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CHAPTER 5 

ASYMMETRIC SOMATIC HYBRIDISATION BETWEEN 

MONOCOTYLEDONOUS LOLIUM PERENNE AND 

DICOTYLEDONOUS LOTUS CORNICULATUS   

5.1 Introduction 

Somatic hybridisation is a tool which has been used in crop improvement programmes 

of various crop species such as citrus, potato, rice, brassicas, cereals and also forage 

crops (reviewed in Liu et al., 2005). It involves the fusion of protoplasts from the two 

species of interest to enable unique combinations of nuclear and cytoplasmic genomes. 

In many cases fertile and functional hybrids have been produced, and also cybrids with 

unique combinations of chloroplast and mitochondrial genomes with traits such as 

herbicide resistance, and cytoplasmic male sterility. Such cybrids have been developed 

in earlier studies in citrus (Xu et al., 2004; Vardi et al., 1987) brassicas (Vedel et al., 1986; 

Christey et al., 1991),  tobacco (Kushnir et al.,1987) and potato (Sidorov et al., 1994). 

Intergeneric somatic hybridisation has been conducted using techniques such as 

symmetric fusions, asymmetric fusions and microfusion which lead to the formation 

of symmetric hybrids, asymmetric hybrids, and cybrids respectively. Protoplast fusion 

was first observed by Power et al. (1970) while working with protoplasts of mature 

tomato fruit, leaf tissue of tobacco and radish storage root. The first interspecific 

somatic hybrids were produced in tobacco (Carlson et al., 1972) employing the 

symmetric fusion technique and since then a large number somatic hybrids have been 

produced in a number of species. The draw backs of symmetric hybrids has been the 

incorporation of total genomes of both parents leading to incorporation of too much 

genetic material which can result in genetic imbalance and incompatability. These 

could result in possible abnormal growth and development, and low fertility of the 

resulting hybrids (Sherraf et al., 1994; Spangenberg et al., 1994; Begum et al., 1995; 

Kisaka et al., 1998; Hu et al., 2002; Wang et al., 2003).  

In contrast asymmetric fusion allows transfer of partial genomes from one species to 

another. Asymmetric fusion between protoplasts is achieved by introduction of the 

genomes on a minimised scale. This can be achieved by breaking or fragmenting the 

chromosomes of one parent (the donor) using agents such as X-rays or Gamma rays 

prior to fusion (Dudits et al., 1980; Lui & Deng 1999; Zubko et al., 2002). UV light has 
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been used more recently because of its easy access and reliable efficiency in causing 

chromosomal breakage (Jain et al., 1988; Xia et al., 1996, 1998, 1999, 2003; Zhou et al., 

2001 2002; Cheng & Xia, 2004) and less cost compared to other treatments. In 

addition to irradiation, restriction endonucleases, spindle toxin or chromosome 

condensation agents have also been used for chromosomal fragmentation (Ramulu et 

al., 1994; Forsberg et al., 1998a). The first intergeneric asymmetric hybrids were 

reported by Dudits et al. (1980) between X-ray irradiated parsley (Petroselium hortense) 

and tobacco protoplasts and since then there have been many reports on asymmetric 

somatic hybridisation between many species (Liu et al., 2005). 

The somatic hybridisation technique (protoplast fusion) has been used earlier in the 

crop improvement programmes of both Lolium species  and Lotus species (Table 5.1). 

However no previous studies have reported fusion between these species. The fusion 

between these two species could lead to the transfer of important traits from Lotus to 

Lolium such as increased condensed tannin, lower ratio of cell wall material to cell 

content or the drought resistance character which might help in improving Lolium 

species. This chapter will focus on the protoplast fusion of Lolium perenne cv Bronsyn 

with Lotus corniculatus cv Leo using asymmetric somatic hybridisation technique. The 

emphasis is on elucidating the various factors which influence the frequency of 

protoplast fusion events between unrelated plant species from very wide taxonomic 

origin. 
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Table 5.1 Somatic hybridisation involving Lolium and Lotus species 

Parents Type of fusion Reference 

Lolium, Festuca Symmetric Takamizo et al., 1991 

Lolium, Triticum Symmetric Chen et al., 1992 

Lolium, Triticum Asymmetric Ge et al., 1997 

Lolium, Triticum Asymmetric Cheng & Xia, 2004 

Lolium Triticum Asymmetric Ge et al., 2006 

Lolium, Festuca Asymmetric Spangenberg et al., 1994, 1995 

Lotus, Medicago Asymmetric Niizeki, 2001 

Lotus, Oryza Symmetric Niizeki et al., 1992 

Lotus, Oryza  Symmetric Nakajo et al., 1994 

L. corniculatus, L. 

conimbricensis 

Symmetric Wright et al., 1987 

Lotus, Glycine Asymmetric Kihara et al., 1992 

Lotus, Glycine Symmetric Niizeki et al., 1994 

L. corniculatus, L. tenuis Symmetric Aziz et al., 1990 

Lotus, Medicago Asymmetric Kaimori et al., 1998 
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5.2 Materials and methods 

