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CHAPTER 2. 

ESTABLISHMENT OF A LOLIUM PERENNE CULTURE SYSTEM FOR 

PROTOPLAST ISOLATION 

2.1 Introduction  

Establishment of a culture system to provide a regular supply of tissue material is one of 

the most important steps for any tissue culture experiment, including protoplast isolation. 

These culture systems could be callus, cell suspensions or other axenic explants and can 

be obtained in many different ways from many different sources. Callus can be induced 

from different parts of the plant ranging from seed, stem, and inflorescence and cell 

suspensions can in turn be obtained from the callus.  

Lolium perenne commonly known as the ‘perennial ryegrass’ is a monocotyledonous species 

and over the years it has been observed that callus and cell suspensions are the only 

source for totipotent protoplasts. Protoplasts derived from the mesophyll tissue or any 

other tissue rarely undergo sustained mitotic divisions in monocotyledons (Potrykus & 

Shillito, 1986; Vasil, 1988; Potrykus, 1990) except in some isolated cases eg., plant 

regeneration from mesophyll protoplasts of rice (Gupta & Pattanayak, 1993). 

Monocotyledonous species where cell suspensions have been the preferred source of 

material include rice, rye, banana (Assani et al., 2001), and leek (Buiteveld et al.,1993). 

Another advantage of having in vitro material such as callus and cell suspensions is that, in 

vitro grown plants effectively eliminate the seasonal variation which affects the 

reproducibility of protoplasts if green-house grown plants are used (Davey et al., 2005). It 

is therefore necessary to establish callus and cell suspensions of L. perenne in order to 

provide a regular supply of in vitro tissue material for isolation of protoplasts as and when 

required and also to eliminate any seasonal variation.  

Callus is initiated in response to wounding and as a result of sustained cell division due to 

the presence of plant growth regulators in the medium such as 2,4-dichlorophenoxyacetic 

acid (2,4-D) (van Overbeck, 1935). Continuous agitation of this callus in liquid medium 

with plant growth regulators yields a cell suspension culture. Embryogenic cell 

suspensions have been the preferred source of tissue material in protoplast isolation 

experiments with L. perenne (Altpeter & Posselt, 2000; Spangenberg et al., 1995a; Wang et 

al., 1997; Dalton et al., 1998, 1999) and other monocotyledonous species as mentioned 
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earlier. Protoplasts isolated from cell suspensions tend to have higher shoot regenerating 

ability. Regeneration of soil-grown plants from embryogenic cell suspension cultures and 

protoplasts has been described for grasses in the genera Agrostis (Asano & Sugiura, 1990; 

Terakawa et al., 1992; Asano et al., 1994), Dactylis (Horn et al., 1988) Festuca (Wang et al., 

1993; Spangenberg et al., 1994; Dalton, 1988a), Lolium (Wang et al., 1993; Creemers-

Molenaar et al., 1989; Wang et al., 1995), Paspalum (Akashi et al., 1993) and Poa (Nielsen et 

al., 1993). Even though efficient and reproducible protocols have been established for the 

induction of callus and cell suspensions from which mature soil grown plants have been 

developed for various forage and turf grasses, each species and each cultivar has its own 

specific response to callus induction and establishment of cell suspensions. 

This chapter therefore focuses on obtaining callus and cell suspensions from different 

cultivars of L. perenne as an ideal source tissue for protoplast isolation. Factors such as 

concentration of sterilising agent and the duration of treatment with sterilising agent for 

obtaining axenic explants, as well as the auxin concentration in the medium are 

investigated.  Furthermore, the regeneration ability of the resulting callus and cell 

suspensions into new plants are assessed as a basis to facilitate recovery of plants from 

protoplast-derived micro and macro colonies. 
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2.2 Materials and methods 

2.2.1 Plant Material 

Ten different cultivars of Lolium perenne L. viz. ‘Bronsyn’ (Speciality Grains and Seeds, 

Christchurch, New Zealand) ‘Impact’, ‘Cannon’, ‘Kingston’, ‘Marsden’, ‘Meridian’, ‘Aries’, 

‘Extreme’ (Pyne Gould Guinness Wrightson Limited, Christchurch, New Zealand) 

‘Arrow’ (Agriseeds, Christchurch, New Zealand) and ‘Aberdart’ (Germinal Seeds, 

Christchurch, New Zealand) were tested for their tissue culture response with respect to 

induction of callus and isolation of protoplasts from induced callus and cell suspensions.  

