Contents

Contributors .......... ... .. i XVI
Abbreviations ............. ... .. o XXI
1 Rice
PK. Subudhi, T. Sasaki, G.S. Khush ..................oooiiiiiiiat 1
Ll Introduction. . .....eueeenn ettt i eaieeeneeeaneeennen
1.1.1  Taxonomy and Origin of Cultivated Rice ................... 1
1.1.2  Dispersal of Cultivated Rice ...........c.cceviieeiineinn... 2
1.1.3  Varietal Diversity of Rice .........c.ooviiiiiiiiiin... 3
1.14  Rice Varietal Improvement ...........c.ooveiiueiineennnn.. 4
1.1.5 Rice-Breeding Challenges in the 21st Century............... 5
1.2 Construction of Molecular Linkage MapsinRice ................... 6
1.3 Molecular Mapping of Simple
and Complex TraitsinRice ..ot 16
1.3.1 Disease Resistance ............c.coviviiiiiiiiiiinneenn... 17
1.3.2  InsectResistance..............coooviiiiiiiiiniininnann.. 20
1.3.3  Traits Relevant for Hybrid Rice Breeding ................... 22
134 GrainQuality.........oooiiiiiiii 26
1.3.5  Abiotic Stress Tolerance..........c.oueeiiueiineennneennnn. 27
1.3.6 Important Agronomic Traits.............cooviiiiiinn.. 37
1.3.7 QTL x Environment Interaction ..........cccovvveunenn.. 44
1.3.8  Utilization of Wild Species for Mapping
and Introgression of Agronomic Traits.............c..ovvun. 45
1.4  Molecular Characterization of Rice Germplasm .................... 45
1.5 Progress in Marker-Assisted Breeding .................... ... 46
1.5.1  MAS for Disease Resistance .............ccooviiiiinenn.n. 47
1.5.2 MAS for Insect Resistance . ...........cooviiiiiiniininn... 47
1.53 MASforGrainQuality .........coovviiiiiiiiiiiiii e, 50
1.5.4 MAS in Hybrid Rice Breeding....................oooiuts 50
1.5.5 GenePyramiding ............ ..ol 51
1.5.6 MASfor Other Traitsand QTL .......covvuiiiiinirinennnn. 51
1.5.7 MAS for Introgression of Alien Genes...................... 52
1.6 Map-Based Cloning of Rice Genes
AN QT oot e e e e e 52
1.7 Advanced WOrks ...t 55
1.7.1 RicePhysical Maps .....oovviiiiiiiiiiiiiiiiiiiiiinn., 55
1.7.2  Tools for Rice Functional GEnomics ............cooveuue.n.. 56
1.73  DNAMICIOAITAY vttt vviiiteee it iniinneeeennnns 56
1.7.4  Insertional Mutagenesis. .........ooovuiuiiuenuennevnnennn. 57
1.8 Future Scope of Work . .......oviuiiiiii it 58
References .......oovuuiniiii i 60
2 Wheat
R.K. Varshney, H.S. Balyan, P. Langridge ............c.coviiiiiiiinnn.. 79
2.1 Introduction........oevuiiiiniiii i e 79

