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Chapter 6 

MOLECULAR ANALYSIS OF ASYMMETRIC FUSION PRODUCTS 

BETWEEN LOLIUM PERENNE AND LOTUS CORNICULATUS 

6.1 Introduction 

As much as visual confirmation of the fusion products is a need for identification of the 

fusion events, 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. Molecular analysis techniques such as Amplified Fragment 

Length Polymorphism (AFLP) (Holme et al., 2004), Restriction Fragment Length 

Polymorphism (RFLP) (Spangenberg et al., 1994), Random Amplified Polymorphic 

DNA (RAPD) (Hansen & Earle, 1994), Cleaved Amplified Polymorphic Sequence 

(CAPS) (Lotfy et al., 2003) hold a key in the genetic analysis of the somatic hybrids. 

These techniques have been routinely applied in the confirmation of hybrid status. 

Detection of the ploidy level using flow cytometry also gives an indication of the status 

of the regenerated fusion plants (Hu et al., 2002). However, detection of the ploidy level 

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

manner (Liu et al., 2005). This chapter focuses on the molecular marker analysis of the 

putative hybrid colonies using SD-AFLP.  

Amplified Fragment Length Polymorphisms (AFLPs) are Polymerase Chain 

Reaction(PCR) -based markers for rapid screening of genetic diversity which rapidly 

generate hundreds of highly replicable markers from DNA of any organism. 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 AFLP 

technique has been reported in earlier studies (Barone et al., 2002; Holme et al., 2004; Ge 

et al., 2006).  In this study Secondary Digest-Amplified Fragment Length Polymorphism 

(SD-AFLP, Knox & Ellis, 2001) was used to screen the regenerated fusion products to 

aid in detecting their hybridity status. SD-AFLP is methylation insensitive thus 

eliminating the possibility of variable amplification of bands due to variable DNA 

methylation which may occur using conventional AFLP (Knox & Ellis, 2001). 

This chapter also investigates high fidelity whole genome amplification (WGA) using a 

novel technique Strand Displacement Amplification (SDA) for plants. SDA is a new 
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approach which has been used for WGA of DNA from humans (Lasken & Egholn, 

2003) and arbuscular mycorrhizal fungi (Gadkar & Rillig, 2005). It permits whole 

genome amplification from pg to µg level, and does not suffer from the drawbacks of 

the traditional PCR based WGA.  SDA employs the ø29 DNA polymerase instead of 

Taq polymerase, which generates double-stranded products, allowing subsequent DNA 

sequencing of either strand (Fig 6.1), restriction endonuclease digestion and other 

methods used in cloning, labeling and detection (Dean et al., 2001). Furthermore, ø29 

polymerase possesses 3′-5′ exonuclease proofreading activity which produces higher 

fidelity amplified DNA as compared to Taq DNA polymerase, the standard enzyme 

used in most PCR reactions (Blanco et al., 1989). The SDA technique for amplification 

of DNA using Genomiphi® (Amersham Biosciences USA) has been recently used for 

cattle semen samples (Hawken et al., 2006) and in the cDNA amplification of hexaploid 

wheat (Bottley et al., 2006). In this study a GenomiPhiTM V2 DNA Amplification Kit 

(GE Healthcare UK) was used for the amplification of DNA from very small fusion 

colonies for molecular analysis. 

In this chapter the application of molecular techniques such as SD-AFLP, chloroplast 

microsatellite markers, SCAR (Sequence Characterised Amplified Regions) markers and 

ploidy analysis are used to resolve the hybrid status of the fusion colonies regenerated in 

Chapter 5. 
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Figure 6.1 Strand Displacement amplification using 
phi29 DNA polymerase. (Refer GE Healthcare; 
http://www4.gelifesciences.com/APTRIX/upp01077.nsf/Con
tent/genome_illustra_redirect~genomiphi_work). 
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6.2 Materials and methods 

6.2.1 Ploidy analysis 

The ploidy analysis was carried out using a Partec flow cytometer (Partec Ploidy 

Analyser PA-II, Partec Münster, Germany) using a halogen lamp (HBO-100). 

Approximately 1 cm2 of tissue was chopped in a plastic Petri dish containing 0.4 ml of 

Extraction buffer (100 ml deionised water, 2.1 g citric acid., 0.5 g Tween 20) followed by 

addition of staining solution (100ml deionised water, 7.1g Na2HPO2.2H2O, 0.5ml DAPI 

stock). The samples were then filtered through a 30 µm filter (Partec, Celltrics) before 

loading into the flow cytometer. Trifolium pratense  and Hieracium leaf tissue were used as 

internal standards when analysing all samples. 

6.2.2 Genomic DNA extraction 

The total genomic DNA from the fusion-derived colonies, the protocalli of the parental 

lines and the regenerated plants was extracted using the CTAB (Cetyl Trimethyl 

Ammonium Bromide)  method (Aljanabi et al., 1999). Tissue samples (7-10 mg) from 3 

month old protocalli developed from the fusion colonies was used for the extraction of 

DNA. L. perenne genomic DNA was extracted from leaf tissue and from the cell 

suspension used as a source for protoplast isolation. L. corniculatus genomic DNA was 

extracted from regenerated protocalli as well as from leaf tissue. Genomic DNA was 

also extracted from regenerated putative hybrid plants and regenerated L. corniculatus 

plants from protocalli. 

6.2.3 Amplification of genomic DNA 

Whole genome amplification of the genomic DNA extracted from fusion-derived 

protocolonies and the parents, L. perenne and L. corniculatus, was conducted using the 

strand displacement amplification technique. GenomiPhiTM V2 DNA Amplification Kit 

(GE Healthcare UK) was used for the amplification as per the manufacturer’s 

instructions. An aliquot of 0.5 µl template containing 1-4 ng DNA was used for 

amplification in a 5 µl reaction mixture at 30°C for 1.5 h. The amplification was 

conducted using an Eppendorf Master Cycler (Eppendorf, Hinz GmbH, Hamburg, 

Germany). The amplified products were visualised following electrophoresis on a 1% 

agarose gel.  
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6.2.4 SD-AFLP analysis 

Secondary Digest Amplified Fragment Length Polymorphism (SD-AFLP) (Knox & 

Ellis, 2001) analysis was conducted on the amplified genomic DNA of fusion derived 

protocolonies and the parents L. perenne and L. corniculatus. 

