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Protoplast fusion of Lolium perenne and Lotus corniculatus for gene introgression 

by Sanjeev V. Raikar 

Lolium perenne is one of the most important forage crops globally and in New Zealand. Lotus 

corniculatus is a dicotyledonous forage that contains valuable traits such as high levels of 

condensed tannins, increased digestibility, and high nitrogen fixing abilities. However, 

conventional breeding between these two forage crops is impossible due to their markedly 

different taxonomic origin. Protoplast fusion (somatic hybridisation) provides an opportunity for 

gene introgression between these two species. This thesis describes the somatic hybridisation, the 

regeneration and the molecular analysis of the putative somatic hybrid plants obtained between 

L. perenne and L. corniculatus. 

Callus and cell suspensions of different cultivars of L. perenne were established from immature 

embryos and plants were regenerated from the callus. Of the 10 cultivars screened, cultivars 

Bronsyn and Canon had the highest percentage of callus induction at 36% each on 5 mg/L 2,4-

D. Removal of the palea and lemma which form the seed coat was found to increase callus 

induction ability of the embryos. Plant regeneration from the callus was achieved when the callus 

was plated on LS medium supplemented with plant growth regulators at different 

concentrations. Variable responses to shoot regeneration was observed between the different 

cultivars with the cv Kingston having the lowest frequency of shoot formation (12%).  

Different factors affecting the protoplast isolation of L. perenne were investigated. The highest 

protoplast yield of 10×106 g-1FW was obtained when cell suspensions were used as the tissue 

source, with enzyme combination ‘A’ (Cellulase Onozuka RS 2%, Macerozyme R-10 1%, 

Driselase 0.5%, Pectolyase 0.2%), for 6 h incubation period in 0.6 M mannitol. Development of 

microcolonies was only achieved when protoplasts were plated on nitrocellulose membrane with 

a L. perenne feeder layer on PEL medium. All the shoots regenerated from the protoplast-derived 

calli were albino shoots.  

The highest protoplast yield (7×106 g-1FW) of L. corniculatus was achieved from cotyledons also 

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

0.5%, Pectolyase 0.2%), for 6 h incubation period in 0.6 M mannitol. The highest plating 

efficiency for L. corniculatus of 1.57 % was achieved when protoplasts were plated on 

nitrocellulose membrane with a L. perenne feeder layer on PEL medium. The highest frequency of 
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shoot regeneration (46%) was achieved when calli were plated on LS medium with NAA (0.1 

mg/L) and BA (0.1 mg/L). 

Protoplast fusion between L. perenne and L. corniculatus was performed using the asymmetric 

somatic hybridisation technique using PEG as the fusogen. L. perenne protoplasts were treated 

with 0.1 mM IOA for 15 min and L. corniculatus protoplasts were treated with UV at 0.15 J/cm2 

for 10 min. Various parameters affecting the fusion percentage were investigated. Successful 

fusions were obtained when the fusions were conducted on a plastic surface with 35% PEG 

(3350 MW)  for 25 min duration, followed by 100 mM calcium chloride treatment for 25 min. A 

total of 14 putative fusion colonies were recovered. Shoots were regenerated from 8 fusion 

colonies. Unexpectedly, the regenerated putative hybrid plants resembled L. corniculatus plants. 

The flow cytometric profile of the putative somatic hybrids resembled that of L. corniculatus. 

Molecular analysis using SD-AFLP, SCARs and Lolium specific chloroplast microsatellite 

markers suggest that the putative somatic hybrids could be L. corniculatus escapes from the 

asymmetric protoplast fusion process. This thesis details a novel Whole Genome Amplification 

technique for plants using Strand Displacement Amplification technique. 

 

Keywords: Lolium perenne, Lotus corniculatus, callus, cell suspension, protoplasts, shoot 

regeneration, protoplast fusion, polyethylene glycol, plant growth regulators, putative hybrid 

colonies, secondary digest-amplified fragment length polymorphism, whole genome 

amplification, strand displacement amplification  
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CHAPTER 1.  