2.2 Molecular Markers - Types and Availability ....................... 80



XII Contents

2.3 Construction of Molecular Maps .........oueerueenneennneennnn..
231 GenetiC MapsS . ..uvtettiiii ittt e
2.3.2  Transcript Genetic Maps or Functional Maps ...............
233  Physical Maps ....vvurinniiiiii i
2.4  Application of Molecular Markers
in Wheat Genetics and Breeding ................ooviiiiiiia...
2.4.1 Gene Tagging and QTL Analysis for MAS...................
2.42  Map-Based Cloning (MBC) of Genes in Wheat ..............
243  Allelic DIVersity.....oovuutenetiiiiiiii it
2.44 Comparative Mappingand Synteny.............cocoovvnnn...
2.5 Impact of Genomics Research
on Wheat Genetics and Breeding ...................coooiiiint,
2.5.1  Transcriptomics and Functional Genomics .................
2.5.2  Comparative Genomics and Bioinformatics ................
2.5.3 Novel Approaches .........ccoouiiiiiiiiiiiiiiiinennnn..
2.6 Concluding Remarks .........ccooviiiiiiiiiiiiiiiiiiiiiiiinn.,
References .......ouinuiniiiii i
3 Maize
5 O
3.1 Introduction. .........ovieiiiiiii e
3.1.1 BriefHistoryofthe Crop ........ccooviviiiiiiiiiiinn.,
3.1.2 Botanical Description. .........cevuueeriueenneennneennnn..
3.1.3 EconomicImportance ...........ccooiiiiiiiiiiiiiiiinnn..
3.14 Breeding Objectives .........covvuiiiiiiiiiiiiiiineinnnens
3.1.5 Classical Mapping Efforts .............coooviiiiiiiiae.
3.1.6  Classical Breeding Achievements ...............coovvuu...
3.1.7  Limitations of Classical Endeavors
and Utility of Molecular Mapping ...........covvnevnenn..
3.2 Construction of Genetic Maps .........oovviiiiniiniiiniinnennenns
3.2.1  Brief History of Mapping Efforts .................oovivetn.
3.2.2  First-Generation Maps ........ooviuiiiiiiiiiinieeennnnnn..
3.2.3  Second-Generation Maps ..........c.covuiiiniiiniiinnenninns
33 GeneMappPing . ..vvvtttiiii i e e s
3.4 Quantitative Trait Loci (QTL) Analysis ...........coovviiuiiinnien.
3.5 Marker-Assisted Breeding ............oooiiiiiiiiiiiiiiiii e
3.6 Map-Based Cloning ........cooiiiiiiiiiiiiiiiiiiiiiiiiiiiie,
3.7 Future Scope of WOrks .....couviuiiiiiiniiiiiiiiiiiiieienn,
3.7.1  Maize Genome SeqUeNCing ..........covvuiriniiineanean...
3.7.2  Next-Generation Marker Development: SNP ................
3.7.3 Map-Based Cloning Using Information
of Sorghum and Rice Genome Sequences...................
References . ..o vttt e
4 Barley
G. Backes, J. Orabi, G. Fischbeck, A.Jahoor ..............covviiiiiiin...
4.1 Introduction............oieiiuiiiiiiii i
4.1.1 GenusHordeum.............coovuiniiiiiiiiiinininiennnn.
4.1.2  Taxonomic Position of Barley ............coooviiiiina...
4.1.3 GenePoolsofBarley..........cooviiiiiiiiiiiiiiiiiin..

4.1.4 The Wild Progenitor of Barley ......................o.oue.



Contents XIIT
4.1.5 Domesticationof Barley ............coooviiiiiiiiiit 157
4.1.6 Important Traits for Domestication........................ 159
4.1.7 Migration and History of Barley Cultivation ................ 161
4.2  Construction of Genetic Maps ........cvvuueeireenineennneennnnn. 162
43 GeneMapping ..ottt e 167
4.3.1 Resistance GeNeS..........ovvuiiiinuiiiieeiineeinneennn. 170
4.3.2  Genes Related to Abiotic Stresses................covuin.n. 177
4.3.3  Traits Important for Domestication........................ 177
4.4  Analysis of Quantitative Trait LoCi........ovvviiiiininneinnnnn. 178
4.5 Marker-Assisted Breeding .............ooiiiiiiiiiiiiii i 195
4.6 Map-Based Cloning of Resistance Genesin Barley .................. 196
461 mloand Ror Genes ...........covviiuiiniiiiiiiiininnenn.. 196
462 Mlaand Rar GENes ........ovuueeinuennneennneennnennnnn. 197
463 RPEGENES ...ttt 198
4.7 Future Scope of Works ......coiuiiiiniiiiii it 198
REfOIEICES . .\ v ettt ettt e e 199
5 Oat
H.W. Rines, S.J. Molnar, N.A. Tinker, R.L. Phillips ....................... 211
5.1  Introduction...........couiiuiiiiiiiiiiiii i 211
5.1.1  Brief History and Biology of Oat .......................... 211
5.1.2  Oat Grain Composition, Other Grain Quality Factors,
and Agronomic Traits and Their Relation to Breeding
ObJeCtiVes . .o vv vttt e 212
5.1.3  Limitations of Conventional Genetics and Breeding
Approaches and the Utility of Molecular Mapping........... 214
5.2 Development of Molecular Linkage MapsinOat.................... 215
5.2.1 MappinginDiploid Oats .........coovviiiiiiiiiiinnn.. 215
5.2.2  Hexaploid Mapping: Kanota x Ogle ....................... 217
5.2.3  Other Hexaploid Oat Maps ......coovviirieiiniinnnennnn.. 218
5.2.4 Comparative and Integrative Mapping ................o.... 219
5.2.5 Integration of Genetic and Chromosomal Maps ............. 219
53  GeneMapping . ...vvttiinniiit i i s 220
5.3.1 Gene mapping in Segregating Populations.................. 220
532 GeneTagging.........covviiiiiiiiiiiiiiiiiiiiiiiiin., 226
5.3.3 DNA Sequence-Based Mapping .........ooevvuvevninnennn.. 226
L © 5 1 035§ O 7 Y 228
54.1 Detection of QTLS ..ot vvin ittt ittt eiinenn 228
5.4.2 Integrative and Comparative QTL Investigations ............ 228
5.5 Marker-Assisted Breeding ..........c.oiviiiiiiiiiiiiiiiiiiia 229
5.5.1 PCR-BasedMarkers .........ccoviiiiiiiiiiiiiiinnn... 232
5.52 Pc68and Pc94 CaseStudies................ooviiiinan, 232
5.5.3  Advances Toward MAS for Other Traits .................... 234
5.6  Future Scope and Related Oat Genomic Research ................... 235
References .....o.ouiuiiniii i 237
6 Secale
T. Chikmawati, X.-F. Ma, K. Ross, Miftahudin, J.P. Gustafson .............. 243
6.1  INtroduction..........oviuuiiiniiii it 243
6.1.1  Morphology ....ovuiiiiiiiiii i 243
6.1.2  Cytology ..ottt e 243



