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CHAPTER 3. 

PROTOPLAST ISOLATION AND SHOOT REGENERATION FROM 

LOLIUM PERENNE 

3.1 Introduction 

Lolium perenne is a monocotyledonous species belonging to the family Poaceae. Isolation 

of protoplasts and regeneration of plants from protoplasts has always been difficult 

from monocotyledonous species. Protoplasts isolated from mesophyll tissue rarely 

undergo sustained mitotic division (Potrykus and Shillito, 1986; Vasil, 1988; Potrykus, 

1990) and are thus recalcitrant to regeneration. Therefore, callus and embryogenic cell 

suspensions have been extensively used as the source of protoplasts in Lolium species 

(Wang et al., 1993) and other monocotyledons (Nielsen et al., 1993; Taylor et al., 1992).  

Protoplasts are formed by the enzymatic degradation of the cell wall. The plant cell wall 

is composed of the primary and secondary cell wall. A typical primary plant cell wall is 

made up of cellulose microfibrils (9-25%), hemicellulose (25-50%), pectins (10-35%), 

and proteins (10%) while a secondary cell wall is composed of cellulose (40-80%), 

hemicellulose (10-40%), and lignin (5-25%) (Esau, 1977; Bidlack, 1990; Salisbury and 

Ross, 1992). The production of protoplasts depends on the successful digestion of both 

the primary and secondary cell wall components.  

Protoplast isolating enzyme mixtures contain enzymes that degrade these cell wall 

components and are formulated depending on the composition of the cell walls of the 

tissue used for protoplast isolation. Specific commercial formulations of enzymes have 

been  used for the degradation of each of these components for example 

Cellulase – Onozuka-RS : Degradation of cellulose 

Macerozyme –R 10 and Pectolyase : Degradation of pectin 

Driselase : Degradation of cellulose, pectin and hemicellulose 

A combination of these enzymes at appropriate levels ensures in the degradation of the 

cell wall leaving behind only cell contents surrounded by the plasma membrane - the 

protoplasts. The culture medium in which the enzyme mixture is made has a large 
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bearing on the physiology of the protoplasts and affects their yield and viability. One of 

the crucial factors in the preparation of the enzyme mixture is the osmolarity of the 

medium. Since protoplasts are bound only by the plasma-membrane which separates the 

inner cell contents from the outer medium, maintaining the osmotic pressure is of 

utmost importance to ensure the protoplasts don’t burst. The dynamics of osmotic 

water permeability influences the dynamics of activation of plasma-membrane 

aquaporins which controls flow of ions in and out of protoplasts (Moshelion et al., 

2004). 

The efficient production of viable protoplasts is influenced by different important 

factors. 

1) The type of tissue used during isolation and its physiological state 

2) The type of enzymes used to digest cell wall components 

3) The incubation period 

4) The osmolarity of the enzyme mixture 

These parameters coupled with other factors have a large influence on the digestion of 

the cell wall and the release of protoplasts. They also have an impact on the 

physiological state of the isolated protoplasts which, in turn, influences the regeneration 

potential of the protoplasts. Regeneration of the protoplasts also depends on the type of 

tissue used during the isolation process.  

In this chapter the impact of the different factors influencing the protoplast isolation 

and regeneration ability of L. perenne was investigated. Ten cultivars of L. perenne, viz cv 

Bronsyn, cv Impact, cv Kingston, cv Canon, cv Arrow,  cv Aberdart, cv Meridian, cv 

Marsden, cv Aries and cv Extreme were investigated for their response to generate 

protoplasts and regeneration of plants from protoplasts with emphasis on cultivar 

‘Bronsyn’.  
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3.2 Materials and methods 

3.2.1 Tissue source for protoplast isolation 

a) Etiolated leaves: Sterile seeds were germinated in the dark on hormone-free LS 

medium. After 5 days the etiolated leaves from the germinated seeds were used 

for the isolation of the protoplasts. The leaves were finely chopped prior to 

incubation in the enzyme mixture. 

b) Callus: Friable callus derived from mature seed embryos was obtained after 

repeated subculturing in the darkness at 25 °C on LS medium with 5 mg/L 2,4-

D. Callus was used for protoplast isolation 5-6 days after subculture 

c) Cell suspensions: Cell suspensions derived from embryo derived callus were 

maintained in liquid LS medium with 5 mg/L 2,4-D and used for protoplast 

isolation 5 days after subculturing. 