5.2.1 Protoplast isolation of L. perenne cv Bronsyn 

Embryogenic cell suspensions, 5-6 days after subculture, were used for isolation of 

protoplasts. Protoplast isolation and purification was carried out according to methods 

described in sections 3.2.2 and 3.2.3 respectively. The protoplasts were stained with 1 

µl of Rhodamine B isothiocyanate (RITC) (Sigma-Aldrich, USA) (5 mg/ml stock 

solution prepared in ethanol) during the isolation process (2 h after incubation of 

tissue in the enzyme mixture). 

5.2.2 Protoplast isolation of L. corniculatus cv Leo 

Green cotyledons, 2-3 days after germination, were used for the isolation of Lotus  

protoplasts. Protoplast isolation and purification was carried out according to methods 

described in sections 4.2.2 and 4.2.3 respectively. The protoplasts were stained with  

fluorescein isothiocyanate (FITC) (Sigma-Aldrich, USA) by adding 1 µl from 5 mg/ml 

stock solution (prepared in ethanol) during the isolation process. 

5.2.3 Inactivation of L. perenne protoplasts  

Iodoacetamide (IOA) (Sigma-Aldrich, USA) was used to inactivate L. perenne 

protoplasts. The critical IOA concentration was determined by evaluating the response 

of various concentrations (0.05-5 mM) at different time intervals (5, 10, 15 min). The 

IOA stock solution (20 mM) was made in distilled water and stored at -20°C. The 

solution was filter sterilised using 0.45 µm sterile filter units (Sartorius Minisart® 

Vivascience AG, Hannover, Germany). 

5.2.4 Genome fragmentation of L. corniculatus protoplasts  

The effect of UV on L. corniculatus was assayed by visualising DNA of treated and 

untreated leaves on agarose gel using gel electrophoresis. DNA was extracted from 1 g 

leaf tissue using the CTAB method (Aljanabi et al., 1999). L. corniculatus protoplasts 

were treated with different levels of UV to achieve genome fragmentation. A critical 

level of UV dosage was identified by treating the protoplasts and leaf tissue with 

different levels of UV-B (0.05-0.15 J/cm2) using the BLX-254 UV chamber (Vilber 
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Lourmat, France) at a constant time interval of 15 min. The chamber was illuminated 

by 5×8 W 254 nm UV tubes at 80 W power.  

5.2.5 Protoplast fusion method 

The density of each protoplast type (L perenne and L. corniculatus) was adjusted to 

4×104/ml and the two types of protoplasts were mixed together in equal proportions. 

A single droplet (100-200 µl) was placed on a flat surface and left to settle for 20 min. 

Then 50 µl of PEG solution was added as several droplets along the periphery of the 

settled protoplast mixture. After a further 25 and 45 min 2×200 µl CaCl2 solution was 

added as several droplets around the periphery of the protoplast and PEG containing 

droplet. The excess liquid was removed after a further 10 min and the plate was 

flooded with 5 ml LS medium containing 2,4-D/BA (0.1/0.1 mg/L). After 5 days the 

developing fusion cells were scrapped off the plate and transferred to nitrocellulose 

membrane on a L. perenne feeder layer on PEL and LS media as described in section 

3.2.4.  

5.2.5.1 Effect of polyethylene glycol 

Polyethylene Glycol 6000 (BDH Laboratories, England) and Polyethylene Glycol 3350 

(Sigma-Aldrich, USA) was used as the fusion agent (Fusogen) at 3 different 

concentrations (30, 35, 40 %) and at 3 different time intervals (20, 25, 30 min). The 

PEG solutions were made in Mannitol (0.6 M), CaCl2.2H2O (0.13M), MES (5 mM), at 

pH 6. 