6.2.4.1 SD-AFLP template preparation 

Preparation of SD-AFLP template was based on the method previously described  by 

Knox & Ellis (2001). Adaptors and primers used for template preparation are listed in 

Table 6.1. Genomic DNA (0.5 µg) was digested with 5 U of MseI (New England 

Biolabs) in 50 µl reactions containing 1X restriction/ligation (RL) buffer (10 mM Tris-

acetate pH 7.5, 10 mM magnesium acetate, 50 mM potassium acetate, 5 mM DTT) and 

1X bovine serum albumen (New England Biolabs) at 37oC for 16 hours. The digested 

genomic DNA was diluted with 10 µl of ligation mixture containing 1X RL buffer, 50 

pmol of annealed MseI adaptor 1 and MseI adaptor 2, 12 nmol of ATP and 1 U T4 

DNA ligase (Roche) and incubated at 37°C for 4 hours, followed by incubation at 4°C 

for 16 h. The resulting template was diluted with 440 µl of T0.1E (10 mM Tris, 0.1 mM 

EDTA) at pH 8.0 and 2 µl were used in 20 µl PCR reactions containing 1X supplied 

reaction buffer (Roche), dNTPs at 200 µM, 7.5 pmoles of MseI adaptor 1 as non-

selective MseI primer, and 1 U of Taq polymerase (Roche). PCR conditions (hereby 

referred to as AFLPPRE) were as previously described (Vos et al., 1995) for primers 

with no or one selective base, using an Eppendorf Master Cycler (Eppendorf, Hinz 

GmbH, Hamburg, Germany). Following amplification of product, 5 µl were digested 

with 20 U of PstI (New England Biolabs) in 50 µl as described above for MseI digestion, 

followed by dilution with 10 µl of ligation mixture containing 5 pmol of annealed PstI 

adaptor 1 and PstI adaptor 2, as described above for MseI adaptor ligation. Template was 

diluted with 440 µl of T0.1E pH 8.0 and 4 µl was amplified by PCR was used in 25 µl 

reactions containing 1X supplied reaction buffer (Roche), each dNTP at 200 µM, and 

primers PstI+N and MseI+N (where N represents A and G as selective bases) at 2.5 

ng/µl, using the cycling regime AFLPPRE. The resulting template was diluted to 100 µl 

which was further used for selective amplification. 
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Table 6.1 The oligonucleotide adaptors and primers used for SD-AFLP template 
preparation 

Oligonucleotide name Oligonucleotide Sequence (5´-3´) 

MseI adaptor 1 GACGATGAGTCCTGAG 

MseI adaptor 2 TACTCAGGACTCAT 

PstI adaptor 1 CTCGTAGACTGCGTACATGCA 

PstI adaptor 2 TGTACGCAGTCTAC 

MseI+R1 GACGATGAGTCCTGAGTAAR1 

PstI+R1 GACTGCGTACATGCAGR1 

MseI+NNN2 GACTGCGTACATGCAGNNN2 

R1 represents A or G  
NNN2 represents selective primer with either GGG, GGA, AGG, AGA, AGT, AAA, AAT, AAG, ATA, 
ATG, ATT. 

 

6.2.4.2 Selective amplification and analysis using genetic analyser 

The DNA template generated from AFLPPRE PCR regime using selective bases A and 

G was used for selective amplification. The 1.2 µl DNA template was diluted with 10.8 

µl of buffer mixture consisting of 1.2 µl 10X supplied reaction buffer (Roche), 0.24 µl 

200µM dNTPs, 0.12 µl of 0.6 U of Taq polymerase (Roche), selective primers, 0.3 µl of 

fluorescently labelled PstI+G+FAM (15 ng) and 0.36 µl MseI+NNN (18 ng) (Refer 

Table 6.1 for selective primer sequence). The reaction mixture was preheated to 94 oC 

for 3 min, cycled for 9 cycles at 94°C for 30 s, 65°C for 30 s and 72 °C for 1 min 

followed by 9 cycles where the annealing temperature was decreased by 1°C per cycle 

and then 25 cycles at 94°C for 30 s, 56°C for 30 s and 72°C for 1 min (PCR cycling 

regime AFLP-SELE). Profiles generated were visualised by adding 1 µl of labelled 

reaction to 10 µl of HiDi formamide (Applied Biosystems), denaturing for 5 min 95°C, 

and running on an ABI PRISM®3100 Genetic Analyser (Hitachi Corp., Japan) fitted 

with a 36 cm array filled with POP4 polymer. Data was analysed by the software 

package GeneMarker™ (Ver 1.4) and scorable markers were identified visually. 
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6.2.4.3 SD-AFLP band isolation 

Selective amplification of the markers identified by the selective primers was conducted 

using the method described above (section 6.2.4.2) with the exception that the Primer 

PstI+G was devoid of fluorescent label FAM. The PCR product generated from AFLP-

SELE after heat denaturation was loaded on to a Polyacrylamide Gel for gel 

electrophoresis (PAGE) followed by silver staining of the gel (see Appendix 6 for 

PAGE and silver staining prodecure). The bands were cut and isolated using a sterile 

blade and were dissolved in T0.1E buffer. The selected marker bands were amplified 

using selective amplification (Section 6.2.4.2) with respective selective primers. The 

bands were purified using MinElute Gel Extraction Kit (Qiagen) according to 

manufacturer’s instructions and used for cloning. 

 

6.2.5 Cloning and sequencing 

TOPO TA cloning kit (Invitrogen) was used for cloning the chosen marker bands. A 6 

µl cloning reaction  was set up according to the manufacturers instructions by using 2 µl 

of the PCR template generated from the selective amplification of chosen marker bands 

with respective selective primers. One Shot®Chemically Competent E. coli supplied 

along with the cloning kit was used for transformation. The transformed E. coli cells 

were plated on LB (Luria-Bertani) medium containing 50 µg/L ampicillin and 40µL X-

gal stock solution        (20 mg/ml dimethylformamide). White colonies were picked for 

PCR analysis using M13 Forward and Reverse primers supplied along with the kit. The 

results were visualised using gel electrophoresis. The amplified products were purified 

using a HiPure (Roche) purification kit according to the manufacturers instructions. The 

purified products were sequenced through Macrogen DNA Sequencing Service 

(Department of Biochemistry and Molecular Biology, Seoul National University College 

of Medicine, Seoul, Korea).  

