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Protoplasts were isolated from 4-5-month-old
embryogenic calli induced from mature seeds of the
rice variety Pusa Basmati-1. The isolated protoplasts
were cultured i1n the well formed by a ring of feeder
cells of Panicum maximum, that were maintained as
suspension cultures by periodic subculturing in R,
medsum. Six-month-old cell suspensions of P. maxi-
mum were found more suitable as a feeder for cul-
turing of rice protoplasts than Saccharum officinarum.
The microcalli obtained from protoplast culture were
proliferated on modified N, medium and plantlets
were obtained on MS regeneration medium supple-
mented with 1 mg I”! IBA and 4% sucrose.

SEVERAL reports are available on regeneration of plants
from protoplasts of rice'™'". These reports also suggested
that feeder cells are a critical requirement for sustained
division of protoplasts in the initial stage of culture. In
most cases suspension cells of japonica rice varieties
were used as feeder cells. When feeder cells and
protoplasts of the same species are used together, often
doubts are expressed with regard to the origin of calli
and plantlets, whether, they are truly from protoplasts.
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In order to ensure that the plants regenerated are from
protoplasts rather than from suspension cells, we used
a heterologous system of feeder cell suspensions
developed from a species distinctly different from cul-
tured rice protoplasts.

Dehusked scented rice variety Pusa Basmati-1 (Oryza
sativa ssp. indica) was surface-sterilized in 70% ethanol
for 1 min and with 0.1% mercuric chloride for 5 min,
followed by rinsing in sterile distilled water thrice. The
sterilized seeds were cultured on modified MS medium'
with 2 mg 1™ 2,4-D and variable concentration of either
BAP or kinetin. After four weeks of incubation in the
dark at 26 £ 1°C, the scutellar region of the seed embryos
developed either nodular/globular whitish embryogenic
calli (E-calli) or unorganized rough-surfaced light yel-
lowish to creamy type of non-embryogenic calli (NE-
calli). The embryogenic calli were separated under
stereomicroscope and proliferated on the same callus
induction medium. For isolation of protoplasts, the
embryogenic calli were incubated in 15 ml of an enzyme
mixture consisting of 2% cellulase ‘Onozuka’ RS (Yakult
Honsha Co. Ltd, Tokyo, Japan) and 0.5% pectolyase
Y-23 (Seishin Pharmaceutical Ltd. Co., Tokyo, Japan)
iIn 5mM MES buffer (2(N-morpholino)ethanesulfonic
acid) and CPW salts'® with 13% mannitol. The enzyme
digestion was carried out in 90 mm Petri dishes for 4 h
on a gyratory shaker at 50 rpm, followed by 1 h stationary
period in the dark at 26 £ 1'C. The released protoplasts
were sieved through a set of 64, 45 and 30 um sterile
nylon mesh and purified by sucrose density gradient’.
The protoplasts were washed thrice in CPW salts'® with
13% mannitol and pelleted by centrifugation at 1000
rpm. The viability and cell contamination of protoplasts
were determined by staining with Trypan blue and
Calcotlour white, respectively.

Calli were induced on MS medium'' supplemented
with 3.0mgl" 2,4-D and 0.2mgl"' BAP from young
inflorescence of Panicum maximum, leaf spindle of
Saccharum officinarum, mature seed of Triticum aestivum
and Oryza barthii. The 2-month-old calli of P. maximum
and S. officinarum were used to develop a cell suspension
for preparation of feeder cells. Suspension cultures were
initiated in liquid R, medium” for P. maximum and
AA medium' for S. officinarum and maintained through

Table 1. Effect of growth regulators on callus induction
and embryogenic callus formation from seed embryos of
Pusa Basmati-1

Basal MS medium with

Frequency of Growth of
2,4-D BAP Kinetin  callus formation E-callus
(mgl™) (mgl'™)  (mg!™) (%) (%)
2 02 - 87.5 889
2 05§ - 73.3 43 8
2 - 05 700 440
2 - ] 66 6 24 4
2 - - 750 62 6
541



RESEARCH COMMUNICATI_ONS

— ——r—r—
S

Figure 1. Plant regeneration from protoplasts of scented indica rice cv. Pusa Basmati-1. a, Embryogenic calli; b, isolated protoplasts; c,
predividing protoplast after 4 days of culture; d, two-cell stage and further dividing protoplast; e, microcalli after 20 days of culture; f,
protoplast-derived calli on callus proliferation medium; g, regenerated plantlet; h, plant in pot. Bar: a, 1cm; b, 10um; ¢, Sum; 4, 5Sum; e,
20um; f, 2mm: g, lcm and h, 10 cm.

