Contents

Part I Models for Plant Development

1 Gene Regulatory Models for Plant Development and Evolution ......... 3
E.R. Alvarez-Buylla, M. Benitez, M. Aldana, G.J. Escalera-Santos,
A. Chaos, P. Padilla-Longoria, and R. Verduzco-Véazquez
1.1 Introduction: the Need for Mathematical Models to Understand

Plant Development ... 3
1.2 Dynamic GRN Models .........cooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiann, 4
1.3 Inference of GRN Topology from Microarray Experiments .......... 7
1.3.1 Bayesian Networks ........ccooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiis 8
1.3.2 Mutual Information ........... ... 8
1.3.3 Continuous Analysis Models ... 8
1.4 GRN Models for Modules of Plant Development ....................... 9

1.4.1 Single-Cell Gene Regulatory Network Models: the Case
of Arabidopsis Flower Organ Primordial Cell Specification .... 10

1.4.2 Spatiotemporal Models of Coupled GRN Dynamics ............ 10
1.4.3 Auxin Transport Is Sufficient to Generate Morphogenetic
Shoot and Root Patterns .............coooiiiiiiiiiiiiin., 12
1.44 Signal Transduction Models ... 14
1.5 The Constructive Role of Stochasticity in GRN and Other
Complex Biological Systems ...........coevieiiiiiiiiiiiiiiiiieiien... 14
1.6 GRN Structure and Evolution ...........c.c.ooiiiiiiiiiiiiiiiniiiia., 15
1.7 Conclusions ..........ccoeiieiiiiiiiiiiiiiiiieiii i eeaeaas 17
References .....o..ooiiiiiiii i 17

2 Arabidopsis as Model for Developmental Regulation and Crop

Improvement ... 21
C.M. Lin
2.1 INOAUCHION ...ueeeinreeeeiee et ercireiaiteieairaceereaaensaens 21
2.2 Knowledge Gained in Arabidopsis Is Available
for Crop Scientists 22
Bibliografische Informationen digitalisiert durch EE*‘E'J&?
http://d-nb.info/999166859 BLIO


http://d-nb.info/999166859

3 Axillary Shoot Branching in Plants

2.3 Plant Architecture-Related Genes and Their Potential Uses
in Crop Improvement ...t
2.3.1 Genes Regulating the Function of Shoot Apical Meristem ......
2.3.2 Lateral Organ Formation and Branching ..................co
2.3.3 Regulation of Stem Elongation ...
2.3.4 Regulation of Leaf Development ...,
2.3.5 Regulation of Inflorescence Shape .................coooiiiiniis
2.4 Understanding Abiotic Stresses to Improve Tolerance
10 ADIOHC SITESSES .. uuvnreeenineeenniriaiiiareerearaaeanenianieeens
2.4.1 Stress RESPONSES «.ooovnviviiiinitieeeieaeaeiietieeaetereianaianas
2.4.2 DREB Genes and Their Uses in Coping with Drought ..........
2.4.3 SOS Genes and Salt Tolerance ...,
2.5 Prospective Remarks
References

Part II Vegetative Growth and Development

M.W.F. Yaish, D.R. Guevara, A. El-Kereamy, and S.J. Rothstein
3.1 Introduction ........ooiiiiiiiii i e
3.2 Axillary Shoot Development
321 Bud Initiation ..........ccoooiiiiiiiiiiiiiiiiiiiiiiiiii e
3.2.2 Genes Control Axillary Shoot Branching
3.3 Hormones Involved in Axillary Bud Formation
3.3.1 Auxin, Cytokinin and Novel Hormone
3.3.2 Axillary Bud Outgrowth Hypotheses
3.3.3 Abscisic Acid and Branching ...l
3.4 Regulatory Pathways Involved in Shoot Branching
3.4.1 Carotenoid-Derived Signalling Molecules
342 Polyamines .........cooiiiiiiiiiii e
3.4.3 Inositol Phosphates
3.5 Future Perspectives
References

......................................................