6.2.6 Application of SCAR (Sequence Characterised Amplified Region) 

The sequences obtained from Macrogen DNA Sequencing Service were screened for 

SCAR markers. The online Primer3 (ver. 0.4.0) software (http://frodo.wi.mit.edu/) was 

used for designing the primers. A total of 3 SCAR markers were designed (Table 6.2). 
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The amplifications were conducted using an Eppendorf Master Cycler (Eppendorf, 

Hinz GmbH, Hamburg, Germany) with an initial 5 min denaturation at 95°C followed 

by 35 cycles each with a 1 min denaturation at 95°C, 1 min at a primer specific annealing 

temperature (Table 6.2) and a 1 min extension at 72°C followed by a final extension at 

72°C for 10 min. The 10 µL reaction mixture consisted of 10× reaction buffer (Roche), 

2 mM MgCl2, 0.625 mM dNTPs, 0.25 µM of each primer, 0.75 U Taq DNA polymerase 

(Roche) and 10 ng template DNA. 

Table 6.2 SCAR markers designed using Primer3 software 

SCAR marker Primer sequences Forward(5´-3´) and 

Reverse(5´-3´) 

Tm (°C) Size 

(bp) 

FC4AAT(200) Forward AAGTGTTCGATACAAGTTAGAAGCAA 59.81 152 

Reverse TTACAATGGGTGCGTGTGTC 60.44 

FC11AGA(100) Forward TCCTGAGTAAAGAAAGAAAAA 51.36 102 

Reverse GTACATGCAGGACCGATGG 59.93 

FC11AAG(100) Forward GGTGCACTAGACGAGAAAAGC 59.14 100 

Reverse CCTGAGTAAAAGATGATCGTG 54.98 

 

 

6.2.7 Chloroplast microsatellite marker analysis (Simple Sequence Repeats-

SSR) of the fusion colonies and the parents 

Analysis using 5 chloroplast microsatellite markers (cpSSR) (Table 6.3), developed for L. 

perenne (McGrath et al., 2006), was conducted with the genomic DNA from the 

regenerated fusion colonies and the parents. The amplifications were performed using 

an Eppendorf Master Cycler (Eppendorf, Hinz GmbH, Hamburg, Germany) with an 

initial 5 min denaturation at 95°C followed by 35 cycles each with a 1 min denaturation 

at 95°C, 1 min at a primer specific annealing temperature (Table 6.3) and a 1 min 

extension at 72°C followed by a final extension at 72°C for 10 min. The 10 µL reaction 

mixture consisted of 10× reaction buffer (Roche) 2 mM MgCl2, 0.625 mM dNTPs, 0.25 

µM of each primer, 0.75 U Taq DNA polymerase (Roche) and 10 ng template DNA. 
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Table 6.3 cpSSR primer sequences as per McGrath et al. (2006) 

cpSSR 
marker 

GenBank Accession 
no. 

Primer sequences Forward(5´-3´) and 
Reverse(5´-3´)  

Ta 
(°C) 

Size 
range 
(bp) 

TeaSSR1 DQ123586 Forward ATTGATTTGGGTTGCGCTAT 60 217-
230 Reverse TCATTAAAGAAAATTGAGGGCATA 

TeaSSR3 DQ123585 Forward AGGGACTTGAACCCTCACAA 60 305-
318 Reverse GCAAACGATTAATCATGGAACC 

TeaSSR4 L41587 Forward ACGAACGAACGATTTGAACC 60 193-
200 Reverse TGAAGCCCCAATTCTTGACT 

TeaSSR5 AF363674 Forward GCTATGCATGGTTCCTTGGT 60 209-
212 Reverse TTCCTACTACAGGCCAAGCAG 

TeaSSR7 X53066 Forward GGAATTTGCAATAATGCGATG 60 172-
173 Reverse TCGATCGAGGTATGGAGGTC 
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6.3 Results  

6.3.1 Ploidy Analysis 

The results generated from the ploidy analysis on the putative hybrid fusion colonies 

and the parents indicate that the putative hybrid fusion colonies were representative of 

the L. corniculatus genome. The profiles of the fusion colonies generated from the flow 

cytometric analysis matched with profile generated by protocalli of L. corniculatus. (See 

Appendix 2 for profiles generated from the ploidy analysis of further fusion colonies 

and parents). The genome size of L. perenne and L. corniculatus was estimated to be 4.16 

pg and 2.10 pg respectively. The genome size of all the fusion colonies was found to 

fluctuate between 1.88 pg and 2.39 pg which is close to the diploid parental species of 

L. corniculatus (Table 6.4). The results thus indicate that there has not been any significant 

addition of genomic material from L. perenne.  

Table 6.4 Genome size of fusion 
colonies as detected from the flow 
cytometric analysis 
Plant Genome size 

(pg DNA/2C nucleus) 

Lolium perenne 4.16 

Lotus corniculatus 2.10 

FC2 2.32 

FC3 2.39 

FC4 2.02 

FC5 2.00 

FC6 2.18 

FC7 1.97 

FC8 1.93 

FC9 2.00 

FC10 1.91 

FC11 1.89 

FC12 1.95 

FC13 2.04 

FC14 1.97 
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However, fusion colonies (FC2, FC3, FC4, FC5 and FC11) showed tetraploid peaks in 

addition to diploid peaks. Ploidy peaks of the plants subsequently regenerated from the 

fusion colonies FC3, FC5, and FC14 were similar to those of L. corniculatus, whereas 

FC4 showed a prominent tetraploid peak (Fig 6.2).  

 

 

 

 

 

       

Figure 6.2 Ploidy levels of Lotus corniculatus (Left) and fusion colony FC4 

(right) 
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6.3.2 Whole Genome Amplification of fusion colonies 

The use of the high fidelity Whole Genome Amplification method with the application 

of Strand Displacement Amplification technique resulted in a 300-400 times 

amplification of very small (1-4 ng) amounts of DNA isolated from the fusion-derived 

colonies (Fig 6.3).  

 

 

 

 

 

 

Figure 6.3 Whole Genome Amplification of small protoplast fusion colonies with 
GenomiPhiTM V2 DNA Amplification Kit using the SDA technique. Lanes 1-3, λ 
H3 ladder at 1000, 500 and 250 ng; lanes 4-11, non-amplified genomic DNA from 
fusion micro-colonies; lanes 12-19, SDA amplified Genomic DNA from fusion 
micro-colonies using templates from samples illustrated in lanes 4-11 
respectively; lane 20, control DNA (Lambda) for Genomiphi V2 DNA 
Amplification Kit. 