LITERATURE REVIEW 

1.1 Introduction 

Plant breeding has been the backbone of human civilisation for thousands of years. 

Thousands of years ago early farmers already understood the benefit of selecting plants so 

that they could use the best seeds in the following season. This tradition continues even 

today, and with the aid of sophisticated molecular and biotechnological tools, plant 

breeders aim to develop new improved varieties. The aim of this thesis is to use the highly 

sophisticated biotechnological tool ‘somatic hybridisation’ to enable gene introgression 

between two very important forage crops Lolium perenne L. and Lotus corniculatus L. 

Lolium  

Monocotyledonous grasses are known for their forage qualities for ruminant animals 

throughout the world. They are particularly important in temperate regions where grasses 

have become a natural diet for ruminant animals. Temperate regions account for 80% of 

the world’s cow milk production and 70% of the world’s beef production (Wilkins & 

Humphreys, 2003) and thus the scope for grass as a feed has constantly increased in these 

regions. The cultivated acreage under grassland is estimated to be twice that of other 

arable vegetable and fruit crops. Grasses commonly cultivated include perennial ryegrass 

(Lolium perenne), Italian ryegrass (Lolium multiflorum), hybrid ryegrass (Lolium × boucheanum) 

and tall fescue (Festuca arundinacea), which are members of the Graminae family (Refer 

appendix 1 for species description of L. perenne). Worldwide, perennial ryegrass is by far 

the most important of these species, both in terms of seed sales (Burgon et al., 1997) and 

land area covered. Its use as a turf grass is also well known. Grasses also help in the 

stabilisation of soil for agriculture and enhancement of the environment through multiple 

uses like forage conservation and turf.  

In New Zealand, L. perenne is the most widely sown pasture grass species (Belgrave et al., 

1990), with 7 million ha sown, providing forage for 60 million sheep and cattle (Siegel et 

al., 1985). The importance of L. perenne to the forage industry is shown by the efforts of 

the scientific community to improve the performance of this species. Attempts have been 

made through conventional breeding to increase seed production, to improve tolerance to 
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pulling while grazing (Thom et al., 2003), to improve water soluble carbohydrate, fibre, 

concentration of alkaloid toxins and traits associated with persistency, including tolerance 

to a range of biotic and aboitic stresses (Wilkins & Humphreys, 2003).  

Genetic improvement of Lolium species through conventional breeding has been 

particularly difficult. It is outbreeding and heterozygous, making it very unstable for 

crosses between and within species, thus limiting the use of inbreeding to concentrate the 

desired genes in the rapid development of new cultivars (Kaul, 1990). Lolium, which is an 

amphidiploid, has a high level of homologous pairing between the different genomes, 

leading to genetic instability and loss of hybridity in subsequent generations (Yamada & 

Kishida, 2003). Moreover, it takes five to six generations to transfer a trait within a 

species into high yielding locally adapted cultivars through conventional breeding, and 

one has to plant a large number of progeny to enable selection of plants with the 

appropriate combination of traits (Sharma et al., 2002). Biotechnology, which is now 

routinely applied in crop improvement programmes, has the ability to by-pass these 

difficulties that restrict conventional breeding programmes. Techniques such as tissue 

culture, genetic engineering (GE), protoplast isolation and somatic and molecular 

hybridisations are well established in higher plants (Sharma et al., 2002). They have also 

been successfully used in Lolium sp. to enable gene introgression (Spangenberg et al., 

1995a; 1995b; Wang et al., 1997; Wu et al., 1997) and as hybridisation methods (Takamizo 

et al., 1991; Cremers-Molenaar et al., 1992; Spangenberg et al., 1994). Genetic engineering 

studies have already been successfully conducted in perennial ryegrass (Lolium perenne) 

with the production of transgenic plants (Table 1.1). 
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Table 1.1 Genetic transformation of Lolium perenne 

