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Abstract 

The maize leaf has th ree ma in  axes of g rowth , with an  asymmetric d istr ibution 

of tissue types along each axis. This study focuses on three mutants, Wavy 

auricle in blade 1-R ( Wab 1 -R) , liguleless1 -R (Ig 1-R) and milkweed pod1-R 

(mwp 1 -R) that d isrupt ax ia l  pattern ing of ma ize leaves .  Dominant Wab 1 

m utations d isrupt both med ia l- latera l and proxima l-d ista l pattern ing .  Wab 1  leaf 

b lades are narrow and ectop ic auricle and sheath-l ike tissues extend into the 

leaf blade .  Previous ana lyses have shown that Lg1 a cts cel l-autonomously to 

specify l igu le and auricle t issues. The current study reveals add itional  roles in  

def in ing leaf shape. The recessive Ig1-R mutation exacerbates the Wab 1-R 

phenotype ;  i n  the double m utants, most of the prox ima l  blade is deleted and 

s heath tissue extends along the resid ua l  b lade . 

A mosaic analysis of Wab 1 -R was cond ucted i n  Lg 1 and Ig1-R backgrounds to 

d eterm ine if Wab 1-R affects leaf development in a ce l l-autonomous manner. 

Normal  t issue identity was restored in  al l  wab 11- sectors in a Ig 1-R m utant 

backg rou nd ,  and in three quarters of sectors in a Lg 1 background . These 

resu lts suggest that Lg1 can influence the autonomy of Wab 1 -R. In both 

genotypes ,  leaf-halves with wab11- sectors were s ign ificantly wider than non

sectored leaf-ha lves , suggesting that Wab 1 -R acts cel l-autonomous ly to affect 

latera l  growth . 

m wp 1 -R i s  a recessive m utation that specifica l ly affects patterning of sheath 

t issue. Characterisation of the mwp 1-R phenotype revea led that mwp 1-R h usk 

leaves and the sheaths of vegetative leaves develop pa irs of outgrowths on the 

abaxial  su rface associated with reg ions of adaxia l ised t issue. In situ 

hybrid isation confirmed that d isruptions to adaxial-abaxia l  pattern ing  are 

correlated with m isexpression of leaf polarity genes. Leaf marg ins and fused 

organs such as the prophyl l  a re most severely affected by mwp 1-R. The fi rst 

two husk leaves normal ly  fuse a long adjacent marg ins  to form the b i-keeled 

prophyl l .  I n  the most severe cases the mwp 1 -R prophyl l  is red uced to an  

unfused , two-pronged structure and  keel outgrowth is  s ign ificantly reduced . We 

speculate that the adaxia l-abaxial pattern ing system has been co-opted d u ring 

evo lution to promote outgrowth of the keels in norma l  prophyl l deve lopment. 
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The resu lts of th is study place Mwp 1 ,  wab 1 and Lg 1 i n  a network of genes that 

reg u late leaf polarity and axia l  pattern ing .  

I I I  



Acknowledgements 

I wou ld l ike to thank my parents, Mum and Owl , for their  uncond itional love and 

support. Owl - you have taught me so much more than you imagine.  Mum - I 

am so sorry that you are not here to see me fin ish .  I thank you for your  

u nderstand ing and bel ief i n  me and for your  sheer common sense. 

I thank Paula Jameson for encou rag i ng me to come to M assey (although I d idn't 

rea l ise then how long I wou ld  stay!) and for support ing me at every step since .  

Thanks to Barbara Ambrose for a lways provid ing usefu l a n d  enthusiast ic 

feedback. 

A b ig thank you to Doug Hopcroft and Crunch (Raymond) Bennett for 

assistance with SEM and photography. Thanks to Keith Croft and Ben 

Parkinson at the Palmerston North Hospita l for i rrad iat ing seeds ,  and to Al ia 

Seleznyova for help with data analysis .  Thank you to Ch ris Kirk for al l  the 

patient advice and assista nce in the lab .  

I would l i ke to thank Sarah Hake for sharing th is  project, for your  warmth and 

generosity , and for open ing  your home to me whi le I was in the US . I thank 

Hector Candela for generously sharing knowledge and maize seed and for 

a nswering a m u ltitude of annoying questions. Thanks to Bruce Veit for the 

advice ,  encouragement a nd random in situ reagents. 

