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Ad endum 

P. 9 The beginning of section 1.3.3: "Floricaula" should be spelt "FLORICAULA" 

P. 11 paragraph 3. The logic of the regulation 'AP1 and TFL 1 negatively regulate FCA' 
contradicts previous statements, which suggest that FCA negatively regulates TFL and 
positively regulates AP1. 

Page et al. (1999) State that: 
• "Mutations involved in the FCA gene strongly delay the floral transition resulting in 

plants with much larger numbers of rosette leaves and coflorescences". 
• "Mutations in the TFL 1 gene result in the conversion of the indeterminate apica l 

meristem into a determinate floral meristem (Shannon and Meeks and Wagner, 
1991 ).They can also cause an acceleration in flowering time, the extent differing 
in different alleles (Alvarez et al., 1992) 

• "In the LD cabinet conditions, the ap1-1 mutant flowered earlier and with fewer 
rosette leaves than the Ler parent (in agreement with (Schultz and Haughn, 
1993)." 

When FCA is combined in double mutants with TFL 1 and AP1: 
• "the flowering time of the double mutants, fca-1 tf/1-2 and fca-4 tf/1-2was later 

than the respective fca parents. Coflroescence and cauline leaf number on the 
main inflorescence of the double mutants was similar to the fca parent. The 
number of floral nodes produced was less than the fca parent but >six fold 
greater than the tf/1-2 mutant. Production of the terminal flower was suppressed 
in the double mutants but did occur eventually in all cases .... The late flowering 
phenotype was epistatic to the early flowering conferred by the tf/1 alleles and the 
formation of the terminal flower was significantly delayed." 

• "the fca-1 ap1-1 double mutant plants flowered at a similar time to the fca-1 
parent, with a similar number of rosette leaves, but the fca-4 ap1-1 plants 
flowered considerably later than fca-4. The characteristic determinate branched 
flowers previously described for ap1-1 mutations(Bowman et al., 1993) were 
present and these formed a dense mass of floral-like structures at the 
inflorescence apex in the late flowering backgrounds ..... ln summary, all fca 
alleles enhanced the ap1 inflorescence phenotype but did not significantly affect 
floral development in the ap1 flowers. As ap1-1 is a strong allele this suggests 
that FCA functions to promote the formation of flowers in pathways that act 
redundantly with AP1. the early flowering phenotype of ap1-1 mutations indicates 
that AP1 functions as a repressor of the floral transition and epistasis of the late 
flowering phenotype of fca-1 over the early flowering of ap1-1 suggests that it 
acts via inhibiting FCA function. 

Furthermore Page et al. (1999) state: 
• "The results are consistent with AP1and TFL 1 negatively regulating FCA 

function ... " 
Therefore any suggestion that FCA negatively regulates TFL and positively regulates 
AP1 is incorrect based on the double mutant analysis of Page et al. (1999) and any 
implications I have made should therefore be disregarded. 

Evans (1940) should be Evans, M.W. and Grover, F.0. (1940) 

P 33 and P34 the small unexplained numbers and octagons present in the figures are 
outliers with the number referring to the individual in that dataset which is the outlier. 



P 41 Figure 3-19 refers to the distance from the central culm to the base of the first 
spikelet axis (A) . Figure 3-20, however, refers to the distance from the central culm to tip 
of its axis (B) and was devised to show he indeterminate nature of this axis . 

A 
A 

B B 

Wild type Ramosa 1 

P 43 "wild type siblings" should be deleted from figure caption 

P 67 The red in the pie charts is the mean percentage of the tassel that branched and the 
blue is the mean percentage of the tassel that is spikelet pairs. 

P 73 The branches in fig. 3-51 and 3-52 are subtended by two glumes and arise in place 
of the upper floret with a single floret on the surface away from the cob. The branches 
produce two secondary structures similar to spikelet pairs along its flanks perpendicular 
to the axis of the inflorescence axis . These structures are most likely derived from the 
loss of determinacy of the spikelet meristem which then reverts to a developmental 
program similar to a branch meristem and produces spikelet pairs in an alternate 
phyllotaxy. 

P 107 in response to the question weather the map location of the ids1 mutant is known . 
The reference Chuck et al. (1998) did not give a map position nor did Neuffer et al. 
(1997). However, the Maize DB (http://www.agron.missouri.edul) lists ids1 locus as being 
on the long arm of chromosome 1 while bd1 is located on chromosome 7 (Neuffer et al., 
1997). 

