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Plant tissues in culture which initially exhibit organogenesis often show gradual loss of this
potential (Murashige and Nakano 1965, 1967, Torrey 1967). The loss of morphogenetic po
-tential associated with high degree of nuclear irregularity indicates some relationship between
nuclear aberrations and plant regeneration (Murashige and Nakano 1965, 1967, Smith and
Street 1974, Torrey 1967). The present investigation was undertaken to investigate the oc
-currence of possible cytological changes at particular stages of regeneration of Urginea indica
Kunth. (Indian squill). The data on dedifferentiated calli, differentiating calli, roots and shoots
from calli are presented here. The regeneration from tissue culture in U. indica has recently
been reported (Jha et al. 1984). Organogenesis in U. indica occurred in the initial culture (8
10 week old), however roots and shoots could not be induced in older cultures derived from
the same explant as differentiating calli.
Materials and method
Callus cultures were established from bulb explant of a diploid cytotype of Urginea indica
(Jha and Sen 1983) collected from Tuticorin. The details of cultural conditions and sterili
zation procedure have been reported earlier (Jha et al. 1984). Explants proliferated and pro
duced calli within 30 days in modified Murashige and Skoog's (1962) medium supplemented
with 2 mgl-1 2,4-dichlorophenoxy acetic acid (2,4-D) and 15% (v/v) coconut milk (CM). The
creamish white callus so formed showed shoot primordia and rhizogenesis in different zones of
same calli in the same medium within 8 weeks. For cytological study, callus derived from a
single explant was subdivided into three pieces after 8 weeks and maintained as three lines of
calli as follows:
1) Callus line I-derived from zones of primary callus showing tiny green protuberances
developing to shoot buds and subcultured to medium containing 1 or 0.5 mgl-1 2,4-D and
finally to medium containing no auxin. Cytological investigations were carried out from such
calli and meristemoids, shoot tips and root tips of regenerated plants.
2) Callus line II-drived from zones of primary callus showing rhizogenesis. Profuse hairs
and roots were obtained when such calli were subcultured to medium containing I mgl-1 or
0.5mgl-1 2, 4-D. No shoot buds developed in such calli. Cytology of root meristemoids,
hairs and tips of roots regenerated from such calli was done.
3) Callus line III-derived from zones of primary callus that were maintained in a dedif
ferentiated state in 0.5, 1 and 2mgl-1 2, 4-D for long period. Cytological study was carried
out from such calli (5 pieces of calli/subculture) in the initial as well as in established cultures
for 3 years (10 cultures/year).
Cytological study: To examine chromosome numbers in mitotic metaphases, calli were
fixed in chilled Carnoy's fixative overnight, stained with orcein-HCl (9:1) mixture and squashed
in 45 % acetic acid. Root and shoot tips were pretreated with 0.05% colchicine for 2 hours
prior to fixation.
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In situ quantitative measurement of DNA was made through single wavelength method
from 4C nuclei at metaphase in root tips following standard Feulgen staining technique (McLeish
and Sunderland 1961). For each observation, measurements from at least 40 nuclei were taken
in a Reichert Zetopan with microphotometer and the average DNA with SE was calculated
in arbitrary units. These values were transferred to C values by taking as standard root apex
prophases of control plants as has been followed in other studies (D'Amato 1975).
Results
1. Nuclear DNA content in the explant
At the time of explantation, the bulb scale tissue was found to comprise of cells whose nu
-clear DNA content is distributed in one peak corresponding to the 2C (G1) DNA content.
After 6-8 days of culture, a second peak of cells with doubled DNA content (4C) appeared
indicating the process of nuclear DNA synthesis. Cells with intermediate DNA values (2C
- 4C; 4C-8C) were observed in low frequency during later period. In no instance, DNA values
higher than 8C were observed. The cells with 8C level occurred at very low frequency.
2. Nuclear processes during callus induction
Cytological study in the initial phase after 20 days of explantation revealed presence of low
frequency of binucleate cells (2%) only. Fragmentation, amitosis, multipolarity, lagging etc.
were not noted between 4 and 8 weeks period. Multistranded (diplo, quadruplo, etc.) chro
mosomes were also not noted during initial phase of culture.
Table 1.

Chromosome number variation in long term callus culture (dedifferentiated)
of U. indica in medium containing 2,4-D (0.5-1 mgl)

3. Nuclear processes in established dedifferentiating cultures
Callus that has been maintained in 2,4-D medium for over one year shows a sudden rise
in frequency of binucleate or multinucleate cells. Highly polyploid (Fig. 1) (chromosome
number 300) cells show a remarkable anaphase regularity while cells with lower chromosome
number occasionally (2-4%) show multipolarity, lagging and framgentation. Binucleate cells
are maximum (24%) in 2 year old calli. Extrusion of nuclear matter (Fig. 2), lobing and fur
rowing of nuclei and multinucleate cell showing cellular partition are characteristic of older
cultures.
4.

