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Abstract 
 

Rice blast disease is caused by the filamentous fungus Magnaporthe oryzae and is the most 

destructive disease of cultivated rice. It was the first plant pathogenic fungus to have its 

genome sequence published which opened up the opportunities to discern the principal 

genetic components that confer pathogenicity on the fungus. The availability of the genome 

sequence has also presented fresh challenges in terms of converting sequence data into 

meaningful biological information. Functional genomics studies involve the generation of 

genome-wide mutant collections and comprehensive screens with potential to identify novel 

pathogenicity determinants. In this study I utilized Agrobacterium tumefaciens mediated 

random insertional mutagenesis to study the infection mechanism of M. oryzae. A collection 

10,200 M. oryzae T-DNA insertion mutants were generated as part of this study and 

pathogenicity was assayed by high-throughput disease screening. From the primary 

qualitative screening I obtained 200 mutants that were reduced or lacking in pathogenicity. 

Quantitative re-screening allowed selection of 71 T-DNA mutants, including 9 non-

pathogenic and 63 reduced virulence mutants exhibiting at least a 50% reduction in disease 

symptoms. Finally, we selected 8 non-pathogenic mutants for detailed phenotypic and gene 

functional analysis. A novel approach was used to retrieve T-DNA tagged genes from 

mutants of interest. Next generation DNA sequencing (NGS) was used to retrieve T-DNA 

flanking sequences in a high-throughput manner. The efficiency of NGS to facilitate the high-

throughput large scale insertional mutagenesis was therefore demonstrated. Out of 8 selected 

mutants, I identified three novel genes that putatively encode a transcription factor, a PH 

domain containing signalling protein and a MAP kinase. I also provided evidence that, 

MGG_05343 is a functional C6 zinc finger transcription factor involved in conidiogenesis. 

The PH domain containing protein MGG_12956 is involved in vegetative growth, 
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condiogenesis and virulence. The novel kinase MGG_15325 is a S. cerevisiae IME2 homolog 

that belongs to the Ime2 class of non-classical MAP kinase subfamily. Intriguingly, M. 

oryzae IME2 seems to have an essential role in growth in planta because the mutant was able 

to penetrate and colonize plant tissue but failed to cause necrotic rice blast lesions. 

Identification of these novel genes will allow us greater insight into the processes required for 

condiogenesis, vegetative and invasive growth and a more integrated understanding of the 

post-penetration phases of plant tissue colonization. Interestingly, I identified two mutants 

tagged with T-DNA insertion in the autophagy genes ATG2 and ATG3, reaffirming the 

importance of infection-associated autophagy in plant infection by M. oryzae and we 

characterized the ATG3 gene. In addition, I generated a resource of 63 unidentified T-DNA 

mutants which can potentially lead to identification of more novel determinants of 

pathogenicity in rice blast disease. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 

 

Table of Contents 

 
 Page 

Abstract 1 

List of Figures 9 

List of Tables 12 

Acknowledgements 14 

Abbreviations 15 

 

 
 

1 Introduction 

 

 

1.1  Food Security 17 

1.1.1 The challenge of food security  17 

1.1.2 Impact of phytopathogens on global food security 18 

1.2  Importance of fungal pathogens in plant diseases 21 

1.2.1  Understanding fungal diseases and pathogenicity 21 

1.2.2 Major groups of fungal phytopathogens 22 

1.3 Rice blast disease 24 

1.3.1 The significance of rice blast disease 24 

1.3.2 Measures to control rice blast disease 26 

1.3.3 Magnaporthe oryzae as a model phytopathogen to study plant-fungal 

interaction 

30 

1.3.4 Life cycle of Magnaporthe oryzae 31 

1.4 The role of cell signalling in infection related development of M. oryzae 34 

1.4.1 Cyclic AMP (cAMP) signalling 36 

1.4.2 G protein signalling 38 

1.4.3 Pmk1 MAPK signalling pathway         42 



4 

 

