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CHAPTER 4 

ISOLATION AND REGENERATION OF LOTUS CORNICULATUS 

PROTOPLASTS  

4.1 Introduction 

The legume, Lotus corniculatus, is a dicotyledonous species that has been tested as a forage 

plant in New Zealand. L. corniculatus (Fig. 4.1) belongs to the family Fabaceae and is a 

tetraploid with 2n=4x=24. It is a glabrous to sparsely pubescent perennial plant, though 

not a long-lived perennial with a life span of 2-4 years. It shows high persistence and 

continued production under moderate soil fertility conditions in the drier high country 

regions. More than 300 lines and cultivars have been tested in New Zealand (Scott et al., 

1995). Lotus corniculatus also contains condensed tannins which in feeding studies have 

been shown to increase wool production by 18% and milk protein secretion in ewes 

(Wang et al., 1996b; Min et al., 1998; 2001). Also, like all legumes, L. corniculatus is a N2 

fixing crop, has a lower ratio of cell wall material to cell content and therefore fragments 

easily across the leaf blade upon grazing thus increasing its digestibility. It has been 

successfully demonstrated that it can be grown in drought prone areas (Duke, 1981; Scott 

et al., 1995). These traits makes L. corniculatus a strong contender as a breeding partner 

with the more popular forage crop L. perenne. L. corniculatus and L. perenne are widely 

divergent taxonomically and conventional breeding between the two species would be 

technically impossible. Somatic hybridisation, which has been developed and used 

successfully for gene introgression over the past 20-30 years, would be an ideal technique  

for the transfer of traits from L. corniculatus to L. perenne. As a prerequisite, isolation of 

viable protoplasts from L. corniculatus is absolutely essential for successful progress 

towards protoplast fusion between L. perenne and L. corniculatus.  

The ability to isolate protoplasts and regenerate them into plantlets provides plenty of 

opportunities for crop improvement programmes. The importance of isolation of L. 

corniculatus protoplasts has already been demonstrated and utilised successfully for 

interspecific and intergeneric fusion for crop improvement (Table 4.1). It provides a 

system for protoplast fusion (somatic hybridisation), somaclonal variation and plant 

transformation.  
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Protoplast isolation from L. corniculatus has been accomplished from different tissues such 

as root, leaves, cotyledons, hypocotyls, and callus (Table 4.1). Regeneration of plantlets 

has been achieved from the isolated protoplasts and the protoplasts have been utilised in 

successful inter-specific and intergeneric somatic hybridisations.  

This chapter examines factors involved in the protoplast isolation, micro-colony 

formation and plantlet regeneration of L. corniculatus. Parameters investigated include: the 

source tissue, cell wall digesting enzyme combinations, duration of tissue incubation in 

the enzyme, osmolarity, methods for micro-colony formation, and the type of growth 

hormones used for plant regeneration. The results obtained provide the basis for an 

efficient protocol for isolation of protoplasts from L. corniculatus for use in asymmetric 

somatic hybridisation with L. perenne protoplasts.  
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Table 4.1 Studies involving the use of Lotus corniculatus protoplasts 

Species Aim Protoplast source 
tissue 

Reference 

L. corniculatus cv. 

Viking 

Protoplast isolation 

and regeneration 

Callus Niizeki & Saito, 1986 

L. corniculatus cv. Leo Protoplast isolation 

and regeneration 

Leaves and cotyledons Webb & Watson, 1991 

L. corniculatus cv. Leo; 

L. conimbricensis 

Interspecific fusions Etiolated hypocotyls; 

suspension cultures 

Wright et al., 1987 

L. corniculatus cv. Leo Protoplast isolation Root hairs Rasheed et al., 1990 

L. corniculatus cv. Leo; 

L. tenuis 

Protoplast fusion Green cotyledons; cell 

suspension 

Aziz et al., 1990 

L. corniculatus cv. 

Viking; Oryza sativa 

Intergeneric fusions Calli Nakajo et al., 1994 

L. corniculatus cv. 

Viking; Glycine max 

Intergeneric fusions Calli Niizeki et al., 1994 

L. corniculatus cv. Leo; Protoplast isolation 

and regeneration 

Cotyledons Vessabutr & Grant, 

1995 

L. corniculatus cv. 

Viking 

Somatic hybridisation Calli Kaimori et al., 1998 

L. corniculatus Protoplast isolation 

and regeneration 

Roots Akashi et al., 2000 
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Figure 4.1 Different stages of Lotus corniculatus development 
A: Flowering Lotus corniculatus  plant 
B: Mature pods of Lotus corniculatus 
C: Seeds of Lotus corniculatus  Scale: Bar=0.5 mm 
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4.2 Materials and methods 