To confirm the high consistency of amplification across the whole genome, SD-AFLP 

analysis was then performed on non-amplified DNA samples from the parent plants 

and amplified products of micro-colonies of both parents and from the fusion micro-

colonies. The image developed by the Genetic Analyzer from the SD-AFLP products 

performed using amplified DNA (GenomiPhiTM V2) and non-amplified DNA on L. 

corniculatus and L. perenne, showed identical SD-AFLP band profiles in both types of 

samples which implies that the amplified genome is a representative of the entire 

genome (Fig 6.4).  
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Figure 6.4 SD-AFLP profile of 
amplified and non-amplified Lotus 
corniculatus, Lolium perenne and 
fusion colonies generated using 
PstI+G and MstI+G/AC selective 
primers. Lane 1 non-amplified Lolium 
perenne; Lane 2 amplified Lolium 
perenne; Lane 3 non-amplified Lotus 
corniculatus; Lane 4 amplified Lotus 
corniculatus; Lanes 5-7 amplified 
putative fusion colonies. (Figures on 
the left indicate fragment size in bp) 

 

6.3.3 Chloroplast Microsatellite Marker analysis 

Analysis from the 5 cpSSR markers developed for L. perenne and other grasses, did not 

produce any bands with the fusion colonies. TeaSSR4 and TeaSSR5 were found to be 

universal for L. perenne, L. corniculatus and the fusion products. TeasSSR1, TeaSSR3 and 

TeaSSR7 failed to produce bands with fusion colonies and L. corniculatus and were 

specific only for L. perenne (data not shown). 

 

 

 



109 

 

6.3.4 SD-AFLP analysis 

Each of the 11 pairs of selective primers generated over 50 bands during the screening 

of the genomic DNA of the samples. The bands generated by the genomic DNA of 

fusion colonies were 99% identical to the bands generated from L. corniculatus genomic 

DNA. 

A total of 5 SD-AFLP specific polymorphic bands were identified from 8 individuals, 

fusion colonies (FC1-FC5, FC11, FC13) that were not present in the parental L. 

corniculatus (Table 6.5). Some of the bands were present in more than one fusion colony. 

Interestingly, three of these bands were also present in L. perenne. The SD-AFLP bands 

GGA(500) and GGA(400) were found present in fusion colonies FC1-FC5 and L. 

perenne (Fig 6.5, Inset 1 and Inset 2). The appearance of the same band in five 

independent fusion colonies is unexpected. Sequences obtained from directing 

sequencing of GGA(500) and GGA(400) of L. perenne and FC1, when subjected to 

BLAST (Basic Local Alignment Search Tool, 

http://www.ncbi.nlm.nih.gov/Education/BLASTinfo/information3.html) against 

NCBI database were found to have homology with Lotus japonicus genomic DNA 

sequence. This similarity with L. japonicus sequence from NCBI database suggests that 

the band sequence of GGA(500) and GGA(400) from L. perenne had homology with 

Lotus japonicus sequence.  

The SD-AFLP polymorphic band AAT(200) was 200 bp in size and was found specific 

to FC4 and L. perenne. Sequence data from AAT(200) of L. perenne when subjected to 

BLAST search against NCBI database, an identity match of 81% of Lotus japonicus 

genomic DNA, chromosome 4 (NCBI accession number: AP006140.1) and an identity 

match of 88% with Oryza sativa mRNA (NCBI accession number: NM_001064308.1) 

was observed. The BLAST search for the AAT(200) sequences between L. perenne and 

FC4 had 100% identity, which suggests the integration of L. perenne fragment into FC4 

hybrid plant as a consequence of asymmetric somatic hybridisation. 

The SD-AFLP polymorphic band AGA(100) of FC11 and FC13 and the polymorphic 

band AAG (100) of FC11 were novel bands which were absent in the SD-AFLP profile 

of L. corniculatus and L. perenne and were 100 bp in size. Sequences obtained from bands 

AGA(100) of FC11 and FC13 had 100% identity with each other after a BLAST search 

against each other with 0 gaps. The sequence of FC11 when subjected to BLAST search 
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against NCBI database an identity match of 83% with Oryza sativa  genomic DNA, 

chromosome 7 (NCBI accession number: AP008213.1)  was observed and an identity 

match of 86% of L. japonicus genomic DNA, chromosome 6 (NCBI accession number: 

AP004511.1). Sequences obtained from marker AAG (100) of FC11 when subjected to 

BLAST search against NCBI database an identity match of 77% with Lotus japonicus 

genomic DNA chromosome 4 (accession number: AP006369.1) was observed. No 

homology was observed to any sequence from monocotyledonous plants.  

Figure 6.6 shows gel electrophoresis of the different SD-AFLP bands reamplified using 

the respective SD-AFLP selective primers prior to purification and cloning. 

 

Table 6.5 SD-AFLP markers identified from different selective SD-AFLP primers 

Plants AFLP Primers 
AGA  AG

T 
AG
G 

AAA AAT  AAG  ATA ATG ATT GGA  GGA  GG
G 

L. 
corniculatu
s 

× × × × × × × × × × × × 

FC1  × × × × × × × × √(500)* √(400)* × 

FC2 × × × × × × × × × √(500)* √(400)* × 

FC3 × × × × × × × × × √(500)* √(400)* × 

FC4 × × × × √(200)* × × × × √(500)* √(400)* × 

FC5 × × × × × × × × × √(500)* √(400)* × 

FC6 × × × × × × × × × × × × 

FC7 × × × × × × × × × × × × 

FC8 × × × × × × × × × × × × 

FC9 × × × × × × × × × × × × 

FC10 × × × × × × × × × × × × 

FC11 √(100) × × × × √(100) × × × × × × 

FC12 × × × × × × × × × × × × 

FC13 √(100) × × × × × × × × × × × 

FC14 × × × × × × × × × × × × 

×= no polymorphic bands observed; √= band not present in lotus. *= Bands present in L. perenne; figures 
in parenthesis indicate size (bp) of the bands 
 
 
 
 
 
 
 
 
 
 
 
 



111 

 

 
 

   A 

 

 

 

 

 

                                                                                  

                                   
                                                                                                           
                                          
                                                                                                            

In
set 2                                  

 
 

 

 

 