5.2.5.2 Effect of surface type and calcium chloride concentration 

To study the effect of different surfaces - plastic, glass and nitrocellulose membrane - 

the fusions were conducted on either plastic Petri dishes (60 mm, BioLab, USA), glass 

Petri dishes (50×15 mm, Kimax, USA) and on nitrocellulose membrane (0.8 µm 

gridded, Millipore, USA) placed in a plastic Petri dish. To study the effect of Ca+ ion 

concentration on the fusion frequency, addition of calcium chloride (in 0.6 M 

mannitol, 5 mM MES at pH 7.0) at 3 different concentration (60, 80, 100 mM) for 3 

durations (30, 40, 50 min) was investigated.  
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5.2.6 Observation of fusion products 

The protoplast fusion events were observed and confirmed under the UV microscope. 

Lolium perenne protoplasts which were stained with RITC fluoresced red while L. 

corniculatus protoplasts, stained with FITC stained yellow. The fused protoplasts 

resulting from the fusion of L. perenne and L. corniculatus protoplasts fluoresced 

yellowish orange. The fusion percentage was calculated as:- 

Fusion (%)= Mean # of fusions/no of protoplasts × 100 

Analysis of variance was performed on the data obtained using the software GenStat-

Ninth Edition Version 9.2.0.0. 

 

5.2.7 Culture of fused protoplasts and formation of protoplast fusion colonies 

The fused protoplasts were cultured using the combination of liquid and nitrocellulose 

membrane feeder layer technique used for L. perenne protoplasts. Following the fusion 

of the protoplasts the fusion plates were flooded with 5 ml liquid LS medium 

containing 1 mg/L 2,4-D, 0.4 M mannitol. The Petri dishes with protoplast fusions 

were cultured in darkness at 25°C. After 5 days the protoplast fusion mass was 

transferred to nitrocellulose membrane feeder layer technique on PEL and LS medium 

(section 3.2.4). 

 

5.2.8 Shoot regeneration from protoplast fusion colonies 

The putative protoplast fusion colonies were plated on L. perenne shoot regeneration 

medium with 2,4-D/BA at 0.1/0.1 mg/L concentrations. For rooting the regenerated 

shoots were plated on LS medium supplemented with NAA/BA at 0.1/0.1 mg/L 

concentrations. The regenerated plants were transferred to green house in plastic pots 

after a transition phase of 1 week covered with plastic bags. 

 

 



78 

 

5.2 Results 

5.3.1 Inactivation of Lolium perenne protoplasts with iodoacetamide (IOA) 

The protoplasts isolated from L. perenne were subjected to treatment with IOA for 

metabolic inactivation. A range of concentrations (0.05-5 mM) at different time 

intervals (5-15 min) were investigated to determine the lethal concentration for the 

protoplasts (Table 5.2). It was observed that 1 mM IOA resulted in 0% viability of the 

protoplasts at all time intervals (Table 5.2). The IOA treatment at 0.1 mM for 15 min 

was considered to be the critical treatment for metabolic inactivation of the L. perenne 

protoplasts as 45% viability was retained with no regeneration of protoplasts observed, 

even after 4 weeks in culture.  

 

Table 5.2 Viability of Lolium perenne cv Bronsyn protoplasts treated with IOA 
(mean%+ S.E.)  

Time 

(min) 

IOA Concentration (mM) 

0 0.05 0.1 1 

5 82 + 8 76 + 3 55 + 4 0 

10 NT 78 + 5 45 + 2 0 

15 NT 58 + 4 45 + 4 0 

S.E.= Standard error for 3 replications; NT: Not tested; Viability was tested by staining the protoplasts 
with FDA  

 

5.3.2 UV treatment of Lotus corniculatus protoplasts for genome 

fragmentation 

Figure 5.1 demonstrates the fragmentation of the L. corniculatus leaf DNA after UV 

treatment. The DNA treated with 0.15 J/cm2 UV  failed to appear as a band in Lane G 

even though the same amount of DNA was loaded in all lanes. The appearance of the 

DNA band in lanes E and F demonstrates the failure of DNA degradation following 

UV treatment at 0.05 and 0.1 J/cm2. Lane D represents untreated DNA.  

L. corniculatus protoplasts when treated with UV showed decreasing viability with 

increasing UV level. The critical level of UV for L. corniculatus protoplasts at which the 
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highest efficiency in genome  fragmentation  was observed as shown by protoplast 

viability was 0.15 J/cm2 with the viability of the protoplasts reduced to 22% compared 

to 71% with no UV treatment (Table 5.3). A further increase in the UV level to 0.2 J/ 

cm2 resulted in death of all protoplasts (Table 5.3).  
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Figure 5.1 Gel image of UV treated 
Lotus corniculatus cv Leo 
cotyledons DNA. 
Lanes A-C λHinDIII ladder at 1000, 500 and 
250 ng; lane D Untreated DNA; lane E DNA 
treated at 0.05 J/cm2; lane F DNA treated at 
0.1 J/cm2, lane G DNA treated at 0.15 
J/cm2. All treatments were for 15 min. 