1.4.4 Mps1 and Osm1 MAPK signalling pathways         47 

1.5  Study of fungal pathogenicity 49 

1.5.1 Functional genomic tools for studying fungal pathogenicity 49 

1.5.2  Insertional mutagenesis as a tool for identifying pathogenicity genes 51 

1.6 Agrobacterium tumefaciens mediated insertional mutagenesis  61 

1.6.1  Mechanism of Agrobacterium tumefaciens mediated plant infection 61 

1.6.2 Development of Agrobacterium tumefaciens as an insertional mutagenesis tool 

for studying fungal pathogenicity 

64 

1.6.3 Advantages of ATMT for large scale insertional mutagenesis study  67 

1.6.4  Factors affecting the efficiency of ATMT 68 

1.6.5 Application of ATMT for identifying novel virulence determinants in 

filamentous fungi 

 

71 

1.7 Introduction to the Current Study 73 

 

 

 

 

2 General Material & Methods 

 
2.1 Growth and maintenance of fungus stocks  75 

2.2 Pathogenicity and infection-related development assays  76 

2.2.1 Assays for conidial germination and appressorium formation rates  76 

2.2.2 Plant infection assays 76 

2.2.3 Penetration assay on rice leaf sheath 77 

2.2.4 Incipient cytorrhysis assay for measurement of appressorial turgor 78 

2.3 Nucleic acid analysis  79 

2.3.1 Extraction of M. oryzae DNA  79 

2.3.1.1 Extraction of fungal genomic DNA  79 

2.3.1.2 Small scale extraction of fungal genomic DNA  80 

2.3.2 DNA manipulations  81 



5 

 

2.3.2.1 Digestion of genomic or plasmid DNA with restriction enzymes  81 

2.3.2.2 DNA gel electrophoresis  81 

2.3.2.3 Amplification of DNA by Polymerase Chain Reaction (PCR)  82 

2.3.2.4 Gel purification of DNA fragments  83 

2.3.2.5 DNA sequence analysis   83 

2.3.2.6 Southern blot analysis  84 

2.3.2.7 Radiolabelled DNA probe construction  84 

2.3.2.8 Hybridization conditions  85 

2.4 DNA cloning procedures  86 

2.4.1 Bacterial DNA mini preparations (Alkaline Lysis Plasmid Miniprep) 86 

2.4.2 High quality plasmid DNA preparations  87 

2.4.3 DNA ligation and selection of recombinant clones 89 

2.4.4 Preparation of competent cells  90 

2.4.5 Transformation of bacterial hosts  91 

2.4.6 Recombination-mediated PCR-directed cloning in yeast 92 

2.4.7 Extraction of yeast plasmid 93 

2.5 DNA-mediated transformation of M. oryzae  94 

 

 

 

 

3 Construction and screening of an ATMT Library of M. oryzae 

 
3.1 Introduction 96 

3.2 Materials and Methods  100 

3.2.1 Generation of T-DNA tagged mutant library of M. oryzae 100 

3.2.1.1 Agrobacterium strains and binary vectors 100 

3.2.2.2 Agrobacterium tumefaciens-mediated transformation (ATMT) of M. oryzae 102 



6 

 

3.2.3 Determination of the T-DNA insertion copy number of ATMT library by Southern 

hybridization 

103 

3.2.4 High-throughput pathogenicity screening of T-DNA mutants 104 

3.3 Results 105 

3.3.1 Generation of T-DNA tagged mutant library of M. oryzae 105 

3.3.2 T-DNA copy number analysis of the ATMT library of mutants  108 

3.3.3 High-throughput pathogenicity screening of insertion lines  115 

3.4 Discussion 118 

  
 

 

 

4 Selection of Mutants for Phenotypic and Molecular Genetic Analysis 
 

4.1 Introduction 124 

4.2 Material & methods 125 

4.2.1 Selection of T-DNA tagged mutants for characterization 125 

4.2.1 Phenotypic characterization of selected mutants 126 

4.2.3    Rescue of T-DNA flanks by PCR based methods 126 

4.2.3.1 Thermal asymmetric interlaced (TAIL) polymerase chain reaction (PCR) 126 

4.2.3.2 Inverse PCR (iPCR) 128 

4.3 Results 131 

4.3.1 Selection of T-DNA tagged Mutants for Characterization 131 

4.3.2 Phenotypic Characterization of the selected mutants 143 

4.3.2.1 Vegetative growth and colony morphology of the selected mutants 143 

4.3.2.2 Conidiation, germination and Appressorium Development Assay 151 

4.3.2.4 Appressorium development assay of M1880 in the presence of inducers 163 

4.3.2.5 Penetration assay on onion epidermis 165 

4.3.2.6 Penetration assay on rice leaf sheath epidermal layers 171 



7 

 