A explanation on how to interpret boxplots has been included in Appendix1 on page 118 
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Abstract 

The genetic control of inflorescence development has been studied in great detail in the 

model dicotyledonous plants Arabidopsis tha/iana and Antirrhinum majus. In contrast, 

little is known about the genetic regulation in monocotyledonous species. Using maize 

(Zea mays) as a model system, the phenotypes were documented for the branched 

silklessl (bdl) and ramosa (ral , ra2, and ra3) inflorescence mutants that are 

characterised by abnormally branched ears. A comparison of the adult morphology and 

developing inflorescences using scanning electron microscopy in mutant and normal 

maize reveals that there are at least five reproductive meristems that can be identified 

in maize: the inflorescence meristem, the branch meristem, the spikelet pair meristem, 

the spikelet meristem, and the floret meristem. The abnormal branching in bdl and the 

three-ramosa mutations is the result of the fai lure to determine the fate of specific 

types of reproductive meristems in both tassels and ears. Both RA 1 and RAJ are 

required for the determination of spikelet pair development in branch primordia. RA2 

is necessary for determinate growth in spikelet pair meristems. BDJ is required 

determinate growth of spikelet meristems by specifying a determinate floral meristem 

identity. The classification of the different types of reproducti ve meristems and the 

genes that regulate their development is essential to understanding the genetic 

programs that underlie inflorescence morphogenesis in maize and other Gramineae. 



Ill 

Acknowledgements 

I would like to thank: 

• My boss Allan Hardacre for allowing me the time off work to fini sh 

experiments and write up. 

• My supervisor, Dr Bruce Veit for his help and patience. 

• Doug Hopcroft and Raymond Bennett for help with the SEM and processing 

the photographs. 

• Rebecca Heaphy for her support and putting up with me when I was stressed. 

• Finally, Mum and Dad. who support me no matter what happens and are 

always there for me. 



IV 

Table of Contents 

Abstract ... ..... ................. .. ......................................................... .......... ...... ...... ..... ............ ii 

Acknowledgen1ents ..................................... ........ .... ........................ ........ ... ... ............. .. .. iii 

Table of Contents ...................................................... .......... ........... .. ................. ... .. ... .. .. . iv 

List of Figures ................................................................................................................ ix 

l Introduction ............ ..................... ............................................................................ l 

I. I Maize as a model system to study inflorescence development.. ..................... 2 

1.2 Inflorescence morphogenesis ............... ............ .. ........ ..................................... 3 

1.2. 1 Features of a sati sfactory explanation of morphogenesis ....................... 3 

1.2.2 Tactics to study inflorescence morphogenesis ........................................ 5 

1.3 Current and proposed models of inflorescence development ........................ . 5 

1.3. 1 The phytomer as a unit of development.. ............................................... . 5 

1.3.2 Combinatoria l model of shoot development.. ...................................... ... 6 

1.3.3 Regulation of inflorescence development in Antirrhinum ........ .............. 9 

1.3.4 Regulation of inflorescences development in Arahidopsf L ................. I 0 

1.3.5 A model for maize inflorescence development ... ................................ . 12 

2 Materials and Methods .. .............. ..... ... .... .......................................... .................... 17 

2. 1 Materials ................ .... ... .. ... ............ ........................................ ........... .... ........ 17 

2. 1.1 Plant Lines ... ...... .. ............................................................... .......... ........ 17 

2.2 Buffers and Solutions .. ........................ .......................................................... 18 

2.2.1 0.1 M Sorenson's buffer at pH 7.0 ............ ............................................. 18 

2.2.2 4% Paraformaldehyde ............... ............................. ... .... ... .. ................... 18 



v 

2.2.3 Fixative ................................................................................................. 18 

2.3 Methods ............. .. ............................................... .... .............. .. ................ ...... 18 

2.3. I Origin of mutant lines ........................................................................... 18 

2.3.2 Maintenance of genetic stocks ................. ....... ......... ............ ........... .. ... . 19 

2.3.3 Agronomy .... ........................ .................................... ................... ..... ..... 20 

2.3.3.1 Field Nursery .... .... .. ............... .... ..... .. ....... ... ...... .... .. ... ..... ... .. ............. 20 

2.3 .3.2 Off-season nursery ................. ........................................................... 20 

2.3.3.3 Pollination ....... .................................................................................. 21 

2.3 .3 .4 Harvesting .................. ....................................................................... 21 

2 .3.4 Morphological Analysis ........................................................................ 21 

2.3 .5 Developmental Analysis ..... ..... .. ...... .................. ... .... ..... .... ................... 25 