2.2.2 Surface sterilisation 

The seeds of different cultivars were briefly immersed in 70% ethanol followed by 

immersion in 0.75-3.5% Na-hypochlorite (diluted from commercial bleach, Dynawhite 

Jasol, New Zealand) for 10-90 min with occasional stirring. The seeds were then rinsed 

three times with sterile water. The axenicity was determined after 1 week in culture. 

2.2.3 Callus induction and cell suspension initiation 

The surface sterilised seeds were plated on hormone-free LS medium (Linsmaier & 

Skoog, 1965) with 3% sucrose, solidified with 0.8% agar (Danisco, New Zealand) and 

cultured in sterile plastic containers (80 mm diameter × 50 mm high; Vertex Plastics, 

Hamilton, NZ). Ten seeds were sown in each container and cultured in the darkness at 

25°C. Germinating embryos were excised after 2 days and plated on LS medium with 500 

mg/L casein hydrolysate (enzymatic), 3% (w/v) sucrose, and solidified with 0.8% agar. 

The media was sterilised in autoclave (Burns & Ferrall Ltd. New Zealand) at 121°C, 20 

lb/in2 for 15 min. The auxin 2,4-dichlorophenoxyacetic acid (2,4-D) (GIBCO, USA) at 4 

different concentrations (2.5-10 mg/L) was used for initiating callus and cell suspensions. 

Callii appearing 4-6 weeks later was maintained by subculture onto the same medium 

fortnightly. Friable callus was induced after repeated subculture and used for establishing 

cell suspensions and for the isolation of protoplasts. At each concentration of 2,4-D 100 

seeds of each cultivar were plated. The experiments were repeated three times.The callus 

induction rate was determined after 6 weeks of culture as: 
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Callus induction rate (%) = No. of calli formed/Total no. of immature embryos 

plated × 100 

Cell suspensions were initiated in 125 ml Erlenmeyer flasks with 35 ml of liquid LS 

medium supplemented with 2,4-D at various concentrations (2.5-10 mg/L). The flasks 

were cultured at 25°C at low light intensity on a rotary shaker (MaxQ 4000, 

Barnstead/Lab-Line) agitated at 100 rpm on a 45×45 cm platform with a 30 cm orbit 

diameter. The cell suspension were subcultured every 10 days by replacing 2/3rd of the 

suspension with fresh LS medium. A growth curve was determined for the cell 

suspensions and the log phase cells were utilised for protoplast isolation. The growth 

curve was produced  by determining the fresh weight of the cells in a 5 ml aliquot of the 

cell suspension every 10 days from the initiation of the experiment for a period of 40 

days. The experiments were repeated three times. The cell suspension cultures were 

observed under a microscope (Leitz Labovert, Germany) under low magnification (10x). 

Some cell preparations were stained with 300µl of Lugol’s solution consisting of iodine 

5%, potassium iodide 10% in distilled water 85% to observe starch granules. 

2.2.4 Shoot regeneration 

The calli obtained from the different cultivars 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 80 µmolm-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 30 calli were plated for each cultivar. The experiments was 

repeated three times. The number calli regenerating shoots were counted to determine the 

percentage shoot regeneration from calli of each cultivar. 

The data collected from the above experiments was subjected to analysis of variance 

(ANOVA) using the software GenStat-Ninth Edition Version 9.2.0.0.  
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2.3  Results 

2.3.1  Axenic seeds 

During the surface-sterilisation of seeds from different cultivars it was observed that the 

lower concentrations of  Na-hypochlorite (0.75 and 1.5%) were not effective in inhibiting 

the growth of fungal endophyte present in the seeds. Concentrations of 1.5% resulted in 

axenic Bronsyn seeds at frequencies between 25-64% depending on exposure time (Table 

2.1). Higher concentrations of Na-hypochlorite increased the frequency of recovering 

axenic seeds without affecting their viability. The lowest exposure to Na-hypochlorite 

resulting in 100% axenic seeds was 3.0% for 60 min. Further increases in the Na-

hypochlorite concentration and treatment duration yielded 100% axenic seeds without 

decreasing their viability. As a result of these experiments for all subsequent experiments 

seeds were surface sterlised in 3.0% Na-hypochlorite for 60 min. 