4.3.2.7 Incipient Cytorrhysis Assay 176 

4.3.3 Genetic and molecular analysis of the selected mutants 178 

4.3.3.1 Determination of the T-DNA insertion copy number of selected mutants 178 

4.3.3.2 Rescue of T-DNA flanks by PCR based methods 178 

4.3.4 Genetic analysis of the mutant M1054 185 

4.3.4.1 RFLP analysis to confirm the T-DNA Insertion in ATG3 locus 185 

4.3.4.2 Construction of ATG3 complementation vector for the mutant M1054 188 

4.3.4.3 Complementation of the mutant M1054 with M. oryzae ATG3 gene 191 

4.3.4.4 Construction of plasmid for Atg3p Localization 193 

4.3.4.5 Localization of Atg3-GFP during infection-related development in M. oryzae 196 

4.4 Discussion 199 

 

 

 

 

5 Next Generation Sequencing Based Identification of T-DNA Tagged 

Loci of Insertional Mutants 

 
5.1     Introduction 

 

205 

5.2 Materials & Methods 

 

209 

5.2.1 NGS by Illumina  

 

209 

5.2.1.1 Construction of the paired-end sequencing library for Illumina sequencing 

 

209 

5.2.1.2 Cluster generation 

 

214 

5.2.1.3 Sequencing by Illumina HiSeq™ 2000 system 

 

216 

5.2.2     Construction of the complementation vectors 

 

216 

5.2.3     Construction of the mutant allele of MGG_05343 and MGG_15325 (IME2) 

 

219 

5.2.3.1 Construction of the mutant alleles of MGG_15325  

 

219 

5.2.3.2 Construction of the mutant alleles of MGG_05343  

 

222 



8 

 

5.2.4    Targeted deletion of C6 zinc finger transcription factor MGG_05343  

 

224 

5.3 Results 

 

227 

5.3.1 Identification of T-DNA tagged loci from Illumina paired end sequence reads  

 

227 

5.3.2     PCR confirmation of the T-DNA tagged loci 

 

228 

5.3.3 Expression profiles of the putative identified genes during appressorium       

development of M. oryzae 

 

233 

 

5.3.4 Mapping of T-DNA insertions by RFLP analysis 

 

236 

5.3.4.1 RFLP analysis to confirm the T-DNA insertion in the MGG_17516 locus 236 

5.3.4.2 RFLP analysis to confirm the T-DNA insertion in the MGG_17191 locus  

 

239 

5.3.4.3 RFLP analysis to confirm the T-DNA insertion in the MGG_12956 locus  

 

242 

5.3.4.4 RFLP analysis to confirm the T-DNA insertion in the MGG_05343 locus  

 

245 

5.3.4.5 RFLP analysis to confirm the T-DNA insertion in the MGG_15325 locus  

 

248 

5.3.5     Complementation of the mutants with putative identified genes 

 

251 

5.3.6     Domain structures of the putative novel genes 

 

260 

5.3.7     Phylogenetic analysis of the putative novel genes 

 

263 

5.3.8 Affect of mutation in the DNA binding motif of the novel transcription factor 

MGG_05343 

267 

5.3.9     Affect of point mutations in the functional motif of novel kinase MGG_15325 272 

5.3.10    Targeted deletion of the novel transcription factor MGG_05343 

 

276 

5.4 Discussion 279 

 

 

 

6 General Discussion 288 

6.1 Novel genes involved in pathogencity identified in this study 

 

292 

   

7 Bibliography 302 



9 

 

List of Figures 

 
Figure 1.1 Asexual life cycle of rice blast fungus Magnaporthe oryzae. 35 

Figure 1.2 MAPK signalling pathways and the cyclic AMP signalling pathway is necessary for 

infection-related development in rice blast fungus Magnaporthe oryzae 
46 

Figure 1.3 An overview of the mechanism of Agrobacterium T-DNA transfer and integration 

into host chromosome 
63 

Figure 3.1 Structure of the vector pCAMBGFP used to generate ATMT library of M. oryzae 101 

