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Abstract Protoplasts with densities of 2. 2X 10°/mL to 4 6X 10°/mL on average were isolated

from different developing stages of young panicles of indica rice. The technique in which the isolat-

ed protoplasts encapsulated in sodium alginate beads and nursed on calli of japonica rice showed most

efficiency. Another method of protoplasts encapsulated in sodium alginate beads without nurse feed-

er was also successful. Protoplasts were stable and their division and colony establishment in sodium

alginate beads with nurse feeder were shown up to 48 4% and 5. 3%, respectively, and without

nurse feeder up to 38. 8 % and 4 7%, respectively. The both methods were superior to agarose en-

tranpment and agarose bead methods with the latter being a standard method. The two successfully

improved methods would be useful for gene transfer and other biotechnological studies in indica rice.
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In this study the young panicles of indica rice
were dealt by encapsulating isolated protoplasts in sodi-

um alginate beads and nurse culture. High plating effi-
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ciency in protoplast division, colony formation and
plant regeneration were obtained. The protocol can be
extended and utilized in developing transgenic rice with

more efficiency.
1 Materials and methods

1.1 Materials preparation

About 1.5 g of young panicles of each sample in
the stages with<C5 mm, 6 mm ~ 10 mm and 11 mm
~20 mm in developing length was collected from Indi-
ca rice varieties, PD 12, PMS 2A, PR 106, UPR 92
—26 and 1R62871, and chipped into thin pieces before
digested with 15 mL of an enzy me mixture containing
6% (w/v) cellulase RS and 1. 0% (w/v) macerozy me
R10, 0.5% (w/v) driselases, 0.4 mol mannitol, 5
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mol 2N MES (N ~ morpholinoethane sulphonic acid )
with salts of CPW medium'”, at pH 5. 6. Protoplasts
were purified from the cell debid by passing the proto-
plast enzyme suspension through 35 # to 45 #* nylon
mesh, then pelleted and washed twice in CPW medium
with 0. 4 mol mannitol by centrifugation at 70 g for 7
min. Protoplast yield was determined using a haemo-
cytometer. Protoplast viability was estimated using
fluoresce in diacetate' ® .
1. 2 Protoplast culture

Fresh protoplasts isolated were cultured through
the following techniques:
1. 2.1 Protoplast encapsulated in alginate beads

Equal volumes of double strength Ng'? protoplast
culture medium containing protoplasts and 2. 4% (w/
v) sodium alginate solution with 0. 27 mol sucrose,
0. 08 mol maltose were mixed properly. Alginate
beads were prepared in a solution of 100 mol CaCl, and
0. 4 mol mannitol in a petridish, in which the formed
beads were allowed to immersed in CaCly solution for
30 min to 35 min, and then the CaCl, “mannitol solu-
tion was replaced by protoplast culture medium.
1. 2.2 Protoplasts encapsulated in alginate beads and
nursed on feeder calli

Young embryos of japonica genotype Taichung 65
were cultured in sodium alginate containing N6 medium
supplemented with 2. 0 mg/L 2, 4 =D. Globular calli
were induced. These calli in size of about 2 mm were
picked up and laid in a petridish, and embedded in the
condition medium for callus induction. A filter paper
was placed on the feeder calli. The alginate beads con-
taining protoplasts which were prepared as the former
method (1. 2. 1) were formed on the filter paper.
1. 2.3 Protoplasts encapsulated in agarose beads

Equal volumes of protoplast suspensions in double
strength N protoplast culture medium and 2 4 % a-
garose were mixed. The mixture as small beads was
immediately placed in a plastic petridish. Subsequent-
ly, the beads were encapsulated by spreading of single
strength N6 protoplast culture medium onto the
petridish.
1. 2. 4 Protoplasts embedded in agarose

In this agarose entrapment technique, equal vol-
umes of double strength Ne protoplast culture medium
containing protoplasts and 2. 4% agarose were mixed.
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The mixture of suspension containing protoplasts was
plated in petridishes. This is a standard technique used
for inducing calli from protoplasts of indica and japoni-
ca genoty pes.