3.2.2 Protoplast isolation 

Protoplasts were isolated from etiolated leaves, callus and cell suspensions from 

different cultivars. A variety of enzyme combinations at various concentrations were 

tested. These enzymes included Cellulysin (Sigma-Aldrich, USA), Onozuka RS (Yakult 

Honsha Co., Ltd.), Onozuka R-10 (Yakult Honsha Co., Ltd.), Macerozyme R-10 (Yakult 

Honsha Co., Ltd.), Driselase (Sigma-Aldrich, USA) and Pectolyase (Sigma-Aldrich, 

USA). Different enzyme buffers which included 3 different osmolarity strengths (0.2 M-

0.8 M Mannitol) were tested for their effect on protoplast isolation and viability. The 

enzymes were dissolved in their respective buffer solutions of Mannitol and calcium 

chloride (CaCl2.2H2O) (M+C) and filter sterilised using 0.45 µm sterile filter units 

(Sartorius Minisart® Vivascience AG, Hannover, Germany).  Protoplast isolation for 

different time intervals (6, 12, 24 h) was investigated to test the effect of incubation 

period on the release of protoplasts and their viability. The above protoplast isolation 

factors of source tissue, enzyme combination, osmolarity and incubation time were 

standardised for cv Bronsyn. During protoplast isolation 10 mg of tissue was incubated 

in 5 ml of enzyme mixture in sterile plastic Petri dishes. The optimum conditions were 

then used for other cultivars to investigate their protoplast releasing abilities. All the 

isolations were done under continuous shaking in the darkness at 25°C on an orbital 

shaker (IKA-VIBRAX-VXR, IKA Labortechnik, STAUFEN Germany, 20×40 cm 

platform with 7 cm orbit diameter) at 40 rpm. 
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3.2.3 Protoplast purification 

After incubation the enzyme-protoplast mixture was  filtered through a 45µm nylon 

mesh in order to remove the undigested plant material. The solution was transferred to 

10 mL Falcon tubes and centrifuged at 18 g for 5min. The supernatant enzyme solution 

was discarded and the protoplast pellet was resuspended in 10 mL isolation buffer M+C 

with 5 mM MES, pH 5.8. The above procedure of centrifugation and resuspension of 

protoplasts in isolation buffer (M+C) was repeated three times to remove any traces of 

enzyme. The final protoplast pellet was resuspended in 5 ml of isolation buffer (M+C). 

The protoplasts were counted using a haemocytometer and the viability was tested by 

staining the protoplasts using fluorescein diacetate (FDA) (Pfaltz & Bauer Inc., USA). 

FDA  (0.2% in acetone) stock was used for staining the protoplasts.  The protoplasts 

were then visualised under a fluorescent microscope (Olympus BH2 Research 

Microscope). Viable protoplasts were spotted as bright green whereas no fluorescence 

was observed with non viable protoplasts. The protoplast isolation and purification is 

shown in Fig 3.1   

 

 

Figure 3.1 Isolation, purification and culture of protoplasts 
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3.2.4 Protoplast culture 

Different methods and media were evaluated for the culture of protoplasts. Four well 

established culture methods, viz. culture in liquid medium, embedding, nurse cultures 

and culture on nitrocellulose membrane (0.8 µm gridded, Millipore, USA) with feeder 

cell layers, were used. LS medium, ½ LS medium (Half strength of major and minor 

salts, vitamins and sucrose), MLS (Yamada et al., 1986) and PEL medium (Pelletier et al., 

1983) were evaluated for the culture of protoplasts.  

A) Culture of protoplasts in liquid medium 

For the culture of protoplasts in liquid medium, 2 ml of the desired medium was 

placed in 24-well plates (12.8×8.5×2.0 cm dimensions) (Greiner Bio-one, 

Germany) (Fig 3.2). The protoplasts were then cultured in these wells at a 

density of approximately 4-5×105/ml. The plates with the protoplasts were 

incubated in darkness at 25°C for 48 h and then cultured under 80 µmol m-2s-1 

with a 16:8 h light dark photoperiod to facilitate cell wall and colony formation.  

 

 

Figure 3.2 Culture of protoplasts using liquid medium 

 

B) Culture of protoplasts by embedding 

During embedding culture the protoplasts at a density of approximately 4-

5×105/ml were spread thinly on already solidified LS medium and warm molten 

(34°C) LS medium with agarose (Amresco, USA) was carefully poured over the 

top to embed the protoplasts (Fig 3.3). The molten agar was slowly swirled prior 
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to solidifying for even distribution of the protoplasts. The plates were then 

cultured in the darkness at 25°C. 

