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Abstract

Angiosperm species exhibit incredible diversity in inflorescence architecture.
Legumes comprise the third largest family of flowering plants, second only to the
grasses in terms of agricultural importance. Several important crop legumes,
including pea, lentil, common bean and chickpea, share a characteristic inflorescence
form, the compound raceme, which has one extra level of inflorescence branching,
the secondary inflorescence (lI,), relative to the simple raceme of Arabidopsis.
Historically, pea has been a popular model legume for studies of flowering, often
through the characterisation of flowering and inflorescence mutants. In this study,
pea genes with an apparent or putative role in inflorescence development were
investigated, in order to improve understanding of the genetic control of
inflorescence development in pea.

Unlike Arabidopsis, where no single gene mutant has a non-flowering
phenotype, mutations at any of three pea loci can prevent flowering: GIGAS/FTal,
VEG1/FULc and VEG2. In this study, the roles of VEG2 during inflorescence
development were investigated using two mutant alleles: the non-flowering veg2-1
mutant, and the late-flowering veg2-2 mutant. The results indicate that VEG2 is
important for the correct timing of the inflorescence transition, initial specification
and maintenance of I, identity, and specification of floral meristems, under both LD
and SD conditions.

Preliminary mapping results indicated a pea homolog of FD as a candidate for
the VEG2 locus. In this study, the legume FD gene family was characterised and the
VEG2 locus was shown to correspond to FDa. In the veg2-1 mutant, the entire
coding sequence was found to be deleted but putative flanking genes were
unaffected. The veg2-2 mutant was shown to contain a single nucleotide
polymorphism (SNP), affecting a highly conserved amino acid within the DNA-
binding, basic region of the bZIP domain.

The mechanisms of FDa action were further investigated through analysis of
expression patterns of FDa and protein interactions with the pea FT and TFL1
homologs. FDa was found to be expressed in the wild-type apex throughout
development. FDa protein was found to be capable of interacting with all five pea FT
homologs, and DET (TFL1a), but not LF (TFL1c). Flowering genes regulated (either



directly or indirectly) by FDa were identified based on misregulation of expression
in the veg2 mutants. These included pea homologs of FT, TFL1 and LFY, in addition
to a range of MADS-box genes.

The late5 mutant is a previously undescribed EMS-induced mutant that
exhibits phenotypic similarity to veg2-2. To determine the role of LATES during pea
inflorescence development, the late5 phenotype was characterised. The genetic
interactions between LATES, DET and LF were investigated through the phenotypes
of double and triple mutants. The molecular roles of LATE5 were also investigated
by examining the effects of the late5 mutation on expression of flowering genes. The
map position of LATE5 was refined to a region of less than 3.2cM towards the base
of pea linkage group I, corresponding to a syntenic region of 0.6Mb containing 95
annotated genes in Medicago.

The legume family of SVP-like genes, which have important roles in flowering
time, inflorescence branching and floral meristem identity in other species, was
characterised and two new SVP-like genes (SVPb and SVPc) were isolated from pea.
Investigation of expression patterns of pea SVPa, SVPb and SVPc genes, revealed
developmental regulation of SVPc in wild-type pea, and misregulation of SVPc in the
veg2-2 mutant indicating regulation of SVPc (directly or indirectly) by FDa/VEG2.

Overall, the findings of this study make a significant contribution to knowledge

of the genetic control of inflorescence development in pea.



Acknowledgements

I would like to thank all the people who have offered help and support during
the process of creating this thesis. First and foremost, |1 would like to thank my
supervisors Jim Weller and Valérie Hecht, who have been generous with their time,
knowledge and enthusiasm throughout. | am grateful to Jim for his limitless patience
and insightful suggestions, and to Valérie for her technical expertise in all things
molecular. | would also like to thank the other members of the Pea Flowering Group
(past and present), Jackie Vander Schoor, Stephen Ridge, Vino Rajandran and Lim
Chee Liew, for their friendship, help and advice.

| have been lucky enough to have had the opportunity to spend time in two
fantastic overseas laboratories and | would like to thank my kind hosts in Dunedin
(Richard Macknight and Becky Laurie) and in Valencia (Paco Maduefio, Cristina
Ferrandiz and Ana Berbel) for welcoming me into their labs. In particular, 1 would
like to thank Ana, Paco and Cristina for generously offering to collaborate with in
situ hybridisation and BiFC experiments, which would not have been possible
without their help. 1 am grateful to Alejandro Ferrando (Universidad de Valencia,
Spain) who kindly shared the pYFC43 and pYFN43 vectors used for creation of
BiFC constructs.

