
Contents

Section I Genome-wide and Genome-based Research

I.1 The Rice Genome Sequence as an Indispensable 
Tool for Crop Improvement ................................................................. 3
Takuji Sasaki, Jianzhong Wu, Hiroshi Mizuno, 
Baltazar A. Antonio, and Takashi Matsumoto

1 Introduction ....................................................................................... 3
2 Major Features of the Rice Genome ................................................. 4
3 Comparative Analysis of Genome Structure Within Oryza sativa ... 6
4 Comparative Analysis of Genome Structure in the Genus Oryza ..... 7
5 Comparative Analysis of Genome Structure in the Grass Family .... 9
6 Conclusion......................................................................................... 10
References ............................................................................................... 11

I.2 Bioinformatics and Database of the Rice Genome ............................. 13
Hisataka Numa, Tsuyoshi Tanaka, and Takeshi Itoh

1 Introduction ....................................................................................... 13
2 Gene-fi nding in the Rice Genome ..................................................... 13
3 Comparison of Gene Prediction Programs ........................................ 14
4 Prediction of Gene Functions ............................................................ 16
5 The Rice Annotation Project Database ............................................. 17
References ............................................................................................... 20

I.3 Sequencing-based Measurements of mRNA and Small RNA ........... 23
Kan Nobuta and Blake C. Meyers

1 Introduction ....................................................................................... 23
2 mRNA MPSS Data ............................................................................ 25
3 Small RNA MPSS ............................................................................. 32
4 Conclusion......................................................................................... 34
References ............................................................................................... 35

vii



I.4 Microarray-based Approaches to Rice Transcriptome Analysis ...... 37
Lei Li and Xing Wang Deng

1 Introduction ....................................................................................... 37
2 Microarray Platforms and Methods .................................................. 37
3  Applications of Microarrays in Rice 

Transcriptome Analysis .....................................................................       39
4 Technical Challenges and Resources for Using Rice 

Microarray Systems .......................................................................... 45
5 Future Perspectives ........................................................................... 48
References ............................................................................................... 49

I.5 High-throughput Transcriptome Analysis in Rice 
from a Genomic Perspective ................................................................. 53
Shoshi Kikuchi

1 Introduction ....................................................................................... 53
2 The Rice Transcriptome: From EST Collection 

to cDNA-based Microarray Systems ................................................. 53
3 Rice Full-length cDNA Clone Collection Project ............................. 55
4 Oligoarray Systems ........................................................................... 61
5 Gene Family Analysis ....................................................................... 63
6 Future Perspectives ........................................................................... 64
References ............................................................................................... 65

I.6 Active Transposons in Rice ................................................................... 69
Tetsuya Nakazaki, Ken Naito, Yutaka Okumoto, 
and Takatoshi Tanisaka

1 Introduction ....................................................................................... 69
2 Detection of Transposon Sequences in Rice ..................................... 70
3 Active Transposons of Rice .............................................................. 72
4 Conclusion......................................................................................... 77
References ............................................................................................... 77

I.7 Homologous Recombination-dependent Gene Targeting 
and an Active DNA Transposon nDart-promoted Gene 
Tagging for Rice Functional Genomics ............................................... 81
Yasuyo Johzuka-Hisatomi, Masahiko Maekawa, Kyoko Takagi, 
Chang-Ho Eun, Takaki Yamauchi, Zenpei Shimatani, Nisar Ahmed, 
Hiroko Urawa, Kazuo Tsugane, Rie Terada, and Shigeru Iida

1 Introduction ....................................................................................... 81
2 Homologous Recombination-dependent Gene Targeting ................. 84
3 Active DNA Transposon nDart-promoted Gene Tagging................. 89
4 Current Status and Future Prospects ................................................. 91
References ............................................................................................... 92

viii Contents



I.8 T-DNA Tagging Lines ............................................................................ 95
Gynheung An

1 Introduction ....................................................................................... 95
2 Generation of T-DNA Insertional Mutants ....................................... 95
3 Generation of Activation-tagging Mutants........................................ 96
4 Entrapment Tagging .......................................................................... 98
5 DNA Pool Screening for Reverse Genetics....................................... 99
6 Establishment of Flanking Sequence Tag (FST) Databases.............. 100
7 Obstacles in T-DNA Insertional Mutagenesis ................................... 103
8 Future Prospects ................................................................................ 103
References ............................................................................................... 104

I.9 Frequent DNA Transfer Among Mitochondrial, 
Plastid and Nuclear Genomes of Rice During Evolution .................. 107
Mikio Nakazono and Atsushi Hirai

1 Introduction ....................................................................................... 107
2 Plastid-to-Mitochondrion DNA Transfer Events .............................. 109
3 Mitochondrion-to-Nucleus or Plastid-to-Nucleus DNA Transfer 

Events ................................................................................................ 110
4 DNA Segments Found Commonly in all Three Genomes ................ 113
5 Nucleus-to-Mitochondrion DNA Transfer Events ............................ 114
6 Conclusions and Future Perspectives ................................................ 114
References ............................................................................................... 115