Bud Dormancy and Growth
D. Horvath
4.1 Introduction ...... ... ottt
4.2 Regulation of Paradormancy ................ccoooiiiiiiiiiiiiiii,
4.2.1 Hormonal Contro! of Paradormancy .............................
4.2.2 The RMS/MAX/DAD System Regulates Bud
Domancy .........cooviiiiiiii i
4.2.3 Other Factors Regulating Bud Outgrowth
4.3 Regulation of Endodormancy
4.3.1 Hormones in Endodormancy Induction

................................................

37

37
38
39
40
43
43

45
46

47
48
49
49

53

53
54

55
57
57
57



4.3.2 Metabolism, Transport, and Cell-Cell Communication

Are Altered During Endodormancy .............c..o.oooooaa... 59
4.3.3 Regulation of Endodormancy by Environmental
and Physiological Signals ... 60
4.3.4 Endodormancy Release ... 62
4.4 EcodOrmMancy ......cooveuriternnremametiaaeteanetaaeraaneeanns 64
4.5 Regulation of Cell Division and Development Is Important
for All Forms of Dormancy ..........c..coooiiiiiiiiiiiiiiiiiiiienaa.. 64
4.6 Future Perspectives 66
References 66
Root Development ........ .. ... 71
L. Jansen, B. De Rybel, V. Vassileva, and T. Beeckman
5.1 Introduction ... e 71
5.2 Plant Root Systems, All But Uniform .....................ooooo 71
5.2.1 ROOETYPES «euniiiiiii i 71
5.2.2 Genetic Variation in Root Architecture .......................... 73
5.2.3 Hormonal Control of Root Architecture ......................... 73
5.2.4 Environmental Factors Influencing Root Architecture ........... 74
5.3 Patterning During Root Embryogenesis ............cccceveiveneennnnn... 76
5.3.1 Early Embryogenesis Patterning Events ......................... 76
5.3.2 Establishment of the Primary Root Meristem .................... 78
5.3.3 Radial Organisation of the Root .............................. 79
5.4 Lateral Root Development ................ooiiiiiiiiiiiiiiiii 80
5.5 CONCIUSIONS . ... .ottt ittt eeaa 83
References ......coiiiiiiii i i e 84
Legume Nodule Development .........................ooiiiiiiii.. 91
K. D’haeseleer, S. Goormachtig, and M. Holsters
6.1 Introduction ... ... ... 91
6.2 Evolution Towards Nitrogen-Fixing Bacterial Endosymbiosis ......... 92
6.3 Legume Nodule Initiation and Development ........................... 93
6.4 NF Perception, Signal Transduction and Genes Involved
in the Establishment of Nodulation ... 96
6.4.1 The Search for NF Receptors ...........ccoiiiiiiinniiniiiiianann 96
642 NFSignalling .........coiiiiiiiiiiiiiiiiiiiiiiiiiiece s 98
6.4.3 Transmitting the Signal ..., 101
6.5 Genes Involved in Infection, Formation and Development
of Nodules .......cooiiiiiiiiii i 104
6.5.1 Marker Genes to Study Early Nodulation Stages ............... 105
6.5.2 Genes Involved at Early Nodulation Stages .................... 105
6.5.3 Genes Involved in Bacterial Differentiation
and Nodule Development .............ooiiiiiiiiiiiiiiiiiinnnns 106
6.5.4 Genes Involved in Nitrogen Fixation ......................... 107

6.6 The Latest Stage of Nodulation: Nodule Senescence 109



6.7 Hormones in Nodulation ..o,
6.7.1 AUKIN onniireierete ettt raeaaeaae s
6.7.2 CYtOKININS ...cevinniiiiiinnnnirainre e easiiiiiaiaaanaaann
6.73 Ethylene .......cooovniiiimmiiiiiiiiii e
6.7.4 Gibberelling ......ccooviiiiiiiiiiiiiiiiii i
6.7.5 AbSCiSiC ACIA .. .ciiiiiiii s