4.2.1 Plant Material 

Seeds of Lotus corniculatus cv. Leo (Birdsfoot trefoil) Lot # 8-66292 (Fig 4.1 C) were 

obtained from Newfield Seeds Company Ltd., Saskatchewan Canada. Seeds were 

germinated in vitro after surface sterilisation with 30% Dynawhite (Jasol, New Zealand) 

containing 4.8%+ 0.2 Na-hypochlorite for 20 min, followed by 3 rinses with sterile water. 

The seeds were cultured in darkness at 25°C after plating on hormone-free LS medium 

(Linsmaier & Skoog, 1965) (0.8% agar) in sterile plastic containers (80 mm diameter × 50 

mm high; Vertex Plastics, Hamilton, NZ). After 5 days the germinated seeds were 

transferred to light (16h:8h, light:dark) for seedling growth at 25°C. Cotyledons from 4 

day old seedlings and the leaves at different stages of plant growth (8 and 12 days old, 

post germination) were used during the isolation of the protoplasts to determine an 

optimum source for protoplast yield. 

  

4.2.2 Protoplast isolation 

Protoplasts were isolated from in vitro grown cotyledons and leaves.  Protoplast isolation 

was conducted on a rotary shaker (IKA-VIBRAX-VXR, IKA Labortechnik, STAUFEN 

Germany) at 40 rpm (20×40cm platform, 7 cm diameter) in the dark at 25°C. The 

following cell wall degrading enzymes were evaluated at different concentrations: 

Onozuka RS (Yakult Honsha Co., Ltd. Japan): Degradation of cellulose;  

Macerozyme R-10 (Yakult Honsha Co., Ltd. Japan) and Pectolyase (Sigma-

Aldrich, USA): Degradation of pectin; and  

Driselase (Sigma-Aldrich, USA): Degradation of cellulose, pectin and hemicellulose.  

Different enzyme buffers with varying osmolarity (0.4-0.8 M Mannitol) were evaluated for 

their effect on protoplast isolation and viability. The enzymes were dissolved in their 

respective buffer solutions and filter sterilised through 0.45 µm filter units (Sartorius 

Minisart® Vivascience AG, Hannover, Germany). Protoplasts were isolated after 
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incubation at different time intervals (4, 6, 8 h) in order to investigate the effect of 

incubation period on the release of protoplasts and their viability. 

 

4.2.3 Protoplast purification   

After incubation the protoplast-plant mixture was filtered through a 45 µm nylon mesh. 

The protoplast containing solution was then centrifuged at 650 rpm (18 G) for 5 min. 

The enzyme solution was discarded and the protoplast pellet was resuspended in isolation 

buffer (0.6 M mannitol, 80 mM CaCl2.2H2O, 5 mM MES, pH 5.8). The centrifugation-

resuspension procedure was repeated three times to remove any traces of enzymes. The 

density of the protoplasts was 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 observed under UV. Viable protoplasts were spotted as bright 

green whereas no fluorescence was observed with non-viable protoplasts. 

 

4.2.4 Protoplast culture  

Different methods and media were evaluated during the culture of L. corniculatus 

protoplasts. These included culture of protoplasts in liquid media, culture of protoplasts 

by embedding in agarose and culture of protoplasts on nitrocellulose membrane with a L. 

perenne feeder layer. (Refer section 3.2.4 for detailed explanation of each method). During 

embedding culture the protoplasts at a density of approximately 7-8×104/ml were spread 

on already solidified LS medium and warm molten (34°C) LS medium with agarose was 

carefully poured over the top for embedding the protoplasts. LS medium, ½ LS medium 

and PEL (Pelletier et al., 1983) media were investigated for culture of the protoplasts.  The 

culture of protoplasts on PEL medium involves a sequential transfer to a series of PEL 

media (PEL B, PEL C and PEL E) (Pelletier et al., 1983). The protoplasts were cultured in 

darkness at 25°C.  

