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Abstract 

In the Shoot Apical Meristem (SAM) the position at which leaf primordia arise on 

the periphery, and their subsequent differentiation, have been shown to be (at least 

in part) to be directed by genetic programs of development. A candidate gene 

associated with this regulation is TERMINAL EAR I (TE 1 )  a maize gene 

identified by the irregular phyllotaxy of its mutant lines. Unlike most other genes 

associated with meristem function, TE I is a novel RNA binding gene of the 

RRM type. It has been shown to have orthologues in a variety of plants including 

Arabidopsis thaliana as wel l as unicellular eukaryotes including MEI2, a gene 

whose product is associated with the regulation of meiosis in 

Schizosaccharomyces pombe. 

In order to more fully understand TEl ' s  role, a functional characterisation of 

two of the so-called Mei2-like genes was undertaken in the model plant A .  thaliana. 

These genes are called Terminal Ear-Like 1 and 2 ( TELl and TEL2). Constitutive 

overexpression of the cDNA of TEL2 using the Cauliflower Mosaic Virus 3 5 S  

promoter (CaMV35S) revealed a phenotype involving an apparently prolonged 

vegetative phase. However this was only observed in a limited number of l ines of 

the total screened, and the next generation did not reiterate this phenotype. These 

difficulties were overcome using the LhGpOP construct system for ectopic 

misexpression in specific domains as well as inducible ubiquitous expression. 

Ectopic expression of either TEL cDNA is  shown to lead to a pleiotrophic spectrum 

of phenotypes, which in general, were associated with reduced determinant 

development outside the apical meristems and as well as a delayed overall 

developmental progression. This provided some evidence that the normal function 

of TEL genes within the apical meristems is the repression of differentiation 

associated with the regulation of plant growth and architecture. 



Acknowledgements 

I would l ike to thank my supervisor Bruce Veit, who is  one of the giants on whose 

shoulders I leant heavily on during this work. 

I would like to thank past and present members of the Veit lab who helped me 

laugh when Vitros, God of Small Laboratory Disasters, took a hand. These include 

Dan 'The Germinator' leffares (who introduced me to the Maize God), Carmel 

Gilman, Nena Alvarez, Susanna Leung, Karen Wilson and Susanne Lambie. To all 

of these people and those which space forbids inclusion, your insights, humour and 

thoughtful moments all contributed to this work at different times in ways too 

numerous to numerate and impossible to repay. Speaking of pay I wish to thank the 

Marsden Fund, for its generous support of my time there. 

Part of this PhD was undertaken at AgResearch Grasslands Ltd. The staff were 

incredibly kind and helpful both when I arrived and at all subsequent stages .  In 

particular I want to thank Derek White for helpful discussions and suggestions in 

the microscope room. Despite my frequent attempts to blow up the kitchen and 

associated instruments, Roy, Editha and Kim showed patience above and beyond 

the call of duty. Finally I wish to thank my wife who kept me going when I thought 

I could not go any farther, and my family for their smiles at the right moments. 

Cheers. 

Vemon. 

II 



Table of Contents 

Functional Analyses of the TERMINAL EAR I-Like RNA Binding Proteins of 
Arabidopsis thaliana ................................................................................................ i 
Abstract .................................................. .................................................................. i 
Acknowledgements .............................. . . . ..................... . . . ....................................... ii 
List of Figures ................ . . . ................. .... ... ............... . . .............................. ............. vii 
List of Tables .............. ............................ ...... ......... ..................................... ........... ix 
Abbreviations ............ .............................. ................ ................................... ............ x 
Chapter 1 :  Introduction ............................ ............. .......................... ......... ............ 1 
1 . 1  An Introduction to Differentiation .................. ............................................... 1 

1 . 1 . 1  Phyllotaxy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
1 . 1 .2 Cytohistology of the SAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
(a) Domains of Fate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
(b) Communication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  
1 . l .3 Cytohistology of the RAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