2.3.5. l Tissue Preparation ...... ................ .... ................... .... ............................ 25 

2.3.6 Photography ...................... ... ............................. .... .... .. .. .. ... ............ ....... 26 

3 Analysis of Maize Inflorescence Morphology ...... ........ ...... .. .... ..... ...... ................. 27 

3.1 Wild type inflorescences morphology .................................................... .. .... 27 

3. 1. 1 Wild type male tassel morphology ... ..................... ................................ 27 

3.1.2 Wild type female ear morphology ......................................................... 29 

3.2 Ramosa-1 tassel and ear analysis ...... ... ..... .... ....... ................... ......... .......... ... 30 

3.2.1 Primary axis morphology ... ........................................ .... .... ................... 33 

3.2.2 Tassel Characters ...................... ... ................ ..... ...... .. ............. ... ............ 36 

3.2.2.l Analysis of Tl in ramosa-1 tassels ................................................... 40 

3.2.2.2 Analysis of T2 in ramosa-1tassels ....................... ......... ................... 42 

3.2.2.3 Analysis of T3 in ramosa-1tassels ................................................... 42 



VI 

3 .2.3 Ear Characters ....................................................................................... 42 

3.2.3.1 Analysis of El inramosa-1 ears ....................................................... 43 

3.2.3.2 Analysis of E2 in ramosa-1ears ....................................................... 43 

3.2.3.3 Analysis of E3 in ramosa-1 ears ....................................................... 44 

3.3 Ramosa-2 Tassel and Ear analysis .......... ... .. ................................................. 45 

3.3. 1 Primary axis morphology .................................................. .. .................. 47 

3.3.2 Tassel Characters ................................................. .. ............................... 48 

3.3.2.1 Analysis of Tl in ramosa-2 tassels .......................... ... .. .................... 49 

3.3.2.2 Analysis of T2 in ramosa-2 tassels ....... ......... ........... ............... ......... 50 

3.3.2.3 Analysis of T3 in ramosa-2 tassels ................................................... 51 

3.3.3 Ear Characters ....................................................................................... 51 

3.3.3.1 Analysis of E 1, 2 and 3 in ramosa-2 ears ......................................... 52 

3.4 Ramosa-3 tassel and Ear analysis ................................................................. 54 

3.4.1 Primary axis morphology ....... ............................................................... 54 

3.4.2 Tassel Characters .................................................................................. 55 

3.4.2.1 Analysis of T l in ramosa-3 tassels ................................................... 57 

3.4.2.2 Analysis ofT2 in ramosa-3 tassels ................................................... 58 

3.4.2.3 Analysis ofT3 in ramosa-3 tassels .............. ..................................... 58 

3.4.3 Ear Characters ....................................................................................... 58 

3.4.3.1 Analysis of El in ramosa-3 ears ............................. ..... .. .. ................. 59 

3.4.3.2 Analysis of E2 in ramosa-3 ears ....................................................... 60 

3.4.3.3 Analysis of E3 in ramosa-3 ears ........... ........ .................................... 60 

3.5 Branched si lkless l tassel and Ear analysis ..... ....... ...... .. ............................... 61 



Vll 

3.5. 1 Primary axis morphology ........................................ ........... ................. .. 63 

3.5.2 Tassel Characters ............................................... ............................... .... 66 

3.5.2. 1 Analysis of T l in branched si/klessl tassels .................................... 68 

3.5.2.2 Analysis of T2 and TJ in branched silklessl tassels ........................ 69 

3.5.2.3 Spikelet Morphology in family I 04 .................. .............................. .. 69 

3.5.3 Ear Characters ... ...... ..... ........... ....................................... .... ... .... .... ... .... . 72 

3.5.3.1 Analysis of El. E2 and E3 in branched silklessl ears .. ...... .............. 72 

4 Analysis of Maize Inflorescence Development ... ..... ............ ............. .. ... .. ....... ..... 75 

4.1 Norn1al Development. ... ............................. ................................................... 75 

4.1.1 Vegetative development ... ........... ..... ............ .. ...................................... 75 

4.1.2 Inflorescence development and branch primordia initiation ... ... .......... 75 

4.1.3 Branch development ................... ... .......... .. ..... ...................................... 76 

4.1 .4 Spikelet pair development .............................. ...... ........ ...... .................. 77 

4.1 .5 Spikelet and floret development ....................................... .. .... ........ ...... 78 