Figure 3.2 Expression and localization of GFP in T-DNA mutants during appressorium 

development  
107 

Figure 3.3 Schematic representation of the strategy to determine T-DNA copy number of ATMT 

mutants  
110 

Figure 3.4 Determination of the T-DNA insertion copy number by southern hybridization  111 

Figure 3.5 Determination of the T-DNA insertion copy number by southern hybridization  112 

Figure 3.6 Determination of the T-DNA insertion copy number by southern hybridization  113 

Figure 3.7 Determination of the T-DNA insertion copy number by southern hybridization 114 

Figure 3.8 High-throughput pathogenicity screening of the ATMT library of M. oryzae 116 

Figure 3.9 Pathogenicity assay scoring system for the selection of M. oryzae T-DNA mutants 

from primary screening  
117 

Figure 3.10 Construction, processing and high-throughput screening M. oryzae of ATMT library 120 

Figure 4.1 Selection of non-pathogenic mutants from pathogenicity assay 133 

Figure 4.2 Pathogenicity assay of selected non-pathogenic mutants on barley cv. Golden 

Promise 
134 

Figure 4.3 Selection of reduced mutants from pathogenicity assay  135 

Figure 4.4 Selection of reduced virulence mutants from pathogenicity assay  136 

Figure 4.5 Selection of reduced virulence mutants from pathogenicity assay  137 

Figure 4.6 Selection of reduced virulence mutants from pathogenicity assay 138 

Figure 4.7 Selection of reduced virulence mutants from pathogenicity assay 139 

Figure 4.8 Selection of reduced virulence mutants from pathogenicity assay  140 

Figure 4.9 Pathogenicity assays for non-conidiating mutants of M. oryzae  141 

Figure 4.10 Pathogenicity assays for non-conidiating mutants on abraded leaves  142 

Figure 4.11 Growth and morphology of non-pathogenic T-DNA mutants of M. oryzae grown on 

CM 
144 

Figure 4.12 Growth and morphology of reduced virulence T-DNA mutants of M. oryzae grown 

on CM 
145 

Figure 4.13 Growth and morphology of selected reduced virulence T-DNA mutants of M. oryzae 

grown on CM 
146 

Figure 4.14 Growth and morphology of selected reduced virulence T-DNA mutants of M. oryzae 

grown on CM 
147 

Figure 4.15 Growth and morphology of selected reduced virulence T-DNA mutants of M. oryzae 

grown on CM 
148 

Figure 4.16 Growth and morphology of selected reduced virulence T-DNA mutants of M. oryzae 149 



10 

 

grown on CM 

Figure 4.17 Vegetative growth comparison of selected T-DNA mutants of M. oryzae on CM 150 

Figure 4.18 Appressorium development of non-pathogenic mutant M1054  154 

Figure 4.19 Appressorium development of non-pathogenic mutant M1879  155 

Figure 4.20 Appressorium development of non-pathogenic mutant M1880  156 

Figure 4.21 Appressorium development of non-pathogenic mutant M2867  157 

Figure 4.22 Appressorium development of non-pathogenic mutant M4874  158 

Figure 4.23 Appressorium development of non-pathogenic mutant M5253  159 

Figure 4.24 Appressorium development of reduced-pathogenic mutant M42 160 

Figure 4.25 Appressorium development of reduced-pathogenic mutant M1270  161 

Figure 4.26 Appressorium development of reduced-pathogenic mutant M1464  162 

Figure 4.27 Mutant M1880 does not form appressorium in the presence of cAMP, IBMX or 

Hexadecanediol 
164 

Figure 4.28 Penetration assay of selected non-pathogenic mutants on onion epidermis at 24 h  166 

Figure 4.29 Penetration assay of selected non-pathogenic mutants on onion epidermis at 24 h  167 

Figure 4.30 Penetration assay of selected non-pathogenic mutants on onion epidermis at 30 h 168 

