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Protoplast Culture and Plant Regeneration of Indica
Rice by Nurse Culture and Encapsulation Technique

应用滋养和包埋技术进行籼稻
原生质体培养和植株再生
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Abstract　Pro toplasts with densi ties of 2.2×105/mL to 4.6×105/m L on average w ere isolated

f rom different developing stages of young panicles of indica rice.The technique in w hich the isolat-

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

ef ficiency.Another method of protoplasts encapsulated in sodium alginate beads wi thout nurse feed-

er w as also successful.Protoplasts w ere stable and their division and colony establishment in sodium

alginate beads w ith nurse feeder w ere show n up to 48.4% and 5.3%, respectively , and without

nurse feeder up to 38.8%and 4.7%, respect ively .The bo th methods w ere superior to agarose en-

t ranpment and agarose bead methods wi th the lat ter being a standard method.The two successfully

improved methods w ould be useful for gene t ransfer and other biotechnolog ical studies in indica rice.
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摘要　从几个籼稻品种不同发育阶段的幼穗分离出密度平均为 2.2×105 个/ mL ～ 4.6×105 个/mL 的原生质

体。将这些原生质体包埋在藻酸钠颗粒里并分别在粳稻愈伤组织滋养下培养和没有愈伤组织滋养。在这两种

培养条件下原生质体稳定 , 分裂频率分别达到 48.4%和 38.8%, 群体存活率达到 5.3%和 4.7%, 愈伤组织

绿苗分化率达到 71.6%和 62.3%。这两种方法优于常用的琼脂糖包埋法和琼脂糖颗粒法。
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　　Pro toplast culture and plant regenerat ion in indica

rice are still in lower ef ficiency compared w ith that in

japonica rice[ 9～ 11] .Ident if ication of responsive geno-

types , development of sui table methods for protoplast

isolat ion and nurse culture are necessary to japonica and

indica rice[ 7 ,13 , 14 ,16] .Efficient and reproducible proto-

cols for protoplast culture , high f requency colony fo r-

mation and subsequent regeneration are prerequisites

for gene t ransfer studies.

In this study the young panicles of indica rice

w ere dealt by encapsulating isolated pro toplasts in sodi-

um alginate beads and nurse culture.High plating effi-

ciency in protoplast division , colony fo rmation and

plant regenerat ion w ere obtained.The protocol can be

extended and ut ilized in developing transgenic rice with

mo re ef ficiency.

1　Materials and methods

1.1　Materials preparation

About 1.5 g of young panicles of each sample in

the stages w ith <5 mm , 6 mm ～ 10 mm and 11 mm

～ 20 mm in developing length w as collected f rom Indi-

ca rice varieties , PD 12 , PMS 2A , PR 106 , UPR 92

26 and IR62871 , and chipped into thin pieces before

digested w ith 15 m L of an enzyme mix ture containing

6%(w/v)cellulase RS and 1.0%(w/v)macerozyme

R10 , 0.5%(w/v)driselase , 0.4 mol mannitol , 5
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mol 2N M ES (N morpholinoethane sulphonic acid)

w ith salts of CPW medium[ 5] , at pH 5.6.Pro toplasts

w ere purif ied from the cell debid by passing the proto-

plast enzyme suspension through 35 μto 45 μnylon

mesh , then pelleted and w ashed twice in CPW medium

w ith 0.4 mol mannitol by centrifugation at 70 g fo r 7

min.Protoplast yield w as determined using a haemo-

cy tometer.Protoplast viability w as estimated using

fluoresce in diacetate[ 8] .

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 N6
[ 2] protoplast

culture medium containing protoplasts and 2.4%(w /

v)sodium alginate solution w ith 0.27 mol sucrose ,

0.08 mol maltose were mixed properly.Alginate

beads w ere prepared in a solution of 100 mol CaCl2 and

0.4 mol mannitol in a petridish , in which the formed

beads w ere allowed to immersed in CaCl2 solution for

30 min to 35 min , and then the CaCl2 m annitol solu-

tion w as 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

w ere cultured in sodium alginate containing N6 medium

supplemented with 2.0 mg/L 2 , 4 D.Globular calli

w ere induced.These calli in size of about 2 mm were

picked up and laid in a pet ridish , and embedded in the

condition medium for callus induction.A filter paper

w as placed on the feeder calli.The alginate beads con-

taining protoplasts w hich were prepared as the former

method (1.2.1)were formed on the f ilter paper.