Figure 6.5 SD-AFLP analysis of fusion products PstI+G/ MseI+NNN selective 
primers. Inset 1 and Inset 2 highlight the bands generated from selective primer 
MseI+GAA and MseI+GGA respectively. 
Lane 1, Lolium perenne; Lane 7, Lotus corniculatus; Lanes 2-6 Fusion colonies 
FC1-FC5 
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Figure 6.6 SD-AFLP polymorphic bands reamplified 
using selective primers AAT, AGA and AAG. Lane 1: 
1kb plus ladder; Lane 2: FC13; Lane3: FC4; Lane4: Lotus 
corniculatus; Lane5: Lolium perenne; Lane6: FC13; 
Lane7: FC11; Lane8: Lotus corniculatus; Lane9: Lolium 
perenne; Lane10: FC13; Lane11: FC11; Lane12: Lotus 
corniculatus (figures on left indicate band size)
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6.3.5 Analysis using Sequence Characterised 
Amplified Regions (SCARs) 

The SCAR marker FC4AAT(200) which was developed from the SD-AFLP band 

AAT(200) of FC4 and which showed complete homology with AAT(200) from L. 

perenne, failed to recognise the band in the genomic DNA fromFC4 callus, FC4 

regenerated plant as well as L. perenne suspension cells and L. perenne plant. However, it 

was able to detect a band from genomic DNA of L. corniculatus seed derived plant (Fig 

6.7). The other SCAR markers FC11AGA(100) and FC11AAG(100) were able to detect 

bands from their respective clones only. 

 

 

 

Figure 6.7 Amplification of SCAR markers. 
Lane 1 Lolium perenne AAT(200) cloned 
sequence; Lane 2, FC4 AAT(200) cloned 
sequence; Lane3, FC4 callus DNA; Lane4, 
FC4 plant DNA; Lane5, Lolium perenne 
suspension DNA; Lane6, Lolium perenne 
Leaf DNA; Lane7, Lotus corniculatus leaf 
DNA; Lane8, Control without template; 
Lane9, 1Kb plus ladder. 

1       2       3      4      5      6       7       8       9 
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6.4 Discussion 

The plants regenerated from the fusion events between L. perenne and L. corniculatus were 

morphologically the same as those of L. corniculatus (Fig 5.7 Chapter 5). Cell fusion 

followed by regeneration does not always guarantee transfer of nuclear or cytoplasmic 

genomes (Rose et al., 1990) which could influence the morphology of the regenerated 

plants. Cai et al. (2007) while working with Festuca arundinacea and Triticum aestivum 

observed active methylation alterations between hybrids and the recipient F. arundinacea. 

The choice of methylation insensitive AFLP approach using SD-AFLP (Knox & Ellis, 

2001) would eliminate variable amplification of bands due to methylation.  

The ploidy analysis results with all the putative hybrid colonies proved that all the 

putative hybrid colonies and plants regenerated thereafter were diploids except for FC4 

which showed tetraploid peak during analysis with callus colonies and regenerated 

plants. In the current study, wherein the resultant fusion products (eg. fusion colony 

FC4) represents the donor plant (L. corniculatus) might have been due to the instability of 

the DNA damage caused by UV treatments. Xu et al. (2007) observed that UV 

irradiation was not able to fragment the DNA in all protoplasts which resulted in 

escapes within the population. Chromosome elimination due to irradiation can also be 

influenced by several other internal and external factors such as genotypes, phylogenetic 

relativity between fusion parents, and physiological status of the explants used for 

protoplast isolation (Liu et al., 2005; Oberwalder et al., 1997, 1998; Xiang et al., 2003). 

Furthermore, DNA repair after UV irradiation might have been responsible for 

restoration of cells without chromosome loss in L. corniculatus. It has been observed that 

plant cells have evolved certain strategies such as NER (Nucleotide Excision Repair) 

and photo reactivation for DNA repair caused due to UV damage in order to maintain 

normal cell functioning (Ishibashi et al., 2006). 

The application of the novel technique of Whole Genome Amplification using strand 

displacement amplification have truly solved the problem of analysing the status of the 

hybrid colonies while they were still in the nascent stage. When the SD-AFLPs were 

performed using amplified DNA (GenomiPhiTM V2) and non-amplified DNA on L. 

corniculatus and L. perenne,  identical AFLP band profiles were generated with both types 

of samples which implies that the amplified genome is a representative of the entire 

genome. The band intensity was greater in the SD-AFLP profile generated using SDA-
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amplified samples than the non-amplified samples (Fig 6.4). No addition or deletion of 

bands was observed between the amplified and non-amplified samples. Some of the 

corresponding bands are not completely visible in Figure 6.4 due to the low intensity of 

the bands. We demonstrate here that SDA for WGA using ø29 polymerase is an 

excellent method for amplifying minute quantities of DNA in a very short time (<2 h).  

It allows highly accurate and comprehensive whole genome amplification from micro-

samples of plant tissue. SDA therefore provides template for rapid and early 

determination of the hybrid status of the fusion micro-colonies between plant species 

using various molecular analysis such as AFLPs and other molecular techniques where 

high quality genomic DNA is needed. In this manner SDA will be greatly useful to 

overcome the paucity of sample tissue and help save valuable  DNA for further 

molecular and genetic analysis (Raikar et al., 2007).  

Analysis of the fusion colonies using the L. perenne specific chloroplast microsatellite 

markers did not yield bands with fusion colonies. However, markers TeaSSR4 and 

TeaSSR5 were found to be universal with bands seen in fusion colonies as well as both 

the parents. The absence of bands in the fusion colonies with some of the L. perenne 

specific chloroplast microsatellite markers suggests no chloroplast transfer had occurred. 

Parental chloroplasts segregate during callus development and in most cases the 

regenerated hybrid plants have only one chloroplast type (Akada & Hirai, 1986). It was 

earlier assumed that chloroplast segregated randomly or rarely recombined in somatic 

hybridizations (Derks et al., 1992, Donaldson et al., 1994; Skarzhinskaya et al., 1996).  

Kanno et al. (1997) observed evidence for the recombination of chloroplast DNA in 

higher plants is limited. Furthermore, nuclear background can also influence chloroplast 

or mitochondrial segregation (Sundberg & Glimelius, 1991). Liu et al. (2005) noted that 

the effect of nuclear background on cytoplasmic segregation depends on the species or 

combinations.  