4.2 Ramosa-1 ........ ................................................................................. ............. 80 

4.2. I Branch development .......... ......... .. ... .... .. .. .. ... ... ... ............................. .... . 81 

4.2.2 Indeterminate spikelet pair development.. ........................................... . 82 

4.2.3 Spikelet development ............ .... ... ....... .... ............ ......... ...... .... .. .... ... ...... 84 

4.3 Ramosa-2 ............ ......................................................... .... ... .......................... 84 

4.3.1 Branch development ..... .................................................. .... .................. 86 

4.3.2 Indetem1inate spikelet pair development ......................................... ..... 86 

4.4 Ramosa-3 ........................ .. ............. ............................. ........ .......................... 87 

4.4.1 Ramosa-3 homozygote tassels and ears ................................... .. ..... ...... 87 



Vlll 

4. 4. 2 Ramosa-3 heterozygote inflorescences ... .... .... ........... .. .. ... ........ ......... ... 88 

4.5 Branched silkless l ..... .. ....... ....... .... ... ....... .... .... ...... ... ..... .. .. ... .. ... .... .. .... ..... ... . 90 

4.5. l Spikelet development.. ................ .... ...... .. ........ .. .... .... ...... ... .......... ...... ... 90 

5 ramosa-2 ramosa-3 Double Mutant Analysis ..... .. .. ........... ............. .... ... ... ....... .... 93 

6 Discussion .... ..... .. ....... .......... ......... ...... ..... ..... ..... ...... ..... ....... ... ..... ... .... ..... ..... ....... . 95 

6. 1 Ramosa-1 Morphogenesis ... .. ... .... ......... .... .. .......... ..... ... ..... ..... ........ ....... .... ... 95 

6.2 Ramosa-2 Morphogenesis .. .... ... .... ... .. .......... ... ... ....... ......... ..... .................. .... 97 

6.3 Ramosa-3 Morphogenesis ... ...... .... ..... .. ...... .... ..... .. .. ..... ............... ... .... .. ..... .... 98 

6.4 Branched silkless 1 Morphogenesis ...... ......... ... .. ... ....... ..... .. ... .. .. ....... .... .... .... 99 

6.5 Double mutant combinations .... ... ........ ....... ..... ...... ... ........ ... ......... ......... .... . 101 

6.6 Comparison of ramosa and branched silkless 1 phenotypes .. ........ .... .... ...... 102 

6. 7 Refinement of the genetic model of inflorescence development.. ......... ... .. 103 

6. 7.1 Branch morphogenesis .... ... ...... .... ... ...... .. .. ..... ..... ........ .. .. .. ..... ..... ....... . 103 

6.7.2 Spikelet pair morphogenesis ... .... ........ .. ... ..... ... ...... ..... .. ... ... .. ... .... .. .. .. . 105 

6.7.3 Spikelet morphogenesis .... ... .... ............ ..... ..... ... ........ ... ... ........... ... ...... 106 

6.8 Role of morphological genes in evolution .. .... ........ ...... ...... ... ... ... ........ .. .. ... 107 

7 Conclusion .......... ...... ..... ... .... ... ..... .. ... ..... .... ...... ...... ... ... ... ... .... .... .... .. ......... .... .. ... 109 

8 Bibliography ...... ... ... .. .. ... ...... .. ... ... .. ...... ......... ......... ....... ... .... ...... ... ..... .. .... ... .... ... 110 

Appendix I Box plots ....... ....... .. .. .... ...... ....... ........ ....... ...... .... ...... ....... ....... ...... ...... .. 118 

Appendix II Genetic Loci that specifically affect inflorescence morphology .. .. .... 11 9 

Appendix III Tables ..... ....... ... ... ...... ....... .... ... ..... .... .... ... .. ........ .. .. ..... .......... ......... .. 132 



IX 

List of Figures 

Figure 1-1 Summary of the steps in maize development.. .... ....... .... .. .............. ...... .. ..... .. 8 

Figure 1-2 Mutants affecting inflorescence architecture in maize .... ................. ........... 14 

Figure 1-3 Model of timing of gene action relative to inflorescence morphogenesis .. 16 

Figure 2-1 Primary branch and indeterminate spikelet pair. .... .......... .. ....... .... .. .. ... ...... 23 

Figure 2-2 Position of sampling points on maize inflorescences ............... .................. 24 

Figure 3-1 Maize tassel ........ ... ...... .... .. ... ..... ......... .. .............................. .. .. ........ .. ... .. ..... .. 28 

Figure 3-2 Female ear ... ................ .... ........ .. .. .. .. ....... .......... ... ....... .......... .............. ......... 28 