X1V Contents

6.1.3  Origin of Cultivated Rye ...........cooiiiiiiiiiiiieine.. 243
6.1.4 Distribution of the Genus Secale .......................... 244
6.1.5 Classification of the Genus Secale ......................... 245
6.2  Phylogenetic Relationships Among Secale Species
Utilizing AFLP Analysis . ........cooviiiiiiiiiiiiiii i 247
6.3 Molecular Taxonomyof Secale ............ccviiiiiiiiiiiinnn... 248
6.3.1 Distinction Among Annual Species.............covuiinnn.. 248
6.3.2  Distinction Among Perennial Species...................... 248
6.4  Genetic Diversity Among Cultivated Rye Genotypes ................ 249
6.5 Utilization of Molecular Markers
inRye Systematics.......covuviiiniiiiiiiiiii i 249
6.6 A Review of Linkage MappinginRye.............. ...t 250
6.6.1 Mapping Population and Linkage Maps ..............c.ouu.. 250
6.6.2 Markers..... ..ot 252
6.6.3 MappingPrograms...........ccoviiiiiiiiiiiiiiiiiiiiia, 253
6.6.4  Segregation Distortion............cooiiiiiiiiiiiiiina... 253
References .......oovuiniiiii i 253
7 Sorghum
H.P. Singh, H.C. Lohithaswa ...............oooiiiiiiiiiiiiii i, 257
7.1 Introduction..............ooiiiiiiiiiii 257
7.1.1  Center of Origin ........vvviiiiiniiiiiiiinninnenennnns 257
7.1.2  Domestication ........oovuiiiiiiiiiiiii i e 257
7.1.3  Taxonomic Position ............ ..., 258
7.1.4  Brief Morphology ........ccooviiiiiiiiiiiiii i 259
7.1.5 Cytogenetic STruCture ...........coeoeeeviiinneeeennnnnne. 260
7.1.6  EconomicImportance ............cooiiiiiiiiiiiiiiia.. 260
7.1.7  Breeding Objectives ..............ooiiiiiiiiiiiiat, 264
7.1.8  Classical Breeding Achievements ...............coovvvun... 265
7.1.9  Limitations of Classical Endeavors
and Utility of Molecular Mapping ...........covvvueinnnn.. 265
7.2 Construction of Genetic Maps .........cvireeiireenneennneennnn.. 267
7.2.1  First-Generation Genetic Maps ..........covvuuiieinnnnnn, 267
7.2.2 Integrated Genetic Maps ........ouvviuiiiiinieiiniennnnnns 267
7.2.3 Comparative Mapping .........coovviiiiiiiiiiiiinnnn.., 269
7.3 GeneMapping .. .uvvvtiiii i s 280
7.4  Detection of Quantitative Trait Loci (QTL)......vviiivneerrnnnn.. 281
7.5 Marker-Assisted Breeding ...ttt 284
7.5.1  Marker CONVersions ..........ocvuviuiiiiiiiiinninninnnn 284
7.5.2  Marker-Assisted Selection.............cooiiiiiiiiiiiaa, 284
7.6  Physical Mapping in Sorghum ........... ...t 285
7.7 Structural GENOMICS. . ...ovviuii i 287
7.8 Functional GeNnomics . .......ovuutiinteniini e, 288
7.8.1 Development of ESTS ....vvviuiiiiiiiiiiiiiiiiiiennnn., 288
7.8.2  Gene Function Analysis...........coviviiiiiiiiiiiii, 288
7.9  Future Prospects ........ooiiiiiiiiiiiiiiiiiiiiiii 290
References .........ouuinuiiii i 291