Observation from first division of protoplasts to
callus formation was recorded in all the treatments.
Plating efficiency in terms of microcallus formation w as
estimated by the total number of protoplasts encapsu-
lated accounting for the number of colonies obtained.
1. 3 Plant regeneration

The 1/2 strength MS''" supplemented with vari-
ous combinations of 1. 0, 2. 0 or 3. 0 mg/L TAA (in-
doleacetic acid), 0.5, 1.0 or2. 0 mg/L BA (6 ~ben-
zylaminopurine) and 0.1, 0.2, 0.4, 0.6, or 1.0
mg/ L kinetin were used for plant regeneration. The
cali C 1.5 mm) induced in agarose media were
picked up from the agarose surface and transferred to
regeneration medium. The microcalli induced in algi-
nate media were freed by dissolving the beads in a de-
polymerizing solution containing 0. 1 mol sodium cit-
rate, 0. 175 mol sucrose and transferred to regenera-
tion medium.

The frequency of plant regeneration w as recorded.
Plantlets with well — developed roots were cleaned up
and transferred to opened containersin which the roots
were submerged in the distilled water for 5 days of

hardening, then to soil in pots.

2 Results

2.1 Protoplast yields obtained from different vari-
eties and in different panicle developing stages
Protoplasts were isolated from the five varieties,
PD 12, PMS 2A, PR 106, UPR 92 =6 and IR 62871
in three developing stages with young panicle lengths,
<5mm, 6 mm ~10 mm and 11 mm ~20 mm. The
protoplast yields in terms of final density are showed in
Table 1. The difference of protoplast density betw een
the varieties is less as compared with their panicle de-
veloping stages. The data clearly shows that the short-
er the length of young panicles, the higher the final
protoplast density obtained. However, even though
the panicles has developed up to 20 mm in length,
they are still suitable for protoplast isolation. But in
the case of rice, the young panicles is not easily collect-

ed.
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Table 1 Final protoplast density isolated from different devel-
oping stages of young panides

Densities in different developing

stages (X 10 °, no. /mL) Meaf

Variety P . (X 1/0 E)
< 5 mm o o no. /m
PD 12 45 4 2 2.6 38
PMS 2A 4 2 38 1.7 33
PR 106 38 36 2.0 31
UPR 926 56 38 2.3 39
IR 62871 49 4 0 4.2 37

Mean 46 39 2.2

2.2 Relation of protoplast encapsulation methods
and plating efficiency

The method for protoplast encapsulation in sodi-
um alginate beads and subsequent culture was found to
be superior to both agarose entrapment and agarose
bead methods, while the nurse culture of alginate en-
capsulated protoplasts was the best method (Table 2).
No significant difference was found within varieties.
Protoplasts encapsulated in sodium alginate beads were
more stable than encapsulated in agarose. Highest di-
vision speed of protoplasts was obtained on Ng proto-
plast culture medium supplemented with 1 g/L L —
proline, 2 mg/L 2, 4 =D, 0.27 mol sucrose and
0. 08 mol maltose.

The plating efficiency was analyzed by estimating
the number of microcalli obtained out of the total num-
ber of protoplasts encapsulated after dissolving the algi-
nate beads using a depolymerizing solution and subse-

quent counting in a haemocy tometer. Nurse culture of

alginate encapsulated protoplasts gave rise to earliest (2
days) and highest frequency (48 4%) of protoplast di-
vision, microcallus formation and plating efficiency
(5.3%). Alginate bead method gave rise to 38.8 %
plating efficiency in terms of protoplast division and
4.7% microcallus formation and was significantly
greater as compared with agarose bead and agarose en-
trapment methods (Table 2).

The Ca' ' ions perform an important function
during cell wall synthesis 9. The higher plating effi-
ciency was obtained in alginate beads than in agarose
beads and agarose entrapments may be due to the
positive response of protoplast membranes to high
Ca' " concentration during the calcium alginate bead
formation.

2.3 Plant regeneration related to different concen-
trations of hormone supplements and encapsulation
methods

M aximum efficiency of plant regeneration was ob-
tained on 1/2 strength MS medium with 1 mg/ L TAA,
2 mg/ L 6 —BA, 0.6 mg/L kinetin and 3% sucrose
(Table 3). This hormone combination was applied to
the plant regeneration of all calli obtained by the four
protoplast culture methods in the Table 2.