Figure 3-3 Male spikelet pair (Robbins, 1924) ... ................. ....... ........ .... .. .................... 28 

Figure 3-4 Female spikelet (Nees, from Robbins (1924)) ....... ......... .. .. ... .... .. ...... .. ... .. .. 28 

Figure 3-5 Ramosa-1tassel .. .... ..... ..... .......... ... ..... .. .. .... ............ ..................................... 30 

Figure 3-6 Ramosa-1 ear. ...................... .. .......... .. .... ........... ........ .... ... .......................... .. 30 

Figure 3-7 3D scatterplot of tassel percentages in ral family 191 ..... .. .......... ........ .... .. 31 

Figure 3-8 30 scatterplot of tassel percentage in ral family 201 ... ..... ... .. .. ..... ..... ....... . 32 

Figure 3-9 30 scatterplot of tassel percentages in ra3 family 251 ....... .............. .... ...... 32 

Figure 3-10 Boxplots of the total plant heights for ral and wild type siblings ... .. ..... .. 33 

Figure 3-11 Box plots of vegetative plant height for ral and wild type siblings .......... 34 

Figure 3-12 Boxplots of peduncle length for ral and wild type siblings ........... ... .. .. .. . 35 

Figure 3-13 Box plots of tassel height for ral and wild type siblings .................. ... ...... 35 

Figure 3-14 Boxplots of tassel and peduncle length combined for ral and wild type 

siblings ........ ...... .............. ..... .. .. ... ....... ............ ......... ..... ... .... ... ...... ....... .. ... ..... ...... .. 36 

Figure 3-15 Ramosa-1 tassel primary branch .. ...... ........................ .. ... ....... ........... ........ 3 7 

Figure 3-16 Normal tassel primary branch .......... ............ ......... ...... .......... .............. ... ... 37 



x 

Figure 3- 17 Diagrammatic representation of branch types in wild type vs. ra I 

inflorescences .. .. ........ ... ...... .. .. ........ ....................................................................... 38 

Figure 3-18 Pie charts of Tassel area in ra I and wild type siblings ............................. 39 

Figure 3-19 Boxplots of spikelet pair axis lengths in ral and wild type s iblings ... ... ... 41 

Figure 3-20 Boxplots of the total length of the I st spikelet pair axis at T l in ral and 

"v11ild type siblings .. ... ............... .... ......... .. ... ..... ..... .......................... ............... .... .... . 41 

Figure 3-2 1 Fertile and sterile female ramosa-1 primary branches in ral and wild type 

s iblings .. ...... ... ..... ............ .................................................... ... .... ........................... 43 

Figure 3-22 Ra2 tasse l ...... ....... ... .... ....... .... .... .... .... .. ............. ..... .... ........................... .... 45 

Figure 3-23 Ra2 ear ................. ..................... ................................... .. .... ... .. .. ............ .... 45 

Figure 3-24 Separation of branch axis from inflorescence axis ... .... .. .......................... 46 

Figure 3-25 Wild type vs. ra2 branches and spike let pairs ........................... ................ 4 7 

Figure 3-26 Peduncle length of Ra2 vs. wi ld type ........ ....... .... ....... ...... ........................ 48 

Figure 3-27 Pie Charts of tassel areas in Ra2 families .................... ....... ........... ........... 49 

Figure 3-28 Branch morphology at T l ................................... ...................................... 50 

Figure 3-29 mature ra2 ear compared to mature normal ear ......................... .......... ..... 5 1 

Figure 3-30 wild type and ra2 spikelet pairs .................. .. ....... ....... .......... ........ .. ... .. ...... 52 

Figure 3-3 1 A comparison of total plant height and plant height plant height between 

wild type and ra3 .............. ... ...... ........................................... ......... ... ... .. ....... ... ...... 54 

Figure 3-32 A comparison of tassel and peduncle length between wild type and ra3 .. 55 

Figure 3-33 ra3 tassel ..... .. ..................................... ....................................................... 56 

Figure 3-34 Ra3 heterozygote tassel. ... ..... ...... .. ............................ ........ ..... ................... 56 

Figure 3-35 Ra3 primary branch .... ...... .... ................................... ............ ............... ....... 56 

Figure 3-36 Ra3 het primary branch ...... ........... ....... ... ... ... ....... ................... ... .... .. .... .. ... 56 



XI 

Figure 3-37 Wild type tassel branch ... .......... ............................. ... ............. ... ....... .......... 56 