 

 

 

Figure 3.3 Culture of protoplasts using the embedding technique 

 

 

C) Culture of protoplasts using bead-type culture technique 

In the bead-type culture technique the protoplasts at a density of approximately 

4-5×105/ml were embedded in agarose medium. Blocks of the solidified agarose 

with protoplasts were then scooped and cultured in liquid conditioned medium 

(Cell-free medium from 3 day old L. perenne suspension culture) (Fig 3.4). The 

protoplasts were cultured in the darkness at 25°C.  

 

 

 

Figure 3.4 Culture of protoplasts using bead-type culture 

technique 

 

 

 

Protoplasts  
embedded in agarose 

Agar 0.8% 

Blocks of agarose with protoplasts 

Conditioned culture medium 20 ml 
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D) Culture of protoplasts on nitrocellulose membranes with a feeder 

layer 

For the culture on nitrocellulose membrane with a feeder layer, a thin layer of 

cells (3 ml) from a 5 day old L. perenne cell suspension culture, were spread on 

already solidified medium in 7 cm Petri dish. Sterile nitrocellulose membranes 

were placed on the thin layer of cells and protoplasts (at a density of 

approximately 4-5×105/mL) were then spread on the nitrocellulose membrane 

(Fig 3.5). The plates were cultured in darkness at 25°C until the appearance of 

the micro-colonies.  

 

 

 

 

Figure 3.5 Culture of protoplasts using nitrocellulose membrane with the 

feeder layer technique 

 

 

3.2.5 Shoot regeneration 

The protoplast derived calli were plated on LS medium (Linsmaier & Skoog, 1965) with 

different concentrations of auxin and cytokinins, solidified with 0.8% agar (Danisco, 

New Zealand) in sterile plastic containers (80 mm diameter × 50 mm high; Vertex 

Plastics, Hamilton, NZ). The calli were cultured at 25°C and 80µE m-2s-1 under 16:8 

light:dark photoperiod using cool white fluorescent tubes. In each plastic container 5 

calli were plated and a total of 20 calli were plated for shoot regeneration. The 

experiments was repeated three times. The number of calli regenerating shoots were 

counted to determine the percentage shoot regeneration. 

 

Nitro cellulose membrane 
Protoplasts 
Solidified PEL medium  
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3.2.6 Statistical analysis 

The data collected from the above experiments was subjected to statistical analysis using 

GenStat-Ninth Edition Version 9.2.0.0. Data in terms of protoplast counts was 

collected wherein individual protoplasts were counted on a compound microscope 

(Olympus BH2 Research Microscope) using a haemacytometer. Viability was 

determined by counting the total number of protoplasts emitting fluorescence under 

UV after staining with FDA. The count was taken 3 times. The experiments were 

repeated 3 times to ascertain the consistency of the results. 
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3.3 Results 

3.3.1  Protoplast Isolation 

3.3.1.1  Effect of different tissue types on protoplast isolation 

Three types of tissues, viz. etiolated leaves (5 days old) obtained from germinating 

seedlings in the dark, callus (5 days after subculture) derived from mature embryos, and 

fast growing cell suspensions (5 days after subculture) derived from friable callus, were 

used to determine the best tissue source for high yield protoplasts. Figure 3.6 shows 

freshly isolated protoplasts from L. perenne cell suspensions. 

ANOVA determined that the different tissue sources showed highly significant 

differences in the protoplast yield (Fs=53.14; df=2, 6; P<0.001), but not significant 

differences in protoplast viability (Fs=1.77; df=2, 6; P=0.249). These experiments 

showed that etiolated leaves from germinating seedlings produced the least protoplasts 

with a yield of 0.1 × 106 protoplasts g-1 FW. In contrast, growing cell suspensions 

produced the highest yield of    10.0 × 106 protoplasts g-1 FW which was significantly 

higher compared to the yields obtained from etoliated leaves and callus tissue (based on 

l.s.d.=2.4 × 106  at the 5% level) (Table 3.1). Protoplasts isolated from cell suspensions 

had a higher viability however, this was not significantly different from the viability of  

protoplasts isolated from etiolated leaves and callus tissue (based on l.s.d.=14% at the 

5% level) (Table 3.1). These experiments demonstrate that less organised tissues such as 

cell suspension are more suitable for protoplast isolation than organised tissues such as 

leaves. It was noted that cell suspension cells with a high degree of starch accumulation 

(Fig 2.7 Chapter 2) had better release of protoplasts and relatively higher cell division 

frequency (data not shown). 
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Table 3.1 Protoplast yield from different tissues of Lolium perenne cv Bronsyn  

Tissue source Yield × 106(+ S.E.) Viability (%+ S.E.) 