Transgenes Method Result Reference 

HPT Biolistics Transformed calli Hensgens et al., 1993 

HPT, gusA Biolistics Transformed calli van der Maas et al., 1994 

HPT, gusA Biolistics Transgenic plants Spangenberg et al., 1995 

NPTII, gusA PEG mediated 
DNA uptake 
into 
protoplasts 

Transgenic plants Wang et al., 1997 

HPT Silicon carbide 
fibre mediated 
transformation 

Transgenic plants Dalton et al., 1998 

HPT, gusA  Biolistics Transgenic plants Dalton et al., 1999 

Lol p1, Lol p2 Biolistics Transgenic plants Wu et al., 1997 

HPT: Hygromycin phosphotransferase; gusA: ß-glucuronidase; NPTII: Neomycin 
phosphotransferase II; Lol p: Ryegrass pollen allergen 

 

Lotus 

Some of the most common pasture crops also include the dicotyledonous legumes white 

clover (Trifolium repens), and bird’s foot trefoil (Lotus corniculatus). Lotus corniculatus has been 

also tested as a forage plant in New Zealand. It shows high persistence and continued 

production under moderate soil fertility conditions in the drier high country regions. 

About 300 lines and cultivars have been tested in New Zealand (Scott et al., 1995). L. 

corniculatus also contains condensed tannins that in feeding studies have increased wool 

production by 18% and milk protein secretion in ewes (Wang et al., 1996a; 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. It has been successfully demonstrated that it can be grown in drought prone 

areas (Duke, 1981; Scott et al., 1995). (Refer Appendix 1 for species description).  

The objective of this project is to attempt to transfer some of the agriculturally useful 

traits from Lotus corniculatus into Lolium perenne using the biotechnology technique of 

‘protoplast fusion’. As Lotus and Lolium are unrelated, with Lotus a dicotyledonous species 

and Lolium a monocotyledonous species, conventional breeding techniques are not 



4 

 

possible. Protoplast fusion or somatic hybridisation has been used in crop improvement 

programmes for combining genes even from unrelated species with much success 

(Christey 2004; Davey et al., 2005). The technique involves the fusion of two protoplasts 

in order to transfer some traits from the donor species to the recipient species. In 

addition to nuclear DNA introgression, cytoplasmic organellar genome alterations are 

also possible. This project involves fusion between monocotyledonous and 

dicotyledonous plants. A similar monocotyledonous-dicotyledonous fusion has been 

successfully carried out previously between Oryza sativa L. (rice; a monocotyledonous 

species) and Daucus carota L. (carrot; a dicotyledonous species) (Kisaka et al., 1994). 

Somatic hybrid calli between rice (Oryza sativa) and Birdsfoot trefoil (L. corniculatus) have 

also been obtained (Nakajo et al., 1994).  

Such technology could lead to improved Lolium in terms of its palatability, introduction of 

condensed tannins, drought resistance, nitrogen fixing abilities, etc. As this project does 

not use GE technology there may be less public concern about the subsequent use of any 

plants regenerated in this study.  

1.2 Protoplasts 

1.2.1 History of protoplasts  

Protoplasts are cells without cell walls and are bound by the plasma membrane. The term 

protoplasts was first coined in 1880 by Vonn Hannstein (Cocking, 2000). Subsequently, 

Klercker (1892) made the first crude preparations of plant protoplasts which was 

subsequently refined by Plowe, who isolated protoplasts from the cells of onion 

epidermis by plasmolysis in sucrose (Cocking, 2000). Later, Cocking (1960), isolated 

protoplasts from root tips of tomato seedlings using enzymatic digestion of cell walls.  

This technique of  enzymatic digestion of cell walls for release of protoplasts later 

revolutionised plant science and has been especially useful in plant breeding. Since then 

protoplasts have been isolated from all major groups of plants including algae and fungi. 