 

 
Table 5.3 Viability of Lotus corniculatus cv 
Leo protoplasts treated with UV for 10 min  

UV level (J/ cm2) Viability (%)+ S.E. 

0 71.3 + 6.03 

0.05 59.6 + 2.52 

0.1 45.6 + 5.13 

0.15 22.3 + 5.13 

0.20 0 

S.E. represents standard error of 3 replications; viability 
was tested by staining the protoplasts with FDA. 
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5.3.3 Protoplast fusion  

5.3.3.1 Protoplast fusion at different levels of PEG concentration 

The fusion protoplasts could be clearly distinguished from the unfused protoplasts due 

to the use of the fluorescent markers RITC and FITC that were used to stain L. perenne 

and L. corniculatus protoplasts respectively (Fig 5.2). Protoplast fusions between L. 

corniculatus and L. perenne were conducted at 3 different levels of PEG and with 2 

different molecular weights. These results indicate that the lower molecular weight 

PEG (3350) yielded higher fusion frequencies than higher molecular weight 

PEG(6000) (Table 5.4). Analysis of variance established that there was no interaction 

between concentration of PEG, molecular weight of PEG and treatment of the 

protoplasts (Fs=0.60; df=2, 24; P=0.555). There was a significant difference in the 

percentage fusion obtained between low molecular weight PEG and high molecular 

weight PEG (Fs =4.84; df=1, 24; P=0.03). When the fusions  performed with treated 

protoplasts were compared with fusions performed with untreated protoplasts, no 

significant difference was observed (Fs=1.97; df=1, 24; P=0.173). There was 

significant difference in the fusion percentage observed at different concentrations of 

PEG (Fs=20.25; df=2, 24; P<0.001). A PEG MW of 3350 at 35% resulted in the 

highest fusion frequency (based on l.s.d.=0.02%, at the 5% level). During fusions with 

lower PEG concentration it was observed that on addition of the calcium chloride 

solution following PEG treatment the protoplasts separated from each other. At 

higher percentage of PEG (40%) high coagulation between protoplasts was observed.   
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Figure 5.2 Protoplast fusion between Lolium perenne and Lotus corniculatus 
A. Red Lolium perenne and yellow Lotus corniculatus protoplasts stained 
with RITC and FITC fluorescent stains respectively 
B. Protoplast fusions (heterokaryons) between Lolium perenne and Lotus 
corniculatus. (Arrows) 
 

 

Table 5.4 Fusion frequency between Lolium 
perenne and Lotus corniculatus at different PEG 
concentrations with different molecular weight 

PEG 
Concentration 

(MW) 

Untreated 
(%)+ S.E. 

Treated (%)+ 
S.E. 

30% (3350) 0.06 + 0.02 0.03 + 0.01 

35% (3350) 0.14 + 0.02 0.15 + 0.03 

40% (3350) 0.18 + 0.05 0.13 + 0.01 

30% (6000) 0.09 + 0.02 0.08 + 0.02 

35% (6000) 0.07 + 0.01 0.07 + 0.03 

40% (6000) 0.15 + 0.02 0.14 + 0.02 

S.E. represents standard error of 3 replications.  
Percentage fusion was calculated as  
Fusion (%)= Mean # of fusions/no of protoplasts × 100 
Fusions were counted using fluorescent markers FITC and RITC 
Treated fusions: L. perenne protoplasts were treated with 0.1 mM 
IOA, 10 min and L. corniculatus protoplasts were treated with 0.1 
J/cm2 for 15 min. The protoplasts were treated with PEG for 30 
min on a plastic surface. 
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5.3.3.2 Effect of duration of PEG treatment on fusion frequency 

Increasing the duration of PEG treatment resulted in the shrinking of protoplasts on 

addition of the calcium chloride solution. Decreased PEG treatment (20 min) resulted 

in the separation of the protoplasts on addition of calcium chloride solution thereby 

resulting in a decreased fusion percentage. When the data was subjected to statistical 

analysis (ANOVA), no significant interaction was observed between the main effects 

(Fs=0.00, df=2,12, P=0.996) and no significant difference was observed between 

treated and untreated fusions (Fs=1.23; df=1, 12; P=0.29). In contrast, PEG treatment 

resulted in highly significant differences on fusion frequency (Fs=14.85, df=2,12, 

P<0.001). The experiment suggests that the duration of the PEG treatment of 25 min 

or longer results in a higher number of protoplast fusion events (based on 

l.s.d.=0.04% at the 5% level).  