I would like to thank Richard Immink (Wageningen Plant Research
International, the Netherlands) who kindly provided yeast strains PJ69-4A and PJ69-
4q, vectors pARC351 and pARC352, and some very helpful advice for yeast two-and
three-hybrid analyses. | am also grateful to Philip Wigge (John Innes Centre,
Norwich), Prof. Eliezer Lifschitz (Israel Institute of Technology, Israel) and Akiva
Shalit-Kaneh (Israel Institute of Technology, Israel) for sharing insight into their own
experiences with testing interactions between FD, FT, TFL1 and homologs and
offering suggestions for troubleshooting.

Closer to home, | am especially grateful to the glasshouse staff, lan Cummings,
Tracey Winterbottom and Michelle Lang who have kept my plants as happy and
healthy as possible. | would also like to thank Greg Jordan for statistical advice. | am
grateful to the people who have employed me along the way, particularly Jim Weller,
Greg Jordan and Rob Wiltshire. Thank you to my friends and fellow PhD candidates,

particularly Scott and Erin who have been there from the start, but also Nick, Tom,

\Y



Maddy, Chris and Nathan, for offering lunch-time laughter and cards. Thanks also to
my good friends from school, particularly Anna, Alison and Julia, for offering
dependable friendship through the years.

Last but definitely not least, | would like to thank my family for their endless
support and encouragement. | am particularly grateful to my Dad who went above
and beyond, volunteering to spend some long, cold winter’s weekends scribing in the
glasshouse, and my sister Grace who helped keep me sane and generously donated
her camera to the cause (>2000 photos of pea flowers and counting!). Many thanks
also to my Mum for her infinite optimism and delicious cocoa and Granny and

Auntie Kath for cheering each step of the way.

Vi



Table of contents

Declaration of OFigiNality .........cccociieiiiicc e ens i
AUTNOTITY OF ACCESS ..c.viitieiiecie ettt e st s re b e te e se et e steenbesteanaesaeane s i
ADSTFACT ... iii
ACKNOWIEAGEIMENTS ..ottt st e e et e e b e s reereentesneenee e v
ADBDFEVIATIONS ... s XV
CHAPTER 1: General introducCtion...........ccccocereieneneniniseseeeeieee 1
1.1 INEFOAUCTION ..o 1
111 Variation in inflorescence architeCture...........coooveiiiieiiiiccs e 1
112 The importance of Meristem IdeNtILY ..........coviiiiiiie e 2
113 oo L= I 1= o =SSOSR 3
1.2 Arabidopsis thaliana............cccoiiiiiii 5
121 INFIOFESCENCE TOIM....cviiiice e 5
1.2.2 The FT/FD PAtNWAY .....ccuviieieciecciece et ste et e e e e enee e 7
1.2.3  Repression by TERMINAL FLOWERL (TFLL) ov.oveoeveieeeeeeeeeeeeeesseseesseseessesssesssesseeee 8
124 LEAFY (LFY) and UNUSUAL FLORAL ORGANS (UFO) - an alternative pathway...... 9
125 Dual roles for AGAMOUS-LIKE24 (AGL24) and SHORT VEGETATIVE PHASE (SVP)
....................................................................................................................................... 10
1.2.6 RegUIAtIoN DY SOCL ..o 11
1.2.7 AP1 - a key floral meristem identity gene .......ccccooveveeve e 12
1.2.8 Local balance between promoters and repressors of floral identity ............ccccccoevenee. 13
1.3 TOMALO. ...t e 14
131 INFIOFESCENCE TOIM .. .ot 14
1.3.2 Antagonism between CETS Proteins ........coeiveiiiieiie e 16
133 FALSIFLORA (FA) and ANANTHA (AN) - conserved roles in promoting floral identity
....................................................................................................................................... 17
134 A role for JOINTLESS (J) - an StMADS11 subfamily member ..........cccocevevvvvnvvnnnnnne. 17
135 MACROCALYX (MC) - a role in inflorescence meristem identity.........c.cccoecvrvvivrennnnnn. 18
1.3.6 TERMINATING FLOWER (TMF) - an ALOG gene with a role in tomato inflorescence
EVEIOPIMENT ... ettt et nb e bbb beeneas 19
1.3.7 A matter Of DAIANCE ........cviici e 20
14 The grasses - rice and MAIZE ........c.oovieii it 20
141 INFIOFESCENCE TOIM ..ot 20
14.2 The FT/FD pathway iN GraSSeS ......ccveveierierieriesiesreseeieseesieseeseeseessesseeseesseseessessessessenses 25
1.4.3 Repressive functions of TFLL homOIOgS .....ccveuviiivieeieiecese e 27