Etiolated leaves 0.1 + 2.0 71 + 4 

Callus 4.0 + 1.0 77 + 6 

Cell suspensions 10.0 + 0.0 82 + 8 

S.E. = Standard error; Each experiment was repeated three times,                                                                      
Yield = no. of protoplasts per g fresh weight; Enzyme ‘A’: Cellulase Onozuka RS 2%, Macerozyme R-10 
1%, Driselase 0.5%, Pectolyase 0.2% was used for isolation of protoplasts. 
 

 

 

 

 

 

 

 
Figure 3.6 Freshly isolated Lolium perenne cv Bronsyn protoplasts from cell 
suspensions 
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3.3.1.2 Effect of different enzyme combinations on the yield and viability of 

protoplasts 

Four different enzyme combinations were formulated in order to investigate their effect 

on the release of protoplasts and their viability. All the enzyme combinations formulated 

yielded protoplasts. ANOVA showed that the yield of protoplasts differed highly 

significantly between the enzyme treatments (Fs=430.63; df=3, 8; P<0.001). The 

enzyme combination ‘A’ with Onozuka RS 2%, Macerozyme R-10 1%, Driselase 0.5% 

and Pectolyase 0.2% resulted in highest yield of 10.8 × 106 protoplast g-1 FW with a 

viability of 82%. The enzyme combination ‘C’ with only Onozuka RS 2% and 

Macerozyme R-10 1% resulted in the lowest yield of 0.07 × 106 protoplast g-1 FW with a 

viability of 78%. The results show that the presence of pectolyase increased the 

protoplast yield (Table 3.2). The yield obtained from enzyme combination ‘A’ was 

significantly different (based on l.s.d.=0.78 × 106  at the 5% level) from the yield 

obtained from the remainder of the enzyme combinations. ANOVA showed that the 

viability of protoplasts was not significantly different from the various enzyme 

combinations (Fs=0.50; df=3, 8; P=0.694). 

Table 3.2 Effect of different enzyme combinations on the yield and viability of 

Lolium perenne cv Bronsyn protoplasts from cell suspensions 

Enzyme combination Yield × 106 (+ S.E.) 

g-1 FW 

Viability (%+ S.E.) 

A 10.8 + 0.8 82 + 8 

B 0.22 + 0.0 78 + 4 

C 0.07 + 0.0 78 + 8 

D 0.60 + 0.1 83 + 4 

A: Cellulase Onozuka RS 2%, Macerozyme R-10 1%, Driselase 0.5%, Pectolyase 0.2% 
B: Cellulase Onozuka RS 2%, Macerozyme R-10 1%, Pectolyase 0.2% 
C: Cellulase Onozuka RS 2%, Macerozyme R-10 1%, 
D: Cellulase Onozuka RS 2%, Driselase 0.5%, Pectolyase 0.2%  
S.E. = Standard error, Each experiment was repeated three times;  
Yield = no. of protoplasts per g fresh weight 
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3.3.1.3 Effect of incubation time on protoplast yield and viability 

Experiments on the length of tissue incubation in the enzyme mixture demonstrated no 

significant effects on protoplast yield (Fs=2.07; df=2, 6; P=0.207), but highly significant 

effects on protoplast viability (Fs=128.31; df=2, 6; P<0.001). As the tissue incubation 

period increased there was a decrease in the viability of the recovered protoplasts. At 24 

h incubation period though there was a high yield of 2.8 × 107 protoplast g-1 FW, but 

the corresponding viability was very low at 34%.  In contrast, protoplast isolation for 

only 6 h incubation had a yield of 0.9 × 107 protoplast g-1 FW with corresponding 

viability of 83% (Table 3.3).  

Table 3.3 Effect of incubation time on the yield and viability of  Lolium perenne 

cv Bronsyn protoplasts from cell suspensions 

Duration (h) Yield × 107 (+ S.E.) Viability (%+ S.E.) 

6 0.9 + 0.3 83 + 2 

12 2.5 + 1.3 47 + 2 

24 2.8 + 1.6 34 + 2 

S.E. = Standard error, Yield = no. of protoplasts per g fresh weight; Each experiment was repeated 3 

times. The enzyme used during the isolation of protoplasts was Enzyme combination A (Cellulase 

Onozuka RS 2%, Macerozyme R-10 1%, Driselase 0.5%, Pectolyase 0.2%) in 0.6 M mannitol. 