During the 1990’s the protoplast technology was overshadowed by GE and the use of 

Agrobacterium and the biolistic technologies for gene introgression. However, in recent 

times, advances in genomics, proteomics and metabolomics have stimulated renewed 

interest in these osmotically fragile cells. Furthermore, because of public fears to 
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recombinant DNA technologies, renewed interest has been shown in gene transfer via 

protoplast fusion. 

1.2.2 Isolation of Protoplasts  

Protoplast isolation and culture is dependent on many factors. One of the most important 

factors is the availability of an appropriate totipotent tissue source, so that isolation of 

protoplast is achieved as and when required. Seasonal variation, which affects the 

totipotency of protoplasts isolated from glass-house grown plants can be effectively 

managed using in vitro grown tissue (Davey et al., 2005). Embryogenic cell suspensions 

have been the preferred tissue source for viable protoplasts in cereals. Ma et al. (2003) 

used embryogenic cell suspensions established from friable callus initiated from immature 

inflorescences as a source of totipotent protoplasts of rye. Likewise, cell suspensions have 

been used as the preferred source tissue for protoplast isolation in Lolium and Festuca 

(Wang et al., 1995) Saccharum spp. (Taylor et al., 1992), Festuca (Zaghmout & Torello, 1990) 

and Musa spp since protoplasts isolated from leaf mesophyll and callus have been 

recalcitrant in culture in monocotyledonous species (Assani et al., 2002). Other factors 

which influence protoplast release are enzyme solution, duration of enzyme incubation, 

thickening of cell walls (Sinha et al., 2003) and stress endured during protoplast isolation. 

Protoplast isolation per se is a stress-inducing procedure (Papadakis & Roubelakis-

Angelaskis, 2002), particularly during enzymatic isolation with the accumulation of 

peroxidases and degradation products that induces cell lysis, especially in cereals (Cutler et 

al., 1989). Commun et al. (2003) reported the production of phytoalexins in protoplasts of 

Vitis spp. which may account for the loss of protoplast viability. Other studies have 

confirmed that leaf protoplasts of Brassica napus and Petunia hybrida experience stress 

during isolation (Watanabe et al., 2002) with increase in polyamines initiating senescence 

especially in B. napus.  

1.2.3 Culture of Protoplasts 

Techniques used in the culture of protoplasts play a very important role in the 

regeneration of protoplasts. Protoplasts from different species and different tissue source 

react differently to different media. The initial period of protoplast culture in the chosen 

medium until the formation of the primary cell wall represents a critical phase to 

withstand the turgor pressure exerted by cytoplasm. In some cases gradual reduction of 

the osmotic pressure by diluting the culture medium with a solution of similar 
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composition, but of reduced osmotic pressure is essential for sustaining mitotic division 

(Davey et al., 2005). Pelletier et al. (1983) used a series of media with reduced 

concentrations of osmoticum for the regeneration of protoplasts from Raphanus and 

Brassica species. The major plant growth regulators, auxins and cytokinins are normally 

essential for sustained protoplast growth (Davey et al., 2005). 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 liquid medium and, 

membrane filter-nurse culture method (Lee et al., 1989). Other innovative approaches 

have also been used to stimulate regeneration from protoplasts such as electrostimulation 

of protoplast division (Davey et al., 1996; Li et al., 1990; Dijak et al., 1986), use of artificial 

gas carriers such as perfluorocarbon liquids and haemoglobin solutions to stimulate 

growth of protoplasts of Petunia hybrida (Lowe et al., 2003). 