6.8 Autoregulation ....... ...

6.9 Tools to Study Nodulation in Legumes ...............ooooiieeiinn.
6.9.1 Genome and Sequence Analysis ..............cooeiiiiiiiiii.
6.9.2 TranSCriPLOMIICS ... ..ccoevieiriirannnnnnrrieeeerrerrsrraenannnns
6.9.3 Mutagenesis of Model Legumes ...t

6.9.4 From Model Legume to Crop Legumes ..................c.o..t
35 1500 11 S P

Tuber Development ... .. .. ... i
W.L. Morris and M.A. Taylor
7.1 INtroduCtion .......ou.iiiiii ittt
7.1.1 Tuber Composition and Nutrition
7.1.2 Focus on Potato ............oooiiiiiiiiiiiiiiiiiiii i,
7.2 Potato Tuber Development ...,
7.2.1 Control of Tuber Initiation .................ciiiiiiiiiiiiin,
7.2.2 Changes in Carbohydrate Metabolism During
Tuber Development .............coccoiiiiiiiiiiiiiiiiiii.
7.2.3 Other Aspects of Metabolism—Sugar and Amino Acid
Content ......coiiiiiiiii e e
7.2.4 Control of Potato Tuber Dormancy

7.3 Summary
References

T 1T
C. Zhou and S. Gan
8.1 Introduction

............................................................

8.3 Symptoms of SEenescence ...........oooeiiiiiiiiiiiiiiiiiaiiian...
8.3.1 Chlorophyll Degradation
8.3.2 Membrane Degradation
8.3.3 Protein Degradation ................. .o
8.3.4 Degradation of Nucleic Acids
8.3.5 Nutrient Remobilization

8.4 Regulation of Leaf Senescence
Bl A ..t
842 Sugars ...
8.4.3 Reproductive Growth ............coociiiiiiiiiiiiiiiiiian..,
8.4.4 Plant Growth Regulators ........................................

8.5 Molecular Genetic Regulation of Leaf Senescence

...................................

.........................................

...................



8.5.1 Gene Expression During Leaf Senescence ...................... 160

8.5.2 Identification of SAGS ........c.oiiiiiiiiiiiiiiiiiieiiainns 161
8.6 Genetic Manipulation and Application of Leaf Senescence .......... 163
8.7 Conclusions and OutlookS ..........covvieiiiieiiiiiiiiiriiearaannns 164
R OreNCES . it 165

Part III Reproductive Growth and Development

9

10

Floral Organ Initiation and Development .............................. 173
M. Bemer and G.C. Angenent
9.1 Introduction: the Angiosperm Flower ....................cooeeiinn... 173
9.2 The MADS Box Family of Transcription Factors .................... 174
9.3 Change from Vegetative Growth to Reproductive
Growth ... 175
9.3.1 Transition to the Reproductive Phase ....................... ... 175
9.3.2 Induction of the Floral Meristem ..................ccevviiann.. 176
9.3.3 Initiation of Flower Primordia ....................ooooiiiiol 178
9.34 Floral Organ Specification ...............ccoooiiiiiiiiiiienaan.. 178
9.4 Floral Quartet Model ..........oiiiiiiiiiiiiiiiiiiiiii i iiiiiiiaaiaeaas 180
94.1 AFUNCHON ... oot 181
942 BFEFUNCHON ......cvviiiiiiiiiiiiii it e veeanas 182
9.43 CFRUNCHOM ......coviiiiiiiiiiiiii it eeieeeanaas 183
944 DFUNCHON .......eeiiiii ittt 184
9.4.5 EFUNCHON ......coiiiiiiiiiiiiiiiiiiiiiiiiiiiii i eeeiiaes 185
9.4.6 Variations on the Typical (A)BCDE Model .................... 186
9.5 Autoregulatory Mechanisms ... 187
9.6 Other Genes Involved in Floral Organogenesis ....................... 187
9.7 Targets of the Floral Organ Identity Genes ........................... 188
9.8 SUMIMATY -ttt ettt e eceianees 189
References .. ...ouuenumi i s 189
Control of Flower Development ..........................oo, 195
H. Yamashita and Y. Komeda
10.1 IntroduCtion ...........oceiiiiiiiiioriiiniiiiiiiiiiiie i 195
10.2 Regulation of Floral Organ Development ........................... 196
10.2.1 Genes Associated with Floral Development ................. 196
10.2.2 PhotoperiodiSm ..........cccoiiiiiiiiiiiiiiiiiiiiiiiies 197
10.2.3 Vemalization ...........coooiiiiiiiiiiiiiieiiiianiiiiinnna, 198
10.2.4 FIOTIBEN .. coontiiiiiiiiiiiiii et ree i 198
10.3 Genetic Network of Flowering Control .......................oool 199
10.3.1 Light-Dependent Pathway ...........c...cooiiiiiiiias 199
10.3.2 Gibberellin Pathway ............ccoooiiiiiiiiiiiiiiiiiina... 201
10.3.3 Autonomous Pathway ... 201
10.3.4 Vemalization Pathway ...................ooiiiiiiiiiiiiannn... 202
104 PerspectiVes ......oooncieeinetiiteii e ieaaaereaaaas 206