 

3.3.1.4 The effect of osmolarity on the protoplast yield 

The best enzyme combination from section 3.3.1.2 was used to investigate the effect of 

osmolarity on protoplast yield and viability. At 0.2 M mannitol the protoplast yield was 

considerably lower (Table 3.4) and the protoplasts expanded in size (~75 µm diameter) 

and ultimately bursted. At 0.4 M and 0.6 M mannitol more normal sized (45-50 µm 

diameter) protoplasts were released, with the highest protoplast yield at 0.6 M mannitol. 

The isolation of protoplasts at 0.8 M mannitol reduced protoplast yield with shrunken 

protoplasts due to the high osmotic pressure. The viability of the protoplasts 

substantially decreased in 0.8 M mannitol. ANOVA of the data showed that there were 

highly significant differences in the yield (Fs=338.31; df=3, 8; P<0.001), and viability 
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(Fs=28.77; df=3, 8; P<0.001) of the protoplasts. A significantly high yield of protoplasts 

was obtained when isolated at 0.6 M mannitol (based on l.s.d.=0.77 × 106, at the 5% 

level). The viability of the protoplasts obtained at 0.8 M was significantly lower (based 

on l.s.d.=11% at the 5% level). 

 

Table 3.4 The effect of osmolarity on the yield and viability of Lolium perenne cv 

Bronsyn protoplasts 

Osmolarity (M) Yield × 106 ± S.E. Viability (%) 

0.2 0.06 ± 0.0 77 ± 7 

0.4 2.40 ± 0.6 76 ± 3 

0.6 10.19 ± 0.4 82 ± 7 

0.8 3.40 ± 0.3 43 ± 6 

Yield = no. of protoplasts per g fresh weight. The enzyme used during the isolation of protoplasts was 
Enzyme combination A (Cellulase Onozuka RS 2%, Macerozyme R-10 1%, Driselase 0.5%, Pectolyase 
0.2%) for 6 h incubation period 

 

3.3.1.5 Protoplast isolation from different cultivars of Lolium perenne 

Ten cultivars of L. perenne were tested to investigate whether the potential for protoplast 

isolation had a genetic component. Cell suspension cultures established from each of 

these cultivars (as described in section 2.2.3) were used as the source tissue for 

protoplast isolation. Cultivars Bronsyn, Impact, Cannon, Kingston and Arrow were able 

to release protoplasts, whereas cultivars Aberdart, Meridian, Marsden, Aries and 

Extreme failed to release any protoplasts at the optimum conditions determined for 

Bronsyn (Table 3.5). ANOVA established signficant differences between cultivars in the 

yield (Fs=74.16; df=4, 10; P<0.001) and viability (Fs=5.61; df=4, 10; P=0.012) of the 

protoplasts. Of the 5 cultivars successfully releasing protoplasts, cv Impact yielded the 

highest number (11 ± 0.5 × 106 protoplasts g-1FW) with 90% viability, whereas, cv 

Arrow yielded the lowest number of protoplasts (0.01 ± 0.0 × 106 protoplasts g-1FW) 

with 72% viability. Protoplasts isolated from Impact had dense cytoplasm. The yield of 

protoplasts from cv Bronsyn and cv Impact was significantly higher than the yields 

obtained from the rest of the cultivars (Table 3.5) (based on l.s.d.=2.12 × 106 at the 5% 
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level). The viability of protoplasts obtained from cv Arrow was significantly lower when 

compared to the rest of the cultivars (based on l.s.d.=10% at the 5% level). 

 

Table 3.5 Protoplast isolation from different cultivars of Lolium perenne1 

Cultivar Yield × 106 ± S.E. Viability (% ± S.E.) 

Bronsyn 10.80 ± 0.4 82 ± 5 

Impact 11.00 ± 0.5 90 ± 2 

Cannon 0.04 ± 0.2 88 ± 1 

Kingston 0.09 ± 0.0 77 ± 2 

Arrow 0.01 ± 0.0 72 ± 4 

1Cultivars Aberdart, Meridian, Marsden, Aries and Extreme failed to release protoplasts. 

S.E: Standard error, Yield = no. of protoplasts per g fresh weight; each experiment was repeated 3 times. 