 

4.2.5 Shoot regeneration 
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The protoplast-derived callus formed was cultured at 25°C and 80 µmolm-2s-1 using cool 

white fluorescent tubes (16:8 h light:dark cycle) on LS medium with different 

combinations and concentrations of  PGR (plant growth regulators) for shoot 

regeneration. The callus was cultured in sterile plastic containers (80mm diameter × 50 

mm high; Vertex Plastics, Hamilton, NZ). In each plastic container 5 calli were plated and 

a total of 20 calli were plated for shoot regeneration. The experiments were repeated three 

times. The number of calli regenerating shoots were counted to determine the percentage 

shoot regeneration. 

 

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

the software GenStat-Ninth Edition Version 9.2.0.0. All the experiments were repeated 

three times. 
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4.3 Results 

4.3.1 Protoplast isolation  

4.3.1.1 Protoplast isolaton with different enzyme combinations 

Three different enzyme formulations were evaluated for the isolation of L. corniculatus 

protoplasts from cotyledons (Table 4.2). Enzyme combination ‘A’ with different types of 

cellulases and pectinases released the highest number of protoplasts whereas enzyme 

combination ‘C’ consisting of only cellulases failed to produce any protoplasts. Enzyme 

combination ‘B’ produced a low number of protoplasts (Table 4.2). After repeating the 

experiments three times, ANOVA established that the yield of protoplast varied 

significantly between the enzyme combinations (Fs=29.12; df=2, 6; P<0.001). The yield 

of protoplasts from enzyme combination ‘A’ was higher then enzyme combination ‘B’ 

(based on  l.s.d.= 2.4 × 106 at the 5% level). The viability of the protoplasts was not 

affected by the enzyme combination as high viability was observed with both 

combination of enzymes ‘A’ and ‘B’ (based on l.s.d.=7% at the 5% level).   

 
Table 4.2 Yield and viability of Lotus corniculatus cv Leo 
protoplasts isolated from cotyledons at different enzyme 
combinations  

Enzyme 
combination 

Yield × 106 (+ S.E.) g-1 
FW 

Viability (%+ S.E.) 

A 7.3 + 0.6 73 + 4 

B 2.3 + 1.7 68 + 3 

C 0 0 

S.E. represents standard error of 3 replications  
A: Cellulase Onozuka RS 2%, Macerozyme R-10 1%, Driselase 0.5%, Pectolyase 0.2% 
B: Cellulase Onozuka RS 2%, Driselase 0.5%, Pectolyase 0.2% 
C: Cellulase Onozuka RS 2%, Macerozyme R-10 1%  
The tissue was  incubated  for 6 h in 0.6 M mannitol 
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4.3.1.2 Effect of different tissue types on the isolation of protoplasts  

Protoplasts from L. corniculatus were isolated from two different tissue types, viz. 

cotyledons and leaves. The two different tissues greatly affected the protoplast yield 

(Table 4.3). ANOVA established that there was a highly significant difference in the yield 

(Fs=1349.67; df=2, 6; P<0.001) and viability (Fs=59.49; df=2, 6; P<0.001) of the 

protoplasts isolated from the different tissue types. Protoplast yield from cotyledons 2-3 

days after seed germination were substantially higher when leaves were used as a tissue for 

isolation   (based on l.s.d.= 0.3 × 106  at the 5% level). Furthermore, the age of the leaf 

tissue greatly affected the protoplast releasing ability with 8 day old leaf tissue producing 

higher protoplast yield than 12 day old leaf tissue. The majority of the protoplasts isolated 

from 12 day old leaf tissue burst upon release. The protoplasts isolated from cotyledons 

maintained a spherical shape, 20-50 µm diameter and no damage to internal cell 

organelles, such as disintegration of chloroplasts, was observed (Fig 4.2). Also there was 

significant difference in the viability of the protoplasts isolated from the cotyledons and 

the leaves (8 and 12 days respectively) (based on l.s.d.=10% at the 5% level). 

Table 4.3 Protoplast yield and viability from different tissues of 
Lotus corniculatus cv Leo 

Tissue type 

 

Yield × 106 (+ S.E.) g-1 FW Viability (%+ S.E.) 