1.2.4 Protoplast Fusion 

Protoplast fusion, or somatic hybridisation is a biotechnological tool that has been used in 

crop improvement programmes for breeding between two species. It involves the fusion 

of protoplasts of the two species of interest to enable completely de novo combinations of 

nuclear and or cytoplasmic genomes. This can result in the incorporation of nuclear or 

cytoplasmic traits from one parent to the other. Somatic hybridisation, involving mainly 

somatic cells, could circumvent barriers such as sexual incompatability and therefore 

becomes a possible choice for gene(s) transfer between intergeneric, sexually compatible 

or incompatible combinations for effective use of valuable germplasm (Liu et al., 2005). 

Somatic hybridisation is achieved via symmetric fusion or asymmetric fusion which could 

give rise to symmetric hybrids, and asymmetric hybrids, respectively  in terms of nuclear 

constitution (Fig 1.1).  
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Figure 1.1 Schematic diagram of symmetric and 
asymmetric fusions 

Inset in the picture shows other possible combinations 
with mitochondrial and chloroplast genomes 

 

Symmetric hybrids involves the incorporation of total genomes of both the parents and is 

associated with two disadvantages, introduction of too much of exotic genetic material 

accompanying the expected genes and genetic imbalances which leads to somatic 

incompatability (Liu et al., 2005). These limitations could cause either abnormal growth 

and development of the somatic hybrids or regeneration of hybrids with low fertility 

(Wang et al., 1989; Sherraf et al., 1994; Spangenberg et al., 1994; Kisaka et al., 1998; Hu et 

al., 2002; Wang et al., 2003). However, asymmetric fusion allows transfer of partial 

genomes from one species to another. During the asymmetric fusion process, the nuclear 

genome of the donor line is fragmented prior to fusion by agents such as gamma or X-

rays (Dudits et al., 1980; Lui & Deng 1999; Zubko et al., 2002) or UV (Jain et al., 1988; Xia 

et al., 1996, 1998, 1999, 2003; Zhou et al., 2001 2002; Cheng & Xia, 2004) and the 

recipient protoplasts are metabolically inactivated e.g. by use of iodoacetamide (IOA). 

These treatments ensure that both parents are unable to undergo cell division. However, 

IOA 

Symmetric hybridisation Asymmetric hybridisation 

UV 

PEG 

Recepient Donor 

PEG 
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when protoplast fusion occurs between these species, the induced deficiencies 

complement one another and permit cell division. This establishes a positive selection 

that only allows development of fused protoplasts. Thus after fusion, the unfused 

protoplasts die, whereas by the process of metabolic complementation, only viable 

somatic hybrids can be obtained and divide in culture (Sidorov et al., 1981). This concept 

has been successfully used in the intraspecific transfer of cytoplasmic male sterility in L. 

perenne (Creemers-Molenaar et al., 1992a). Spangenberg et al. (1995) obtained intergeneric 

somatic hybrids between Festuca and Lolium whereas Yan et al. (2004) was able to transfer 

bacterial blight resistance trait from Oryza meyeriana to Oryza sativa ssp. japonica using the 

asymmetric somatic hybridisation technique. Studies have also shown that asymmetric 

somatic hybrids often have higher regeneration and rooting capacity as well as increased 

fertility compared to symmetric hybrids in a range of plants (Bates et al., 1987; Fahleson et 

al., 1994; Skarzhinskaya et al., 1996; Forsberg et al., 1998a). 

Several reports of successful somatic hybridisation between forage and turf grasses have 

been published (Table 1.2). Successful fusions between monocotyledonous and 

dicotyledonous plants, and regeneration of plants from the fused products have also been 

previously demonstrated by Kisaka et al. (1994, 1997). They used asymmetric 

hybridisation methods to successfully demonstrate the fusion of protoplasts between rice 

(Oryza sativa L.) and carrot (Daucus carota L.), and between barley (Hordeum vulgare L.) and 

carrot (D. carota L.).  

Protoplast fusions have been conducted using chemical (Kao & Michayluk, 1974) and 

electrofusion methods (Bates, 1985). Polyethylene glycol (PEG) is the most widely used 

chemical for protoplast fusion. PEG is more favorable to electrofusion methods because 

of its easy availability, ease to handle, and its relative success in protoplast fusion of 

various plants (Sundberg et al., 1987; Creemers-Molenaar et al., 1992a; Yan et al., 2004). 