| 105 (5 (51 v = S e 206



11

12

13

Development and Function of the Female Gametophyte ..............
N. Sanchez-Leén and J.-P. Vielle-Calzada
11.1 Introduction ............iiiiieiiiiiiiiiiiiiii i
11.2 The Formation of Female Gametes ...................coooiiiiinene.
11.2.1 Megasporogenesis .......uuuuuriiiiereieierieeennnaiiaianonnens
11.2.2 MegagametOZenesisS ......uvuuuiiiiiiiiiiereerernnniiaiaanennns
11.3 Genetic Dissection of Female Gametogenesis .......................
11.4 Transcriptional Analysis of the Female Gametophyte ..............
11.4.1 Gene Expression in the Differentiated Female
Gametophyte ...t e
11.4.2 Transcriptional Repression in Sporophytic Cells
oftheOvule ... .
11.5 Double Fertilization .............ocooiiiiiiiiiiiiiiiiiiiiiiiiiiiians

11.6 Future Trends .......ovviiiniiiiii e i iieearreerenrnaeeasnaanens
205 15 05 11 S PN

Male Gametophyte Development .......................ccoooiiin,
D. Twell
12,1 Introduction ...........ccceiiiiiiiiiiiiiiiiiiiiiiir e
12.2  Overview of Pollen Development ......................cooociii.
12.3 Gametophytic Mutants Affecting Pollen Development ............
12.4 Mutants Affecting Gametophytic Cell Divisions

(Morphological Screens) ...........ccoviiiiiiiiiiiiiiiiiiiiiiainnn.
12.5 Genes with Roles in Asymmetric Microspore Division ............
12.6  Genes Controlling Male Germline Development
12.7 Transcriptomics of Pollen Development ...........................
12.8 Two Global Male Gametophytic Gene Expression

Programmes ..........ooiiiiiiiiiii et e e
12.9 Post-Transcriptional Regulation ....................................

12.10 Integrating Genetic and Transcriptomic Data
References

Pollen Germination and Tube Growth
D.-Q. Shi and W.-C. Yang
13.1 Introduction

..........................................................
.................................................

13.3 Pollen-Stigma Interaction
13.3.1 The SHEMA ...t
13.3.2 Pollen Recogmition ...........cc..oiieiiiiiiieniiiininannnnnn,
13.3.3 Pollen Adherence and Hydration