Ben - thank you for your  support while I was find ing my way and for a lways 

being there for me. Thank you for chal leng ing me and for teaching me the va lue 

(and p leasure) of a good a rg ument. >:0< 

Thanks to Sacha for provid ing so much encouragement, for the trips to the 

a i rport and for convincing me that I cou ld run 2 1 . 1  km in  the midst of it a l l .  

Thanks to Den ise for the Word long document tu it ion and for being a good 

friend . 

Richard - thank you for your  unfl i nch ing support even at my sogg iest. Thanks 

for the pool tutelage, for wa lk ing me and for help with the g i raffes. 

IV 



Sarah Dorl ing - you turned up just when I needed you and h ave g iven me so 

m uch love . Thank you for feed ing me when I was carb-deprived , send ing me to 

bed when I was exhausted and most of a l l ,  thank you for bei ng the s loth to my 

mou ld .  

Tosh i ,  I can not thank you enough for making my PhD such an  amazing and 

festive experience. Thank you for being a friend fi rst and for being the best 

supervisor I cou ld ever have hoped for. Thank you for sharing  your  love of plant 

development, for showing me my fi rst meristem and for speaking the same 

lang uage. Who else wi l l  understand the hand gestures and twitch ing of the 

shou lder b lades that denote particu lar parts of the ma ize plant? Thank you for 

the weekend retreats ,  wine, meals , nights dancing ,  cake and l unches at the 

Ga l lery .  

I wish to acknowledge and thank the Tertiary Education Comm ission who 

provided my Top Ach iever Doctoral Scholarsh ip and the Marsden Foundation 

who provided fu nding for this project. 

v 



This thesis is ded icated to my parents , Ga i le and Vern Johnston .  

VI  



Table of Contents 

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IV 
Ded ication . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  VI 
Table of Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  VI I  
List of  Fig u res . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  X 
List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI I  
List of Abbreviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  X I I I  

1 .  I ntroduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .  1 

1 . 1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

1 .2 Growth of the maize plant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

1 .3 Leaves have th ree main axes of growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

1 .4 Leaf in itiation and early development.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 4  
1 .4 . 1  Founder cel ls  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
1 .4 .2  Development of d icot leaves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
1 .4 .3  Development of ma ize leaves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

1 .5 Developmental  compartments and axial pattern i ng . . . . . . . . . . . . . . . . . . . . . . . .  7 
1 . 5 . 1  Developmental compartments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
1 . 5 .2  Analysis of leaf patterning m utants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
1 . 5 . 3  Proxima l-d istal patterning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
1 . 5 .4  Adaxia l-abaxial  patterning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  
1 . 5 . 5  Medial- lateral pattern ing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0  
1 . 5 .6  Summary of  axial  pattern ing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1  

1 .6 Establ ishment a nd mai ntenance of developmenta l  domains . . . . . . .  22 
1 .6 . 1 M icroRNAs and gene regu lation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 
1 .6 .2  Protein trafficking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

1 .7 Homologies between latera l organs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
1 .7 . 1  P lants are comprised of repeated structura l  un its . . . . . . . . . . . . . . . . . . . . . . . .  25 
1 .7.2 M utant phenotypes provide a tool for detecting organ homologies 
with in  a species . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
1 .7 . 3  M utations to orthologous genes in d iverse species . . . . . . . . . . . . . . . . . . . . .  27 

1 .8 Genome dupl ication and subfunctional isation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29 

1 .9 Maize inbred l i nes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 

1 . 1 0  Aims and objectives .................................................................. ....... 3 1  

VI I 



2 .  General Materials and Meth ods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33  

2.1  Maize nomenclatu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 

2.2 I nbred l ines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 

2.3 G rowth conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 

2.4 Stereomicroscope and l ight microscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 

2.5 Scann ing electron microscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
2 .5 . 1 Preparation of specimens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  34 
2 .5 .2  Preparation of repl icas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35  
2 .5 .3  Viewing and  photography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35  

2 .6  H istology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 
2 .6 . 1  Paraffin sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 
2 .6 .2  Stain ing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 
2 .6 .3  Resin sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  38 
2 .6 .4 D istingu ish ing xylem and ph loem in  sectioned materia l  . . . . . . . . . . . . . .  38 