Durieu & Ochatt (2000) observed that electrofusion induces heavy mechanical shocks to 

the protoplasts and even though the presence of Ca+2 ions in the electrofusion solutions 

protects the membrane, protoplasts can explode after fusion. Furthermore electrofusion 

requires expensive laboratory equipment.  
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Table 1.2 Somatic hybridisation in forage and turf grasses 

Plant species combination Result Reference 

Festuca arundinacea 
(Tall fescue) 

Lolium multiflorum        
(Italian ryegrass) 

Symmetric 
somatic hybrid 
plants 

Takamizo et al., 1991 

Festuca arundinacea 

 

Lolium multiflorum 

 

Asymmetric 
somatic hybrid 
plants 

Spangenberg et al., 
1994 

Lolium perenne 
(Perennial ryegrass) 

  

Lolium perenne  Cybrid calli Cremeers-Molenaar et 
al., 1992 

Pennisetum 
americanum        
(Pearl millet) 

 

Panicum maximum (Guinea 
grass) 

Somatic hybrid 
calli 

Ozias-Akins et al., 1986 

Pennisetum 
americanum  

 

Saccharum officinarum 
(Sugarcane) 

Somatic hybrid 
calli 

Tabaeizadeh et al., 
1986 

Pennisetum 
americanum  

Triticum monococcum 
(Einkorn) 

Somatic hybrid 
calli 

Vasil et al., 1988 

 

 

 

1.3 Callus cell suspensions and protoplast culture of Lolium  

Establishment of callus or cell suspension cultures is a prerequisite as they are the only 

source for totipotent protoplasts in grasses, since mesophyll-derived protoplasts from 

monocotyledonous species rarely undergo sustained mitotic division (Potrykus & Shillito, 

1986; Vasil, 1988; Potrykus, 1990). Callus and cell suspension cultures have been used 

extensively in Lolium species for the isolation and culture of protoplasts (Table 1.3).  

Addition of the auxin, 2,4-dichlorophenoxyacetic acid (2,4-D) to basic Murashige and 

Skoog medium has resulted in the induction of callus, which also gives a higher 

regeneration frequency (Altepeter & Posselt, 2000). The concentration of 2,4-D is vital 
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for the regeneration of green plants from the induced callus (Table 1.4). Increased 

concentrations of 2,4-D lead to more rapid decline of the regeneration frequency during a 

prolonged culture period (Altepeter & Posselt, 2000). Creemers-Molenaar et al., (1989) 

have observed that higher 2,4-D concentrations result in the regeneration of more albino 

shoots and less green shoots. Thus this project will establish the optimum concentration 

of 2,4-D for producing the optimum percentage of green plants. Zaghmout and Torello 

(1992) have described embryogenic callus as nodular, compact, and white or opaque, 

whereas non-embryogenic callus is yellowish to translucent, crystalline and friable. 
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Table 1.3. Reports on isolation of protoplasts from Lolium sp. 

 1. Callus or cell suspension cultures were initiated from the explant source shown and used for protoplast 
isolation  
2. MS: MS medium (Murashige and Skoog 1962); K: Kao’s media, Kao 1977; RY-2: Yamada et al., 1986; 
AA: Amino acid media, Muller and Grafe, 1978 

 