Section II Signal Transduction and Development

II.1 Hormonal Signal Transduction in Rice ............................................. 121
Ayako Nakamura and Makoto Matsuoka

1 Introduction...................................................................................... 121
2 GA Signaling in Rice ....................................................................... 122
3 Brassinosteroid Signaling in Rice .................................................... 126
4 Auxin Signaling in Rice................................................................... 129
5 Future Perspectives .......................................................................... 131
References.............................................................................................. 132

II.2 Rice Heterotrimeric G Protein Signaling .......................................... 135
Yukimoto Iwasaki, Hisaharu Kato, Yukiko Fujisawa, 
and Katsuyuki Oki

1 Introduction...................................................................................... 135
2 Genes and Translation Products for Rice Heterotrimeric 

G Proteins ......................................................................................... 135
3 Mutants with Defects in the Subunit genes Encoding 

Plant Heterotrimeric G Proteins ....................................................... 138

Contents ix



4 Analysis of Signaling Mediated by Rice Heterotrimeric 
G Proteins Using a Constitutively Active Form 
of the a Subunit ............................................................................... 138

5 Molecules Interacting with Arabidopsis Gα ................................... 139
6 Signaling Pathways Mediated by Plant Heterotrimeric 

G Proteins ......................................................................................... 141
7 Further Perspectives ......................................................................... 145
References.............................................................................................. 146

II.3 Genetic Control of Embryogenesis in Rice ........................................ 149
Yutaka Sato

1 Introduction...................................................................................... 149
2 Molecular Markers Used in the Analysis of Rice Embryogenesis .. 152
3 Analysis of Organogenesis During Embryogenesis ........................ 153
4 Future Perspectives .......................................................................... 158
References.............................................................................................. 158

II.4 Photoperiodic Flowering in Rice ........................................................ 163
Takeshi Izawa

1 Introduction ..................................................................................... 163
2 The Importance of Photoreception for Photoperiodic 

Flowering in Rice ............................................................................ 164
3 Quantitative Trait Loci Analyses Reveal the Conserved 

Floral Pathway ................................................................................. 165
4 A Unique Floral Pathway Exists in Rice ......................................... 166
5 The Importance of Floral Inhibition Control Under Long-day 

Conditions ........................................................................................ 167
6 Night-break Experiments in Rice .................................................... 169
7 The Roles of Circadian Clocks in Floral Induction 

in Rice Are Still Unknown .............................................................. 170
8 Differences Between Long-day and Short-day Plants ..................... 171
9 Future Perspectives .......................................................................... 173
References ............................................................................................. 174

II.5 Genetic Regulation of Meristem Maintenance 
and Organ Specifi cation in Rice Flower Development ..................... 177
Hiro-Yuki Hirano

1 Introduction...................................................................................... 177
2 Structure of the Infl orescence and Flower in Rice ........................... 178
3 Floral Meristem ............................................................................... 179
4 Floral Organ Development .............................................................. 183
5 Future Perspectives .......................................................................... 186
References.............................................................................................. 187

x Contents



II.6 Genetic Dissection of Sexual Reproduction in Rice 
(Oryza sativa L.) .................................................................................... 191
Ken-Ichi Nonomura and Shinichiro Yamaki

1 Introduction...................................................................................... 191
2 Reproductive Organ Development ................................................... 192
3 Sporogenesis .................................................................................... 195
4 Meiosis ............................................................................................. 196
5 Gametogenesis ................................................................................. 200
6 Future Perspectives on Studies in Rice Sexual Reproduction ......... 201
References.............................................................................................. 202

II.7 Molecular Studies on Cytoplasmic Male Sterility-associated 
Genes and Restorer Genes in Rice ..................................................... 205
Sota Fujii, Tomohiko Kazama, and Kinya Toriyama

1 Introduction...................................................................................... 205
2 Types of CMS in Rice ...................................................................... 205
3 Mitochondrial Chimeric Genes........................................................ 208
4 Molecular Cloning of Rf1 and Molecular Mapping 

of Other Rf Genes ............................................................................. 210
5 Approaches Toward Understanding the Mechanism 

of CMS Induction ............................................................................ 213
6 Conclusion ....................................................................................... 214
References.............................................................................................. 214

Section III Evolution and Ecology

III.1 Phylogeny and Biogeography of the Genus Oryza ........................... 219
Duncan A. Vaughan, Song Ge, Akito Kaga, 
and Norihiko Tomooka

1 Introduction .................................................................................... 219
2 Phylogeny ....................................................................................... 220
3 Oryza Biogeography ...................................................................... 225
References ............................................................................................ 231

III.2 Chromosome and Genome Evolution in Rice .................................. 235
Nori Kurata

1 Introduction .................................................................................... 235
2 Chromosomes in the Different Genomes ....................................... 235
3 Classifi cation of Genomes Based on Chromosome Pairing ........... 237
4 Genome Duplication in the Genus Oryza ...................................... 239
5 Genome-wide Evolution Among Oryza Species: 