 

Table 5.5 Fusion frequency after PEG treatment at different time intervals  

PEG treatment 
(min) 

Untreated fusions 
(% + S.E.) 

Treated fusions 
(% + S.E.) 

20 0.07 + 0.03 0.06 + 0.01 

25 0.18 + 0.05 0.16 + 0.02 

30 0.15 + 0.03 0.13 + 0.02 

S.E. represents standard error of 3 replications 
Percentage fusion was calculated as  
Fusion (%)= Mean # of fusions/no. of protoplasts × 100 
Fusions were conducted with 35% PEG(3350) and counted using fluorescent markers FITC and RITC 
Treated fusions: L. perenne protoplasts were treated with 0.1 mM IOA for 10 min and L. corniculatus 

protoplasts were treated with 0.1 J/cm2 for 15 min. Fusions were conducted on a plastic surface. 
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5.3.3.3 Effect of different surface types on the frequency of fusions  

Three different surfaces were investigated in this study and it was shown that the 

fusion percentage was greatly affected by the surface type used. It was determined that 

the glass surface was the least amenable for performing fusions between L. perenne and 

L. corniculatus. Analysis of variance proved that there was no significant interaction 

between the surface type and treatment of the protoplasts (Fs=1.43; df=1, 8; P=0.266). 

The fusion data obtained for glass and plastic surface type between treated and 

untreated fusions confirmed that there was a significant difference in the number of 

fusions between the two surface types  (Fs=45.16; df=1, 8; P<0.001). There was a 3-4 

fold increase in the fusion events when the fusions were performed on a plastic 

surface. The highest percentage fusion (0.20% and 0.15%, untreated and treated 

fusions respectively, Table 5.6) was observed on sterile plastic Petri dishes. Data could 

not be obtained from fusions on the nitrocellulose membrane due to the opaque 

nature of the membrane. It was observed during the experiments that on the glass-

surface the protoplast droplet tends to spread over the area covered by the drop on 

the addition of the PEG solution whereas on a plastic surface on addition of PEG the 

droplet stayed more compact which might have enhanced the fusion percentage. 

 

Table 5.6 Fusion frequency between Lolium perenne and Lotus corniculatus 
with different surface types  

Surface type Untreated fusions 
(% + S.E.) 

Treated fusions 
(% + S.E.) 

Glass 0.05 + 0.01 0.05+ 0.03 

Plastic 0.20 + 0.03 0.15+ 0.04 

S.E. represents standard error of 3 replications 
Percentage fusion was calculated as  
Fusion (%)= Mean # of fusions/no. of protoplasts × 100 
Fusions were conducted with 35% PEG(3350) for 25 min and counted using fluorescent markers FITC 
and RITC; 
Treated fusions: L. perenne protoplasts were treated with 0.1 mM IOA, 10 min and L. corniculatus 

protoplasts were treated with 0.1 J/cm2 for 15 min. 
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5.3.3.4 Effect of calcium chloride treatment on the fusion frequency  

Three different calcium chloride concentrations and 3 different treatment durations 

were investigated for their effect on the fusion frequency. Analysis of variance showed 

a significant  interaction between calcium chloride concentration and the duration of 

treatment (Fs=4.48; df=4, 18; P=0.01). It was observed that the calcium chloride 

concentration (Fs=76.39; df=2, 18; P<0.001) and treatment duration (Fs=4.99; df=2, 

18; P=0.01) had a significant effect on the fusion frequency. For all treatment 

durations 100 mM calcium chloride gave the better results, with the highest fusion 

frequency of 0.16%  recorded at 40 min treatment (based on l.s.d.=0.02% at the 5% 

level). It was also noted that the binding between the protoplasts was stronger at the 

highest calcium chloride concentration (100 mM) (Fig 5.3) whereas at lower 

concentrations and decreased time intervals disassociation of protoplasts took place.  