vii



1.4.4 A possible role for SVP-like genes in grass inflorescence development ............c.cccee.... 27
1.4.5 A role for LFY and UFO homologs in panicle branching...........ccccoevevveviveiciieniniinennns 29
1.4.6 A divergent role for grass homologs of APL/FUL........cccccovvievevinnie e se e 30
1.4.7 A conserved role in inflorescence branching for an ALOG gene......cccccevevevevereinenns 31
148 SUMIMAY ...t r bbbt nr e ar b en s 32
15 P .. bbbt be s 32
151 A MOEl EGUME SPECIES......cvevitiiicti sttt 32
152 Pea INflorescence arChiteCtUre...........ooviiii i e 35
153 The FT family N PEA ....c.coiiiiiiiecee b 35
154 Subfunctionalisation of TFL1 homologs iN PEa.........ccccveieiieieiisise e 36
155 VEGL1 - a gene with a novel role in I, specification .........c.cccccevviievie i 37
156 The uncharacterised VEGETATIVE2 (VEG2) [0CUS ......c.cecvveiiviie e 37
157 The uncharacterised LATE BLOOMER 5 (LATES) I0CUS .......cccvviveiievieie e 38
158 Pea homologs of LFY and UFO ... 38
159 PIM - a conserved role in floral meristem specification ............ccccocveviiencnniciennennen, 39
1.6 AIMS TOF TNIS STUAY ... 39
CHAPTER 2: General Materials and Methods .........c..cccccceviviinnnnnne. 41
2.1 Plant materials and growth CONditions ............ccocoviviieieieieice e 41
2.2 Plant MEASUIEIMENTS ........civviiieieiieeeee sttt sae e e sre e ste e be e e saesreaneeseeeees 43
2.3 ONIINE SEQUENCE FESOUFCTES. .....evitieireeesresiesesiesie st st b ss e e sse e bbb e s neneas 44
24 PrIMEE AESIGN. ...ttt 47
25 DNA and RNA extractions and proCessing........c.ccoccveeveeneneereenesieesiesesseesveenas 47
25.1 Standard genomic DNA (DNA) eXtraction ..........ccccceeveivieiieiiesie e 47
2.5.2 Fast gDNA extraction for simple genotyping........ccccoevvereiineneineseee e, 48
253 RNA extraction and CDNA SYNthESIS ........coiiiiiiiiiee e 48
2.6 O PR 48
2.6.1 R3] 2=V F= T = P 48
2.6.2 LOW SEFINGENCY PCR ..ottt bbb 49
2.6.3 HiIgh FIAElity PCR ..ottt ettt 49
2.6.4 (07 ] (o] 1)V = O SRR PSPPI 49
2.6.5 Quantitative reverse transcription PCR (QRT-PCR)......cccoooiiiiiiiniiiieee e 49
2.6.6 Rapid amplification of CDNA ends (RACE) .......ccoiiiiiiiiieiese e 50
2.6.7 GENOME WAIKING .....cveiveieieiie ettt sttt b e 50
2.6.8 ViSUALISAtION OF DNA.....cce it e e seenrenreeneas 51
2.6.9 Purification 0f PCR ProdUCES ..ot 51

