Contents

Contributors .......... ... .. XVI
Abbreviations ............. ... .. XXI
1 Soybean
G.-]. Lee, X. Wu, J. G. Shannon, D. A. Sleper, H. T. Nguyen ................ 1
Ll Introduction. . ....eeneene ettt et e anees 1
1.2 Construction of Soybean Genetic Maps ...........ccovueviuuennn... 7
1.2.1  Soybean GeneticMap........ouvviiueiiiienineennnennnn.. 7
1.2.2  First Generation of Soybean Maps Constructed Based
on a Single Population ...,
1.2.3  Integrated Soybean Genetic Maps ..........c.oovvvuueinnn.. 9
1.3 Mapping of Genesin Soybean............cooviiiiiiiiiiiiiiia. 10
1.3.1  Resistant Genes to Soybean Diseases.............c.ouvvnun.. 10
1.3.2  Genes for Herbicide Resistance ..................oooounn. 20
1.3.3  NodulationGenes ...........coovviiiiiiiiiiiiiiine... 20
1.3.4  Genes for Growth Habit, Flowering, and Morphology ........ 20
1.3.5 Soybean Sterility Genes ...........cooiiiiiiiiiiiiiiia.. 22
1.3.6  Genes for Mineral Toxicity or Deficiency ................... 22
1.3.7  Genes for Soybean Pigmentation .......................... 23
1.3.8  Genes for Fatty Acid Composition.............coovvein.... 23
1.4 QTL Mappingin Soybean ..........c.ooeiiiiiiiiieiiiennnnennnn.. 24
1.4.1 PestResistance ...........ccovieiiiiiiiiiiiiiiiiniia., 24
1.4.2  Tolerance to Abiotic Stresses................cooiiiini... 36
1.4.3  Growth and Development Responses ................co.uu.. 37
1.44 Seed CompoSition. ......ovvviiiiiiiiiiiiiiiineinnn.. 38
1.4.5 Yield-Related Traits ...............oooiiiiiiiiias. 38
1.5 Marker-Assisted Breeding in Soybean................oooiiiiiii 40
151 AdVantages........cveiiniiniiinenneiniiinninnennenneinn. 40
1.5.2  Marker Systems . ....ouvvutiniiiiiiiiii i 40
1.5.3  Marker-Assisted Introgression ..............cooviuvne.n.. 41
1.5.4 GenePyramiding ............ ...l 42
1.6 Progress in Map-Based Cloning, Transformation,
and Other Candidate Gene Approaches in Soybean ................. 42
1.6.1 Map-Based Cloning .........ccoovviiiiiiiiiiininnennnn.. 42
1.6.2  Soybean Transformation .............cooveiiiiiiiinnn.. 43
1.6.3  Functional Genomics for Candidate Gene Discovery......... 43
1.7 FUture SCOPE. ... vvtitti ittt 44
References .......ouvuiniiii i 45

2 Oilseed Rape

R. Snowdon, W. Liths, W. Friedt .......covuiiuiiiiiiiiininenennn 55
2.1 Introduction.....uvveui it e 55
2.1.1  Origin and History of Oilseed Rape...................ou.t. 55
2.1.2  Botanical Description. .........evvueerineennneennnennnn.. 56
2.1.3  Economic Importance of Oilseed Rape..................... 56

2.1.4  Nutritional and Chemical Composition of Rapeseed Oil....... 57



XII Contents

2.2 Breedingof Oilseed Rape........cooviuiiiiiiiiiiiinnninnns
2.2.1 BreedingMethods..........ccooiiiiiiiiiiiiiiiiiii.,
2.2.2  Breeding for Improved Productivity .......................
2.2.3 Improvement of Seed Components .............couueenn...
224  Hybrid Breeding and Cytoplasmic Male Sterility Systems. .. ..
2.2.5  Use of Male Sterility Systems in Oilseed Rape Breeding ......
2.2.6  Genetic Diversity for Heterosis and Hybrid Breeding ........
2.2.7 Expanding the Genetic Variability in Oilseed Rape
by Interspecific Hybridization .................cooooiian..
2.3 Cytogenetic Studies of Brassica Crops and Interspecific Hybrids......
2.3.1  History of Cytogenetic Studies in Brassica ..................
2.4  Genetic Diversity Studies in Brassica napus .............c.cooevvun..
2.5 Genetic Modification:
Status and Potential of Transgenic Brassica napus ..................
2.5.1 Herbicide Tolerance ...........cooiiiiiniiiininiinenn...
2.5.2  Genetic Engineering of Fatty Acid Biosynthesis .............
2.6  Molecular Markers and Genetic Mapping..............coovviinn.n.
2.6.1  Use of Isoenzymes in Oilseed Rape Breeding ...............