Cotyledon 7.1 + 0.2 78 + 6 

Leaves (8 days) 2.8 + 0.2 44 + 4 

Leaves (12 days) 0.1 + 0.0 41 + 6 

S.E. represents standard error of 3 replications, 
Enzyme combination ‘A’ (Cellulase Onozuka RS 2%, Macerozyme R-10 1%, 
Driselase 0.5%, Pectolyase 0.2%) was used for 6 h in 0.6 M mannitol 
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Figure 4.2 A and B, Freshly isolated Lotus corniculatus cv Leo protoplasts with 
intact green chloroplasts  
Scale bar = 20µm. 
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4.3.1.3 Effect of incubation time on protoplast yield and viability  

The incubation time showed a highly significant effect on the protoplast yield (Fs=374.07; 

df=2, 6; P<0.001) and viability (Fs=33.32; df=2, 6; P<0.001) as was determined by 

ANOVA. An incubation time of 4 h resulted in insufficient digestion of the tissue and 

cell wall material surrounding the protoplasts resulting in reduced yield but with a high 

percentage of viable protoplasts. The optimal incubation period for high protoplast yield 

with high viability was 6 h (Table 4.4). With the 8 h incubation period there was a high 

yield but with a decrease in the viability of the protoplasts. Protoplast yields obtained after 

6 and 8 h of incubation periods were significantly higher (based on l.s.d.=0.7 × 106  at the 

5% level). There was no significant difference in the viability of the protoplasts between 4 

h and 6 h (based on l.s.d.=9% at the 5% level).  

Table 4.4 Yield and viability of Lotus corniculatus cv Leo 
protoplasts following different incubation periods  

Incubation time (h) 

 

Yield × 106 (+ S.E.) g-1 
FW 

Viability (%+ S.E.) 

4 0.3 + 0.2 81 + 4 

6 7.3 + 0.3 76 + 5 

8 7.5 + 0.5 52 + 5 

S.E. represents standard error of 3 replications 
Enzyme combination ‘A’ (Cellulase Onozuka RS 2%, Macerozyme R-10 1%, 
Driselase 0.5%, Pectolyase 0.2%) in 0.6 M mannitol was used. 
 

 

4.3.1.4 Effect of osmolarity on protoplast yield and viability 

The results from the osmolarity experiments showed that the L. corniculatus protoplasts 

were prone to damage even with a slight variation in the osmolarity level of the enzyme 

solution. The protoplast yield and viability were both affected (Table 4.5). ANOVA 

results showed that there was highly significant differences in protoplast yield (Fs=32.61; 

df=2, 6; P<0.001) and viability (Fs=8.38; df=2, 6; P=0.018) between the osmolarity levels. 

The best results were achieved when the osmolarity was maintained at 0.6 M. Isolation of 

protoplasts at higher osmolarity (0.8 M) resulted in the bursting of the released 

protoplasts (Fig 4.3). 
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Figure 4.3 Lotus corniculatus cv 
Leo protoplasts isolated in 0.8 M 
osmolarity 
 

When the protoplasts were isolated at 0.4 M osmolarity the released protoplasts were 

shrunken with reduced yield. These protoplasts failed to produce cellular divisions and 

subsequent formation of micro-colonies. Osmolarity of 0.6 M produced the highest yield 

of protoplasts (based on l.s.d.=2.2 × 106 at the 5% level). Furthermore, viability at 0.8 M 

osmolarity level was lower than the other two osmolarity levels (based on l.s.d.=13% at 

the 5% level). 

Table 4.5 Protoplast yield and viability of Lotus corniculatus cv 
Leo at different osmolarities  

Osmolarity (M) 

 

Yield × 106 (+ S.E.) g-1 
FW 

Viability (%+ S.E.) 