viii



2.7 (04 [0 1 o S SSURTN 51

271 ROULING CIONING ...ttt sttt srenresneeneas 51
2.7.2 LCE 111 VYol (o] oo USSR 51
2.7.3 Purification of plasmid DNA from bacterial Clones.........c.ccccocvvvvviiviiecccicsc e, 53
2.8 Quantification of DNA, RNA and PCR products...........cccccevvviveveiiiieseciennens 53
2.9 Sequencing and sequence analySiS ........ccocvvieiie s 53
2.10 Design and use of molecular markers for mapping and genotyping ............... 53
2.10.1  Selection of marker genes for MapPing........cccccevvreiiesieeieene e 54
2.10.2  SIZEMAIKETS ...t 54
2.10.3  Cleaved Amplified Polymorphic Sequence (CAPS) Markers .......cccccoovvveverenesesnennnnes 54
2.10.4  Derived Cleaved Amplified Polymorphic Sequence (ACAPS) markers............c.ccoeueneen. 55
2.10.5  High Resolution Melt (HRM) MAFKEFS ........coeiiirieiierieesie et 55
2.11 LinKage analySis .........ooviiiiiiiieiceee e 55
2.12 Construction of alignments and phylogenetic trees...........ccoovveierereiciennn, 56
2.13 Statistical ANAIYSIS. ........ccoiiiiie i 56

CHAPTER 3: The roles of the VEG2 locus during pea inflorescence

development ... 57
3.1 INEFOAUCTION ..o 57
311 Determination of SAM identity in non-flowering mutants ...........cccoccoevvineiineieennn, 57
312 Three pea loci with critical roles in flowering — GIGAS, VEG1 and VEG2 .................. 60
3.13 BranChiNg.....c.oiiiieie bbb 61
314 The role of VEG2 in maintaining I identity..........ccooeiiiiiniiieneseee e, 63
3.15 The role of VEG2 in flower development ............cccvovvivi i 63
3.1.6 (O3 o] (=] = V111 () I USSR 64
3.2 Materials and Methods............ccoiiiiiiii s 65
3.2.1 Plant material and growth CoNditions...........cccoeiiiiiciicce e 65
3.2.2 €15 T4 o110 To USROS UPUURPRTPRUR 67
3.2.3 ORT-PCR GNAIYSIS ....cveevieireetiiieieies ettt 68
3.24 Plant MEASUIEMENTS .......eouiiieiiitirieice ettt st ebe e ene e 68
3.3 RESUITS ... ettt 70
3.3.1 Examining a possible role for VEG2 in I, meristem specification...........ccccccoeevvevrnnnnne 70
3.3.1.1  Investigating SAM identity under LD cONAItioNS.........cccoviereiiineinene e 70
3.3.1.2 Characterisation of ontogenetic variation in internode length under LD conditions
.................................................................................................................................. 72
3.3.1.3  Investigating the relative timing of the V/I, transition under SD conditions............ 75



3.3.2 Characterisation of aerial branching............ccccoovviviiiiciesc e 78
IO B R [0 11T g T I 11 P 79
3.3.2.2  Characterisation of lateral oUtGroWth ...........ccoviveiicieic e 80
3.3.2.3  Timing of lateral OULGrOWEN..........cveiiie e 87
3.3.24  Total BranChing ........coocoiiiiiii s 91
3.3.25  ADICAI SENESCENCE ...ttt ettt bbbt 92

3.3.3 Investigating the role of VEG2 in specification of I, and floral meristem identity......... 93

3.34 Investigating the role of VEG2 in maintaining I, meristem identity............cccccvevveenes 96

3.35 Examining the role of VEG2 in floral development ..........cccccovvviviiviiecieiescne s 98
3.3.5.1  Floral morphology in the veg2-2 single mutant ...........c.cccoovvivniveieienece s 98
3.3.5.2  The pim-2 veg2-2 double mutant phenotype.........cccevveierieiie s 103

3.4 DISCUSSION ...ttt bbbttt 108

3.4.1 The roles of VEG2 and GIGAS/FTal during the V/I, transition..........c.c.ccecvevveiennnens 108

3.4.2 The link between ontogenetic variation in internode length and the V/I, transition....113

3.4.3 Branching in the late- and non-flowering mutants.............ccccoevinininncneee 114

3.4.4 Apical senescence in the late- and non-flowering mutants ............ccoccoevneiiieincnnns 117

3.4.5 The role of VEG2 in specifying and maintaining I, meristem identity ........................ 118

3.4.6 The role of VEG2 in floral development............cccoviieiii e 121

3.4.7 (@1 T To] (=] oo 0 [od [0 [ oL 125

CHAPTER 4: Molecular characterisation of the VEG2 locus ......127
4.1 INEFOTUCTION ... 127