1 .2 The cell cycle and the SAM ........................................................................... 1 4  
1 .2 . 1 Axis and frequency o f  cell division . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5  
1 .2 .2 Cell expansion and phyl lotaxy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 7  
1 .2 .3 Hormonal regulation of phyl lotaxis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

1 .3 Genetic programs of development .......................... . . . .......................... ......... 22 
1 . 3 . 1  Meristem identity and maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 
1 .3.2 The KNOX genes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 
l .3 .3  The CLA VA TA / WUSCHEL Signalling Pathway . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
1 .3 .4 MGOUN and Other Genes that Specify the Boundary Domains . . . . . . .  27 

1 .4 Axial patterning of the Leaf ............... ............. ............................ .................. 29 
1 .4. 1 PHANTASTICA(PHAN) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 
l .4.2 PHAB ULOSA (PHB),PHA VOLUTA(PHV) and REVOLUTA (REV) . .  3 1  
1 .4.3 ARGONA UTE(A GO) and PINHEAD / ZWILLE (PNH /ZWL) . . . . . . . . . . .  33 
1 .4.4 MicroRNA Mediated Gene Regulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35  

1 .5 RNA binding proteins and cell fate ....... .................. . . ................... ...... .......... 38 
1 . 5 . 1  The RNA Recognition Motif (RRM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 
1 . 5 .2 Drosophila RNA binding Proteins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39 
1 . 5 .3 Arabidopsis RRM Proteins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42 
l . 5 .4 TERMINAL EAR 1 :  A Novel Maize RRM RNA Binding Gene Involved 

in the Regulation of Phyllotaxy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 43 
1 . 5 . 5  Mei2p and meiRNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 44 
l .5 .6 The Mei2-like Genes of Arabidopsis sp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 46 

1 .6 Aims of this Research .... ....................... .... ....... ................................... ........... 48 
Chapter 2 :  Localisation of TEL within plant cells ............................................ 50 
Introduction ........ . . ........... . . . ........................... ............... ... ..... ......... ......... ... ........... 50 
General IVIethods .... ......... . . . ....................... ................ ............................ ............... 5 1  

2 . 1 . 1  General Culture of Escherichia coli . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 1  
2 . 1 .2 Preparation of Heat shock competent E. coli strains . . . . . . . . . . . . . . . . . . . . . . . . . .  52 
2 . 1 .3 Transformation of E .  co l i  by heat shock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 
Agrobacterium Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 
2 .2 . l Growth of Agrobacterium sp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 
2 .2 .2  Preparation of electrocompetent Agrobacterium sp . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 
2 .2 .3  Electroporation of competent Agrobacterium sp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53  
2 .2 .4  Preparation of Freeze/Thaw "competent" Agro-bacterium ce l l s  . . . . . . . .  53 
2 .2 .5  Freeze/thaw transformation of Agrobacterium ce l l s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 

111 



General DNAJRNA methods ........................................................ ....................... 54 
2 .3. 1 P lasmid DNA extraction from bacterial  lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 
2 .3.2 Alkaline lysis for plasmid DNA extraction . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 
2.3.3 Genomic plant DNA Extraction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55 
2 .3.4 Total plant RNA extraction and general precautions . . . . . . . . . . . . . . . . . . . . . . . . . .  55 
2.3.5 Quantification of RNA and DNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 
2 .3 .6 Electrophoresis of DNA and RNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 
(a) E lectrophoresis of glyoxylated RNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57  
(b) Transfer of RNA to membranes . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58  
(c )  Synthesis of Dioxygenin Label led DNA Probes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58  
(d) Hybridisation of  RNA Membranes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58  
(e) Detection of DIG Labelled Probes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 
2 .3.7 Standard PCR protocol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 

Obtaining cDNAs ....... ........ .......... . . ................................... ................................... 60 
2 .4. 1 Selection of tissue for RNA extraction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
2.4.2 mRNA Enrichment and Extraction . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 60 
2 .4.3 Reverse Transcriptase PCR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60 
2.4.4 C loning and confirming the cDNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 1  
2.4. 5 Sequencing Protocol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 1  