Table 2.1 Axenic status (% ± S.E.) of Lolium perenne 
cv Bronsyn seeds after surface-sterilisation treatments 

Time 

(min) 

Na-hypochlorite concentration (%) 

0.75 1.5 3.0 3.5 

10 12 ± 2 25 ± 3 36 ± 5 54 ± 3  

30 12 ± 2 29 ± 1 58 ± 7 90 ± 5  

60 16 ± 2 30 ± 2 100 ± 0 100 ± 0  

90 22 ± 5 65 ± 6 100 ± 0  100 ± 0  

S.E.=Standard Error; number of seeds per treatment=100, each 
treatment was repeated 3 times 
 

 

2.3.2  Callus induction 

The ten different cultivars screened for callus induction showed a varied response at 

different levels of 2,4-D. The callus induction was determined after 6 weeks incubation. 

ANOVA established highly significant interactions between cultivars and 2,4-D 

concentrations (Fs=8.19; df=27, 78; P<0.001) suggesting that the cultivars showed 

different responses to 2,4-D concentrations. The different cultivars also showed highly 
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significant differences in callus initiation (Fs=106.6; df=9,78; P<0.001). The cultivars 

Bronsyn, Canon, Impact and Kingston all exhibited significantly higher callus induction 

frequencies than the other six cultivars (based on l.s.d.=2.703% at 5% level) (Fig 2.1).  

 

 

 

 

 

                  

A 

Figure 2.1 Effect of different 2,4-D concentrations on callus 
induction from Lolium perenne cultivars after 5 weeks in 
culture. Error bars represent standard error of 3 replications, each with 
100 seeds 

 

The different responses of cultivars in callus induction suggests the presence of genetic 

variability for tissue culture aptitude between the cultivars. Freshly induced callus is 

shown in Figure 2.2.  
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Figure 2.2 Freshly induced callus from Lolium perenne after 6 weeks in culture. 

The palea and lemma which form the seed coat were found to have an influence on the 

callus induction ability of the seeds. When Bronsyn seeds without the seed coat were 

plated on callus induction medium at different levels of 2,4-D, the callus induction 

frequency was 5-10% higher in seeds without the seed coat compared to the seeds with 

the seed coat  at all levels of 2,4-D (P<0.001; l.s.d.=3%; df=3, 14) (Fig 2.3). 

 

 

 

 

 

 

 

 

 

Figure 2.3 Callus induction from Lolium 
perenne cv Bronsyn seeds with and without 
seedcoat.    Error bars represent standard error of 3 
replications each with 100 seeds. 
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2.3.3  Cell suspension initiation 

Established cell suspensions of Bronsyn were investigated for their growth at different 

levels of 2,4-D. The greatest cell suspension growth was observed at 5.0-7.5 mg/L 2,4-D 

(Fig 2.4). Figure 2.5 shows cell suspensions initiated from L. perenne with globular cell 

clumps. 

 

 

 

 

 

  A                                                 B 

 

 

 
Figure 2.4 Effect of 2,4-dichlorophenoxyacetic acid on 
the growth of Lolium perenne cv Bronsyn cell 
suspensions after 4 weeks.  
Error bars represent standard error of 3 replications Fs =1.70; df=4, 10; 
P=0.226; l.s.d.at 5% =0.1706. 
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Figure 2.5 Cell suspension culture of Lolium perenne. A. 
Cell suspension 1 week after subculture; B. Globular cell 
suspension clumps, Bar = 1mm 

 

During the growth of cell suspensions, a typical sigmoid growth curve was obtained with 

the log phase between 10-20 days from the initiation of the culture (Fig. 2.6). During the  

initiation of callus and cell suspensions two types of cells were observed. Cells with dense 

granular starch material and cells without starch granules (Fig 2.7). Both types of cells 

yielded cell suspensions when 200 mg of callus was incubated in liquid LS medium 

containing 2,4-D (5 mg/L) and casein hydrolysate (500 mg/L). Cells without starch 

granules consisted of elongated cells. In the later experiments involving protoplast 

isolation it was observed that the cells with dense granular starch material released 

protoplasts more readily than cells without starch granules. 
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Figure 2.6 Growth curve for Lolium perenne cv 
Bronsyn cell suspension culture.  
Error bars represent standard error of 3 replications. Cell 
mass in 5ml suspension culture. 

 

 

 

 

 

  

A                                                                 B 

Figure 2.7  Types of cells observed in the cell suspensions.  
A. Cells with dense starch granules, bar=50µm B. Cells without starch granules, bar=100µm 

 

 

 



25 

 

2.3.4 Plant regeneration from callus 

Various auxin and cytokinin concentrations were investigated for their effect on plant 

regeneration from the calli of the different cultivars (Table 2.2). ANOVA established that 

there was a highly significant interaction between cultivars and PGR during shoot 

regeneration (Fs=118.62; df=27,56; P<0.001). While there were highly significant 

differences between regeneration frequencies of the cultivars (Fs=15.16; df=15,68; 

P<0.001), each cultivar preferred a different PGR to achieve high regeneration.  Impact 

gave the highest response with kinetin, whereas the other three preferred BA.  