13.4 Pollen Germination and Tube Growth .................ocoiivvino....
13.4.1 Calcium Signalling in Pollen Germination

and Tube Growth



13.4.2 The Cytoskeleton ...........ccocieeiiiiiiiiiiiiiiiinnnenann. 257
13.4.3 Crosstalk Between Calcium Signalling and Cytoskeleton

inthe Pollen Tube ..., 261
13.4.4 Small GTPases and Pollen Tube Growth ..................... 262
13.4.5 Pectin Methyltransferase and Pectin Modification ........... 267
13.4.6 Pollen Tube Guidance .............ccoovviiiiiiiiinnieannn... 267
13.5 Conclusions ......couiiiiiiit ittt 272
REfEIENCES ....oiiiiii i e e 272
Fertilization in Angiosperms ..., 283
S.D. Russell
14,1 IntroduCtion ...........eeeeuiniiiiirir et ie e eereaeeaans 283
14.2 Angiosperm Reproduction: a Matter of Structure, Timing,
and Physiology ...t i 284
14.3 Pollen Biology and Maturation ........................ooiiiieen.L 284
14.3.1 Bicellular Versus Tricellular Pollen ......................... 284
14.3.2 Pollen and Sperm Maturation, Cell Cycle,
and Cellular Identity ...............ccooiiiiiiiiiiiiiiiina.. 285
14.3.3 Attraction of Pollen Tubes to the Female Gametophyte .... 287
144 Fertilization: Receipt of Pollen Tube and Plasmogamy ............ 288
14.5 Female Gametophyte Cell Multiplication Control and Identity ... 290
14.6  Cell Fusion Determinant GCSI/HAP2 ............................. 291
147  Fertilization Limiting Genes ...............oooiiiiiiiiiin 291
14.8 Nuclear Fusion ...........ccoooiiiiiiiiiiiiiiiiiiiiici e 293
14.9 Cytoplasmic Transmission in Gametes ................cccceeenne... 294
14.10 Chromatin Modeling: Expressional Control in Gametes,
Embryo, and Endosperm ... 295
14.11 Conclusions and Prospects ............ccoooiiiiiiiiiiiiiiiiiiinnnn. 296
References ........oooooiiiiiiiiiii e 297
Fruit Development ......... ...ttt 301
H. Ezura and K. Hiwasa-Tanase
I5.1 INtroduction ...........coiiiiiiniiiiiii it et 301
15.2 Floral Development and Fruit Set ................c.coiiiin, 302
1521 Frult SiZe ......cooiiiiiiiiiiiiii i 302
1522 Fruit Shape ........ccooiiiiiiiiiiii i 303
1523 Fruit Set ......ieeiiiiiiiiiiiiiiiiiiiiiiiee e eaes 303
15.3 Early Fruit Development ............cccooiiiiiiiiiiiinieaiiana, 304
15.3.1 Cell Divisionand HMGRS .........ccovvveeiiiiiiiiiiinnnn... 304
15.3.2 Loci Associated with Cell Division .......................... 305
154 Fruit Enlargement ...........oooiiimiiiiiiiiiiiiiiiiiiiiiaiiennnas. 306
15.4.1 Fruit Developmental Patterns ...t 306
1542 Fruit EXpansion ...........cccovvemviiiiieiiiieiiiiinnennnns, 307

15.4.3 Environmental Factors, Phytohormones
and Fruit Growth ............ociiiiiiiiiiiiiiiiiieen 309



16

17

15.5 Fruit Maturation and Ripening ..............ooiiiiiiiiiiiiiinn 309

15.5.1 Climacteric Fruit ..........cooiiiiiiiriiiiiieiaiiiiiiaiaan, 309
15.5.2 Non-Climacteric Fruit ..., 311
15.5.3 Changes in Fruit Composition ..............cccoiiiiiiiiin, 312
15.6 PerspectiVes ......eeeeiiiiiiiiiiiiiiiieaaaes e taereiiiiaaaeaens 313
| 106 2 (1 T = DRSS R 314
Mechanism of Fruit Ripening .................ooooiiiinnn, 319