8 Pearl Millet
K.M. Devos, WW. Hanna, P. Ozias-AKInS ......ccoviiiiiiiininennnnnnn. 297
8.1  INtrodUCHION . .ot viit ettt ittt ettt e 297



Contents XV

8.1.1  Brief HistOry ....ovuvrinuiiniiiiiiiiiiiiiiiinnennens 297
8.1.2 Botanical Description. ........cvuueeeineennneennneennnnn. 297
8.1.3 EconomicImportance ..........c.ooviiiiiiiiiieiiiinnn... 298
8.1.4 Breeding Objectives and Achievements .................... 298
8.1.5 Classical Mapping Efforts ............coooviiiiiiiina... 299
8.1.6  Classical vs. Molecular Maps in Pear]l Millet ................ 300
8.2 Construction of Genetic Maps .......ouvvvuitiirieiiuiennneennnens 300
8.2.1  Brief History of Mapping Efforts .................cooiutt 300
8.2.2  First-Generation Genetic Maps ............ooviuuiiiinnnn, 301
8.2.3  Comparative Genetic Mapping in Pearl Millet............... 309
8.3  Quantitative Trait Loci (QTL) Analyses..........covviiuiiniinnnnn. 309
8.3.1 Domestication Syndrome ................oiiiiiiiia. 309
8.3.2 Drought Tolerance .............coviiiuiiniiniiniineennnn. 310
8.3.3 Downy Mildew Resistance ...........coooveiiiiiinneennn... 311
8.3.4 Mendelization of QTLS. .o vvit ittt ittt iiieeiaeenns 311
8.4 Marker-Assisted Breeding ..........coooiiiiiiiiiiiiiiiiii e 311
85 Map-Based Cloning .........covviiiiiiiiiiiiiiiiiiiiiiiiiiiia., 312
8.6 Future Scope Of WOrk . ...o.vvniinniiiiiiiii i 313
References .......ouiuiiniii i 313

9 Foxtail Millet

O.Panauid ......oiinii 319
9.1 INtroduction........o.ouiiiiniiiiiii e 319
9.2 Setaria Complex ........oiiiiiiiiiiii i 319
9.3  Molecular Maps of Foxtail Millet .............ccoiiiiiiiiiina... 321
9.4 Mapping Genetic Factors Underlying Plant Architecture ............ 321
9.5 Conclusion and Perspectives. .........vviuieiiieniiiennneinneen. 324
References ... ...t 326

10 Finger Millet

M.M. Dida, KM, DeVOS + v vttt ittt it ittt ettt inenenenennennns 327
10.1 Introduction.......o.viuiiniiiuiii i 327
10.1.1 Brief Historyof the Crop .........ovvvviiiiiiiiinnennn. 327
10.1.2 Botanical Descriptions..........ccouueeeneennieennneennnn. 327
10.1.3 EconomicImportance ...........oviiiiiiiiiiiiiiinnnnn. 329
10.1.4 Breeding Objectives ............coovviiiiiiiiiiin... 329
10.1.5 Classical Breeding Achievements.................oooue.nt. 330
10.2 Genetic Mapping in Finger Millet ...............cciiiiiiia... 331
10.2.1 Brief History of Mapping Efforts ...................ooouet. 331
10.2.2 First-Generation Genetic Maps ...........c.covviuuivvinnnnn 331
10.2.3 Comparative Genetic Maps ..........ccooviiiinuneneinnnn, 332
10.3 Future Scope of Work . .....ooviitiiii it 333
References .......oovuuiniiii i 336

Subject Index 339