2.6.2  Brassica napus Genetic Maps: From RFLP to PCR Markers ...
2.6.3  Mapping of Genes and QTLs for Morphological

and Quality Traits ... .ovvvinteiii e
2.6.4 Mapping of Genes and QTL for Disease Resistance ..........
2.6.5 Mapping QTLs for Abiotic Stress ..........covvveviiinn..
2.6.6  Towards an Integrated B. napus GeneticMap ...............
2.7  Comparative Genomic Studies .........cooviiiiiiiiiiiiiiin.,
2.8  Physical Mapping and Genomics Tools . ..........oovvueeiineinn...
2.8.1 Physical Mapping ........couviuiiniiniiniinneiieinnenn.s
2.8.2  Public Genome Resources: The Multinational Brassica
Genome Project. ...t
2.8.3  Genome Sequencing in B. oleraceaand B.rapa..............
2.9 OUtlOOK . .ottt e
References .......uuiniin i
3 Peanut
S. L. Dwivedi, D.J. Bertioli, J. H. Crouch, J. E. Valls, H. D. Upadhyaya,
A. Fdvero, M. Moretzsohn, A. H. Paterson .........coveeeunirnennennennnn
3.1 INtroduction. .....c..eeennue et e
311 Origin .o e
3.1.2  Botanical Types and Distribution .................couee.

3.1.3  Crop Productionand Uses.............coovvuiiiiiinn.n.
3.1.4 Improved Quality Requirements: Reduced Allergenicity
and TOXICILY « o vvvetet it
3.2 Genetic ResourcesinPeanut .............oooiiiiiiiiiiiiiiii .,
3.2.1  Wild Arachis Species and Interspecific Gene Introgression

into Cultivated Peanut ...........coviiiiniiiiiiiininnnn.n.
3.2.2  Cultivated Germplasm . ........ccoieiiiieiiiiiiinia...
323 Core ColleCtions . ..vviviniriie e iiieeiie i

3.3  Appropriate Germplasm and Evaluation Systems for Mapping
Economically Important Traits in Peanut ...............c.oooeen....

3.3.1 Phenotypic Screens, Resistance/Tolerance Mechanism,
and Genetics .........covuiiiiiiiiiiii i



Contents XIII

3.3.2  Germplasm with Beneficial Traits for Mapping

and Genetic Enhancement ...............cooiiiiiiiii, 126
3.4 Genomic ResourcesinPeanut..............ooooiiiiiiiiiiiiia, 128
3.4.1 DNA Markers (RFLPs, RAPDs, AFLPs, SSRs) ............... 128
3.42 Molecular DIiversity .........ccouvvuiiniiiiiininnennennn.s 131
3.4.3 Mapping Population...........coooiiiiiiiiiiiiiiiia... 131
3.44 GeneticLinkage Map .......coovviiiiiiiiiiiiiiiiiiiii., 132
3.4.5 Comparative Mapping with Model Genomes................ 133
3.4.6  BAC Libraries and New Generation Markers ................ 133
3.5 Successes and Limitations of Conventional Breeding in Peanut ....... 136
3.6  Biotechnological Applications to Genetic Enhancement in Peanut .... 137
3.6.1  Marker/Trait Associations.................oooiiiiiat 137
3.6.2  Unlocking the Genetic Variation
from Wild Genetic Resources ..........c.ooviiiinininennnnnn 137
3.6.3  Transgenics .........oviuiiiiiiiiiiiiii i 140
3.7  Conclusions and Future Outlook ...............ooooiiiiiiiia.. 142
References .......ouvuiniiii 143