The molecular analysis performed in this chapter on the putative somatic hybrids was 

undertaken to try and resolve the origin of the regenerants. The occurrence of 5 SD-

AFLP specific polymorphic bands between the parents and the fusion colonies suggests 

that introgression of genetic material from L. perenne to L. corniculatus had occurred. The 

SD-AFLP band profile of fusion colony FC4 revealed L. perenne specific band AAT(200) 

which was found to be absent in the SD-AFLP band profile of L. corniculatus.  
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The appearance of the SD-AFLP bands GGA(500) and GGA(400) in all the fusion 

colonies FC1-FC5 suggests that both these bands are Lotus bands. Moreover, when a 

BLAST search was conducted on the sequences obtained from these bands they showed 

homology with L. japonicus sequence.  

The SD-AFLP bands AGA(100) and AAG(100) observed in FC11 and FC13 were 

absent in either of the parents. The presence of these additional SD-AFLP polymorphic 

bands in FC11 and FC13 could be due to the somaclonal variation which occurs very 

prominently in tissue culture (Jain, 2001). The somaclonal origin of these new bands 

could be due to mutational events such as gene conversion, unequal crossing-over, etc., 

which could be responsible for any gain or loss of restriction sites and consequently for 

the lack of parental bands and the appearance of new ones (Arcioni et al., 2000). Such 

occurrence of additional bands has been observed in other studies such as during 

somatic hybridisation between common wheat and Italian ryegrass (Cheng & Xia, 2004), 

asymmetric somatic hybridisation between the annual legumes Medicago truncatula and 

Medicago scutellata (Tian & Rose, 1999), and is somatic hybrids between tetraploid 

Medicago sativa and Medicago falcata (Crea et al., 1997). 

The SCAR analysis has revealed interesting results. Presence of the FC4AAT(200) 

marker band in L. corniculatus plant genomic DNA  and its absence FC4 callus and FC4 

plant when the SCAR marker itself was designed from a unique cloned FC4 SD-AFLP 

sequence is puzzling. The absence of the band in FC4 callus and plant could be due to 

the prolonged culture. 

To summarise, protoplast fusions between the monocotyledonous L. perenne and 

dicotyledonous L. corniculatus were able to successfully regenerate plants which were 

morphologically L. corniculatus like. The success of the fusion could be limited by the 

compatibility of the nuclear and cytoplasmic genomes. Protoplast fusions in the current 

study points towards wide number of possibilities of genome interactions 

(rearrangements and/or recombinations) between both cytoplasmic and nuclear 

genomes. More molecular analysis such as screening of more mitochondrial and 

chloroplast markers, and application of additional techniques such as Genomic In Situ 

Hybridization (GISH) in order to locate the miniscule introgression would be required. 

The theory number 1 formulated in chapter 5 that ‘The regenerated Putative Hybrid 
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Plants are the donor (Lotus corniculatus) parent that have escaped the UV 

treatment, and therefore not putative hybrid plants’ attains significance. 
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CHAPTER 7 

CONCLUDING DISCUSSION 

7.1 Background 

 

Plant breeding for improvements in cultivated plants has been aided in recent years with 

more result oriented techniques such as Marker Assisted Selection (MAS) (Collard & 

Mackill 2008) and plant transformation using techniques such as Agrobacterium-mediated 

gene transfer (Gelvin, 2003) or direct DNA uptake methods such as electroporation or 

biolistics (Petolino, 2002). However, the plants produced using these transformation 

approaches are classified as transgenic crops, which means they fall under strict 

regulations controlling their release for use in agriculture (Nap et al., 2003). The general 

public throughout the world have also voiced their opposition towards using transgenic 

plants in agriculture (Conner et al., 2003; Nap et al., 2003). This has prompted 

researchers to investigate other methods for gene transfer which are not restricted by 

regulations. 

  

An alternative approach to the transfer of novel genes for plant improvement involves 

the use of somatic hybridisation technique (Spangenberg et al., 1995a; Takamizo et al., 

1991). In most countries applications of somatic hybridisation are not covered by 

regulations. Somatic hybridisation involves the fusion of protoplasts (naked cells) from 

two plants of interest. Somatic hybridisation allows DNA introgression from very 

diverse species with the merger of the cytoplasmic and the nuclear contents resulting in 

hybrid plants (Davey, 2005). In some cases it facilitates the breeding process over the 

conventional technique and has been able to produce hybrid plants successfully on 

numerous previous occasions (Creemers-Molenaar et al., 1992a; Spangenberg et al., 1995; 

Yan et al., 2004). 

The breeding of Lolium perenne using traits from Lotus corniculatus with the application of 

somatic hybridisation technique would help in understanding the reliability of this 

method for gene introgression between very wide species.  Somatic hybridisation 

technique was previously used to demonstrate fusion of protoplast between rice (Oryza 

sativa) and carrot (Daucus carota) and between barley (Hordeum vulgare) and carrot (D. 

carota) (Kisaka et al., 1994, 1997).   
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7.2 Thesis overview 

The current project was focused on somatic hybridisation between monocotyledonous 

L. perenne and dicotyledonous L. corniculatus for gene introgression. 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 increasing its digestibility and palatability value. 

It has been successfully demonstrated that it can be grown in drought prone areas 

(Duke, 1981; Scott et al., 1995). Gene introgression from L. corniculatus to L. perenne using 

somatic hybridisation could lead to the transfer of useful traits such as resistance to 

drought, increased digestibility, and for increased nitrogen fixing ability. Somatic 

hybridisation is a well established biotechnological tool which has been used in the 

breeding of various crop plants to integrate useful traits (Davey et al., 2005). In this 

thesis the application of asymmetric somatic hybridisation technique was successfully 

implemented between two widely related plant species L. perenne and L. corniculatus. To 

achieve the goal of asymmetric somatic hybridisation between L. perenne and L. 

corniculatus for gene introgression, a systematic planning and implementation pathway 

was necessary. Chapter 2, Chapter 3, Chapter 4, Chapter 5 and Chapter 6 of this thesis 

detail the implementation of the various steps towards the final outcome.  