 

Table 5.7 Fusion frequency (% + S.E.) between Lolium perenne and Lotus 
corniculatus at different concentrations and durations of CaCl2 2H2O 

CaCl2 2H2O 
treatment (min) 

CaCl2 2H2O Concentration (mM) 

60 80 100 

30 0.06 + 0.02 0.04 + 0.01 0.10 +0.01 

40 0.04 + 0.01 0.06 + 0.02 0.16 + 0.02 

50 0.06 + 0.01 0.05 + 0.01 0.14 + 0.02 

S.E. represents standard error of 3 replications;  
Percentage fusion was calculated as Fusion (%)= Mean # of fusions/no. of protoplasts × 100;  
Fusions were conducted with 35% PEG(3350) for 25 min and counted using fluorescent markers FITC 
and RITC 
Treated fusions: L. perenne protoplasts were treated with 0.1 mM IOA, 10 min and L. corniculatus 

protoplasts were treated with 0.1 J/cm2 for 15 min. Fusions were conducted on a plastic Petri dish 
surface. 
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 A                                                             B 

 

 

 

Figure 5.3  Effect of calcium chloride concentration on protoplast fusion 

A: Protoplasts dissociating from each other at 60 mM CaCl2 concentration    

B: Protoplasts held together at 100 mM CaCl2 concentration; Bar = 100 µm  
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5.3.4 Fusion colony formation and shoot regeneration 

Protoplast fusion experiments using PEG were conducted at the optimum conditions 

derived after evaluating the different factors vital for the asymmetric protoplast fusions 

(Table 5.8).  Fusion colonies were formed on nitrocellulose membrane with feeder 

layer technique on PEL medium. A total of 14 fusion colonies were recovered from 99 

fusion experiments. The unfused protoplasts of L. perenne failed to develop due to the 

metabolic inactivation of the protoplasts. Fusion colonies failed to regenerate from 

untreated fusion events. Preliminary morphological analysis of the fusion colonies 

formed revealed that they resembled the regenerated L. corniculatus protocolonies (Fig 

5.4). The controls [individual L. perenne and L. corniculatus protoplast treated with IOA 

(0.1 mM, 10 min) and UV (0.1 J/cm2 15 min)] failed to develop any protocolonies on 

PEL medium. A detailed flow cytometric and molecular analyses of the fusion 

colonies follows in Chapter 6. 

Table 5.8 Optimum levels of different factors for the asymmetric protoplast 
fusion between Lolium perenne and Lotus corniculatus 

Factors Optimum level 

IOA for L. perenne 0.1 mM for 15 min 

UV for L. corniculatus 0.15 J/cm2 for 10 min 

PEG Molecular weight 3350 

PEG Concentration 35% 

PEG Duration 25 min 

Calcium chloride concentration 100 mM 

Calcium chloride duration 40 min 

Surface type Plastic 

 

 

 

 

 

 



88 

 

 

 

 

 

 

Figure 5.4 Protoplast-fusion colonies between Lolium perenne and Lotus 
corniculatus 6 weeks after fusion. 
 

All the 14 putative fusion colonies were plated on shoot regeneration medium 

optimised for L. perenne. Shoot regeneration occurred in 8 out of the total 14 putative 

fusion colonies. Shoot regeneration was seen after 6-7 weeks culture on shoot 

regeneration medium. Surprisingly, the shoots regenerated in all of the 8 putative 

fusion colonies resembled L. corniculatus plants (Fig 5.5).  

 

 

 

 

 

 

Figure 5.5 Shoot regenerated from putative fusion colony 
 

 

Roots developed when the shoots were plated on LS medium with NAA/BA 0.1/.01 

mg/L concentration (Fig 5.6) for 4 weeks. The shoots and roots were allowed to grow 

to a size of 5cm before being transferred to the green house. Figure 5.7 shows the 
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putative hybrid plants developed alongside the L. corniculatus parent. The putative 

hybrid plants had the same morphology as L. corniculatus plants developed both from 

callus and seeds with regard to its branching pattern, leaf shape and size and the root 

system. 

 

 

 

 

 

 

 

 

Figure 5.6 Root formation from shoots of the putative hybrid colonies 
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                                                                                           I                          II 

 

Figure 5.7 Transfer and growth of in vitro putative hybrid and Lotus 
corniculatus plantlets  
FC4 & FC5 Putative fusion hybrid plants 
I Lotus corniculatus plant regenerated from callus 
II Lotus corniculatus plant regenerated from seeds         

Putative fusion hybrid plants Lotus corniculatus plants 

FC4 FC5 
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5.4 Discussion 

The technique of asymmetric protoplast fusion has been utilised in many crop species 

for introgression of beneficial traits from one parent to the other (Table 5.1) 

presenting an option to integrate genes not possible using the conventional method of 

breeding. The first asymmetric protoplasts fusions were produced between X-ray 

irradiated parsley (Petroselium hortense) protoplasts and tobacco protoplasts (Dudits et al., 

1980).   