Cloning of cDNA into expression vectors ........... ................. .............................. 62 
2 .5 . 1 General Vector construction outline . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . .  62 
2 .5 .2  Quick Check by Phenol 'cracking' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 
2 .5 .3 Colony PCR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 

Recombinant expression ..................................... ......... ........................................ 64 
2.6. 1 General Protein Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64 
(a) The Bradford Assay Estimation of Protein Concentration . . . . . . . . . . . . . . . . . . .  64 
(b) SDS Polyacrylamide Gel Electrophoresis (SDS- PAGE) . . . . . . . . . . . . . . . . . . . . . . .  64 
2 .6.2 Western blotting and Chemiluminescent Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 
(a) Semi-dry western blotting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 
(b) Chemiluminescent Detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 
2 .6.3 Recombinant Expression Constructs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66 
2.6.4 Purification of His Tagged Protein . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .  67 

General plant transformation protocols ............................................................ 67 
2 .8 . 1 Terminology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67 
2 .8 .2 Transformation of Agrobacterium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  68 
2 .8 .3 Transformation of A rab idops is plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68 
(a) Screening for transgenic plant lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  69 
(b) Ri-mediated transformation protocol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . .  70 
2 .8 .4 Plant protein extraction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . .  70 

Localisation of TEL2 using a GFP fusion construct: ....................................... 7 1  
2 .8 .5  Construction of TEL2::GFP expression vector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 1  
2 .8 .6  Visualisation of GFP . . . . . . . . . . . . . .. . . . . . . .. . . . . . . .. . . . . . .. . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  72 

2.9.0 Results .......................................................................................................... 72 
2.9. 1 cDNAs of the TERMINAL EAR-like genes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  72 
a) TEL2 cDNA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  72 
b) TELl cDNA . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  72 
2 .9 .2 Recombinant expression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .  73 

2.9 .3 Unable to locate expression of TEL2: : GF P  in any line examined . . . . . . . . . . . . . . . .  74 
2.9.4 Is The TEL2: :GFP Construct Translationally Functional? . . . . . . . . . . . . . . . . . . . . . . . . . . .  75 
2. 1 0  Discussion .. . . ..................... ............... ............................................................. 76 

IV 



Chapter 3: Constititutive and ectopic over-expression of TEL cDNAs .......... 81 
3.0 Introduction .................................................................................................... 81 
3.1 M ethods ........................................................................................................... 82 

3 . l .1 Ectopic expression of the TEL genes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  82 
3 .1.2 Characterisation ofP3 5S : TEL2 lines ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 
3 .1.3 Developmental Progression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85  
3 .2 .1 LhG:pOP, a two component expression system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 
3 .2.2 Construction and nomenclature of OP- TEL lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  88  
3 .2 .3  Domain specific expression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90  
(a) AINTEGUMENTA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90  
(b) APETALAJ, APETALA3 and AGAMOUS . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  91 
3 .2.4 Manual cross-pollination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92 
3 . 3 .0  Characterisation of LhG:pOP lines . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92 
3 . 3 .1 Domain Specific Expression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92 
(a) Terminology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92 
(b) Screening of the F 1 seed . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  93 
(c) Segregation of the Reporter construct . . .  . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  93 
(d) Phenotypic categories .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 
(e) Quantitative characterisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
3 . 3 . 2  Cytohistological examination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
(a) Epidermal Cell counts from the cotyledon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
(b) Preparation of samples for SEM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  96 
(c) Epifluorescence using the Scanning Con focal Laser Microscope 

(CLSM) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  96 
3 . 3 . 3  Inducible Expression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  97 
(a) Inducible lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  97 
(b) Expression levels of OP- TEL inducible lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 
(c) Glasshouse analysis . . . . . . . . . . . .......... . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 
(d) Root elongation analysis . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 