M. Bouzayen, A. Latché, P. Nath, and J.C. Pech
16.1 Introduction: Fruit Ripening as a Developmentally Regulated

PrOCESS . vttt ettt e 319
16.2 Climacteric and Non-Climacteric Fruit Ripening ................... 321
16.2.1 Ethylene Production, and Its Role in Climacteric
and Non-Climacteric Fruit ... 322
16.2.2 Ethylene Perception and Signal Transduction ................ 324
16.2.3 Control of Ethylene Response in Fruit ....................... 325
16.3 Hormone Cross-Talk and Fruit Ripening ......................o.... 327
16.4 Biochemical Changes and Sensory Traits Associated
with Fruit Ripening ... 327
16.5 Molecular Markers and QTL Mapping of Fruit Ripening Traits .... 329
16.6 Natural Mutants Affected in the Ripening Phenotype ............... 331
16.7 Conclusions and Future Directions ..................oooooiian. 332
References .......oooiiiiiiiii e 334
Seed Development ...l 341

B. Dubreucq, S. Baud, 1. Debeaujon, C. Dubos, A. Marion-Poll,
M. Miquel, H. North, C. Rochat, J.-M. Routaboul, and L. Lepiniec

17.1 Introduction .............cooiiiiiiiiiiiiiiiiiii i 341
17.2 The Use of a Model Plant for the Study of Embryo
Development and Maturation ...........ccceevviiiiiiiiieiiiiinnnnes 342
17.2.1 Embryo Development .........cc.ccovviiiieiiiiininiiiennenn.. 342
17.2.2 Embryo Maturation .............cocoievviieniiiinennieernnnns. 342
17.3 The Genetic Control of the Embryo Maturation Phase .............. 346
17.3.1 Transcriptional Regulation .....................ooiiiiinee 346
17.3.2 Control of Target Gene EXPression ............ocveevenvenns 347
17.4 Seed Coat Development and Differentiation ........................ 348
17.4.1 Structure of the Integuments .......................ooeieleee. 348
17.4.2 Regulation of Flavonoid Biosynthesis ........................ 349
17.4.3 Biological Functions ............c.cccceveviveinivnnniinnennnn.. 350
17.5 Role of Phytohormones in the Control of Embryo Development
and Seed Maturation .................ciiiiiiiiiii e 350
17.6 Conclusions ..........cciuiieiiiiiiiiiiii et eeeenen 352

References



18 Seed Dormancy: Approaches for Finding New Genes

inCereals ........ ... .

J.M. Barrero, J. Jacobsen, and F. Gubler
18.1 Introduction ...........ccoiiiiiiiiiiiii it
18.1.1 Dormancy and Adaptation .............cc.ccoeiviiiiiinnnn...
18.1.2 Plant Domestication and Dormancy ................cooennn..
18.1.3 A Complex Trait .........oooiniiiiiiiriiiiiiiiiiiaaaaan,
18.2 Approaches for Discovering Dormancy-Related Genes .............
18.2.1 MULagenesis .......coevuuuiiieiiiriiiiiien e iaiiaiaiaaean,
18.2.2 QTL Analysis ...ccooinnnniitiiiiiiii et ereiieiaeaea
18.2.3 ProtEOMmMICS .....covirinniiiiiiiiiiii et iiaaiaieean,

18.2.5 Gene Expression Analysis ............ooooiiiiiiiiiiiiian..
18.3 Strategies for Modifying Dormancy in Cereals ......................