Species Explant 

Source1 

Culture type1 Media2 Results Reference 

L perenne Chopped seeds Cell Suspension MS Increased no. of 
green shoots 

Altpeter & 
Posselt 2000 

L. perenne Chopped seeds Cell suspension MS Morphogenic 
suspensions & 
green shoots 

Olesen et al. 
1996 

 
L. perenne Anthers Cell suspension MS, K Morphogenic 

suspensions & 
green shoots 

Olesen et al. 
1995 

L. perenne Caryopses, stem 
tissues 

Callus, cell 
suspension  

(½)MS 
with B5 
vits 

Green and albino 
plants 

Zaghmout 
& Torello 
1992 

L. perenne Seeds, immature 
inflorescence  

Cell suspension MS, RY-2  Microcalli Creemers-
Molenaar et 
al. 1992 

L. perenne Seeds, immature 
inflorescence 

Callus, cell 
Suspension  

MS, RY-2  Microcalli  and 
green shoots 

Creemers-
Molenaar et 
al. 1989 

L. perenne Embryos/Seeds Cell suspension MS, K Albino shoots Dalton, 
1988 

L. perenne Seeds Callus MS Albino and green 
shoots 

Torello & 
Symington 
1984 

L. temulentum Seeds Callus, Cell 
suspension 

MS Albino and green 
shoots 

Wang et al., 
2002 

 
L. multiflorum, 
L. perenne, L 
boucheanum 

Seeds  Callus, Cell 
suspension  

MS, AA Albino and green 
shoots 

Wang et al., 
1995 

L. multiflorum, 

L. perenne, L 
boucheanum 

Seeds Callus, Cell 
suspension  

MS, AA Albino and green 
shoots 

Wang et al., 
1993 

L. perenne, L. 
multiflorum 

Immature 
inflorescence 

Callus, Cell 
Suspension 

MS Albino and green 
shoots 

Creemers-
Molenaar et 
al., 1988 
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Table 1.4 Summary of 2,4-dichlorophenoxy acetic acid used in callus induction 

Species 2,4-D level 

(mg/L) 

Results Reference 

L. temulentum 5 Albino and green shoots Wang et al., 2002 

L.perenne  5 Green plants Alteper & Posselt 2000 
L. perenne 4 Morphogenic suspensions 

and green shoots 
Olesen et al., 1995 

L. multiflorum, L. 
perenne, L boucheanum 

 

4 Albino and green shoots Wang et al., 1993 

L. perenne 6 Green and albino plants Zaghmout & Torello 
1992 

L. perenne 5 Microcalli and green shoots Creemers-Molenaar et al., 
1989 

L. perenne 10 Albino shoots Dalton 1988a 

 

Protoplasts have been isolated from L. perenne by several groups with much success 

(Table 1.3). In all of these cases, the source of protoplasts has been embryogenic cell 

suspensions as mesophyll-derived protoplasts in monocot species are unable to undergo 

mitotic divisions (Potrykus & Shillito, 1986; Vasil 1988; Potrykus, 1990). The age of cell 

suspensions has been shown to be particularly important for the isolation of protoplasts 

capable of regenerating into plants. Wang et al. (1993) observed that 4-30% of the 

protoplasts isolated from 4-8 month old embryogenic suspension cultures were able to 

produce green plants.  

Protoplast culture and regeneration has been successfully demonstrated using the above 

techniques (Section 1.2.3) (Zaghmout & Torello, 1992; 1990). Zaghmout and Torello 

(1992) have shown that the mixed nurse method of protoplast plating resulted in a higher 

percentage of protoplasts reforming cell walls and resuming cell division. They were able 

to get a higher yield of protoplasts after incubation of suspension cells in an enzyme 

mixture without agitation. Conditioned medium has also been used to increase the plating 

efficiency of protoplasts (Cremeers-Molenaar et al., 1992). 
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1.4 Protoplasts from Lotus corniculatus  

Akashi et al. (2000) have successfully isolated protoplasts and regenerated plants of L. 

corniculatus from root cultures. Previous work on Lotus protoplasts includes that of Webb 

et al., (1987) from leaves and cotyledons, Niizeki and Saito (1986) from callus, Ahuja et al. 