3.4 Results ..................................................... ................................................ 101 
3 .4.1 Constitutive ectopic overexpression of TEL2 causes developmental 

delays . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101 
3 .4.2 Delayed phenotype coincides with constitutive TEL2 expression . . . .  104 
3 .4 .3  The delayed phenotype is not reiterated in the T2 generation . . . . . . . . . . .  105 
3 .4.4 Developmental progression is mildly delayed . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .  106 
3 .4 .5 Domain-specific expression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . .  109 
(a) Confirmation of correct expression domains . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109 
(b) Segregation of the Reporter construct . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  113 
3 .4.6 AP1» OP- TEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  115 
3 .4 .7 AP3» OP-TEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  121 
3 .4 .8  AG» OP-TEL2 -3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125 
3 .4.9 AN T» OP-TEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  127 
3 .4.10 Cotyledons have a reduced size but increased cell number at the di stal 

tip 143 
3 .4.11 Characterisation of OP-TEL(S7) lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145 
(a) Levels of inducible expression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145 
(b) Evaluation of OP-TEL(S 7) lines in glasshouse spraying experiments . 146 
(c) Tissue culture induction of OP-TEL(S7) lines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  149 
(d) Root growth rate of OP- TEL(S7) lines under induction . . . . . . . . . . . . . . . . . . . . . . .  150 
(e) Cytohisto1ogy of OP-TEL-S7 roots grown with induction . . . . . . . . . . . . . . . . . . .  153 

v 



3.5 Discussion ...................................................................................................... 1 56 
3.5 . 1 The weakly penetrant phenotypes of P35 S : TEL2 in transgenic lines 1 56 
3.5 .2 The LhG» OP-TEL crosses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 58 
3 .5 .3 Phenotypes in the Domain specific expression lines . . . . . . . . . . . . . . . . . . . . . . . . .  1 59 
(a) The F loral promoters . . . . . . . . . ... . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 59 
(b) ANT» OP-TEL seedlings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .  1 6 1  
3 .5 .4 Developmental assays . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 64 
3 .5 .6  Inducible OP-TEL expression . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .  1 66 
3 .5 .7  Root growth kinetics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .  1 67 

Chapter 4.0: Discussion ..................................................................................... 1 70 
4. 1 The Mei2-likes of Arabidopsis . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 70 
4.2 Expression of the TEL protein products from the cDNAs . . . . . . . . . . . . . . . . . . .  1 72 
4.3 Localisation of TEL2::GFP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 73 
4.4 The 35S:TEL2 expression l ines and the s low midget phenotype . . . . . . . . .  1 75 
4.5 Ectopic expression delays determinative development . .  . . . . . . . . . . . . . . . . . . . . . .  1 76 
4.6 The Floral promoters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 79 
4.7 The inducible expression constructs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 82 
4 .8 Developmental progression of ectopic express ion constructs . . . . . . . . . . . . . .  1 86 
4.9 A role for TEL in repressing cell growth and differentiation? . . . . . . . . . .  1 87 
4 . 1 0  Future directions . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 95 

5.0 References ..................................................................................................... 200 
Appendix I: ......................................................................................................... 2 1 3  
Primers used in this work: ........ ........................................................................ 2 1 3  

VI 



List of Figures 

I Chapter I 

Figure 1 . 1  

Figure 2 . 1 

Figure 2 .2 

Figure 2 .3  

Figure 2 .4 

Figure 2 .5  

I Chapter 3 

Figure 3 . 1 

Figure 3 .2  

Figure 3 . 3  

Figure 3 .4 

Figure 3 . 5  

Figure 3 . 6  

Figure 3 . 7  

Figure 3 . 8  

Figure 3 .9  

Figure 3 . l O  

Vll 

Three views of the SAM 

Constructs for promoter/ T AP tagged TELl 
expressIOn 

. . . . . . . . . . . . . . . . . . . . . . .  9 

. . . . . . . . . . . . . . . . . . . . . . .  1 2  

. . . . . . . . . . . . . . . . . . . . . . . . . . . 69 

GFP and TEL2: :GFP fusion constructs . . . . . . . . . . . . . . . . . . . . . .  73 