 

 

Table 2.2 Plant regeneration (%+ S.E.) from calli of different cultivars at 
different concentrations of plant growth regulators 

PGR Concentration 

(mg/L) 

Cultivars 

Bronsyn Impact Canon Kingston 

2,4-D 0.1 67.3 + 4.1 43.0 + 3.6 30.0 + 4.3 41.6 + 2.5 

1.0 60.0 + 4.3 43.0 + 4.5 44.0 + 5.2 0.0 + 0.0 

BA 0.1 68.0 + 3.0 59.3 + 5.8 31.0 + 3.6 91.0 + 3.6 

1.0 61.0 + 2.6 50.6 + 2.0 52.6 + 4.1 98.0 + 2.8 

Kinetin 0.1 52.3 + 4.0 89.6 + 2.0 9.6 + 2.0 56.6 + 4.7 

1.0 39.3 + 2.0 28.3 + 4.1 25.6 + 4.0 67.6 + 3.5 

Control 0 34.3 + 3.2 63.0 + 5.1 0.0 + 0.0 51.0 + 6.5 

S.E.= standard error; each experiment was repeated 3 times. (l.s.d.=6.335 at 5% level)  
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Futhermore, the frequency of albino shoots formed during the regeneration process 

varied between the cultivars, with Impact having the highest frequency of albino shoots 

whereas Kingston had the lowest incidence of albino shoot formation (Table 2.3). The 

formation of albino and green shoots is shown in Figure 2.8.  

 

Table 2.3 Frequency (%+ S.E.) of 
albino and green shoot formation 
from various cultivars 

Cultivar Albino  Green 

Bronsyn 26 + 3 74 +3 

Canon 24 + 3 76 + 3 

Impact 35 + 2 65 + 2 

Kingston 12 + 5 88 + 5 

Meridian 20 + 6 80 + 6 

Marsden 18 + 1 82 + 1 

Aries 26 + 2 74 + 2 

Arrow 17 + 5 83 + 5 

Aberdart 26 + 4 74 + 4 

Extreme 27 + 2 73 + 2 

S.E.= standard error each experiment was 
repeated 3 times, number of calli plated per each 
experiment= 30 
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Figure 2.8 Shoot regeneration from callus of Lolium perenne 
cv Bronsyn  
A. Green shoot formation; B. Albino shoot formation 
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2.4 Discussion 

One of the important prerequisites for successful protoplast isolation and shoot 

regeneration is the availability of axenic non-contaminated cell cultures. Such axenic 

cultures can be obtained by surface sterilisation of the plant part that would be used for 

the initiation of the callus or cell suspension cultures, such as leaf explants, seeds, 

inflorescence. Obtaining axenic cultures of L. perenne explants is particularly difficult due 

to the presence of the endophytic fungi Neotyphodium  lolii (Glen et al., 1996, Shiba & 

Sugawara, 2005).  

In previous studies different methods have been employed to obtain axenic cultures. 

Dalton (1988b) working with Festuca arundinacea and L. perenne treated seeds with 100% 

sodium hypochlorite solution followed by imbibition of the seeds in distilled water, then 

further treatment with 10% sodium hypochlorite solution. Wang et al. (2002a) working 

with L. temulentum, treated seeds on 2 consecutive days with 100% sodium hypochlorite 

and 3% calcium hypochlorite  respectively.  

L. perenne has a thick seed coat palea and lemma, which protects the inner seed from 

harsh surrounding environmental conditions. In order to obtain 100% axenic seed 

treatments with 3% Na-hypochlorite for a duration of 60 min were necessary (Table 2.1). 

A further increase in the concentration and treatment duration gave similar results 

without affecting the seed viability. The approach used in this study avoided the extra 

treatment of soaking the seeds overnight in sterile water or retreatment with bleach as 

performed in earlier studies (Dalton, 1988; Wang et al., 2002a). Increasing the duration of 

treatment of the sterilizing agent allows better penetration and better chances for 

eliminating the contaminating fungi thus ensuring axenic material for induction of callus. 