(1983) from etiolated hypocotyls and cotyledons, Vessabutr and Grant (1995) from green 

cotyledons, and Rashid et al., (1990) from root hairs.  Researchers have shown that the L. 

corniculatus protoplast yield varies with the type of tissue (Vessabutr & Grant, 1995). L. 

corniculatus protoplasts have been used for fusion with different plants. Somatic hybrid 

plants were produced after fusion of L. corniculatus protoplasts with L. conimbricensis 

protoplasts (Wright et al., 1987). Somatic hybrid calli was obtained from protoplast fusion 

between dicotyledonous L. corniculatus and monocotyledonous Oryza sativa (Nakajo et al., 

1994) and from fusion between L. corniculatus and Medicago sativa (Niizeki, 2001).  

1.5 Analytical techniques for hybrid plants 

The use of flow cytometry in detecting the ploidy level gives an indication of the status of 

the regenerated fusion plants (Hu et al., 2002). Flow cytometry has been used in many 

studies involving different crops to detect the ploidy level in somatic hybrids (Wang et al., 

2005; Guo et al., 2004; Takami et al., 2004; Xiao et al., 2004). However, detection of the 

ploidy level using flow cytometry alone is insufficient to identify somatic hybrids in a 

reliable manner (Liu et al., 2005). Molecular analysis of the fusion products using 

molecular markers truly gives an in depth knowledge of the fine details of events that 

might have occurred during the fusion process and is ideal for confirmation of hybridity 

(Liu et al., 2005). To date several molecular marker methods have been used, such as 

Random Amplified Polymorphic DNA (RAPD), Restriction Fragment Length 

Polymorphism (RFLP), Amplified Fragment Length Polymorphism (AFLP), Cleaved 

Amplified Polymorphic Sequences (CAPS) and Simple Sequence Repeats (SSRs) 

(Sakamoto & Takeguchi, 1991; Bauer-Weston et al., 1993; Hansen & Earle, 1997; Zubko 

et al., 2002; Xia et al., 2003). AFLP is a PCR based marker system that is relatively cheap, 

easy, fast and reliable for generating hundreds of informative genetic markers. The time 

and cost efficiency, replicability and resolution of AFLPs are superior or equal to those of 

other markers (RAPD, RFLP, microsatellites) (Mueller & Wolfenbarger, 1999). Genetic 

analysis of the somatic hybrids generated from protoplast fusions using the AFLP 
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technique has been reported in earlier studies (Barone et al., 2002; Holme et al., 2004; Ge 

et al., 2006). Furthermore, this technique has been used to distinguish varietal differences 

in ryegrass (Roldan-Ruiz et al., 1997). Roldan-Ruiz et al., (2000) differentiated the ryegrass 

cultivars, Merbo and Herbie, by their AFLP profiles. AFLP markers have also been used 

for genetic diversity assessment in perennial ryegrass (Guthridge et al., 2001) and tall 

fescue (Mian et al., 2000).   

1.6 Objectives of this thesis 

The aim of this thesis is to investigate the use of asymmetric somatic hybrdisation for 

gene introgression between monocotyledonous Lolium perenne and dicotyledonous Lotus 

corniculatus. In order to achieve this goal the following objectives were established. 

1. To establish an in vitro culture system such as callus or cell suspension of L. 

perenne so that the tissue is readily available for isolation of protoplasts as and 

when required. 

2. To isolate and regenerate protoplasts from L. perenne from the established 

tissue source from 1 and to investigate the factors which would have an 

impact on the isolation and regeneration procedure of protoplasts. 

3. To isolate and regenerate protoplasts from L. corniculatus and to investigate the 

factors which would have an impact on the isolation and regeneration 

procedure of protoplasts. 

4. To investigate factors affecting asymmetric protoplast fusion between 

monocotyledonous L. perenne and dicotyledonous L. corniculatus and to 

investigate callus formation and plant regeneration from the fused protoplasts. 

5. To investigate the hybridity status of the fusion products using molecular 

markers. 

 

 