The rationale behind the metabolic inactivation of L. perenne protoplasts is that, only 

those protoplasts which have been fused and complimented for the metabolic activity 

by L. corniculatus protoplasts would regenerate, thus effectively eliminating the 

regenerating possibility of individual L. perenne protoplasts.  This underlying principle 

has been proved by several authors for asymmetric somatic hybridisation in other 

crops using IOA as the metabolic inactivator (Spangenberg et al., 1994; Kisaka et al., 

1994; Kaimori et al., 1998; Tian & Rose, 1999; Yan et al., 2004). It has been observed 

that the IOA concentration for metabolic inactivation varies for different grasses 

(Table 5.9).  

 

Table 5.9 IOA concentration used previously for different grasses  

Species  IOA(mM) Time(min) Reference 

Lolium perenne 0-7 Not stated Creemers-Molenaar et al., 1992 

Festuca arundinacea 10  15 Spangenberg et al., 1994 

Oryza sativa 10 15 Kisaka et al., 1994 

Oryza sativa 2.5 Not stated Yan et al., 2004 

Triticum aestivum 2-4 15 Ge et al., 2006 

 

Factors which influence fusion between two protoplasts differ for different plants. The 

results from this chapter show that many factors play a pivotal role in the outcome of 

the protoplast fusions between L. perenne and L. corniculatus. These include: UV 

treatment for genome fragmentation and IOA concentration for inactivation of parent 

protoplasts, PEG molecular weight, PEG concentration, type of the surface used 
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during fusion experiments and calcium chloride concentration and duration. In the 

current study the results from the metabolic inactivation using IOA suggests that 1 

mM concentration of IOA was lethal for L. perenne protoplasts. The failure of the 

protoplast to regenerate when treated with 0.1 mM IOA for 10 min while retaining 

45% viability provides a stringent treatment for the metabolic inactivation of L. perenne 

protoplasts. The IOA concentration and treatment duration observed in the current 

study for metabolic inactivation of L. perenne protoplasts is well below the range 

observed by other authors in other grasses (Table 5.9). 

UV has been frequently used successfully as the genome fragmenting agent because of 

convenience and easy access in most laboratories (Jain et al., 1988; Xia et al., 1996; 

Zhou et al., 2002; Xiang et al., 2003; Cheng & Xia, 2004). Hall et al. (1992) working with 

sugarbeet (Beta vulgaris L.) protoplasts observed more chromosome breakage in the 

UV-treated cells than gamma-irradiated cells at the same biological dosage. It has also 

been shown that UV radiation at doses which does not have an immediate effect on 

the cell viability, brings about extensive structural modifications to the plant DNA 

(Hall et al., 1992). This suggests that UV is a potential agent for use in asymmetric 

somatic hybridisation. In the current study to test the UV dosage for genome 

fragmentation, the leaf tissue of L. corniculatus was treated at different levels of UV. 

When gel electrophoresis of treated and untreated DNA was performed, a high 

molecular weight DNA band could not be detected at UV treatment of 0.15 J/cm2 in 

the treated leaf tissue samples(Fig 5.1). Such DNA bands were observed at treatments 

lower than 0.15 J/cm2. This is due to the disintegration of DNA at 0.15 J/cm2 and 

establishes  a UV dose to effectively fragment the L. corniculatus DNA for the purpose 

of asymmetric somatic hybridisation.  

From previous published work on plant protoplast fusion in various crop species, it is 

evident that optimum protoplast fusion is controlled by various factors such as PEG 

molecular weight, PEG percentage, duration of PEG treatment, concentration and 

duration of calcium chloride treatment. The use of PEG in the fusion of plant 

protoplasts was first demonstrated  by Kao & Michayluk (1974) for fusion between 

Vicia hajastana and Pisum sativum protoplasts. Since then, numerous successful studies 

using PEG to enhance fusion in various crop species have been published. Results in 

this study show that molecular weight, and concentration of PEG treatment 

significantly influenced the fusion between L. perenne and L. corniculatus protoplasts (Fig 
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5.3). The highest fusion percentage was achieved when L. perenne and L. corniculatus 

protoplast fusions were performed with 35% PEG (3350 Mol. Weight) for a duration 

of 25 min. The results are in contrast to the observations made by Durieu & Ochatt 

(2000) wherein no significant differences were noted between the high and low 

molecular weight PEG during the protoplast fusion of pea (Pisum sativum L.) and grass 

pea (Lathyrus sativus L.). It thus indicates that different cell types from different crops 

might be responding differently to PEG type and treatment. 