Establishment of a culture system such as callus or cell suspension cultures which would 

provide a regular supply of tissue material is one of the most important steps for 

protoplast isolation. Lolium perenne is a well established forage crop with a number of 

cultivars. Chapter 2 in this thesis details the methods involved  in setting up an in vitro 

culture system and the response of the different L. perenne cultivars towards the in vitro 

culture systems. This was important to select appropriate genotypes among the elite 

commercial cultivars. Tissue culture response in 10 different commercial cultivars of L. 

perenne with respect to callus induction and plant regeneration was investigated. Cultivar 

‘Bronsyn’ proved to be superior amongst all the screened cultivars. Cultivar Bronsyn 

along with cv Canon had the highest callus induction frequency of 36% whereas cv 

Aberdart had the lowest callus induction frequency of 2% (Chapter 2, Fig 2.2). The 

response of the different cultivars towards PGRs during plant regeneration, the 

variation between cultivars in the frequency of shoot regeneration (Table 2.2) and the 

frequency of albino shoot formation from callus further reflects the genetic variation for 

these traits in L. perenne. The changes leading to albino plant formation in somatic in vitro 

culture are not known, but studies with perennial ryegrass reveal a large genotypic 
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influence on albino plant frequencies (Olesen et al., 1995). The screening of some of the 

elite commercial cultivars for their tissue culture responses in this study have brought to 

the fore the genetic differences and has been helpful in selecting the highly responsive 

cultivar cv Bronsyn as an elite L. perenne genotype with excellent tissue culture attributes. 

The aim of this thesis has been somatic hybridisation between monocotyledonous L. 

perenne and dicotyledonous L. corniculatus. Isolation of totipotent protoplasts from 

established cell cultures and shoot regeneration was one of the important steps in 

achieving this goal. Chapter 3 details the methods used and the results obtained during 

the isolation of L. perenne protoplasts and shoot regeneration from protoplast-derived 

calli. Screening of different source of tissues during protoplast isolation revealed that the 

cell suspensions were the most appropriate source of tissue for protoplast isolation 

(Chapter 3 Table 3.1). The formulation of enzyme mix significantly influenced the 

outcome of protoplast isolation from L. perenne. Enyzme combination ‘A’ (Cellulase 

Onozuka RS 2%, Macerozyme R-10 1%, Driselase 0.5%, Pectolyase 0.2%) yielded the 

highest number of protoplasts (Chapter 3 Table 3.2) without compromising the viability. 

The need for the presence of different enzymes such as Cellulase Onozuka RS, 

Macerozyme R-10, Driselase, and Pectolyase for the release of a high number of 

protoplasts suggests complexities involved within the cell wall components of L. perenne. 

Other parameters such as duration of incubation in the enzyme mix and osmolarity 

(Chapter 3 Table 3.3, Table 3.4) had a significant effect on the yield and viability of the 

protoplasts. The influence of cultivars on protoplast isolation was also determined. 

Cultivar Bronsyn and cv Impact had the highest protoplast yields whereas cv Arrow had 

the lowest protoplast yield (Chapter 3, Table 3.5). During colony formation from the 

protoplasts certain biological processes might have an influence on the totipotency of 

the protoplasts. For example, the exposure to chemical factors during the culture of the 

protoplasts on a feeder-layer using a nitro-cellulose membrane. Shoot regeneration from 

protoplast-derived calli indicates that PGRs at low levels are necessary for initiation of 

somatic embryogenesis (Chapter 3 Table 3.6). These low levels of PGRs may have 

induced a stimulatory response from endogenous IAA as has been observed in earlier 

works (Michalczuk et al., 1992a, 1992b). The failure of the protoplast-derived calli to 

regenerate into green plants could be due to the somaclonal variation which might have 

resulted in deletions or rearrangements within the nuclear and/or plastid genomes. 

Hadwiger &  Heberle-Bors (1986) observed similar responses while working with 

Triticum durum wherein 100% albino plants were obtained. 
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Lotus corniculatus protoplast isolation was an important step in achieving the goal of this 

thesis. Chapter 4 deals with the isolation and regeneration of L. corniculatus protoplasts. 

Different parameters which influence the isolation and regeneration of L. corniculatus 

protoplasts were investigated viz., enzyme combination, tissue types, incubation periods, 

osmolarity levels, different regeneration methods and effect of different PGRs. In the 

current study, out of the 3 enzyme combinations tested, enzyme combination ‘A’ 

(Cellulase Onozuka RS 2%, Macerozyme R-10 1%, Driselase 0.5%, Pectolyase 0.2%) 

produced the highest number of protoplasts although the viability noted was either 

similar or slightly lower than those observed in earlier studies (Chapter 4 Table 4.2). The 

experiment with different types of tissues as a source for protoplasts proved vital in 

obtaining high protoplast yield. Cotyledon tissue yielded the highest number of 

protoplasts (Chapter 4 Table 4.3), which was 2 times higher than previous studies 

recorded (Akashi et al., 2000). A sharp drop in the yield was observed when protoplasts 

were isolated from 12 day old leaf tissue. Isolation of protoplasts at different osmolarity 

levels and at different incubation times were helpful in setting the optimum osmolarity 

levels and incubation time intervals. The development of micro-colonies from L. 

corniculatus protoplasts was affected by the media chosen and the type of protoplast 

culture method employed. Culture of the protoplasts on a nitrocellulose membrane with 

a L. perenne feeder-layer on the sequential series of PEL medium was highly successful in 

the formation of micro-colonies (Chapter 4 Table 4.6) with the plating efficiencies 

exceeding those recorded in previous studies (Aziz et al., 1990; Pati et al., 2005; Akashi et 

al., 2000). This is the first report of a L. corniculatus being successfully cultured on 

nitrocellulose membrane using L. perenne feeder-layer on PEL medium and presents an 

efficient alternative to the existing methods. The response of the protoplast-derived calli 

towards the different auxin and cytokinins at different concentrations reveals that shoot 

regeneration was observed more frequently at low levels of both auxins and cytokinins 

and is in line with observations made by other authors (e.g. Handberg & Stougaard, 

1992). A more detailed study on the role of PGRs towards regeneration of Lotus species 

is needed to further develop an efficient regeneration medium. 

Chapter 5 of this thesis deals with asymmetric protoplast fusion between L. corniculatus 

and L. perenne. Asymmetric protoplast fusion is achieved by breaking or fragmenting the 

chromosomes of the donor plant (L. corniculatus) using agents such as UV, which enables 

the introduction of the genome on a minimised scale, and metabolically inactivating the 

recipient plant (L. perenne) using IOA. The results from Chapter 5 show that the factors, 



122 

 

UV for genome fragmentation and IOA concentration for inactivation of parent 

protoplasts, PEG molecular weight, PEG concentration, type of the surface used during 

fusion experiments and calcium chloride concentration and duration, all play a pivotal 

role in the outcome of the protoplast fusions between L. perenne and L. corniculatus. 