4.1.1 A forward genetics apPrOACK .........ccveviiiiiie s 127

4.1.2 FD genes in Other SPECIES .......civeeiee e ecie ettt sne e 128

4.1.3 Isolation and preliminary investigation of an FD-like gene from pea..............ccccc... 129

414 CRAPLEE @IM(S) vttt bbb bbbt bns 129

4.2 Materials and MEtNOAS ..........ccoviiiiiii e 130

421 [dentification Of FD gENES......ccci i 130

4272 IVIICFOSYNEENY ...ttt bbbttt sttt 131

4.2.3 Determining the veg2-1 deletion boundaries ... 131
4.2.3.1  Attempts to isolate FDa in the veg2-1 mutant ..........ccccooeveniiienininieie e 131
4.2.3.2  Isolation of putative 5’ flanking gene (LA RELATED PROTEIN 1C) for FDa ...... 132
4.2.3.3  Isolation of putative 3’ flanking gene (RING finger) for FDa ..............cc.coovrvaunne. 133
4.2.3.4  1s0lation of PSDUF343..........coiiiiiiiiiiiece et 133
4.2.3.5 Mapping of FDa and surrounding genes...........cooeereiiirerininieneesieneeeseseeeseenes 134
4.2.3.6  Attempts to isolate regions between FDa and putative flanking genes .................. 134

424 Testing co-segregation of the G536A SNP with the veg2-2 mutation ..............cc.c.c..... 137



4.3 RESUIES ...ttt ettt et e s et e s ettt e s et e e s e b b et e s e sb et e saabbeeeeansraeeesaarees 138

4.3.1 Characterisation of the legume FD gene family .........ccccvvviiiiivcinsccne e, 138
4.3.2 Y To] 0137 1 (=1 2SS 147
4.3.3 The VEQ2-1 MULALION.......ccieieiieie ettt e e e e resreeneas 151
4.3.4 ThE VEQ2-2 MULALION. ......cciiieiiisie ettt na e e e seeseesresneeneas 153
44 o 13 (] o OSSR PSSSR 156
441 The legume FD gene family ... 156
442 IMICTOSYNEENY ...ttt b et b ettt et erns 159
443 THe VEGZ2-1 MULBLION. .....eiuiiiieiieie e 160
4.4.4 THE VEG2-2 MULBLION. ...ttt bbb e 162
445 Chapter CONCIUSIONS..........cviiie ettt re e te e ste e e neeaneennee e 163
CHAPTER 5: Actions and interactions of FDa/VEG2 .................. 165
51 INEFOAUCTION ..ot ere s 165
5.1.1 Conserved mechanisms of FD action in Other SPECIES.........ccvvvvieevieevieere e 165
5.1.2 e o 0] (=] [ S 166
5.1.3 Possible mechanisms of FDa/VEG2 ACtION..........cccceeirieieneniie e 167
5.1.4 (@3 T o] (=] = SRR 168
5.2 Materials and MEtNOUS. .........ccoiiiiieiiieee e 169
521 ORT-PCR ANAIYSIS ...ttt 169
522 IN SItU YDFIAISALION ... 170
523 Grafting EXPEITMENT ......oiviiiiiii bbb 172
524 GateWay ENLIY CIONES .......o.eiiiieiieiieec bbb 173
5.25 Yeast tWo-hybrid @nalySis .........ccciveeiiiiiie e 173
5.2.6 Isolation of 14-3-3 geNnes frOM PEA .......cccoiveiieiiic e 175
5.2.7 Yeast three-nybrid @nalySiS.......cccoe e 175
5.2.8 Bimolecular fluorescence complementation (BiFC) analysis ..........ccccccvvvevveiieieenens 177
5.3 RESUILS ..ot ettt e sreera et 178
53.1 Wild-type expression patterns of FDa.........cocoviviriiienieseesee e 178
5.3.2 Grafting EXPEITMENT .....c.oiviiiiieie ettt 180
5.3.3 Protein interactions 0f FDa .........cccvviviiiieiiee s 181
5.3.3.1  Yeast two-hybrid analysSiS.........ccccoeiiiiiiiiiiecee e 181
5.3.3.2  Isolation of 14-3-3 geNnes from PEA........ccceruiieririiiiiie et 184
5.3.3.3  Yeast three-hybrid analysis .........cccooiiiiiiiiiiii e 190
5.3.3.4  Bimolecular fluorescence complementation..............cccoceierinineninienie e 191