Recombinant Expression of His-tagged TEL2 . . . . . . . . . . . . . . . . . . . . . .  75 

The 35S : TEL2: :GFP construct is functional . . . . . . . . . . . . . . . . . . . . . .  77 

Histochemical staining of P TELlF : :GUS 
seedlings . . . . . . . . . . . .  . . . . . . . . . .  78 

Constructs used in plant ectopic expression 
experiments 

Examples of Developmental 'Landmarks '  

The two component LhG-pOP system 

Abnormal morphology of 35S : : TEL2 TO 
l ines 

Delayed development of T l  3 5 S : : TEL2Iines 

RT-PCR of TEL2 in overexpression T l  lines 

Occasional phenotype in T3 seedlings of one 

. . . . . . . . . . . . . . . . . . . . . .  87  

. . . . . . . . . . . . . . . . . . . . . .  90  

. . . . . . . . . . . . . . . . . . . . . .  92  

1 05 

1 07 

1 08 

TEL2 overexpression line . . . . . . . . . . . . . . . . . . . . . . 1 1 0 

Developmental progression of 3 5 S : : TEL2 
lines . . . . . . . . . . . . . . . . . . . . . .  I I I  

Domains of GUS staining in OP-GUS 
crosses ( EV) 
Domains of GUS staining in AG» OP­
TEL2-3 cross 

1 1 3 

1 1 4 



Figure 3 . 1 1  

Figure 3 . 1 2  

Figure 3 . 1 3  

Figu re 3 . 1 4  

Figure 3 . 1 5  

Figure 3 . 1 6  

Figure 3 . 1 7  

Figure 3 . 1 8  

Figure 3 . 1 9  

Figure 3 .20 

Figure 3 .21 

Figure 3 .22 

Figure 3 .23 

Figure 3 .24 

Figure 3 .25 

Figu re 3 .26 

Figure 3 .27 

Vlll 

Phenotypes observed in F3 seedlings of the 
AP l » OP-TELl seedlings 

Developmental progression of AP 1 » OP­
TEL crosses 

Morphological Phenotypes in AP3» OP-TEL 
crosses 

Developmental progression of AP3» OP­
TEL crosses 

Morphology of FO AG» OPTEL2-3 
seedlings 

Callus like tissue in ANT» OP-TEL2-3 
seedlings 

Irregular morphology of ANT» OPTEL2 

1 1 8 

1 2 1 1  
1 22 

1 24 

1 25/ 
1 26 

. . . . . . . . . . . . . . . . . . . . . . 1 28 

. . . . . . . . . . . . . . . . . . . . . .  1 29 

cotyledons . . . . . . . . . . . . . . . . . . . . . .  1 3 1  

Morphology of ANT» OPTEL2 cotyledon 
epidermal sectors . . . . . . . . . . . . . . . . . . . . . . 132 

Morphology of ANT» O PTEL2 cotyledon 
with distal "beak" . . .  . . . . . . . . .  . . . . . . . . . .  1 33 

Morphology of ANT» OPTEL2 cotyledon 
with "beak" . . . . . . . . . . . . . . . . . . . . . .  1 35 

The vestigial cotyledons of ANT» OPTEL2 
seedlings . . .  . . . . . . . . . .  . . .  . . . . . .  1 36 

Cellular morphology of callus like tissue in 
cotyledons of ANT» OP-TEL2 crosses . . . . . . . . . . . . . . . . . . . . . .  1 3 7  

I rregular morphology of ANT» OP- TEL2 
Extremely delayed seedlings . . . . . . . . . . . . . . . . . . . . . .  1 3 8  

Further examples of extremely delayed 
seedlings . . . . . . . . . . . . . . . . . . . . . . 1 39 

Cellular morphology of extremely delayed 
phenotype 

Developmental progression of ANT» OP­
TEL2 crosses 

Examples of epidermal morphology of 
ANT» OPTEL2 seedlings 

1 40 

1 41 

. . . . . . . . . . . . . . . . . . . . .  1 43 



Figure 3 .28 Phenotypes observed i n  ANT»OP-TELl-2 

seedlings 

Figure 3 .29 Inducibility of OP-TEL (S7) lines 

Figure 3 . 30  Delays in floral development in inducible 

OP-TEL-S7 lines. 