1.2.3　Protoplasts encapsulated in agarose beads

Equal volumes of pro toplast suspensions in double

strength N6 protoplast culture medium and 2.4 % a-

garose w ere mixed.The mixture as small beads w as

immediately placed in a plastic pet ridish.Subsequent-

ly , the beads w ere encapsulated by spreading of single

strength N6 protoplast culture medium onto the

pet ridish.

1.2.4　Protoplasts embedded in agarose

In this agarose entrapment technique , equal vol-

umes of double st reng th N6 pro toplast culture medium

containing protoplasts and 2.4% agarose w ere mixed.

The mix ture of suspension containing protoplasts w as

plated in petridishes.This is a standard technique used

for inducing calli f rom protoplasts of indica and japoni-

ca genotypes.

Observation from fi rst division of pro toplasts to

callus fo rmation w as recorded in all the treatments.

Plating eff iciency in terms of microcallus formation w as

estimated by the total num ber of protoplasts encapsu-

lated accounting for the number of colonies obtained.

1.3　Plant regeneration

The 1/2 st reng th MS[ 11] supplemented w ith vari-

ous combinat ions of 1.0 , 2.0 or 3.0 mg/L IAA (in-

doleacetic acid), 0.5 , 1.0 or 2.0 mg/L BA (6 ben-

zylaminopurine) and 0.1 , 0.2 , 0.4 , 0.6 , or 1.0

mg/L kinetin w ere used for plant regeneration.The

calli (>1.5 m m) induced in agarose media were

picked up from the agarose surface and transferred to

regeneration medium.The microcalli induced in algi-

nate media w ere f reed by dissolving the beads in a de-

polymerizing solution containing 0.1 mol sodium ci t-

rate , 0.175 mol sucrose and transferred to regenera-

t ion medium.

The frequency of plant regeneration w as recorded.

Plant lets wi th well developed roots w ere cleaned up

and transferred to opened containers in w hich the roots

w ere submerged in the distilled water for 5 day s 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 w ere isolated f rom the five varieties ,

PD 12 , PM S 2A , PR 106 , UPR 92 6 and IR 62871

in three developing stages w ith young panicle lengths ,

<5 m m , 6 mm ～ 10 mm and 11 mm ～ 20 mm.The

pro toplast y ields in terms of f inal density are showed in

Table 1.The difference of protoplast density betw een

the varieties is less as com pared with their panicle de-

veloping stages.The data clearly shows that the short-

er the leng th of young panicles , the higher the f inal

pro toplast density obtained.How ever , 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 panicles

Variety

Densities in different developing

stages (×10-5 , no./ mL)

<5 mm
6 mm ～
10 mm

11 mm ～
20 mm

Mean

(×10-5 ,
no./ mL)

PD 12 4.5 4.2 2.6 3.8

PMS 2A 4.2 3.8 1.7 3.3

PR 106 3.8 3.6 2.0 3.1

UPR 92-6 5.6 3.8 2.3 3.9

IR 62871 4.9 4.0 4.2 3.7

M ean 4.6 3.9 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 w as found to

be superio r to both agarose entrapment and agarose

bead methods , w hile the nurse culture of alginate en-

capsulated protoplasts was the best method(Table 2).

No significant dif ference w as found w ithin varieties.

Pro toplasts encapsulated in sodium alginate beads were

more stable than encapsulated in agarose.Highest di-

vision speed of protoplasts w as obtained on N6 proto-

plast culture medium supplemented w ith 1 g/ L L

proline , 2 mg/L 2 , 4 D , 0.27 mol sucrose and

0.08 mol maltose.

The plating ef ficiency was analy zed by estimating

the number of microcalli obtained out of the total num-

ber of protoplasts encapsulated af ter dissolving the algi-

nate beads using a depolymerizing solution and subse-

quent counting in a haemocy tometer.Nurse culture of

alginate encapsulated pro toplasts g ave rise to earliest (2

days)and highest f requency (48.4%)of protoplast di-

vision , microcallus formation and plating ef ficiency

(5.3%).Alginate bead method gave rise to 38.8%

plating efficiency in terms of protoplast division and

4.7% microcallus formation and was signif icantly

g reater as com pared w ith agarose bead and agarose en-

t rapment methods (Table 2).

The Ca++ ions perform an important function

during cell w all synthesis[ 6] .The higher plating ef fi-

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

form ation.

2.3　Plant regeneration related to different concen-

trations of hormone supplements and encapsulation

methods

M aximum efficiency of plant regeneration w as ob-

tained on 1/2 strength MS medium with 1 mg/L IAA ,

2 mg/ L 6 BA , 0.6 mg/ L kinetin and 3% sucrose

(Table 3).This hormone combination w as applied to

the plant regeneration of all calli obtained by the four

pro toplast culture methods in the Table 2.