5.34 Identification of genes regulated by FDa/VEG2..........ccccoeieiiiininieiieiene e 193

Xi



5.4 (D TETod U EXcY o] TR 198

54.1 Wild-type expression patterns of FDa.........cccceveieiiiesieeiecc s 198
5.4.2 Protein INTErACTIONS. ......cvieeiisieere e 199
5.4.2.1 Interactions between FDa and FT homologs .......cccccvvviiieiinniesiienescne e 200
5.4.2.2 Interactions between FDa and TFL1 homologs .......ccccocvveiviveieeieiesene e 203
5423  The legume 14-3-3 gene family.........ccocoiiiiiiiiiiiie e 205

543 Identification of genes regulated by FDa/VEG2 ..........cccocooiiiinniineneenenee e 206
544 CONCIUSIONS ...ttt bbb bbbt b e nn 211
CHAPTER 6: Investigation of the LATES locus..........cccccevevveeneee, 213
6.1 INEFOAUCTION ... 213
6.1.1 GENELIC INTEFACTIONS ...ttt 213
6.1.2 Mapping Of the LATES 1OCUS. ......coiviiiiriiieiirieeieseee et 214
6.1.3 (O T T o] 1= =V LSS 214
6.2 Materials and MEtNOAS ..........ccoiiiiiiiiic e 215
6.2.1 Plant material, growth conditions and measurements ..........ccocveveveereerierenesieseseennenns 215
6.2.2 QRT-PCR ANAIYSIS ....ccviiiiiieiieiiiiiiniee st bbb 216
6.2.3 GeNOYPING FOF VEGL.....c.oiiiiiiiiiieiciisiee et 217
6.2.4 Fine mapping of the LATES I0CUS ......cccviiiiiecicsee e 217
6.3 RESUITS ...ttt 219
6.3.1 Further investigation of late5 mutant morphology...........cccccvirininininiice 219
6.3.1.1  Ontogenetic variation in internode 1ength...........ccccoriiiiniiii s 219
6.3.1.2  Lateral OULGIOWEN ......cc.oiiiiiieiiiciecce ettt 220
6.3.1.3 I3 MOFPROIOGY ...t 223
6.3.1.4  Floral MOrphology.......ccciiiiiie ittt 227

6.3.2 Investigation of genetic interactions With DET .........ccccooeviiiiiie e 228
6.3.2.1  Morphology of det and If det MUtaNtS............ccccovevieiiiie s 228
6.3.2.2  Phenotypic characterisation of vegl det and vegl If det mutants ............cc.ccceeuennee 231
6.3.2.3  Phenotypic characterisation of late5 det and late5 If det mutants.............ccccoeveeee. 234

6.3.3 Identification of genes regulated by LATED ........ccoireiiieniiieee e 236
6.3.4 Fine-mapping of the LATES J0CUS.......cccoiiiiriiiiiieeneese s 238
6.4 DISCUSSION ...ttt bbbt bbbttt bbb 243
6.4.1 Further investigation of late5 mutant morphology..........ccocviiieiiiieiiinenee e 243
6.4.2 Investigation of genetic interactions With DET .........cccocieiiiiiiniinenecneee e, 245
6.4.2.1  Variation in I, morphology observed in det and If det mutants............c.ccccecvvvnene 245
6.4.2.2  Phenotypic characterisation of vegl det and vegl If det mutants ............cc.ccceeuennee 246
6.4.2.3  Phenotypic characterisation of late5 det and late5 If det mutants.............cc.ccoeeee. 250

6.4.3 Identification of genes regulated by LATES ..o 250
6.4.4 Fine-mapping Of the LATESD 0CUS. .......cuiiiiiieiieiesisee et 251
6.4.5 CONCIUSIONS ...ttt bbb bbbt 254