 

 

3.3.2 Protoplast culture 

Different methods and media were attempted for protoplast culture. The 5 cultivars of 

L. perenne yielding protoplasts were screened for protoplast culture. Only protoplasts 

isolated from Bronsyn were able to undergo cell division and form micro-colonies. 

Protoplasts isolated from the other four cultivars  were found to be recalcitrant to 

culture and could not be induced to undergo any cell division using any of the media 

and culture methods attempted (data not shown). Protoplasts isolated from Bronsyn 

were able to undergo divisions in the liquid medium however could not proceed beyond 

the 4-5 cell stage (Table 3.6). Consistent colony formation and highest plating efficiency 

of 0.16% was observed with nitrocellulose membrane culture method with feeder-layer 

(Table 3.6 Fig 3.2). Embedding and bead-type culture methods were unsuccessful in 

initiating cell division (Table 3.6). 
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Figure 3.7 Lolium perenne cv Bronsyn protoplast culture on nitrocellulose 
membrane with feeder-layer A: Effect of feeder-layer on protoplast culture; B: Protocolonies 
2 weeks after culture of protoplasts; C: Protocolonies 6 weeks after culture of protoplasts 

 

 

 

 

 

Control without 

L. perenne feeder 

layer 

LS medium with L. 

perenne feeder 

layer 

PEL medium with L. 

perenne feeder layer 
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Table 3.6 Plating efficiencies of Lolium perenne cv Bronsyn protoplasts with 

different culture systems and media 

 

Culture 

media 

Plating efficiencies with various culture systems 

Liquid Embedding Bead-type Nitrocellulose 

membrane and 

feeder layer 

LS 0.01 + 0.00 0.00 0.00 0.04 + 0.03 

½ LS 0.00 0.00 0.00 0.00 

MLS 0.00 0.00 0.00 0.00 

PEL 0.00 0.00 0.00 0.16 + 0.02 

Plating efficiency: No. of microcolonies formed/ No. of protoplasts plated × 100; LS: Linsmaier and 
Skoog medium; 1/2LS: Linsmaier and Skoog medium with Half strength of major and minor salts, 
vitamins and sucrose; MLS: modified Linsmaier and Skoog medium (Yamada et al., 1986); PEL (Pelletier 
et al., 1983) 
S.E. = Standard error 

 

3.3.3 Shoot regeneration 

The microcolonies formed from the Bronsyn protoplasts were plated on LS medium 

with different combinations of the growth hormones 2,4-D, BA, and kinetin. Shoot 

morphogenesis was observed 10-14 days after transfer to regeneration medium (Fig 3.8). 

All the shoots regenerated from the protocolonies were albino. The highest shoot 

regeneration frequency of 23% was observed with the combination of 0.1 mg/L 2,4-D 

and 0.1 mg/L BA. The control medium without any hormones failed to produce any 

shoots (Table 3.7).  

 

 

 

 

 

Figure 3.8 Shoot regeneration from Lolium perenne cv Bronsyn protocolonies 6 
weeks after culture of protoplasts 



47 

 

 

Table 3.7 Shoot regeneration from Lolium perenne cv Bronsyn protoplast 

derived callus colonies on LS medium with various growth hormones 

Plant Growth 

Regulator 

Concentration 

(mg/L) 

Shoot regeneration 

(%)+ S.E 

2,4-D 0.1 16 + 1 

1.0 0 

BA 0.1 13 + 2 

1.0 00 + 0 

Kinetin 0.1 20 + 2 

2,4-D/BA 0.1/0.1 23 + 1 

BA/Kinetin 0.1/0.1 10 + 2 

Control 0 0 

S.E.= Standard error for 3 replications of 20 calli 
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3.4  Discussion 

The protoplast yield from L. perenne varied markedly with the type of tissue used during 

isolation (Table 3.1). Protoplasts isolated from the leaf tissues were recalcitrant to 

regeneration confirming earlier findings (Vasil et al., 1990), while those isolated from 

callus tissues showed varied degrees of totipotency. The variability in the isolation of 

protoplasts from the different tissues might also be attributed to the cell wall 

composition of the individual tissues. Occurrence of higher xylan in the epidermal walls 

than in the other cell types such as sclerenchyma cells, pith cells, and vascular bundle 

zone cells were noted by Hatfield et al. (1999) while working sorghum. Investigations on 

the cell wall composition of the different tissue types used in the current research might 

be helpful in providing an answer to the variability of protoplast isolation from different 

tissue types.  