Chromosome numbers of dedifferentiating and differentiating cultures
a) Dedifferentiating cultures
Four week old callus was composed predominantly of diploid cells with a few (2%) poly-
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ploid cells. Eight weeks onwards, however, frequency of polyploid (4n and>6n) cells gradually
increased (Figs. 3-6). This 8 week old callus was maintained in different concentrations of 2,4
-D for over 3 years. Growth rate was maximum in presence of 0.5 mgl-1 2,4-D as compared to
higher concentration of 2,4-D. Diploid cells were completely eliminated after 7-8 months
of culture (Table 1) and cultures were predominantly composed of cells of chromosome number
ranging from 200 to 300 after 1 year.
b) Differentiating cultures
The green meristemoids of callus line I were composed of small cells which were pre
- dominantly diploid (Figs. 7, 8), only about 4% of cells showed hyperdiploidy and tetraploidy
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(Fig. 9). However, cells with hypertetraploid chromosome numbers were lacking in such
zone. The shoot tips of developing shoot buds showed only diploid cells. In low 2,4-D
content medium or its complete absence from the medium, the shoot buds developed to rooted
plants. Root tips of such plants showed diploid with few tetraploid (2%) regenerants.

Figs. 7-10.
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The rhizogenic calli of callus line II showed greater variability in chromosome number
(Table 2) than that of shoot regenerating calli. Roots regenerated from such calli (Fig. 10)
were diploid (80%), tetraploid (6%) and mixoploid.
Discussion
The present
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used as source

material

for

1987

Nuclear

Changes

and Organogenesis

during Callus

Culture

437

aseptic cultures had a negligible level of DNA variation whereas the calli exhibited a wide
variation. As is known in several plant species, differentiated tissues in vivo contain endore
duplicated nuclei (Sen 1974, D'Amato 1977),a phenomenon associated with cell differentiation
and enlargement. The degree of endoreduplication may vary from tissue to tissue (Evans and
Van't Hof 1975),even in a single tissue system the process of endoreduplication is not uniform
(D'Amato 1975). The cytological homogeneity of initial explants suggests that the source of
cytogenetic instability in dedifferentiating and differentiating cultures of U. indica is inherent
in the conditions of in vitro growth.
Regeneration of shoots and roots was obtained in 8-10 week old calli but not in older
calli. This may indicate that increasing cytological abnormality leads to loss of capacity of
organogenesis. Although polyploid cells existed in the meristemoids (responsible for shoot
and root organogenesis), shoot tips and roots of regenerants were predominantly diploid along
with regeneration of mixoploid and tetraploid roots in low frequency. Regeneration thus
occurs from selected cell populations, so that plants exhibit a high frequency of diploidy although
they are derived from mixoploid cultures (Constantin 1981).
Despite 2,4-D being used for establishing callus cultures, nuclear fragmentation was not
observed during initial phases of culture. However, a low frequency of binucleate cells (2%)
was observed after 20 days of culture. The evidence of 2, 4-D inducing chromosomal instability
in vitro is on record (D'Amato 1978). Selective stimulation of polyploid cells in plant tissue
cultures has been reported by other workers (Torrey 1967). In the present study as indicated,
2,4-D may stimulate polyploid mitosis in dedifferentiated cultures either by chromosome endo
reduplication in vitro (D'Amato 1978) or by formation of restitution nucleus. The latter may
originate out of spindle failure or nuclear fusion in binucleate cells in established cultures.
The composition of the medium and age of callus are the principal factors conditioning the
selective mitotic advantage of polyploid over diploid cells in mixoploid cultures (D'Amato
1978). For inducing calli, 2, 4-D and CM were used in the present work. However, calli could
be maintained in a dedifferentiated state with 2,4-D at lower (0.5mgl-1) or higher (2mgl-1)
concentrations. By decreasing concentration of 2,4-D from 2mgl-1 to 1mgl-1 in 8 week old
calli, there was the formation of shoot and root meristemoids. These were located in certain
zones of calli whereas from the same explant, rest of the cells remained dedifferentiated in sub
sequent subcultures i.e. from 8 weeks to over 3 years. These cells which lost the capacity to
differentiate were highly polyploid. They had a selective advantage over diploid cells in
remaining dedifferentiated for over 3 years in 2,4-D added medium. It has been assumed
(Bayliss 1980) that "dedifferentiation" occurs simultaneously with induction of callus forma
tion in the plants which show rapid chromosomal evolution following initiation of culture.
Summary
Cytological analyses were carried out to follow the nuclear events occurring during growth
and differentiation
of calli derived from bulb scale explants of diploid Indian squill, Urginea
indica Kunth.
Although bulb scale explants had a negligible level of DNA variation, the dedif
ferentiating
calli exhibited
a large variation.
The meristemoids
consisted
of predominantly
diploid cells whereas dedifferentiating
calli were highly polyploid.
Regeneration
occurred in
8-10 week old calli but not in older cultures.
Fragmentation
amitosis, multiplolarity,
binucleate
cells etc. were characteristic
of older cultures but were not noted during induction
of calli
despite 2, 4-D being used for establishing
cultures.
Regenerated
plants were predominantly
diploid.
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