Figure 4.31 Penetration assay of selected non-pathogenic mutants on onion epidermis at 30 h  169 

Figure 4.32 Penetration assay of selected non-conidiating mutants on onion epidermis at 24 h 170 

Figure 4.33 Penetration assay of selected non-pathogenic mutants on rice leaf sheath at 24 h  172 

Figure 4.34 Penetration assay of selected non-pathogenic mutants on rice leaf sheath at 30 h  173 

Figure 4.35 In vivo invasive growth of mutant M4874 inside epidermal rice cells.  174 

Figure 4.36 Pathogenicity assay of M4874 8 days after inoculation  175 

Figure 4.37 Determining the T-DNA insertion copy number of selected non-pathogenic mutants by 

Southern hybridization 
179 

Figure 4.38 Determination of the T-DNA flanks by TAIL-PCR  182 

Figure 4.39 Inverse PCR (iPCR) to determine the T-DNA flanking region of M. oryzae 183 

Figure 4.40 Vegetative growth and colony morphology of T-DNA mutants M1054 and M1879 

compared to autophagic mutants of M. oryzae 
184 

Figure 4.41 Confirmation of a T-DNA insertion in the ATG3 locus by RFLP analysis  187 

Figure 4.42 Construction of the ATG3 gene complementation vector  190 

Figure 4.43 Complementation of the mutant M1054 with M. oryzae ATG3 gene 192 

Figure 4.44 Construction of the ATG3:sGFP C-terminal gene fusion vector 195 

Figure 4.45 Localization of Atg3p fused to Green Fluorescent Protein (GFP) in M. oryzae during 

appressorium development 
198 

Figure 5.1 An overview of the principles of Illumina paired-end sequencing strategy to retrieve 

T-DNA flanking sequences from selected insertional mutants 
208 

Figure 5.2 Illumina paired-end sequencing library preparation workflow  212 



11 

 

Figure 5.3 Size and distribution of the paired end sequencing library  213 

Figure 5.4 Schematic representation of the cluster generation process from paired end genomic 

DNA library 
215 

Figure 5.5 Construction of the complementation vectors  217 

Figure 5.6 Construction of the mutant alleles of MGG_15325 of M. oryzae   221 

Figure 5.7 Construction of the mutant allele of Zn2Cys6 binuclear cluster DNA-binding domain 

containing protein MGG_05343   
223 

Figure 5.8 A schematic representation of the targeted deletion of C6 zinc finger transcription 

factor MGG_05343 by the split-marker deletion method 
225 

Figure 5.9 Confirmation of the T-DNA tagged loci by PCR  230 

Figure 5.10 T-DNA insertion maps predicted from NGS data  232 

Figure 5.11 Heatmap showing levels of transcript abundance during time course of appressorium 

development 
235 

Figure 5.12 Confirmation of a T-DNA insertion in the MGG_17516 locus by RFLP analysis 238 

Figure 5.13 Confirmation of a T-DNA insertion in the MGG_17191 locus by RFLP analysis  241 

Figure 5.14 Confirmation of a T-DNA insertion in the MGG_12956 locus by RFLP analysis  244 

Figure 5.15 Confirmation of a T-DNA insertion in the MGG_05343 locus by RFLP analysis  247 

Figure 5.16 Confirmation of a T-DNA insertion in the MGG_15325 locus by RFLP analysis  250 

Figure 5.17 Complementation of the mutant M48 with M. oryzae HOX2 gene  254 

Figure 5.18 Complementation of the Δhox2 deletion mutant with M. oryzae HOX2 gene  255 

Figure 5.19 Complementation of the mutant M1880 with M. oryzae MST11 gene  256 

Figure 5.20 Complementation of the mutant M2048 with M. oryzae gene MGG_12956  257 

Figure 5.21 Complementation of the mutant M2942 with M. oryzae gene MGG_05343  258 

