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Abstract. A study was undertaken to develop a proto- 

plast regeneration system for pinellia. A yield of 19- 

29 X 105 protoplasts/g F . W .  could be obtained from 

cell suspension cultures incubated in a digestion en- 

zyme solution with 2% cellulase Onzuka R-10, 1 ~  

pectinase (Sigma),  0 .01~ pectolyase Y23. K8P and 

modified MS media were used to culture protoplasts 

in: a) liquid, b) liquid-solid double layer, or c) a- 

garose embedded protoplast culture. The former two 

were conducive to colony formation from protoplast- 

derived cells. The frequency of cell division was 

about 8 ~  after 3 days in culture. Gradually adding 

fresh medium of lower osmotic pressure into the 

medium for protoplast culture favored cell division. 

Calli(1-2 mm in diameter) formed after 30-40 days 

in culture. The calli transferred onto medium supple- 

mented with KT (0.5 mg 1-1 ) and NAA (0.2 mg 

1-1 ) could regenerate plants after 40-50 days. Of 47 

plantlets transplanted into plots, 29 flowered and 

were fertile. 

Abbreviations : 2 ,4-D,  2,4-dichlorophenoxyacetic 

acid ; N A A ,  a-naphthaleneacetic acid ; KT ,  kinetin; 

CH, casein hydrolysate 

Introduction 

Pinellia (P ine l l ia  ternata Breit),  a perennial Araceae 

herb, is an important Chinese medicinal plant that 

has been used in clinical practice for over 2000 years. 

In 558 Chinese prescriptions, pinellia ranked 22nd a- 

mong the 30 most widely used drugs (Zheng 1980). 

The wild pinellia resources are exhausted by over- 

gathering, so the cultivation of pinellia will be an im- 

portant strategy to meet the medicinal needs (Gu 
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1990). Cultivated pinellia is propagated by tubers 

and bulbils, but the yield and quality of tubers are 

gradually reduced over generations because of viral 

diseases (Shen 1992). To ensure the highest possible 

yield and quality, improved plants should be provided 

to growers. Major efforts have focused on utilization 

of in vitro culture technology for pinellia rapid propa- 

gation, and plantlets have been regenerated from tu- 

bers (Shoyama et al. 1983, Su 1989),  leaves and 

roots (Ren et al. 1983, Choi et al. 1986) and bulbils 

(Tsay et al. 1989, Kim et el. 1990). A protoplast 

regeneration system can be an important genetic ma- 

nipulation technology for crop improvement. So far, 

there is only one report of protoplast culture in pinel- 

lie, in which mesophyll protoplasts were used to re- 

generate plantlets via organogenesis and somatic em- 

bryogenesis (Wu et al. 1986),  but the regeneration 

frequency was not reported. We isolated numerous 

viable protoplasts from suspension cultures and ob- 

tained plantlets which could flower and were fertile in 

plots. 

Materials and Methods 

Plan t  materials .  Tubers of pinellia, which were col- 

lected from the suburban field of Nanchong city in 

Sichuan province and had been cultivated for three 

generations, were germinated in wet sand in a green- 

house at 25-28°C with natural light. When leaves 

grew to 3-5 cm long in 10 days, petioles were excised 

and washed with tap water, then sterilized with 

0.1 ~ HgCI2 for 8 rain prior to being washed 5 times 

with sterile distilled water. Petiole segments (3-5 cm 

long) were cultured on MS medium supplemented 

with 2.0 mg 1-1 2 , 4 - D  and 0.5 mg 1 -a KT. Calli 
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could be induced f rom the  end and the surface of ex- 

p lan t s ,  and were  subcul tured  once every month .  Af -  

ter  3-4 m o n t h s ,  fr iable calli could be selected for use 

a f te rward  (He  et  al. 1994) .  