When different cultivars of L. perenne were screened for callus induction great variability 

in their response was observed. Cultivar ‘Bronsyn’ along with ‘Cannon’ had the highest 

callus induction frequency of 36% each, whereas ‘Aberdart’ had the lowest callus 

induction frequency of 2% (Figure 2.2). The cultivar ‘Meridian’ did not form any callus at 

2.5 mg/L 2,4-D, but there was an increasing trend in callus induction frequency from 5-

10 mg/L of 2,4-D, whereas other cultivars showed the highest callus induction 

frequencies at 5 and 7.5 mg/L concentration with gradual decrease at 10 mg/L 



29 

 

concentration. These results reflect the ability of different cultivars to form callus at 

different levels of 2,4-D. These variations in response to callus induction of the different 

cultivars of L. perenne could be due to genetic variation. Genetic variability between 

cultivars for tissue culture response has been shown to exist in earlier studies on L. perenne 

(Roldan-Ruiz et al., 2000, Olesen et al., 1995, Olesen et al., 1996, Creemars-Molenaar et al., 

1988). Genotypic effects on the frequency of callus induction from immature embryos 

was also shown in several studies of cereals (Luhrs and Lorz, 1987; Hanzel et al., 1985; 

Chevrier et al., 1990). Bhaskaran and Smith (1990) expressed the views that the genetic 

basis of variability in tissue culture response and morphogenesis is most likely due to 

differences in hormone metabolism within the explant which is established by the level of 

gene expression for individual hormones by the genotype. The present study once again 

confirms that the genetic variability between the cultivars significantly influences the 

callus inducing ability. Further experiments with ‘Bronsyn’ showed that the callus 

induction increased with removal of the palea and lemma by 5-10% at all levels of 2,4-D 

tested (Figure 2.3). A similar method was adopted by Wang et al. (2002a). The removal of 

palea and lemma increased the callus induction rate. The remainder of the cultivars were 

not screened for the effect of palea and lemma on the callus induction. It was assumed 

that they would exhibit a similar response to Bronsyn. Besides, the removal of palea and 

lemma was time consuming for only a 5-10% increase in callus induction. 

Cell suspensions were initiated from friable callus. During the induction process two 

types of callus types were seen. Globular callus with nodules and undistinguished mass of 

cells filled with dense granular starch particles. The former failed to initiate any cell 

suspensions whereas the latter proliferated easily in the suspension giving rise to cell 

suspensions from which protoplasts could be isolated easily.  

Lolium perenne is an outbreeding species and pronounced differences among embryogenic 

cell lines with respect to suspension formation could be genotype dependent. Each seed 

within a cultivar could represent a different genotype. Such genotypic effect  have been 

demonstrated for regeneration from single genotype derived cultures of L. perenne (Olesen 

et al., 1995). Thus, while working with transformation experiments of Lolium species, 

Wang et al. (1993) used single genotype derived embryogenic suspensions in order to 

eliminate genotypic differences among the regenerants or transformants. Such approaches 

have also been applied in other out breeding grasses such as Festuca (Spangenberg et al., 

1995b; Wang et al., 1993). This suggests that for the initiation of cell suspensions for L. 
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perenne, it is important to screen a large number of seeds for more responsive genotypes 

cultivars with a high amenability to culture in liquid medium. Similar views were 

expressed by Asano and Sugiura (1990) while working with Agrostis alba. 

Plant regeneration from the callus was achieved when the callus was plated on LS 

medium supplemented with plant growth regulators at different concentrations. The 

variability in the response to shoot regeneration of the different cultivars depicts the 

variability within the cultivars of L. perenne. The variation between cultivars in the 

frequency of the shoot regeneration (Table 2.2) and the frequency of albino shoot 

formation from callus further reflects the genetic variation for these traits in L. perenne. 

The changes leading to albino plant formation in somatic in vitro culture are not known, 

but studies with perennial ryegrass reveal a large genotypic influence on albino plant 

frequencies (Olesen et al., 1995). Similar differences in tissue culture responses were 

demonstrated in perennial ryegrass turf type cultivars (Bradley et al., 2001) and apomictic 

cultivars of buffel grass (Colomba et al., 2006). 

The results have demonstrated the differences in the tissue culture response of some of 

the commercially elite L. perenne cultivars. These elite cultivars with high capacity for 

callus induction and plant regeneration could be used in breeding experiments to obtain 

somaclonal variants which would enable  a new class of cultivars with greater amenability 

to tissue culture. The responses shown by the 10 cultivars tested for plant regeneration 

from callus represent the potential for in vitro studies of L. perenne forage type cultivars. 

 


