DAS and
MALLICK 1989a, b; CHATTOPADHYAY and SHARMA 1990; O HRI 1998; B ENNETT and L EITCH
1997; PRICE et al. 1998; GREILHUBER 1998). The
study of DNA content in different taxa is of
much importance in different aspects of chromosomal research (PRICE 1976). According to
BENNETT et al. (1977) and REES and NARAYAN
(1977), variations that are found within the
nuclear DNA amounts depend to a great extent
on the repetitive and non-repetitive sequences
of the genome. Any variability of DNA amounts
has often been attributed to loss or addition of
high repeats, which were adapted in micro and
macro environment during speciation in evolution (DAS and MALLICK 1991). The stable DNA
values may have played a role in the identification of species.
But the results of the present investigation
showed that no major genetic variation
occurred in Holarrhenna nuclear genomes, as a
result of in vitro culture. The DNA content was
tested at the various stages of culture multiplication, rooting and hardening and the values
estimated were almost similar, thereby showing the non-existence of significant amplification and/or deletion of DNA sequences in
response to in vitro culture. Similar results were
noted by RANI and RAINA (1998) in in vitroderived plants of Eucalptus sp.
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In a wide range of plant species, aneuploidy
and /or changes in the ploidy level have been
considered to play a major role in describing
somaclonal variation. Karyotypic studies of
regenerated roots have been extensively used
for such studies. However owing to very small
chromosome size detection of structural variations in chromosomes, if any, from micropropagated plants is a difficult task. So the alternative was to use micropropagated plants for the
chromosome-number-dependent DNA value.
The procedure had the advantage of being simple, quick to perform, and requiring just a few
meristematic cells. The present data on DNA
estimation, therefore, also indicates that the
micropropagated plants always showed diploid
chromosome number as expected.
Nuclear genome size estimation has been
effectively used in many studies to detect tissue
culture induced variation (C ECCHINI et al.
1992). Thus, the present analysis based on the
results of genome size estimations at various
cultural stages indicates the relative stability
during in vitro propagation through nodal or
shoot tip culture method. This is in contrast to
sharp variation found in a fast growing Populus
species, where the plantlets regenerated from
callus or meristem cultures exhibited startling
differences in chromosome number (RANI et al.
1995; SOMMER and WETZSTEIN 1984). From the
practical application standpoint, such variation
is a matter of concern, in any micropropagation system where clonal uniformity is required.
In the present study scanning electron
microscopy was done in the different types of
callus tissue and somatic embryo, in order to
study their surface morphology. Friable non
differentiating callus was previously obtained in
MS medium (Murashige and Skoog’s medium,
1962) supplemented with 4.52µM (2,4-D) and
2.32µM kinetin (RAHA and ROY in press). Similarly a nodular type of differentiating callus
leading to plant regeneration was also achieved
in17.8µM BA and 8.0µM NAA (RAHA and ROY
in press). Besides regeneration through an alternative pathway of somatic embryogenesis in
22.2µM BA and 5.4µM NAA was obtained
(RAHA and ROY, communicated). Fig. 1b reveals
the surface morphology of the soft friable non
differentiating callus. Similarly Fig. 1c shows
the surface patterns of the hard type-differentiating callus. Fig. 1d shows the surface morphology of a heart shaped somatic embryo.

The friable non-differentiating callus
revealed an uneven surface morphology with
innumerable mass of intermingling ridges and
depressions. A few deep pores were also present (Fig. 1b). The surface patterns of the hard
type differentiating callus revealed a completely porous structure, with many protrusions and
depressions. The protruding regions probably
serve as regions for origin of shoot buds (Fig.
1c). The somatic embryo showed a wrinkled
surface morphology, which was full of ridges
and furrows. Small protruding globule like
structures arising from the ridges (Fig. 1d, e)
were almost evenly spaced through out the surface. Similar bumps and wrinkled surface was
noted by CHEN et al. (1995) in oat.
In the present study many of the somatic
embryos were abnormal and this could be correlated with induction by phenoxyacetic acid.
RODRIGUEZ and WETZSTEIN (1994) studied the
effect of different auxin and concentration on
the morphology of somatic embryo in Carya
illinoinensis. NITTA et al. (1997) observed variation in microspore embryogenesis of Brassica
sp. cultured in vitro. DAIGNY et al. (1996) studied the Scanning Electron Microscopy of secondary somatic embryogenesis in Malus domestica and showed that the embryogenic process
was initiated by the formation of proembryos.
Thus, in the present investigation morphological differences were observed among the
organogenetic and embryogenic callus types
using SEM techniques
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