Figure 5.22 Complementation of the mutant M4874 with MGG_15325  259 

Figure 5.23 Domain architectures of three putative novel proteins identified from T-DNA 

insertional mutants 
262 

Figure 5.24 Phylogenetic analysis of C6 zinc finger protein MGG_05343   264 

Figure 5.25 Phylogenetic analysis of PH domain protein MGG_12956 265 

Figure 5.26 Phylogenetic analysis of the novel kinase MGG_15325  266 

Figure 5.27 Sequence alignment of the DNA-binding domain of MGG_05343 with similar 

proteins and its predicted structure 
269 

Figure 5.28 Complementation of the mutant M2942 with the mutant allele of MGG_05343.  271 

Figure 5.29 Sequence alignment of conserved MAPK motifs from different organisms 274 

Figure 5.30 Complementation of the mutant M4874 with mutant alleles of MGG_15325 (IME2) 275 

Figure 5.31 Targeted gene deletion of the novel transcription factor MGG_05343               277 

Figure 5.32 Deletion mutant of the M. oryzae MGG_05343 gene and pathogenicity assay of the 

deletion strain 
278 



12 

 

List of Tables 

 
Table 1.1 Global markets for leading rice blast fungicides  

 
29 

Table 1.2 Examples of virulence genes of phytopathogenic fungi identified by insertional 

mutagenesis 

 

56 

 

Table 3.1 Summary of the T-DNA copy number analysis of M. oryzae ATMT library 

 
109 

Table 4.1  Primers used for TAIL-PCR and iPCR 

 
130 

Table 4.2 Comparison of conidiation, germination and appressorium formation for selected 

non-pathogenic mutants  

 

153 

Table 4.3 Appressorium turgor assay of selected T–DNA by incipient cytorrhysis analysis. 

 
177 

Table 4.4 Expected band sizes from the restriction digestion of selected enzymes used for RFLP 

analysis at ATG3 locus in M1054   

 

186 

 

Table 4.5 Primers used for construction of ATG3 complementation vector 

 
189 

Table 4.6 Primers used for the construction of ATG3:sGFP:trpC plasmid  

 
194 

Table 5.1 Primers used in the study to construct the complementation vectors 

 
218 

Table 5.2 Primers used in the study to construct the mutant alleles of MGG_15325 

 
220 

Table 5.3 Primers used in the study to construct the mutant allele of MGG_05343 

 
222 

Table 5.4 Primers used to carry out targeted gene deletion of MGG_05343 

 
226 

Table 5.5 Summary of the T-DNA tagged loci identified by NGS strategy 
 

228 

Table 5.6 Primers used in the study confirm the T-DNA insertion in mutants by PCR 

 
230 

Table 5.7 Expected sizes of restriction fragments after digestion with selected enzymes used for 

RFLP analysis at MGG_17516 locus in mutant M48 

    

237 

Table 5.8 Expected sizes of restriction fragments after digestion with selected enzymes used for 

RFLP analysis at MGG_17191 locus in mutant M1880 

 

240 

Table 5.9 Expected sizes of restriction fragments after digestion with selected enzymes used for 

RFLP analysis at MGG_12956 locus of the mutant M2048 

 

243 

Table 5.10 Expected sizes of restriction fragments after digestion with selected enzymes used for 

RFLP analysis at MGG_05343 locus of the mutant M2942 

 

246 



13 

 

Table 5.11 Expected sizes of restriction fragments after digestion with selected enzymes used for 

RFLP analysis at MGG_15325 locus in mutant M4874 

 

249 

Table 5.12 List of the complemented mutants with identified putative M. oryzae genes.  

  
253 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



14 

 

Acknowledgements 

 
I would like to express my deep feeling of gratitude to “The Halpin PhD Programme for Rice 

Blast Research” for providing the generous funding which enabled me to carry out this 

research in a world leading laboratory. I would like to convey my thanks to Dr Leslie and 

Claire Halpin for their periodic presence and encouragement throughout the time of my PhD 

study. I am thankful to my supervisor Prof. Nick Talbot for providing me the opportunity to 

be part of his laboratory and letting me grow as an independent researcher by his insight, 

guidance and enthusiasm. I appreciate the academic and support staff in the College of Life 

and Environmental Sciences for their help whenever necessary. I would like to thank Dr. 