4 Sunflower
N. Paniego, R. Heinz, P. Fernandez, P. Talia, V. Nishinakamasu, H. Esteban

HopD oo 153
4.1 Introduction......... ..ot 153
4.1.1  BriefHistory ........ooiiiiiiiiiiiiiiiiiiiiiiiiii 153
4.1.2  Botanical Description...........coviiiiiiiiiiiiiein... 153
4.1.3 EconomicImportance .............oiiiiiiiiiiiiiiiiia, 154
4.1.4 Conventional Breeding............... ... 155
4.2 Molecular Markers and Genetic Maps........coovveiiuiiiineinnn.. 156
43  Genomics and Transcriptomics ..........ccviiiiuieeennnnneen.n.. 157
4.4  Structural Analysis by in situ Hybridization ....................... 163
4.5 Resistance Genes in Cultivated and Wild Sunflowers ................ 164
4.6  QTL Analysis for Developmental and Agronomic Traits ............. 168
4.7  Invitro Tissue-Culture-Aided Breeding .................. ... ... 169
4.8  Genetic Transformation ..............ooiiiiiiiiiiiiiiiiii i, 170
4.8.1 Transgenic Traits..........cooviiiiiiiiiiiiiinnn, 170
4.8.2  Transgenic Sunflowers: Biosafety Concerns ................. 170
References ........ouiuiiii i 172
5 Indian Mustard
D. Edwards, P. A. Salisbury, W. A. Burton, C. J. Hopkins, J. Batley .......... 179
5.1 Introduction. .........coiuiiiiiiii i e 179
5.1.1  Brief History of Brassica juncea ................coovevunn.. 179
5.1.2  Botanical Description. .........evuuueenreennneennnennnnn. 179
5.1.3 EconomicImportance ............ooiiiiiiiiiiiiiiiinnn, 180
5.1.4  Breeding Objectives and Progress ............covvuiueinnn.. 181
5.1.5  Overcoming Limitations of Classical Endeavours............ 183
5.1.6  Classical Mapping Efforts ............... ...t 185
5.1.7  Utility of Molecular Mapping .........c.coovvviuiiiineinnn.. 185
5.2 Construction of Genetic Maps ........evuueenurernneernneennnenn. 186
5.2.1 Genetic Mappingin B.juncea .............cooiiiiiiiiinan, 186
5.2.2  First-Generation Maps..........ooiuuiiiiiiinnineeninnnn 186

5.2.3  Second-Generation Maps ...........eviueennneennnennnnn. 188



XIv Contents
5.2.4 Comparative Mapping .........c.oouiiiiiiiinnnniinnnnn... 193
5.3  Gene Mapping and Marker-Assisted Selection ..................... 195
5.3.1 White Rust Resistance ............ccoiiiiiiiininennnn... 195
532 Seed CoatColor. ....couuieirtiii i 197
5.3.3 Fatty Acid/Oil Content . ...........ccoviiiiiiiiiinina., 198
5.3.4  Glucosinolate Content ..............ooiiiiiiiiiiiinn.n. 201
5.4  Marker-Assisted Breeding ..............ooiiiiiiiiiii i 202
5.5 Transgene-Assisted Breeding .............ccoiiiiiiiiiiiiiian 203
5.6 Advanced Works ........ooiiiiiiiiiiiiiii e 203
5.6.1  Gene Discovery and Expression ...........c.ooovvvuueiinn... 203
5.7 Future Scope of Works .........cooviiiiiiiiiiiiiiiiiiiiii ., 204
REfEreNCeS .o vttt e 205

6 Brassica Rapa

P. Quijada J. Cao, X. Wang, M. Hirai, C.Kole .................oooiinitn. 211
6.1 Introduction............ ..ot 211
6.1.1 Historyof the Crop .......covviiiiiiiiiiiiiiiiiiiiennn.. 211
6.1.2  Botanical Description. .........ccovuueiiiiennneennneennn.. 211
6.1.3 EconomicImportance .............cooiiiiiiiiiiiii, 213
6.1.4 Breeding Objectives and Achievements .................... 213
6.2  Construction of Genetic Maps ........cvvuuiiiiienniiennnennnnnn. 215
6.2.1  Brief History of Mapping Efforts ...................ooout 215
6.2.2 Mapping Populations ...........coooiiiiiiiiiii i 216
6.2.3 Mapping Resources..........oovviiiiiiiiiiiiiiiiiia 217
624  GenetiCMaps .. ..vvttt ittt 218
6.2.5 Comparative Mapping .........c.coviuiiiiiiiinieinneennns. 221
6.3 GeneMappPing .. ..vvtttiiii e 224
6.3.1  Seed Coat Color. ....vvvnnu et 224
6.3.2 Disease Resistance ...........cccoiiiiiiiiiiiiiieeninnnn, 227
6.3.3  Vernalization Requirements and Flowering Time............ 229
6.3.4 Fatty Acid Content .........cooviiiiiiiiiiiiiieiiieennn.. 231
6.3.5  Self-Incompatibility ......... ... i 231
6.3.6 Dwarfism ......ooiniiiiii 232
6.3.7  Markers Linked to Microspore Embryogenic Ability ......... 233
6.4 QTL MappPing ... .vvtitinnnuutee ittt tiiiieeeenniineeeenns 233
6.4.1 Morphological Traits ...........cooiiiiiiiiiiiinn.., 233
6.42 HeatResistance ...........c.oiiiiiiniiiiiiiiiiieean.. 236
6.4.3 Resistance to Clubroot............... .. ..ol 236
6.44 Resistanceto White Rust ...........coviiiiiiiiia... 236
6.4.5 Linolenic Acid Content ..........c..ccviiiiiiienineennn.. 237
6.46 FloweringTime ........oovviiiiiiiiiiiiiiiiiiennn., 239
6.4.7  Abiotic Stresses: Winter Survival and Freezing Tolerance . .. .. 240
6.4.8 Mendelization Of QTLS. .ot vvvttie i iie i 242
6.5 Marker-Assisted Breeding ..........c.ooviiiiiiiiiiiiiiiiiiiia, 243
6.5.1 Marker Conversions ............c.oiiiiiiiiiiiiiiiiin., 243
6.5.2 Germplasm Screening ...........c.oeeiiiiiiiiiiiiiieann.. 243
6.5.3  Marker-Assisted Selection............c.coooiiiiiiiiiia... 246
6.5.4  Marker-Assisted Introgression ............covivviiniinn.. 248
6.5.5 GenePyramiding ..........cooiiiiiiiiiiiiiiii i 250
6.6 Map-Based Cloning .........c.ooiiiiiiiiiiiiiiiiiiiiiiiiiie., 251