The calli grew most healthy in nurse culture with
alginate encapsulation and further led to the highest
plant regeneration frequency, 71.6% of the 680 calli
being regenerated. In the case of alginate encapsulation
method without nurse feeder, out of the 705 calli plat-
ed on regeneration medium, the 439 calli (62.3 %)

Table 2 Mean division microcallus and callus formation and plant regeneration from young panicle derived from protoplasts of five

indica rice varieties®

Protoplast culture

Plant regeneration

ati . b . .
M ethod Stability Callus formation Plating e”(‘l)/(,lency Total no. No. of cali Plant
—7° of calli regenerating regenerating
x+% 2 ~4d 15~ 18¢ PD CF plated green plants® %)
) First Microcallus
Alginate beads 93+3 S .. 38 8F2.2 4 7+0 46 705 439 62 3
division visible
Nurse culture First Microcallus
with alginate 95+4 s .. 48 44+3.5 5 34034 680 487 71. 6
b division visible
eads
A garose 70+2 — Cdl 50 2+1.5 a8+a17 380 170 44 7
colony
A garose 681 — Cll 183428 07+015 452 256 56 6
entrapment colony

a) Varieties: PD 12, PMS2A, Pr 106, VPR 92-6 and IR 62871;

b) PD= Protoplast division; CF= colony formation; c¢) Plant

regeneration medium: 1/ 2 strength MSt+ 1 mg/ L IAA+2 Omg/ L 6-BA+0 6 mg/ L KT+ 6 ¢/ L agar; d) Days after culture.
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Table 3 Mean plant regeneration frequency in different con-

centration of supplements

1A A 6-BA Regeneration frequency (%)
(mg/ L) (mg/ L) 0.1 0.2 0 4 06 L0
1.0 0.5 364 45.2 59.3 586 523
1.0 1.0 40,3 47.7 60.2 643 581
1.0 2.0 520 50.2 69.3 700 682
2.0 0.5 387 4.4 50.6 629 624
2.0 1.0 47.5 52.2 58.2 632 603
2.0 2.0 569 60.9 62.5 643 628
3.0 0.5 42 2 42.9 4.3 482 603
3.0 1.0 46 6 47.2 47.4 501 526
3.0 2.0 45.3 46.6 481 506 513

*1) Basic medium: 1/ 2 strength MS+ 1 g/ L. L-proline+ 3%
sucroset 6 g/ L agar; 2) Varieties; PD 12 and UPR 92-6; 3)

Protoplasts cultured by alginate bead method

showed regeneration response to green plantlets. In a-
garose bead and agarose entrapment methods both 380
and 452 calli were transferred to regeneration medias
and 170 (44. 7%) and 256 (56. 6%;) show ed regener-
ation responses, respectively (Table 2).

Duration from protoplast isolation to plant regen-
eration by using the alginate bead methods (60 days)
was reduced by 15 days in comparition with agarose
bead and agarose embedding methods (75 days), be-
cause the microcalli were induced earlier and grew
faster and healthier in the alginate beads.

The rooting was done by the plantlets being trans-
ferred to 1/2 strength MS supplemented with 0. 5 mg/
L NAA, and 75% of the plantlets with well developed

root systems survived in soil.
3 Discussion

Plant regeneration from protoplasts through en-
capsulation in alginate beads has been reported in di-
cotd . In indica rice, using encapsulation method for
the plant regeneration from protoplasts derived from
mature and immature embryo or anther suspension cul-
tures has been reported[ L Protoplast culture from
imm ature inflorescences of rice was also reported by X.
Y. Cheng, but the protoplasts were not stable and
most of them collapsed within 48 h in either liquid or
agarose solidified medium. No remarkable result of
plant regeneration was obtained' " . Method of proto-
plasts capsulated in agarose beads has also been used

4,

but only afew plants were regenerate In the pre-

sent study with more varieties involved. young panicles
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were directly used for protoplasts isolation, a large
number of protoplasts being cultured and plantlets be-
ing regenerated. The method of nurse culture with al-
ginate encapsulation was most successful, and the
method of alginate encapsulation without nurse feeder
also showed good results in application to the culture of
young panicles derived from protoplasts of indica rice.
It is considered using the young panicles for producing
protoplasts could save the time of in vitro culture,
compared with the protoplasts derived from cell sus-
pension culture and further lead to high frequency of
plant regeneration. The protocol of protoplast culture
and plant regeneration are useful for the gene transfer
or other biotechnology studies in indica rice.
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