Probable genome fragmentation of L. corniculatus protoplasts was achieved at 0.15 J/cm2 

for 10 min (Chapter 5 Fig 5.1) while the inactivation of L. perenne protoplasts was 

achieved at 0.1 mM IOA for 10 min. The results indicate that there is a significant 

influence of PEG molecular weight and concentration on the fusion efficiency with the 

highest percentage fusion achieved with 35% PEG (MW 3350). Experimental evidence 

from this study establishes that the surface on which protoplast fusion between L. 

perenne and L. corniculatus  was carried out greatly influences the formation of 

heterokaryons. Calcium chloride had a profound effect on the outcome of the fusions 

between L. perenne and L. corniculatus, with substantially increased protoplast fusion at 

100 mM calcium chloride (Chapter 5 Table 5.7). The outcome of the fusion experiments 

between L. perenne and L. corniculatus has been the development of putative hybrid 

colonies with subsequent regeneration of putative hybrid plants. However, the putative 

hybrid colonies as well as putative hybrid plants morphologically resembled the L. 

corniculatus (donor) plants. To explain this unexpected result of asymmetric somatic 

hybridisation two hypothesis were formulated: 

I. The regenerated putative hybrid plants are donor (L corniculatus ) plants that 

have escaped the UV treatments. 

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. 

Flow cytometric and molecular analysis of the regenerated putative hybrid colonies and 

plants using SD-AFLP molecular markers was necessary in order to confirm if one of 

the hypothesis formulated was true. Chapter 6 deals with the flow cytometric analysis 

and the different molecular markers used in assessing the hybrid status of the 

regenerated colonies and plants. The profiles of the fusion colonies generated from the 

flow cytometric analysis matched the profile generated by protocalli of L. corniculatus. 

The absence of any extra peaks in any of the fusion colony profiles suggests that there 

has been no major incorporation of nuclear material from L. perenne. Out of the 5 SD-

AFLP polymorphic bands observed  band AAT(200) observed in FC4 and L. perenne 
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had complete similarity with 0 gaps providing hints that there might have been 

incorporation of genome material from L. perenne to L. corniculatus. However, SCAR 

markers based on this sequence failed to confirm any transfer of L. perenne  DNA to L. 

corniculatus. Recently discovered phenomenons such as NER and photo reactivation 

(Ishibashi et al., 2006) might have lead to the uncharacteristic results of putative fusion 

plants resembling the donor parent (L. corniculatus) observed in the current study. In this 

chapter a novel technique of Whole Genome Amplification using Strand Displacement 

Amplification was applied for the first time in plant cells (Raikar et al., 2007). This 

technique helped to over come paucity of the tissue material during the initial stages of 

molecular analysis. 
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7.3 Future Directions 

The current study of protoplast fusion between Lolium perenne and Lotus corniculatus has 

made it possible to make an assessment of the tissue culture responses of both L. perenne 

and L. corniculatus as individual species. The findings during the establishment of the L. 

perenne culture system  and protoplast isolation indicate that cultivar differences could 

play an important role in selecting the candidate cultivar for tissue culture studies. 

Probing the hormonal metabolism within the different cultivars would help in finding 

the reason for the varied response of the various cultivars. Investigative studies on the 

cell wall composition of the different cultivars could provide a better explanation of the 

varied protoplast yield (Chapter 3 Table 3.5) obtained from the different cultivars.    

The success of L. perenne protoplast culture on the nitrocellulose membrane with a L. 

perenne feeder layer results in speculations that a key component is missing from the 

culture medium. Such responses have been shown in other plants such as Brassica 

species (Christey, 2004) however no chemical factor has been identified previously. 

However, Pasternak et al. (2002) observed that the pH of the medium might interfere in 

the division of the protoplasts. Culture of the protoplasts on the nitrocellulose 

membrane protects the protoplasts from the pH changes in the liquid medium, and 

hence could support the observation made by Pasternak et al. (2002). An in depth study 

on the pH changes in the liquid medium with different plant protoplasts would be able 

to establish the sensitivity of the protoplasts to pH changes. Studies focusing on the 

identification of the chemical factor involved in cell division could result in more 

efficient and simplified regeneration process from protoplasts. The use of cell 

suspensions from different cultivars of L. perenne and different species as feeder layer 

would help in better understanding of the specificity of the cell division inducing 

chemical factor towards the different cultivars and species.  

The discrepancies observed among the somatic hybrid regenerants i.e. formation of 

donor like plants even though the genome was fragmented, leads to the speculation 

about the stability of the genome fragments resulting from the UV treatment. It has 

been observed that plant cells have evolved strategies such NER and DNA repair from 

photo-reactivation, due to damage caused by UV (Ishibashi et al., 2006). Thorough 

investigative studies in this field could yield more ideal results from asymmetric 

protoplast fusions. Even though the current project has not been able to yield the 



125 

 

desired results, the study indicates high possibilities of successful protoplast fusions for 

gene introgressions between distant plants as wide as monocotyledonous  and 

dicotyledonous species. 

 

7.4 Perspectives 

Protoplast fusion was carried out between L. perenne and L. corniculatus for gene 

introgression. Somatic hybridisation was chosen since it has been shown to have been 

used as a successful breeding technique between widely related species. The two species 

chosen were taxonomically very wide, L. perenne a monocotyledonous plant and L. 

corniculatus a dicotyledonous plant. 

The experimental results obtained have demonstrated that the somatic hybridisation 

between L. perenne and L. corniculatus have been successful resulting in the formation of 

heterokaryons. The resulting putative hybrid plants might have introgressed genes from 

L. perenne, however no molecular proof could be established. Further molecular 

investigation with mitochondrial and chloroplast markers and the use of GISH could 

help in locating introgressed segments. The study proves that the technique of somatic 

hybridisation is a highly valuable technique for gene introgression crossing the species 

barriers. More studies involving such wide species would help in increasing the 

efficiency of protoplast fusions. 

This thesis details a novel concept of Whole Genome Amplification of plants using the 

Strand Displacement Amplification technique. This technique would be useful to 

overcome the paucity of sample tissue and help save valuable DNA. 

 