Darren Soanes for his work and analysis to facilitate the next generation sequencing part of 

my study. I must recognize the effort of Nick Tongue and Barbara Saddler for their everyday 

support, patience and maintenance which were very significant for our day-to-day research 

work. Many thanks to all the member of the Halpin research laboratory, in particular Michael 

Kershaw and Tina Penn for all of their support and suggestions during last four years in the 

laboratory. I cherish good memories with Muhammad Badaruddin for all our pleasant times 

in the lab and two other very friendly and brilliant Halpin scholars Yasin Dagdas and Yogesh 

Gupta. I acknowledge the continuous support and encouragement from all of my family 

members back in Bangladesh.  My sincere and deepest gratitude goes to my parents for their 

contribution and enthusiasm for coming up to this doctoral studies and I dedicate this thesis 

to them. Very special thanks go to my wife Munia Amin for her support, care and patience 

alongside her own PhD studies. Last but not the least, my son Amr bin Muhammad whose 

smile was an integral part of my life in the final year of my PhD. 

 

 

 



15 

 

Abbreviations 

 
aa Amino acid 

AB Agrobacterium broth 

AMP Adenosine monophosphate 

ATP Adenosine-5'- triphosphate 

AS Acetosyringone 

ATMT Agrobacterium tumefaciens mediated transformation 

BSA Bovine serum albumin 

bp Basepair 

cAMP Cyclic 3', 5' adenosine monophosphate 

cDNA Complementary DNA  

cm Centimetre 

CFEM Cysteine-rich EGF-like 

CM Complete medium 

CTAB Cetyltrimethylamonium bromide 

dATP 2'-deoxyadenosine triphosphate 

DBD DNA binding domain  

DIC Differential interference microscopy 

DMSO Dimethyl sulfoxide 

DNA Deoxyribonucleic acid 

DTT Dithiothreitol 

EDTA Ethylenediaminetetracetic acid 

C  Degree Celcius 

ddH2O Double distilled water/ deionised water 

DNA Deoxuribonucleic acid 

FAO Food and agriculture organization 

g Grams 

g Relative centrifugal force 

g L
-1

 Grams per litre 

GDP Guanosine diphosphate 

GEF Guanine nucleotide exchange factor 

GTP Guanosine-5'-triphosphate 

GFP Green fluorescent protein 

GPCR G-protein couped receptor 

HCl Hydrogen chloride 

h Hour 

HT High-throughput 

iPCR Inverse PCR 

IH Invasive hyphae 

IBMX 3-lsobutyl-1-Methylxanthine 

kb Kilobase 

LB Left border 

µg Microgram 

µL Microlitre 

μm Micrometre 

mg Milligram 



16 

 

min Minute(s) 

mL Millilitre 

mm Millimetre 

mM Millimolar 

MPa Megapascal 

M  Molar 

MAPK Mitogen-activated protein kinase 

MAPKK Mitogen-activated protein kinase kinase 

MAPKKK Mitogen-activated protein kinase kinase kinase 

MM Minimal medium 

NADPH Nicotinamide adenine dinucleotide phosphate 

ng Nanogram 

NGS Next generation sequencing 

nt Nucleotide(s) 

OM Osmotic medium 

ORF Open reading frame 

PCR Polymerase chain reaction 

PDA Potato dextrose agar 

PEG Polyethylene glycol 

PH Pleckstrin homology 

PKA Protein kinase A 

PP Penetration peg 

% Percentage 

RB Right border 

RFLP Restriction fragment length polymorphism 

REMI Restriction enzyme mediated integration 

RGS Regulator of G-protein signalling 

RNA Ribonucleic acid 

RNase Ribonuclease 

rpm Revolutions per minute 

SAGE Serial analysis of gene expression 

SAM Sterile α-motif 

SDS Sodium dodecyl sulphate 

STM Spore tip mucilage 

TAIL-PCR Thermal asymmetric interlaced PCR 

T-DNA Transfer DNA 

Tris Tris(hydroxymethyl)methylamine 

TAE Tris-acetate EDTA buffer 

TBE Tris-borate EDTA buffer 

TE Tris-EDTA  

UTR Untranslated region 

UV Ultraviolet 

vir Virulence 

v/v  Volume to volume 

w/v Weight per volume 

X-gal  5-bromo-4-chloro-3-indolyl-β-D-galactosidase 

  

 

 