Figure 3-38 Pie charts of mean tassel percentages for wild type and ra3 ............... ...... 57 

Figure 3-39 Ra3 homozygous and heterozygous ears showing different degrees of 

branching along the 1° axis ..... .... ........ ......... .............. .... ..... .. ........ ..... .. ... .... .... ...... 59 

Figure 3-40 Branches on ra3 homozygous ear ...................... ............. ... ..... ......... ...... .. . 60 

Figure 3-41 sterile and fertile bdl tassels ....... ................ .. ...... .... ......... .......... ....... ... ..... 62 

Figure 3-42 un branched and branched bd I ears ...... .. .... ... ........ .......... ... ... ......... .......... 62 

Figure 3-43 Plant height of bd I vs. wild type .. .. .... .. ... ........ .......... ....... ...... ..... .......... .... 64 

Figure 3-44 Tassel and peduncle he ights for bd I vs. wild type ........... ... .... .... ..... ... ...... 65 

Figure 3-45 Pie charts of mean tassel percentages for bd I vs. wild type ....... ... ......... ... 67 

Figure 3-46 Variation in the spikelets at Tl in fami ly 104 ... ..... .. ................................. 68 

Figure 3-47 Variation in the spikelets at Tl in family 16 1 ..... ... ......... ... ........ ..... ....... ... 69 

Figure 3-48 indeterminate male bd I spike let ..... ... .. ....... ... .. ..................... ....... ............. 70 

Figure 3-49 Diagram of bd I spike let pair. .... .... .. .... .. ......... ...... .......... ..... ..... ........ .... .... . 71 

Figure 3-50 hdl pedicellate spikelet axis ... ... .. ........ .......... .... ............ ..... ... .... ............... 71 

Figure 3-5 1 !Jd I female branches ....................... .................. .. .. .... ................................ 73 

Figure 3-52 Bd I female spikelet pairs ................. ... ......... ......... ..... .... ......... ....... .. .... .. ... 73 

Figure 3-53 Basal end of bdl female branch .... ...... ....... .. ..... ....... .. .... ......... ...... .. .......... 74 

Figure 4-1 Elongated tassel meri stem with branch primordia initiating a long the flanks 

····· ···· ··········· ········ ········ ······················· ·· ·· ····· ·· ····· ····· ······················· ········· ··· ··· ······· · 76 

F igure 4-2 Initiation of branch primordia in the tassel with subtending rachis flaps .. . 76 

Figure 4-3 Rachis flaps on the inflorescence axis at the base of primary branches at 

maturity ... .... .... .... ... ....... ... ..... ........... .. ...... ... .. .... .... ......... ..... .. ....... .. ... .................... 76 

Figure 4-4 Wild type tassel develo pmental series .................... ...... .......... .... ..... ........... 77 



XII 

Figure 4-5 Wild type ear developmental series .............. .... ..... .... ... ...... ........................ 78 

Figure 4-6 Spikelet and floret development in wild type ears ...................................... 79 

Figure 4-7 Ra 1 tassel developmental series .................................................................. 80 

Figure 4-8 Ra I ear development.. ...................... ............................ ..... .. ....... .. ............... 81 

Figure 4-9 Secondary branch development in ra I cars ......... ... ...................... ...... ..... ... 82 

Figure 4-10 indeterminate spike let development in ra I tassels ...................... ............. 83 

Figure 4- 1 I Morphogenesis in ra2 tassels ............. ........ ... ... .. ................ ....................... 85 

Figure 4- 12 Morphogenesis in ra2 ears ........................................................................ 85 

Figure 4- 13 Indeterminate spikelet pair development in ra2 ears ........................... ..... 86 

Figure 4-1 4 Primary branches on ra2 ears ............... .......... ................... ............ ... ....... .. 86 

Figure 4-15 Development of raJ homozygous tasse ls ................ .... ... .......................... 88 

Figure 4- 16 Development of raJ homozygous ears .................................. .. ................. 88 

Figure 4- 17 Development of raJ heterozygous tassels ........ ... ..... ... .. ... ......................... 89 

Figure 4-18 Development of ra3 heterozygous ears .............. .......... ............................. 89 

Figure 4-19 Morphogenesis of bd I tassels ............................................. ..................... . 91 

Figure 4-20 Morphogenesis of bd I ears ......................... .... .......................................... 91 

Figure 4-21 Development of spikelets in bd 1 ears ...... ................................................. 92 

Figure 5-1 Pie charts of the relative tassel areas of ra2ra3 populations .. ...................... 94 


