Table of Contents

Table of Contents
List of tables \Y
List of figures VII
Abbreviations XI
Abstract 1
Chapter 1: Review of Literature 5
1.1 Plant diseases - a threat to global food security 7
1.2 The plant immune system in response to microbial pathogens 8
1.3 Blast disease caused by Magnaporthe oryzae — aka Cereal Killer 9
1.3.1 The life cycle of the blast fungus 11
1.3.2 Sexual and asexual reproduction in M. oryzae 13
1.4 Genomics-a powerful tool to study pathobiology of the blast fungus 14
1.5  Population dynamics of a multi-host blast fungal pathogen 16
1.6 Role of Effectors in pathobiology 19
1.6.1 Protein effectors 19
1.6.1.1 MAX effectors 23
1.6.1.2 Role of protein effectors in host specialization 25
1.6.2 Chemical effectors 27
1.6.2.1 Organization of biosynthetic gene cluster (BGCs) producing SMs 29
1.6.2.2 Importance of population genomics in identifying chemical effectors 31
1.6.2.3 Known SMs of the blast fungus 32
Present Study: Comparative Genome Analysis of Indian Isolates of Magnaporthe 35
Chapter 2: Introduction, Objectives and Materials and Methods 37
2.1 Introduction 39
2.2 Objectives 42
2.3 Materials and Methods 42
2.3.1 Mono-conidial isolation of field strains and culture conditions 42
2.3.2 Filter stocks preparation for long-term storage 43
2.3.3 DNA fingerprinting using transposons 44

2.3.4 PCR amplifications of molecular markers (avirulence genes and

mating type) 44



Table of Contents

2.3.5 Dendrogram based on molecular markers 45
2.3.6 Whole-plant infection assay 45
2.3.7 Mating assay 47
2.3.8 Genome sequencing and assemblies 48
239 Variant calling 49
2.3.10 Gene predictions and functional annotations 49
2.3.11 Inference of orthologous gene families 50
2.3.12 Distribution of feruloyl esterases (FAEs) 50
2.3.13 Effector genes repertoire 51
2.3.14 Construction of species tree 51
2.3.15 Prediction of BGCs and similarity network analysis 52
2.3.16 Synteny analysis 52
2.3.17 Core gene phylogeny 53
2.3.18 Gene expression analysis by semi-quantitative RT-PCR 53

Chapter 3: Results: Isolation and characterization of Indian field strains of the
blast fungus 55
3.1 Collection and isolation of Magnaporthe field strains from various host plants 57
3.1.1 Collection of blast infected tissues from various geographic locations
across India 57
3.1.2  Mono-conidial isolation of M. oryzae field strains from infected
plant materials 58
3.1.3 Establishment of Magnaporthe strains repository 62

3.2 Diversity assessment using molecular markers and phenotypic

characterization 63
3.2.1 Molecular characterization of field strains of M. oryzae 63
3.2.1.1 DNA fingerprinting using repetitive elements (Pot2 & Mg-SINE) 63
3.2.1.2 Presence/Absence polymorphisms in Avirulence genes 64
3.2.1.3 Identification of Mating-types 70
3.2.1.4 Dendrogram based on molecular markers 74
3.2.2 Phenotypic characterization of field strains 74
3.2.2.1 Pathogenicity tests with different host plants 74

3.2.2.2 Mating assays 79



Table of Contents

3.3 Selection of representative strains for further comparative genomics analyses 81
Chapter 4: Results: In silico analyses of known effectors of the blast fungus
in representative Indian field strains of M. oryzae 83

4.1 Whole genome sequencing using Illumina next generation sequencing

platform 85
42 Genome-wide variations in host-specific lineages of M. oryzae 85
43 Genome assembly and gene predictions 93
44  Functional annotations of predicted genes 98
45 Lineage-specific gene families in the blast fungus 99

4.6  Distribution of cell wall degrading enzymes in various host-specific lineages 102

4.7  Distribution of known Blast Effectors in various host-specific lineages 104

Chapter 5: Results: In silico analyses of secondary metabolite biosynthetic gene
clusters in different host-specific lineages of the blast fungus 107

5.1 Identification of biosynthetic gene clusters (BGCs) in host-specific strains of

M. oryzae 109
52 Similarity network analyses to identify biosynthetic diversity in host-

specific lineages 116
53 Gene Cluster Families unique to host-specific lineages 119

5.4  Identification of a novel reducing polyketide synthase BGC unique to Oryza

lineage 125
55 Evolutionary history of the novel polyketide synthase gene 134
5.6  BGC-O1 genes are expressed specifically during host invasion 134
Chapter 6: Discussion and Conclusion 139
6.1 Discussion 141
6.1.1 Population structure of M. oryzae in India 141
6.1.2 Identification of potential chemical effectors 143
6.1.3 Evolution of Oryza-specific cluster BGC-O1 145
6.1.4 Origin of BGC-O1 146
6.2 Concluding Remarks 149
Summary 151
Bibliography 155

Publications and Presentations 171