Establishment o f  suspension cell cultures. Approx i -  

mate ly  3 g of callus were  t ransfer red  into 200-ml 

flasks conta ining 30 ml liquid MS medium 

(Murash ige  and Skoog  1962 ) wi th  2.5 mg 1-1 2 , 4 -  

D and 0.5 mg 1 - I  K T .  T h e  flasks were incubated on 

a shaker  at 120 rpm in the  dark  at 2 7 - t - 2 ° C ,  and 

were subcuhured  every 5 days.  In the  original sub- 

cu l tures ,  the  b igger  c lumps of t issue were gradual ly  

removed.  A f t e r  3 mon ths  in cu l tu re ,  a suspension 

cell line was establ ished.  

Table 1. Enzymes of isolation solutions 

i•ymes ( M ) 

solutions 

solution I 

solution I 

solution II 

Cellulase Pectolyase 
Pectinase 

(Onzuka, Y23 
(Sigma) 

R--  10) (Seishin) 

4 2 0.I 

3 1 0.I 

2 1 0.05 

Protoplast isolation and culture. A b o u t  1 g of suspen-  

sion cell cul tures  was digested from 5 to 20 h wi th  10 

ml of enzyme solut ion in a 6-cm Pet r i  dish agi ta ted at 

30 r p m ,  in the  da rk  at  25:t= 1°C. The  enzyme solu- 

tions contained cel lulase,  pect inase (Tab le  1 ) ,  1470 

mg 1-1 CaCI~.2H20,  95 mg 1-1 K H z P O  4 and 0.6 mg 

1-1 glycine ,  pH 5.8. Fo l lowing  incubat ion ,  the  Crude 

digests were  successively passed th rough  85-~m and 

46-t~m copper sieves and collected into centr i fuge 

tubes.  The  mix tu re  was centr i fuged at  500 rpm for 5 

min. Pro top las t s  were  washed  twice wi th  the  en- 

zyme-f ree  isolation solut ion and once wi th  medium 

Ma or M3 respect ively ( T a b l e  2 ) .  Pro toplas t s  were  

cul tured in liquid K 8 P  medium (Kao  al. 1975) or im- 

proved MS medium ( T a b l e  3)  in 6-cm Petr i  dishes 

containing 2-3 ml of M1 or Ma medium respect ively.  

The  initial plat ing dens i ty  was 5-7 × 10 ~ protoplas ts  

per  ml. Th ree  cul ture  me thods  were  used:  a) l iquid,  

b )  solid-liquid double layer  cul ture  Ethe upper  layer 

was 2 ml of p ro top las t  m i x t u r e ,  the  lower layer was 

1.5 ml of the  same med ium solidified wi th  0 . 8 ~  agar  

(Shanha i  Chemical  Reagen t  Co. C h i n a ) l ,  and c) a- 

garose (S igma)  e m b e d m e n t  cul ture (pro toplas ts  were  

plated in solid medium by mixing  1.5 ml of pro toplas t  

mix ture  wi th  an equal volume of mol ten  agarose 

medium with  1 . 6 ~  agarose ) .  A f t e r  a w e e k ,  the  cul- 

tures were gradual ly  di luted wi th  the  corresponding 

lower osmotic Mz or M4 medium respect ively (name-  

ly ,  M2 to M1, M4 to Ma. Table  2) .  

Table 2. Protoplast culture and plant regeneration media 

dia b 

Basal medium" 

Sucrose(N ) 

Glucose( % ) 

2,4-D(mg 1-1) 

KT(mg 1-1 ) 

NAA(mg 1-1) 

Agar ( M ) 

M, M2 M3 M4 Ms Ms 

Improved Improved 
K8PK8P 

MS MS 

2.0 1.0 2.0 1.0 

9.0 3.0 9.0 3.0 

1.0 2.0 1.0 2.0 

0.2 0.5 0.2 0.5 

MS MS 

3.0 3.0 

2.0 

1.0 0.5 

0.2 

0.6 0.6 

' The other components, except glucose and sucrose, were the 

same as those of KSP, improved MS, or MS medium. 

b M~-M4 media were filter-sterilized, Ms and M6 media were 
sterilized by autoclaving. 