Formulation of the enzyme mix suitable for protoplast isolation has always influenced 

the release of protoplasts in most of the plant species from which protoplasts have been 

isolated and influences the subsequent yield, viability and regeneration ability (Ma et al., 

2003; Akashi et al., 2000; Taylor et al., 1992; Vessabutr & Grant, 1995). The 

combinations of enzyme mixtures used during the isolation of L. perenne protoplasts had 

positive and negative influences (Table 3.2). Positive influences have been the increase 

in the protoplast yield and decrease in the incubation time, while negative influences 

have been the reduction in the viability and loss of totipotency. An effective enzyme 

combination should be able to give a high yield of protoplasts without affecting the 

viability. In the current study, addition of driselase and pectolyase in small amounts of 

0.5% and 0.2% respectively, greatly increased protoplast yield to 1.1 × 107 protoplasts g-1 

FW without compromising viability. It thus suggests that the cell wall of Lolium perenne 

contains amounts of pectin and other components such as hemicellulose which have a 

significant impact on the release of protoplasts.  

In the current study, callus cells and suspension cells with increased accumulation of 

starch proved to be a better source for protoplast isolation and subsequent cell divisions 

for micro-colony formation. The suspension cells with such high accumulation of starch 
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were compact and nodular (Fig 2.4B, 2.7A Chapter 2). This feature was used as an 

important characteristic in identifying protoplast generating callus and cell suspension 

tissue suitable for protoplast isolation. This supports similar findings by Gram et al. 

(1996) wherein starch accumulation was noted to enhance cell division from pea 

protoplasts. Gram et al. (1996) observed a 4 fold increase in the starch accumulation 

prior to initiation of cell divisions. 

The ultimate aim after the isolation of protoplasts is their regeneration to plants. The 

regeneration is controlled by many factors starting from the initial protoplast culture to 

the culture of micro and macro protocolonies. Among the 10 cultivars which were used 

for protoplast isolation, only protoplasts from cultivar Bronsyn were able to form 

protocolonies albeit at a very low frequency (0.15%). Several procedures have been used 

for the culture of protoplasts, of which the most common involve the embedding of 

protoplasts between sheets of agarose and solidified medium (Shillito et al., 1983), blocks 

of semi-solidified medium with embedded protoplasts cultured in conditioned medium 

(Kyozuka et al., 1987), culture of protoplasts in the liquid medium and, membrane filter-

nurse culture method (Lee et al., 1989). Of the various methods used, the liquid culture 

and membrane filter-nurse culture method yielded positive results. Microcolonies could 

be formed when the protoplasts were cultured in LS and PEL media only, using the 

liquid culture and the membrane filter-nurse culture method. Colonies formed in the LS 

liquid medium could not proceed beyond the 4-5 cell stage. This could be due to the 

lack of the stimulating factor which was otherwise provided by the membrane filter-

nurse culture method which resulted in continued divisions of the newly formed cells 

resulting in microcolonies. This membrane filter-nurse culture method has also been 

demonstrated successfully in other plants such as Brassica species (Christey, 2004). One 

of the factors which is affected by the enzyme mixture during isolation of protoplasts is 

the actin network. Brière et al. (2004) found that the actin network in freshly isolated 

protoplasts was in complete disarray due to the digestion of the cell wall matrix by the 

cocktail of enzymes which in turn greatly affects the regenerating ability of the 

protoplasts. Pasternak et al. (2002) while working with alfalfa (Medicago sativa) protoplasts 

observed that the pH of the liquid medium decreased drastically from 5.8 to 4.8 during 

the initial 2 days of protoplasts culture at which time no dividing cells were observed 

and the cells were effectively blocked from entering the S phase of the cell cycle. The 

successful regeneration of the protoplasts on nitrocellulose membrane could be due to 

the shielding of the protoplasts from the pH fluctuation in culture medium. From the 
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data obtained during the isolation procedure of Lolium protoplasts which included 

parameters such as enzyme combinations, different osmolarity levels and different 

incubation periods, the possibility of pH interfering with the totipotency of Lolium 

protoplasts cannot be ruled out. 