Xii



CHAPTER 7: Characterisation of SVP-like genes in pea............. 255

7.1 INEFOAUCTION ..ot 255
7.11 CRAPLIEE @IMS ...ttt b e 256
7.2 Materials and MEthOAS...........coeiiiiiii e 257
7.2.1 Identification of legume SVP-like genes and gene isolation from pea.........cc.ccccvvuveee. 257
7.2.2 Identification of SVP-like genes in other angiosperm SPecies ........cccccevvevereveresnannns 257
7.2.3 Mapping Of Pea SVP-1IKE gENES ......eie e 258
7.24 (o R O3 R T T 1) ]SS 258
7.3 RESUILS ..ottt ettt sreereenae s 259
7.3.1 Characterisation of the legume StMADS11 subfamily.........ccccovovinininiiicii 259
7.3.2 Conserved structure of SVP-TIKE gENES .......ccoviriiiiiiiire e 266
7.3.3 Map positions for the pea SVP-1IKe gENES.........ccccoiiiiiiiiiiiiie e, 267
7.34 Ontogenetic expression patterns of pea SVP-like genes ..........ccocvvvvevvienenenienccnenen, 268
7.4 Do Ui o] SR RTRSPR 272
74.1 Characterisation of the legume StMADS11 subfamily...........cccooeviiiinieiie i, 272
7.4.2 Characteristics 0f pea SVP-1IKe QENES ........c.ciieieiiieie e 275
7.4.3 CONCIUSTONS ...t bbb bbbttt be bbbt ebe s 278
CHAPTER 8: General DiSCUSSION .......c.cccvevverieeiieiin e eniee e 279
8.1 Summary of main findiNgs ... 279
8.2 Revised model for inflorescence development in pea........cccoeeveiveveicciennns 280
8.3 FULUNE dIFECHIONS ... e e 283
8.4 ConClUuding FEMATKS........ccoviiiiicc ettt 286
] (=] =] 1001 TSRSPR 287
Appendix 1: Primer detailS ..o e e 311
Appendix 2: Sequences and sequence alignments for Chapter 4 .........cccocevvvvivivnnn. 321
Sequence alignment fOr FIGUIE 4.1 ..ot 325
Sequence alignMent fOr FIGUIE 4.2 ........ooi ittt et 330
Sequence alignMeNnt fOr FIGUIE 4.4 ........ooo it e b 332
Correcting annotation of LARP1C genes for Sections 4.3.2 and 4.3.3.......cccooviiiiniieneicneenns 341

Appendix 3: Expression profiles for legume FD genes from gene expression atlases . 344

Appendix 4: Sequences and sequence alignments for Chapter 5........cccccocveeivireenne 348
Sequence alignment fOr FIGUIE 5.3 .. ... et e 350
Alignment of FT/TFL1 homologs showing putative 14-3-3 binding SiteS .........ccccceeeiineieneninne. 356

Xiii



Appendix 5: gRT-PCR results for UNI and SOClain gigasand vegl.........ccccovevvennenn. 357

Appendix 6: Sequences and sequence alignments for Chapter 7...........cccccccevvevvenenenn, 358

Xiv

Sequences for SVP-like genes and other MADS-box transcription factors included in alignments

and PhylogenetiC ANAIYSES.......cviiviiiiiiiiieceee et reeneas 358
Sequence alignMENt fOr FIGUIE 7.1 c..cuviiiie ettt ens 361
Sequence alignMENt fOr FIGUIE 7.2 ..uviv ittt sttt 368
Sequence alignmeNt fOr FIGUIE 7.3 ..uv oot 376



ABA
AF

AG
AGL24
AGL79
ALOG
AN
AP1
AP2
AP3
APO1
AREB3
ATC
BiFC

BRC1
bzIP
CAL
CAPS
cDNA
CDS
CEN
CETS
CO

CV.
DAM
dbEST
dCAPS
DET
DFCI TGl
DJC23
DJC24
DLF1
DNA
DNE
DPBF4
DTF
EMS
FA
FDP
FLC

Abbreviations

Abscisic acid

AFILA

AGAMOUS

AGAMOUS-LIKE24

AGAMOUS-LIKE79

Arabidopsis LIGHT-SENSITIVE HYPOCOTYL 1 Oryza Gl
ANANTHA

APETALA1

APETALA2

APETALA3

ABERRANT PANICLE ORGANIZATION1
ABA-Responsive Element Binding protein 3
ARABIDOPSIS THALIANA CENTRORADIALIS HOMOLOG
Bimolecular fluorescence complementation
Nucleotide base pairs