Genome Size, Retrotransposon and Centromere ........................... 240
6 Regional Genome Evolution Among Oryza Species ..................... 241

Contents xi



7 Genome Evolution in the Poaceae Family ..................................... 242
References ............................................................................................ 243

III.3 Genetics of Speciation in Rice ........................................................... 247
Yohei Koide, Kazumitsu Onishi, Akira Kanazawa, and Yoshio Sano

1 Introduction .................................................................................... 247
2 Genetic Mechanisms of Post-mating Barriers................................ 248
3 Evolution of Reproductive Isolation .............................................. 254
4 Conclusions and Perspectives ........................................................ 256
References ............................................................................................ 256

III.4 Genetic Diversity in Wild Relatives of Rice 
and Domestication Events ................................................................. 261
Hong-Wei Cai, Masahiro Akimoto, and Hiroko Morishima

1 Introduction .................................................................................... 261
2 Genetic Diversity of AA-genome Wild Taxa ................................. 262
3 Differentiation Within O. rufi pogon ............................................... 265
4 Genetics of Domestication ............................................................. 268
References ............................................................................................ 273

III.5 Rice Retroposon, p-SINE, and Its Use for Classifi cation 
and Identifi cation of Oryza Species ................................................... 277
Hisako Ohtsubo, Suguru Tsuchimoto, Jian-Hong Xu, 
Chaoyang Cheng, Marcia Y. Koudo, Nori Kurata,
and Eiichi Ohtsubo

1 Introduction .................................................................................... 277
2 p-SINE Families in the Oryza Genus ............................................. 278
3 Phylogenetic Analysis of Oryza Species Based 

on SINE Insertion Analysis ............................................................ 280
4 “SINE Code” Is an Excellent Tool for Identifi cation 

of Oryza Species ............................................................................. 285
5 Final Remarks ................................................................................ 288
6 Future Perspectives ......................................................................... 289
References ............................................................................................ 289

Section IV Improvement of Rice

IV.1  Detection and Molecular Cloning of Genes Underlying 
Quantitative Phenotypic Variations in Rice ..................................... 295
Toshio Yamamoto and Masahiro Yano

1 Introduction .................................................................................... 295
2  Molecular Cloning of Major QTLs with 

Agronomic Values ..........................................................................     295

xii Contents



3 Identifi cation of Major QTLs with Agronomic Value.................... 299
4 Systematic Genetic and Molecular Analysis and Utilization 

of Natural Variations ...................................................................... 302
5 Future Prospects ............................................................................. 305
References ............................................................................................ 306

IV.2  Rice Yielding and Plant Hormones .................................................. 309
Motoyuki Ashikari and Tomoaki Sakamoto

1 Introduction .................................................................................... 309
2 Breeding of Semi-dwarf Rice Varieties Led to Dramatically 

Increased Grain Production ............................................................ 310
3 Gibberellins Regulate Plant Height ................................................ 310
4  Brassinosteroids Control Leaf Angle and Biomass 

Production ......................................................................................     314
5 Cytokinins Regulate Grain Number ............................................... 315
6 Future Perspectives: Accumulation of Yielding-related 
   Genes for Breeding......................................................................... 316
References ............................................................................................ 318

IV.3  Regulation of Iron and Zinc Uptake and Translocation 
in Rice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      321
Takanori Kobayashi and Naoko K. Nishizawa

1 Iron (Fe) and Zinc (Zn) Uptake from the Rhizosphere 
Mediated by Mugineic Acid Family 
Phytosiderophores (MAs) .............................................................. 321

2 Uptake of Fe2+ and Zn2+ Ions from the Rhizosphere ...................... 326
3 Fe and Zn Translocation Inside the Plant Body ............................. 327
4 Regulation of Expression of Fe Uptake-related Genes .................. 330
5 Future Perspectives ........................................................................ 332
References ............................................................................................ 332

IV.4  Abiotic Stress ...................................................................................... 337
Takayuki Ohnishi, Mikio Nakazono, and Nobuhiro Tsutsumi

1 Introduction .................................................................................... 337
2 Signal Transduction ........................................................................ 337
3 Particular Stresses .......................................................................... 345
4 Future Perspectives ........................................................................ 351
References ............................................................................................ 352

Contents xiii



IV.5  Health-promoting Transgenic Rice: Application 
of Rice Seeds as a Direct Delivery System for Bioactive 
Peptides in Human Health ................................................................. 357
Fumio Takaiwa, Lijun Yang, and Hiroshi Yasuda

1 Introduction .................................................................................... 357
2 Plant Production System as a Bioreactor for Foreign 

Recombinant Proteins .................................................................... 358
3 Characteristics of the Rice Seed Production System 

as a Bioreactor ................................................................................ 358
4 Production Tools Required for Expression of Recombinant 

Proteins or Peptides in Rice Seed ................................................... 359
5 Creation of Functional Foods that Contribute 

to Human Health ............................................................................ 363
References ............................................................................................ 371

Index ................................................................................................................ 375

xiv Contents