These  cultures were  main ta ined  at 25-t-2 °C in the 

dark .  Th ree  to five plates of plated protoplas ts  were 

observed for each t r e a t m e n t ,  and differences between 

t r ea tmen t s  at dif ferent  incubat ion t ime were evaluat-  

ed using the N e w m a n  and Keuls  tes t  ( p  = 0 . 0 5 )  

( N e w m a n  1939) .  

Plant regeneration. A f t e r  40-50 days  in cu l tu re ,  pro-  

toplas t -der ived cell c lumps grew into microcalli  visi- 

ble to the naked eye ,  which  were  t ransfer red  to Ms 

Table 3. Organic elements added in improved MS medium" 
(mg 1-1 ) 

compound Content compound Content 

Sucrose 20,000 Vitamin B1 10 

Glucose 90,000 Vitamin B6 1.0 

Fructose 200 Vitamin C 1.0 

Pantothenic 
Ribose 200 0.5 

acid calcium 

Inositol 100 Nicotinic acid 0.5 

CH 300 Folic acid 0.2 

' Inorganic elements were half--strength MS salts (without 
NH4NO3 ) 
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medium for proliferation in the light (50 t~mol m -z 

s -1,  16 h) .  Plantlets could be produced from call± 

transferred onto M8 medium (Table 2 ) ,  and regener- 

ation frequency was calculated 30 days later as the 

percentage of call± plated onto M6 medium which re- 

generated into plants. T he  plants were transplanted 

into pots. Initially, the pots were covered with glass 

beakers to ensure high humidi ty ,  avoiding direct ex- 

posure to sunlight. Af ter  10 days ,  plantlets were 

transplanted into plots. 

R e s u l t s  a n d  D i s c u s s i o n  

Protoplast isolation. Enzyme concentrat ion and incu- 

bation time had an influence on the yield and viability 

of protoplasts (Table  4) .  Protoplasts isolated from 

solution I almost disintegrated after 2-3 days in cul- 

ture. In order to avoid an adverse influence of the 

higher concentration of enzyme on protoplast viabili- 

ty ,  protoplasts used in subsequent experiments were 

isolated in enzyme solution II for 8 h. 

T a b l e  4. Yields of protoplasts in different enzyme solutions 
and incubation times." 

Enzyme solutions 

Yields of protoplasts (X 10 ~ ) 
at incubation times(h) 

5 8 I I  20 

solution I 18-4-3 25-t-6 12-t-3 154-7 

solution II 17±4 26-1-3 24+7 31-t-5 

solution ]I 5:k2 19±3 17-t-8 184-4 

" means±standard error of 3-5 replicates per treatment (pro- 
toplast number per g F. W. ) 

The  protoplast yield was about 2.0 X 106/g F. W. 

The  freshly isolated protoplasts were br ight ,  small in 

size and densely cytoplasmic (Fig. 1A) .  After  20 h 

culture in liquid and solid-liquid double layer media,  

or 70 h culture in agarose embedment  medium,  some 

protoplasts become elongated,  indicating formation of 

the cell wall. First divisions (Fig. 1B) were seen at a 

frequency of 3-9 ~ three days after plating,  depend- 

ing on the culture method (Table 5). By the 7th day 

in liquid cul ture,  4-cell clumps were found (Fig .  

1C).  Protoplasts embedded in agarose become trian- 

gular because of partial cell wall regeneration (Fig.  