BRANCHED1

Basic region leucine zipper

CAULIFLOWER

Cleaved amplified polymorphic sequence
Complementary DNA

Coding sequence

CENTRORADIALIS
CENTRORADIALIS/TERMINAL FLOWER 1/SELF-PRUNING
CONSTANS

Cultivar

Dormancy-associated MADS-box

GenBank Database of Expressed Sequence Tags
Derived cleaved amplified polymorphic sequence
DETERMINATE

Dana Farber Cancer Institute Gene Indices

DNA J PROTEIN C23

DNA J PROTEIN C24

DELAYED FLOWERING1

Deoxyribonucleic acid

DIE NEUTRALIS

Dc3 promoter-binding factor 4

Plant age at first open flower

Ethyl methanesulfonate

FALSIFLORA

FD PARALOG

FLOWERING LOCUS C

XV



FT
FUL
gDNA
gi
Hd3a
s

I
INCO
J
KAL
kb
LARP1C
LATE1
LATES
LB
LD
LF
LFY
LG
LSH3
LSH4
LUX
Mb
MC
miR156
NFI
PCR
phyA
Pl
qRT-PCR
QTL
RACE
RAPD
RN
RNA
RNAI
SAM
SD
SDW
SE
SEM
SEP1
SEP2
SEP3
SEP4
XVI

FLOWERING LOCUS T
FRUITFUL

Genomic DNA

gigas

Heading date 3a

Primary inflorescence

Secondary inflorescence
INCOMPOSITA

JOINTLESS

Kalisk

1000 nucleotide base pairs

LA RELATED PROTEIN 1C
LATE BLOOMER 1

LATE BLOOMER 5

Lurio-Bertoni media

Long day photoperiod

LATE FLOWERING

LEAFY

Linkage group
LIGHT-DEPENDENT SHORT HYPOCOTYLS 3
LIGHT-DEPENDENT SHORT HYPOCOTYLS 4
LUX ARRHYTHMO

1,000,000 nucleotide base pairs
MACROCALYX

microRNA156

Node of flower initiation
Polymerase chain reaction
phytochrome A

PISTILLATA

Quantitative reverse transcription PCR
Quantitative trait loci

Rapid amplification of cDNA ends
Random amplified polymorphic DNA
Reproductive node

Ribonucleic acid

RNA interference

Shoot apical meristem

Short day photoperiod

Autoclaved Milli-Q water
Standard error

Scanning electron microscopy
SEPALATAL

SEPALATA2

SEPALATA3

SEPALATA4



SFT
SN
SNP
SOC1
SP
SPGB
SPL
SQUA
SVP
TAE
TAIR
TER
TFL1
Tm
TN
TSA
UFO
UNI
UTR
VEG1
VEG2
V/1; transition
VRN1
WT
WUS
YFC
YEN
YFP
ZCNS8
ZFL1

SINGLE FLOWER TRUSS

STERILE NODES

Single nucleotide polymorphism
SUPPRESSOR OF OVEREXPRESSION OF CONSTANS 1
SELF PRUNING

SELF-PRUNING G-BOX

SQUAMOSA PROMOTER BINDING PROTEIN-LIKE
SQUAMOSA

SHORT VEGETATIVE PHASE

Tris acetate ethylenediamine tetra-acetic acid
The Arabidopsis Information Resource
Térese

TERMINAL FLOWER1

Optimal annealing temperature

Total nodes

Transcriptome Shotgun Assembly
UNUSUAL FLORAL ORGANS
UNIFOLIATA

Untranslated region

VEGETATIVE 1

VEGETATIVE 2

Transition of the SAM from vegetative to I, meristem identity

VERNALIZATION1

Wild-type

WUSCHEL

C-terminal half of yellow fluorescent protein
N-terminal half of yellow fluorescent protein
Yellow fluorescent protein

Zea mays CENTRORADIALIS8

Zea mays FLO/LFY 1
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