　　The calli g rew 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 w ithout 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 varietiesa

M ethod

Protoplast culture Plant regeneration

Stability

x ±%

Callus formation
Plating efficiency b

x ±%

2 ～ 4d 15～ 18d PD CF

To tal no.
of calli
plated

No.of calli
regenerating
green plantsc

Plant
regenerating
(%)

Alginate beads 93±3
First

division
Microcallus

visible
38.8±2.2 4.7±0.46 705 439 62.3

Nurse culture
w ith alginate

beads
95±4

First
division

Microcallus
visible

48.4±3.5 5.3±0.34 680 487 71.6

Agarose 70±2 - Cell
colony

20.2±1.5 0.8±0.17 380 170 44.7

Agarose
entrapment

68±1 - Cell
colony

18.3±2.8 0.7±0.15 452 256 56.6

a)Varieties:PD 12 , PM S 2A , Pr 106 , VPR 92-6 and IR 62871;b)PD=P rotoplast division;CF=colony formation;c)Plant

reg eneration medium:1/ 2 strength M S+1 mg/ L IAA+2.0 mg/ L 6-BA+0.6 mg/ L KT+6 g/ L agar;d)Days af ter culture.
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Table 3 　Mean plant regeneration frequency in different con-

centration of supplements＊

IAA

(mg/ L)

6-BA

(mg/ L)

Regeneration frequency (%)

0.1 0.2 0.4 0.6 1.0

1.0 0.5 36.4 45.2 59.3 58.6 52.3

1.0 1.0 40.3 47.7 60.2 64.3 58.1

1.0 2.0 52.0 50.2 69.3 70.0 68.2

2.0 0.5 38.7 44.4 50.6 62.9 62.4

2.0 1.0 47.5 52.2 58.2 63.2 60.3

2.0 2.0 56.9 60.9 62.5 64.3 62.8

3.0 0.5 42.2 42.9 44.3 48.2 60.3

3.0 1.0 46.6 47.2 47.4 50.1 52.6

3.0 2.0 45.3 46.6 48.1 50.6 51.3

＊1)Basic medium:1/ 2 strength M S+1 g/ L L-proline+3%

sucrose+6 g/ L agar;2)Varieties:PD 12 and UPR 92-6;3)

Protoplasts cultured by alginate bead method

showed regeneration response to g reen plantlets.In a-

garose bead and agarose entrapment methods both 380

and 452 calli were t ransferred to regeneration media ,

and 170(44.7%)and 256(56.6%)show ed regener-

ation responses , respect ively (Table 2).

Duration from protoplast isolat ion to plant regen-

erat ion by using the alginate bead methods (60 days)

w as reduced by 15 days in compari tio n wi th agarose

bead and agarose embedding methods (75 days), be-

cause the microcalli w ere induced earlier and g rew

faster and healthier in the alginate beads.

The roo ting w as done by the plant lets being t rans-

ferred to 1/2 st reng th MS supplemented with 0.5 mg/

L NAA , and 75%of the plantlets with w ell developed

root systems survived in soil.

3　Discussion

Plant regenerat ion f rom protoplasts through en-

capsulation in alginate beads has been reported in di-

co ts
[ 4]
.In indica rice , using encapsulation method for

the plant regeneration f rom protoplasts derived f rom

mature and im mature embryo or anther suspension cul-

tures has been repo rted
[ 3 , 9]

.Pro toplast culture f rom

imm ature inf lo rescences of rice w as also reported by X.

Y.Cheng , but the protoplasts were not stable and

most of them collapsed w ithin 48 h in either liquid or

agarose solidified medium.No remarkable result of

plant regeneration w as obtained[ 1] .Method of proto-

plasts capsulated in agarose beads has also been used

but only a few plants were regenerated
[ 15]
.In the pre-

sent study w ith mo re varieties involved.young panicles

w ere 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 w as most successful , and the

method of alginate encapsulation w ithout nurse feeder

also show ed good results in application to the culture of

young panicles derived f rom protoplasts of indica rice.

It is considered using the young panicles for producing

pro toplasts could save the time of in vi tro culture ,

com pared wi th the protoplasts derived from cell sus-

pension culture and further lead to high f requency of

plant regeneration.The protocol of pro toplast culture

and plant regeneration are useful fo r the gene transfer

or o ther biotechnology studies in indica rice.
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