0.4 2.9 + 1.9 62 + 6 

0.6 7.4 + 0.2 66 + 5 

0.8 0.3 + 0.2 45 + 8 

S.E. represents standard error of 3 replications  
Enzyme combination ‘A’ (Cellulase Onozuka RS 2%, Macerozyme R-10 1%, 
Driselase 0.5%, Pectolyase 0.2%) for 6 h incubation period was used. 
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4.3.2 Protoplast culture and regeneration 

The plating efficiency of L. corniculatus protoplasts was greatly affected by the method 

used for protoplast culture. The methods used for L. corniculatus protoplast culture were 

the same as for L. perenne. The highest percentage of plating efficiency (1.6%) (Table 4.6) 

was achieved when protoplasts were cultured using a nitrocellulose membrane with a L. 

perenne cell suspension feeder layer on a series of PEL media (Fig 4.4). Protoplasts were 

also able to form microcolonies in liquid cultures with LS medium although these 

microcolonies failed to grow further into callus. The embedding and bead-type methods 

failed to produce any mircocolonies, though first and second divisions were occasionally 

observed in these culture methods.  

 

Table 4.6 Plating efficiencies (%+S.E.) of Lotus corniculatus cv Leo protoplasts 
with different culture systems and media 

 

Culture 

media 

Culture type 

Liquid Embedding Bead-type Nitrocellulose 

membrane 

LS 0.1 + 0.0 0.00 0.00 0.2 + 0.1 

½ LS 0.00 0.00 0.00 0.00 

PEL 0.00 0.00 0.00 1.6 + 0.2 

S.E. represents standard error of 3 replications 
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Figure 4.4 Lotus corniculatus cv 
Leo microcolonies developing from 
protoplasts using the nitrocellulose 
membrane-feeder layer technique. 
Bar = 0.5mm 

The presence of plant growth regulators (PGR) in the culture medium benefited the 

shoot regeneration process from callus colonies. Colonies were plated on LS medium 

with different combinations of PGR at different concentrations. Low levels of either 

auxins and cytokinins initiated shoot formation from the callus colonies (Table 4.7). 

Figure 4.5 shows the appearance of buds on callus colonies after 3 months in culture and 

shoot regeneration after 4 months in culture. ANOVA established highly significant 

interaction between type of growth hormones and their concentrations (Fs=12.40; df=5, 

16; P<0.001). Analysis of variance showed that the shoot regeneration from the colonies 

was significantly higher at lower concentrations of PGRs (Fs=5.46; df=2, 16; P=0.01). 

The highest frequency of shoot regeneration (46%) was observed when auxin and 

cytokinin (NAA/BA) in low concentration (0.1/0.1 mg/L) were present (based on  

l.s.d.=3% at the 5% level). 
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Table 4.7 Shoot regeneration from protoplast-derived 
callus colonies on LS medium with various growth 
hormones 

Growth 

hormones 

Concentration 

(mg/L) 

Shoot regeneration 

(%)+ S.E 

2,4-D 0.1 11 + 1 

1.0 0 

BA 0.1 31 + 3 

1.0 11 + 2 

Kinetin 0.1 10 + 1 

NAA 0.1 26 + 3 

2,4-D/BA 0.1/0.1 33 + 2 

NAA/BA 0.1/0.1 46 + 2 

Control 0 0 

S.E. represents standard error of 3 replications of 20 calli 
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Figure 4.5 Shoot regeneration of Lotus corniculatus cv 
Leo after culture of protoplast-derived callus on shoot 
regeneration medium 
A. Callus developing shoot buds, 3 months after 
protoplast culture. Bar = 1 mm 
B. Development of a shoot from 4 months old callus. 
Bar = 1 mm 
C. Plant regenerating from protoplast derived callus. 
D. Roots developing from regenerated plants. 
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4.4 Discussion 

The isolation of protoplasts and their regeneration into plantlets can be controlled by 

various experimental factors. The results from the present study indicate that the isolation 

of L. corniculatus protoplasts was influenced by enzyme combination (Table 4.2), tissue 

selection (Table 4.3) and isolation factors such as length of incubation of tissue in the 

enzyme (Table 4.4), and the osmolarity of the isolating medium (Table 4.5). The type of 

tissue used proved vital in obtaining a high protoplast yield. Cotyledon tissue yielded the 

highest number of protoplasts, 7.14×106 g-1 FW, with a viability of 78%. The optimisation 

of these variables has lead to an improved yield compared to previous results on L. 

corniculatus (Rasheed et al., 1990; Vessabutr & Grant 1995; Akashi et al., 2000).  The 

protoplast yield achieved here was two times higher than the previous best result (Akashi 

et al., 2000). The results from this experimental work suggest that the age of tissue plays a 

critical role for high yield and high viability of protoplasts (Table 4.3). The sharp drop in 

the protoplast yield isolated from 12 day old leaf tissue (Table 4.3) might be due to the 

cessation of cell growth and initiation of secondary cell walls. Further studies on the cell 

wall composition at different stages of growth could provide information which might 

give a cue to the observed results and indicate what enzymes are required.  