The very basis of regeneration in tissue cultures is the fact that somatic plant cells are 

totipotent and can be stimulated to regenerate into whole plants in vitro, via 

organogenesis or somatic embryogenesis, if supplemented with the optimum hormone 

level and nutritional conditions (Skoog & Miller, 1957). The difficulties associated in the 

culture and regeneration of monocotyledonous species from protoplasts has been 

attributed to the genomic changes associated with differentiation (Heseman and 

Schröder, 1982). The reduction of regeneration ability and even its loss is a general 

phenomenon observed among undifferentiated cell cultures (Jain, 2001). The current 

study indicates that protoplast isolation from Lolium perenne can be easily achieved from 

different cultivars using enzymatic digestion of cell walls. The protoplast yield changes 

with different cultivars perhaps due to differences in the cell wall constitution. In the 

current study a plating density of 4-5 × 105 protoplasts/mL was used. The highest 

plating efficiency of 0.15% was achieved when the protoplasts were plated on 

nitrocellulose membrane with a L. perenne feeder layer on PEL medium. Formation of 

protocalli from protoplasts is comparatively low when considered with other plant 

species and varies greatly among the different cultivars tested. This could be governed 

by genetic make up of the individual plants as seen in the variation observed during 

callus induction, shoot regeneration, protoplast isolation and colony formation among 

various cultivars (Chapter 2).  

Protoplast derived callus colonies of L. perenne cv Bronsyn showed a varied response to 

the different PGR during the shoot regeneration experiment. Shoot regeneration was 

mostly stimulated at lower concentrations of all the PGRs tested (Table 3.7). The 

highest percentage of shoot regeneration was achieved in the presence of 0.1 mg/L 2,4-

D and 0.1 mg/L BA. Regeneration was also achieved in the presence of low levels of 

2,4-D 0.1 mg/L concentration and colonies on control medium with no PGRs did not 

show any regeneration. There was no regeneration observed from the protoplast derived 

callus colonies from other cultivars. The requirements of PGRs only in small 

concentrations might be an explanation of the role of exogenous PGRs as stimulating 

agent for endogenous auxin IAA (Indole-Acetic-Acid) which would propel somatic 
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embryogenesis. Michalczuk et al., (1992a, 1992b) while working with carrot cells noted 

that exogenous 2,4-D stimulates the accumulation of large amounts of endogenous IAA 

and hypothesised that the embryogenic competence of carrot cells was closely 

associated with the several fold increase in the endogenous IAA levels.  

All the regenerated shoots from protoplast derived callus colonies of L. perenne cv 

Bronsyn were albino. There are a number of factors which might effect the regenerating 

status of the plants into either a green plant or an albino plant. These could be 

environmental or culture conditions. The genotype of the culture plants (Moieni & 

Sarrafi, 1995), has been shown to be involved as some cultivars produce high 

proportion of albino plants among regenerants while other cultivars produce low 

proportions (Löschen-berger & Heberle-Bors, 1992). A high rate of albino culture 

(100%) was observed in Triticum durum during microspore culture (Hadwiger &  

Heberle-Bors, 1986). Albino plants were also recovered in the previous studies on L. 

perenne during regeneration from cell suspension cultures (Wang et al., 2002) and during 

regeneration from protoplast derived calli from different cultivars (Wang et al., 1995). 

Olesen et al. (1995) also observed albino plants during the somatic in vitro culture 

response of L. perenne. The occurrence of albino plants in the current study could be due 

to somaclonal variation, which might have resulted in deletions and rearrangements 

within the nuclear and the plastid genomes. Such phenomena have been observed in 

microspore derived albino wheat (Day & Ellis, 1984; Gülly, 1996; Hofinger, 1999), 

barley (Day & Ellis, 1985; Dunford & Walden, 1991; Mouritzen & Bach-Holm, 1994) 

and rice (Harada et al., 1991, 1992),  where molecular studies revealed large-scale 

deletions and rearrangements in the plastid genome. Ankele et al. (2005) noted that the 

causes of an albino phenomenon cannot be related to any single defect, but the 

mechanism is more complex since several factors seem to be involved in the formation 

of an albino phenotype. The occurrence of albino plants was detected in L. perenne in 

1984 (Torello & Symington 1984) but the cause remains unsolved. A systematic 

application of new and more sensitive molecular marker techniques might be helpful in 

understanding the albino phenomena. The inability of the other cultivars to regenerate 

shoots from protoplast derived calli could be due to the accumulation of changes in 

genetic make up of the individual cultivars during the callus and cell suspension cultures. 

Genotypic influence on levels of tissue culture induced variation has been indicated in 

several studies (Mohmand & Nabors, 1990; Puolimatka & Karp, 1993). A thorough 

molecular analysis on the different cultivars would help in detecting the level of 



52 

 

susceptibility to tissue culture induced variations in the genetic makeup of the different 

cultivars. 

 