1D) ,  and would not continue to divide after the first 

division. It was necessary that  the cultures be diluted 

initially with 0.2-0.3 ml of the corresponding lower \ 
osmotic Mz or M~ medium,  respectively. When an ap- 

Table 5. Effect of culture methods on division of protoplast- 
derived cells and call± formation" 

Culture 
methods 

K8P medium Improved MS medium 

3d 7d 40d 3d 7d 40d 

liquid 
6±2  17+4 + +  5±1  12±3 + +  

culture 

liquid-solid 
8-t-1 14±3 + 4 - +  9±1 1 3 ± 2 + + +  

culture 

agarose 

embedment 
culture 

3 ± I  5±1 -- 5±2 7±3 

" Frequency Of protoplast-derived cell division (FPC) was 
calculated after 3 or 7 days in culture x 
FPC = No. of cells dividing at least once X 100 (means ± SE ) 

No. of surviving cells 
Call± were observed after 40 days: q- -{- : moderate, q- q- -{- : 
good, -- : none 

propriate amount  of fresh medium was added,  cell 

volume increased slightly, and cytoplasmic streaming 

increased. By two weeks in culture,  small colonies 

were formed (Fig. 1 E ) ,  and many cell colonies were 

visible to the naked eye 40 days later (Fig. 1F) .  The  

results of culture between K8P and modified MS me- 

dia were not markedly different ( p > 0 . 0 5 )  at the 3rd 

or 7th days,  but were significantly different from 

embedment  culture at 7 days ( p < 0 . 0 5 ) .  

Plant regeneration. Small call± derived from proto- 

plasts and transferred onto Ms medium proliferated 

rapidly, but looked watery  and soft. Af ter  several 

subcultures,  a pale yellow friable callus was selected, 

and transferred onto M6 medium. After  40-50 days 

in culture,  tubercles differentiated from the callus 

(F ig .  1G)  and gradually developed into plantlets 

(Fig. 1 H ) ,  at a frequency of 21% in the protoplast- 

derived call±. For ty  seven plantlets were transplanted 

to soil, with a survival rate of 9 3 ~ .  Twen ty  nine 

plants flowered and were fertile (Fig. 1 I ,  J) .  

The  plant regeneration frequency of call± from peti- 

oles was over 90°/oo (He et al. 1994) ,  but only 2 1 ~  

from protoplast-derived call±. The  reduction of plant 

regeneration frequency may result from genetic muta-  

tions or physiological and biochemical changes in- 

duced during the process of culture and regeneration 

(Evans and Sharp 1983).  When  the agar concentra- 

tion or osmotic component  content  was adjusted dur- 

ing subcultures of protoplast-derived call±, a higher 

frequency of plant regeneration was obta ined(Liu  et 

al. 1985, L i  et al. 1985).  These methods may be 
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Fig. 1. Plant regeneration from protoplasts of Pinellia t e rna ta  (Bar= 30 /~m). 
(A) Freshly isolated protoplasts. (B) First division of a protoplast-derived cell. (C) A four-cell clump. (D) A 
protoplast-derived triangular cell in agarose. (E) protoplast-derived cell clumps. (F) Microcalli growing in a 
dish. (G)Tubercles induced from protoplast-derived calli. (H) Plantlets regenerated from protoplast-derived 
calli. (I) A spathe with anthers (black arrow) and ovaries (arrow). (J) Fertile protoplast-derived plants. 
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used to increase the frequency of plant regeneration 
from protoplast-derived ealli of pinellia. 

Dilution of protoplast cultures with lower osmotic 

pressure medium was effective for sustaining proto- 

plast-derived cell division (Sun et al. 1991, Murata 

1992, Yang et al. 1994). When Wu et al. (1986) 
used the liquid-solid double layer culture, the os- 
motieum concentration was 0.44 mol 1-1in the upper- 

layer liquid medium and 0.09 mol 1-1in the lower-lay- 

er solid medium. It was suggested that the osmotic 

pressure of the upper-layer medium would be gradu- 

ally reduced by diffusion of osmotica in both layers. 

Regeneration was achieved from mesophyll cells of 

pinellia. We observed that the amount of lower-os- 
motic-pressure medium added to the protoplast cul- 

tures was critical. Initially, only 0.2-0.3 ml could be 

added. Otherwise, protoplasts or protoplast-derived 
cells could bulge and be further disrupted. 

The regeneration system developed from our ex- 
periments was stable, and might be useful for genetic 
transformation studies of pinellia. 
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