Viability of the protoplasts observed in the current study is similar to or slightly lower 

than 70-85% viability observed from other L. corniculatus studies (Rasheed et al., 1990; 

Vessabutr & Grant 1995; Akashi et al., 2000). This might have been due to the presence 

of different enzymes such as Onozuka RS, Macerozyme R-10, Driselase and Pectolyase 

which are known to have an harmful effect on the general physiology of the protoplasts. 

The enzyme pectolyase has been shown to cause acidification of the cytoplasm in tobacco 

cells (Mathieu et al., 1996). Results have also shown that pectolyase leads to responses 

such as membrane depolarization, oxidative burst and K+ leakage (Bürdern & Thiel, 

1999). Bürdern and Thiel (1999) concluded that enzymatic isolation of protoplasts 

irreversibly modifies some of the properties of maize coleoptile cells.  

Osmolarity of 0.6 M proved to be optimum for the isolation, survival and further growth 

of the cotyledon-derived protoplasts of L. corniculatus. When the protoplasts were isolated 
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at higher or lower osmolarity it might have resulted in physiological imbalance within the 

protoplast influencing the regenerating ability of the cells. Niizeki and Saito (1986) were 

able to isolate protoplasts at 0.7 M mannitol from callus tissue whereas Rasheed et al. 

(1990) were able to isolate stable protoplasts at 0.2 M mannitol from root hairs. In 

contrast, in the present study the isolation of stable protoplasts in 0.6 M mannitol from 

cotyledons highlights the requirements of different osmotic potentials of cells from 

various types of tissues.  

The development of micro-colonies from protoplasts was affected by the media chosen 

and the method used for protoplast culture (Table 4.6). Culture of protoplasts on 

nitrocellulose membrane with a L. perenne feeder layer on a sequential series of PEL 

medium was the most successful in this study. In earlier studies KM8P, B5, MS Kao 

media with embedding, gellan gum liquid and extra thin alginate film methodologies were 

used for the culture L. corniculatus protoplasts (Pati et al., 2005; Akashi et al., 2000, 

Vessabutr & Grant, 1995). This is the first report of  L. corniculatus protoplasts 

successfully cultured using nitrocellulose membranes with a L. perenne feeder layer on PEL 

medium and presents an alternative to the existing methods. The plating efficiencies of L. 

corniculatus recorded from this method have exceeded those recorded previously (Aziz et 

al., 1990; Pati et al., 2005; Akashi et al., 2000). In the present study only L. perenne cells 

were used as the feeder-layer. The use of other cell suspensions especially of L. corniculatus 

might have a beneficial effect on the plating efficiency of L. corniculatus protoplasts.  

Lotus species have been observed to differ in their requirements of PGRs to induce plant 

regeneration from callus (Nenz et al., 1996; Handberg & Stougaard, 1992; Pupilli et al., 

1990; Piccirilli et al., 1988; Nizeki & Grant, 1971). In this research it was observed that 

low levels of auxins and cytokinins considerably boosted the chances of obtaining shoots 

from the protoplast-derived callus. Also auxins and cytokinins in combination at low 

concentration resulted in a high shoot regeneration frequency. This is in line with the 

observation made by Handberg and Stougaard (1992) in L. corniculatus. In the research 

reported here low levels of 2,4-D (0.1 mg/L) were able to induce shoots from callus at a 

low percentage (11%). The response of Lotus to 2,4-D could be species specific as it has 

been observed that addition of 2,4-D lead to callus proliferation in L. angustissimus (Nenz 

et al., 1996). Further detailed studies of the role of PGRs on regeneration of Lotus species 

is needed to develop a more efficient regeneration medium. In conclusion this chapter 
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has provided an efficient protoplast isolation method and a protocol for the regeneration 

of plants from the recovered microcolonies of L. corniculatus. 

 