Figure 3 .31 Representative phenotypes of  TEL2-S7 lines 

Figure 3 . 32 Representative phenotypes o f  TELl-S 7 lines 

Figure 3 .33  Mean Root Length ofOP-TEL (S7) lines 

versus EV 

Figure 3 .34 
Cellular morphology of the roots ofOP-TEL 

and EV inducible lines. 

I Chaeter4 

Figure 4.1 Phenotypes of se fas 1-1 double mutants. 

List of Tables 

Table 3.1 Classification of Floral development 

Table 3 .2  Activator lines used in crosses 

Table 3 . 3  Segregation of Marker in 35S:TEL2 lines 

Table 3 .4 Frequencies of GUS histochemical activity in 
crosses. 

Table 3 . 5  Frequencies of Phenotypes in F2 crosses. 

Table 3 .6  Epidennal cell numbers and cotyledon width 

Table 3 . 7  Summary of growth rate of roots. 

F2 

Table 3 . 8  Mean width of roots from the inducible expression 
lines: 

IX 

146 

148 

149 

150 

151 

154 

156 

..................... 190 

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

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

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

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

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

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

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

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

94 

103 

109 

116 

119 

145 

153 

157 



Abbreviations 

2-ME 

Amp 

CLSM 

CZ 

DEPC 

DEX 

DIG 

OMPC 

OMSO 

dNTPs 

OTT 

GUS 

Kan 

Hyg 

IPTG 

mg 

Ilg 

IlM 

ng 

NaOAc 

PCR 

QC 

PZ 

RAM 

rpm 

RRM 

RT-PCR 

RZ 

§ 
SDS 

SDS-PAGE 

SAM 

x 

2-mercaptoethanol 

Ampici l lin, followed by concentration in Ilg/ml 

Confocal Laser Scanning Microscope 

Central Zone 

Oiethy lpyrocarbonate 

Dexamethasone, fol lowed by concentration in IlM 

Oioxygenin 

Oimethylpyrocarbonate 

Oimethy lsulphoxide 

deoxyribonucleotide triphosphates 

dithiothreitol 

�-Glucouronidase 

Kanamycin, fol lowed by concentration in Ilg/ml 

Hygromycin, followed by concentration in Ilg/ml 

Isopropyl-beta-O-thiogalactopyranoside 

mill igram 

mlcrogram 

micromolar 

nanogram 

Sodium Acetate 

Polymerase Chain Reaction 

Quiescent Centre 

Peripheral zone 

Root Apical meristem 

Revolutions per minute 

RNA Recognition Motif 

Reverse Transcriptase polymerase chain reaction 

Rib zone 

Section 

Sodium Dodecyl Sulfate 

SDS Polyacrylamide gel electrophoresis 

Shoot Apical Meristem 



Spec 

SSC 

TEL 

Tm 

Tris 

DAG 

xg 

X-Glc 

X-Gal 

ZD 

ZE 

XI 

Spectinomycin, followed by concentration in /lg/ml 

sodium chloride and sodium citrate 

Terminal Ear Like 

Timentin, followed by concentration in /lg/ml 

Tris(hydroxymethyl)aminomethane 

Days after germination 

multiples of gravitational force 

5-Bromo-4-Chloro-3-lndolyl-B-D-Glucuronic Acid 

5 -bromo-4-chloro-3 -indo I y 1-13-D-galactopyranoside 

Zone of Differentiation (Root) 

Zone of Elongation (Root) 