periodic subculturing in the same media. the inner periphery of a 35 mm Petri dish in the form
For preparation of feeder cells, 1.5 ml of actively of a ring with a well at the centre.
growing cell suspensions were mixed with 10 ml of N One ml of purified protoplasts at a density of 1 x 10°

medium " ‘containing 2.0mg 1" 2,4-D, 02 mgI" zeatin, ml" in N, medium"” with 1.5mg™" 2,4-D, 0.2mgl”
500 mg 1" casein acid hydrolysate, 0.5 M glucose and  zeatin, 500 mgl™ casein acid hydrolysate, 1.1 M glucose
0.6% agarose. 1.5 ml of this mixture was poured along  and 0.15% sea plaque agarose were plated in the well.
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The cultured protoplasts were fed with fresh N medium"’
supplemented with 1.5 mg 1" 24D, 0.2mg!l™" zeatin,
500 mg 1" casein acid hydrolysate at day 8 with reduced
osmoticum (0.8 M glucose) and subsequently every five
days with further reduction in osmoticum (0.4 M
glucose). After 30 days, the microcalli formed from
protoplasts were transferred to N medium supplemented
with 2.0 mg I"! 2,4-D, 0.2 mg I"' zeatin, 500 mg 1™ casein
acid hydrolysate, 3% sucrose and 0.8% agarose for
proliferation and embryoid formation. For differentiation,
these calli were further transferred on MS salts with 1
mg [' IBA, 4% sucrose and 0.8% agarose and kept
initially in the dark for one week and then transferred
to a 16/8 h light/dark regime. The regenerated plantlets
at 2-3-leaf stage were transferred to semisolid MS/2
medium for root development and hardened in liquid
MS/2 medium (without sucrose) before transfer from
tube to soil.

Of all the combinations of growth regulators tested
for callus induction and embryogenic calli formation,
MS medium supplemented with 2 mg 1" 2,4-D and 0.2
mg ! BAP was found to be the best, both in terms of
frequency of callus induction (87.5%) and in terms of
growth of embryogenic calli (88.9%) (Table 1). Sub-
stitution of 0.5mg!" BAP with kinetin did not show
any better response.

The protoplasts isolated from 1-month-old primary
calli were found to be highly vacuolated. Further, a
large number of protoplasts were seen budding, whereas
4-5-month-old embryogenic calli (Figure 1a) yielded
only small (8-15 um), round and densely cytoplasmic
protoplasts (Figure 1b) in very large numbers (about
6.7 x 10" protoplasts per gram fresh wt of callus). The
viability of protoplasts was also higher (83%) when
isolated from 4-5-month-old embryogenic calli compared
to younger calli. The size of protoplasts showed 18-30%
increase after 4 days of culture (Figure 1c). The first
complete protoplast division was observed after 6 days
of culture and further divisions led to colony formation
in 10 days (Figure 1d) and 20 days of culture (Figure
1 ¢). Reduction of osmoticum after 8 days was found
beneficial for sustained divisions of protoplasts, con-
firming our earlier observations®". Morphologically dis-
tinguishable type of calli, i.e. with respect to colour
and texture, were considered essential for use as feeder
cells to ensure that regeneration is only from protocalli
and not from feeder cells. Calli of P. maximum and S§.
officinarum were obtained and initiated for establishment
of cell suspension culture. The calli of P. maximum
were grey in colour, making them distinguishable from

CURRENT SCIENCE, VOL. 68, NO. 5, 10 MARCH 1995

rice protocalli, but S. officinarum, O. barthii and T.
aestivum did not show such distinction. Further, the cell
sizes of P. maximum and S. officinarum in suspension
culture were larger and clearly distinguishable from rice
cells. Therefore, established cell suspensions of P. max-
imum and S. officinarum were selectively used as feeder
cells. Collapsing of cultured protoplasts was observed
within 36h in feeders prepared from younger (2-3
months) cell suspension of S. officinarum. With feeder
cells of P. maximum, collapsing was delayed and notice-
able only after 4 days of culture. Six-month-old cell
suspension of P. maximum supported the sustained
divisions of protoplasts. The frequency of dividing
protoplasts at day 15 was found to be 1.87%. The calli
were transferred on N? medium supplemented with 2
mgl™" 24-D, 0.2mgl" zeatin, 500 mg 1! casein acid
hydrolysate, 3% sucrose and 0.8% agarose for prolifera-
tion and embryoid formation. The protocalli showing
embryoids (Figure 1 f) were transferred to plant regenera-
tion medium. About 66.3% of calli differentiated to
form plantlets (Figure 1 g). The hardened plantlets were
transferred to pots for further growth and development

(Figure 1 h).
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