The involvement of calcium in the fusion of bilayer membranes is a universal 

phenomenon (Duzgunes et al., 1981; Papahadjopoulos, 1978). The presence of calcium 

ions generally enhances the process of protoplast fusion (Kao et al., 1974; Kao & 

Michaylak, 1974). In this study calcium chloride had a profound effect on the outcome 

of the fusions between L. perenne and L. corniculatus. The number of fusions 

(heterokaryons) formed increased substantially when protoplast fusion were carried 

out at 100 mM calcium chloride (Table 5.7). The results strongly support the findings 

of Boss & Mott (1980) which reveal that high calcium concentrations could lead to 

dramatic alteration of membrane structure due to the calcium binding to 

phospholipids (Nagata & Melchers, 1978) or to glycolipids (Leonards & Haug, 1979) 

on the membrane surface which is necessary for membrane fusions. The low 

percentage of fusions observed in all the fusion experiments could also be attributed 

to the fusion permissive-state of the protoplasts wherein intracellular calcium plays a 

decisive role which is governed by the role of the calcium binding protein calmodulin 

in the cellular biochemistry (Grimes & Boss, 1985).  

This study has established for the first time that the surface on which protoplast fusion 

are carried out can greatly influences the formation of heterokaryons. The frequency 

of the recovery of heterokaryons between L. perenne and L. corniculatus  was 

substantially higher on plastic surface compared with glass surface (Table 5.6).This 

could be true for other species as well. More studies on the effect of surface type could 

result in increasing the protoplast fusion efficiency and lead to better protocols for 

fusion and regeneration of micro colonies.  

The outcome of the fusion experiments between L. perenne and L. corniculatus has been 

the development of putative somatic hybrid colonies (Fig 5.6) with subsequent 

regeneration of putative somatic hybrid plants from some of the putative hybrid 
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colonies. The anticipated result was the recovery of asymmetric hybrids with L. perenne 

recipient genome and minor DNA introgressions from the L. corniculatus donor parent. 

The hybrid colonies were able to proliferate on PEL medium which was the optimal 

medium for the proliferation of L. perenne protoplasts (Refer Chapter 3, Table 3.6). 

Despite this, the plants regenerated from these colonies resemble L. corniculatus. This 

could be due to the fact that the L. corniculatus plants were able to produce shoots on 

wide variety of PGRs (Table 4.7 Webb & Watson, 1991; Vessabutr & Grant, 1995; 

Rasheed et al., 1990; Aziz et al., 1990).  

Earlier studies have established a high rate of success in asymmetric somatic 

hybridisation wherein traits from the donor plants have been incorporated into 

recipient plants  using different genome fragmenting agents such as UV, X-rays and Ύ-

rays. The results in the present study that the putative hybrid plants resemble the 

donor parent is therefore unexpected.  

The possible explanation for such an event to occur results in the formulation of 2 

hypothesis. 

I. The regenerated putative hybrid plants are the donor (Lotus 

corniculatus) parent that have escaped the UV treatment, and therefore not 

putative hybrid plants. 

II. The regenerated putative hybrid plants are cybrid plants regenerated 

from the fusion of escaped donor (L. corniculatus) and recipient (L. perenne) 

with some incorporation of cytoplasmic organelles from the recipient parent. 

Sidorov et al. (1981) observed that after PEG fusion of gamma-irradiated protoplasts 

of N. tabacum with iodoacetate treated protoplasts of N. plumbaginifolia, 60% of the 

regenerated plants had nuclear genetic material from the irradiated cells. Also 

Creemers-Molenaar et al. (1992) found that high concentrations of iodoacetamide (5-7 

mM) was essential to prevent the division of auto-fused iodoacetamide treated 

protoplasts in the presence of autofused  irradiated protoplasts. In the current study 

0.1 mM of iodoacetamide used for inactivation of L. perenne. In earlier works it has 

been observed that no chromosome elimination occurred when the donor was treated 

with 10Gy X-rays, while 85-100% chromosomes were lost when the dose was 

increased to 500Gy (Spangenberg et al., 1994). Forsberg et al. (1998a) also observed 

that the outsourcing of DNA in asymmetric somatic hybridisation is dose-dependent 
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using UV- or X-irradiation. This suggests that the UV dosage used in this study might 

have been insufficient for the total genome fragmentation in some of the protoplasts 

resulting in the “possible” escapes from the UV treated L. corniculatus. The effectivity 

of the UV dosage might be cell type specific which in this case might have resulted in 

“escapes”.  

The results from this chapter thus highlight the complexities involved in establishing 

the optimal conditions for performing protoplast fusions. Such optimisation may be 

more complicated when two wide divergent species such as Lotus corniculatus and 

Lolium perenne are used. Chapter 6 describes the flow cytometric and molecular analysis 

to help elucidate the nature of the plants regenerated. 

 