6.6.1  Principles of Map-Based Cloning...................ooount 251



Contents XV

6.6.2  Genetic Resources and Mapping Populations ............... 252
6.63 BACLIbraries..........oovueuiiuinniiniiniinninnennennnns 252
6.6.4  OUutlook. ...t e e 253
6.7 Future Scope of Works ........cooiiiiiiiii i 253
ReEfEreNCeS . . ettt ettt e 254

7 Black Mustard

S. Das, U. Lagercrantz, M. LascOUX ........coiiuiiiiiiiiiiiiiiiiinnnnnnn, 265
7.1 Introduction..............cciiiiiiiiii 265
701 Taxonomy...........oiiiiiiiii i i e 265
7.1.2  Genetic Relationship and Evolution of Brassica species. . ..... 265
7.13  Breeding .......o.iiiiiiiiiiiii e 266
7.2 DNA Marker Technology .......coovvuiiiiiiiiiiiiiiiiiinnennenn. 267
7.3  Genetic Linkage Mapping in Brassica nigra .................c.oo.ou.. 267
731 Genetic Maps....ovuviiiiiiiii i 267
7.3.2  Comparative Mapping .........c.ovuiuiiiiiiiinieiineennn.. 269
7.4  Mapping of Flowering-Time Trait in Brassica nigra ................. 270
7.5 Future Scope of Work ..ot 271
References ... ...t 272
8 Flax
CACUlls o ovee e 275
8.1 Introduction.............ooiiuiiiiiiiiiii 275
8.1.1 Originand History ..........cooiviiiiiiiiiiiiiiinn., 275
8.1.2  Biological Descriptions .........couvvuiiniiniinnennennn.s 275
8.1.3 Karyotype..........ooiiiiiiiiiii 277
814  Genome SIZE ...ttt e 278
8.1.5 EconomicImportance ...........ooouiiiiiiiiniiiiiiinan, 278
8.1.6  Breeding Objectives ...........eviuieiiniininiininennnn.. 280
8.2  Construction of Genetic Maps ........vvviiiiineiniiennneennnnn. 282
8.2.1 Classical Mapping......o.ovvvuiiiiiieiiiieiiniinineennne. 282
822 Molecular Maps. .....vvvuiiiiiiiiiiiiiiii i 285
8.3  Germplasm Identification ..........c.o.eiiiiiiiiiiiiiiiia.. 287
8.3.1 Germplasm Characterization ............ccouueeiueennn... 287
8.3.2  Molecular Markers for Germplasm Identification............ 289
8.3.3 Inducing New Variability or Traits......................... 290
84  GeneDiSCOVEIY ...uvittiiiii ittt 291
8.5 Quantitative Trait LOCI .o vvtintie ittt ittt i ciecie e 291
8.6  Future Scope of Works ..o 291
References ... ..ot 292

Subject Index 297



2 Springer
http://www.springer.com/978-3-540-34387-5

Qilseeds

Kole, C. (Ed.)

2007, X¥XIV, 302 p., Hardcover
ISBN: 278-3-540-34387-5