18.4 Conclusions and Perspectives ..........ccccvviiiiiiieieniiiiiiiaae.
References ..........ooiiiiii i e

19 Seed Germination ................ ... ..o,
R.C. Martin, W.E. Pluskota, and H. Nonogaki

19.1 Introduction ............coiiiiiiiiiiiii i

19.2 Seed Structure and Germination ............cooveviiiiiiienerannnnn..

19.2.1 Testaand Pericarp ..........ccoiiiiiiiiiiiiiiiiiiinen i,

19.2.2 Endosperm .........ooiiiiiiiiiiiiiiiiiiiiiiiaeiiiaiaaeaae,

19.23 EMDBIYO «ovuiiiiiiiiiit et ceeree e eeeennaans

19.3 Hormonal Regulation of Germination ...................oein...

19.3.1 ABA and GA Biosynthesis and Deactivation ................
19.3.2 ABA-GA Balance, and Its Regulation by Light

and Temperature ..............coooiiiiiiiiiiiiiiiiiiii

19.3.3 ABA and GA Perception and Signal Transduction ..........

1934 OtherHormones ............coiiiiiiiiiiiiiiniiiiiinninnaa..

19.4 Germination Determinants Other than Hormones ...................
REfeIences .....ooooiii s

20 Apomixis in the Era of Biotechnology ..................................
E. Albertini, G. Barcaccia, A. Mazzucato, T.F. Sharbel,
and M. Falcinelli
20.1 Introduction ...........cocciiiiiiiiiiii e
20.2 General Definitions and Apomixis Mechanisms ....................
20.3 Embryological Pathways of Gametophytic Apomixis ...............
20.4 Genetic and Epigenetic Control of Apomixis .......................
20.5 Evolution of Apomixis and Population Genetics in Apomicts ......
20.6 Transferring Apomixis in Crops from Wild Relatives, Molecular
Mapping of Apomixis Components and Map-Based Cloning
of Candidate Genes ..........c..ocooiiiiiiiiiiiiiiiiiiiiiieiien,
20.7 Advanced Biotechnological Approaches: Looking for Candidate

Genes and Engineering Apomixis .............coocoiiiiiiiiin.
References ... .. ...



21

22

Subject Index

Male Sterility ...

C.D. Chase, A. Ribarits, and E. Heberle-Bors

21,1 Introduction ...l e

21.2 Applications of Pollen Sterility ..................oo
21.2.1 Hybrid Seed Production .............ccccoiiiiiiiiiiinia,
21.2.2 Value-Added Traits .........cooeviviiiiiiiiiiiiiiiinininnennes
21.2.3 Transgene Containment ..............oviiiiiiieneeinnennnnn.

21.3 Cytoplasmic Male Sterility Systems ..............coooiiiiiii
21.3.1 CMS GeNeS ..eounniie ittt ittt eaees
21.3.2 CMS Phenotypes ......covvuruineeieeereeaetemaminnaieienaaans
21.3.3 Fertility Restoration ...........c.ccoevimniiiiiniiiinnenennnnns
21.3.4 Transgenic ApproachestoCMS .....................oll.

21.4 Nuclear-Encoded Male Sterility Systems ..........................
21.4.1 Nuclear Male Sterility Genes ................cooiiiiia.
21.4.2 Genetically Engineered Nuclear Male Sterility ..............

21.5 Summary and Future Prospects ...
References .........o.iiiiiiiiiii

Self-Incompatibility Systems in Flowering Plants ......................
P. Kaothien-Nakayama, A. Isogai, and S. Takayama
221 INtroduCtion ......cc.eiuiiiriiiiit it
22.2 Sporophytic Self-Incompatibility in Brassicaceae ...................
22.2.1 Physiological ASPect .........ciiiiiieiiiriiiiiiieieaanaeans
22.2.2 Cloning of S-Genes, and the Nature of S-Gene Products ....
22.2.3 Other Components of the SSI Pathway .......................
22.2.4 Working Model and Prospects ............cooooiiiiiiiiin.
22.3 S-RNase Based Gametophytic Self-Incompatibility .................
22.3.1 Physiological ASpect .........oiiiiiiiiiiiiiiiiiiiiiiieneens
22.3.2 Cloning of S-Genes, and the Nature of S-Gene Products ....
22.3.3 Other Components of S-RNase Based GSI ...................
22.3.4 Working Model and Prospects ..........c..ccviiiiiiiena..
22.4 The Use of SI in Breeding Programs
22.4.1 Plant Breeding .........c.ooociiiiiiiiiiiiiiiiiiiiiiiieaa
22.4.2 Integration of the SI System into F1-Hybrid
Breeding Programs ...

22.5 Conclusions
References

..................................................................



	IDN:999166859 ONIX:04 [TOC]
	Inhalt
	Seite 1
	Seite 2
	Seite 3
	Seite 4
	Seite 5
	Seite 6
	Seite 7
	Seite 8
	Seite 9
	Seite 10

	Bibliografische Informationen
	http://d-nb.info/999166859