3. Wavy auricle in blade1-R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 

3.1  I ntrod uction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 

3.2  S pecific materials and methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .40  
3 .2 . 1  P henotypic ana lysis of Wab 1-R and /g 1-R; Wab 1-R plants . . . . . . . . .  .40 
3 .2 .2  Mosaic and clonal ana lyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .40 
3 .2 .3  /g 1-R leaf measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .45 
3 .2 .4  Lateral ve in  count i n  Wab 1-R leaf primord ia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .45 

3.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46 
3 .3 . 1 /g 1-R enhances the Wab 1 -R mutant phenotype . . . . . . . . . . . . . . . . . . . . . . . . .  .46 
3 .3 .2  /g1 -R alters leaf shape . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .48 
3 .3 .3  Mosaic ana lysis of Wab 1-R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50 
3 .3 .4 Mosaic ana lysis  of /g1-R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 
3 . 3 . 5  C lonal ana lysis of Wab 1-R leaves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 1  
3 .3 .6  Wab 1-R leaves have fewer lateral veins by  p lastochron 4 . . . . . . . . . .  63 

3.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  66 
3.4 . 1 Lg1 influences cel l-autonomy of the Wab 1-R phenotype . . . . . . . . . . . .  66 
3 .4 .2  Loss of Wab 1 -R is associated with an  increase in  leaf width . . . . . . .  68 
3 .4 .3  The role of Lg1 i n  leaf morphogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69 
3 .4 .4  Ectopic au ricle t issue in Wab 1-R leaves is cond itioned by Lg1 . . .  70 
3 .4 .5  Effects of /g 1-RI- sectors on Wab 1-R ectopic sheath t issue . . . . . . . .  73 
3 .4 .6  Lg1 promotes latera l growth in  a non-ce l l  a utonomous manner . .  73 
3 .4 .7  Lg1 has both cel l -autonomous and non-autonomous fu nctions . . .  74 
3 .4 .8  Wab 1-R leaf primord ia are narrower and in itiate fewer latera l veins  
than wi ld-type leaf primord ia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74 

V I I I  



4. milkweed pod1-R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 

4.1  I ntroduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77  

4.2  Specific Materials and Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78  
4 .2 . 1 Materia l for SEM and h istology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78 
4 .2 .2  Measurements of mwp 1-R and wi ld-type latera l organs . . . . . . . . . . . . . .  79 
4 .2 .3  SEM of developing prophyl ls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
4 .2 .4  Measurements of developing prophyl ls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
4 .2 . 5  In situ hybrid isation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 
4 .2 .6  H usk leaf and prophyl l  material for in situ hybridisation . . . . . . . . . . . . . . .  85 

4.3 Resu lts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 
4 .3 . 1 H usk leaf phenotype . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 
4 .3 .2  Prophyl l phenotypes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  91  
4 .3 .3  mwp1-R sheath margin phenotype . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 05 
4 .3 .4  mwp1-R floral organ phenotypes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 08 
4 .3 . 5  Measurements of mature wi ld-type and  mwp 1-R latera l organs 1 1  0 
4 . 3 .6 The mwp 1 -R; Wab 1-R leaf b lade phenotype . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 8 

4.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 20 
4 .4 . 1 mwp1-R d isrupts adaxial-abaxial polarity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 20 
4 .4 .2  mwp1-R affects latera l and proxima l-d istal growth . . . . . . . . . . . . . . . . . . . .  1 29 
4 .4 .3  Mwp 1 i nteracts with networks that establ ish leaf polarity . . . . . . . . . . 1 33 
4 .4 .4  Expression of the mwp 1-R phenotype varies in  d ifferent inbred 
backgrounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 36 
4 .4 .5  mwp1-R specifical ly affects sheath tissue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 38 
4 .4 .6  mwp1-R i nteracts with prox ima l-d ista l patterning m utants . . . . . . . . .  1 38 
4 .4 .7  Comparison of grass and d icot modes of growth . . . . . . . . . . . . . . . . . . . . . . .  1 39 
4 .4 .8  Prophyl l morphogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 40 

5.  C o n c l u s ions a n d  futu re work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 45 

5.1  Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 45 

5.2 Future work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 48 

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 50 

IX 



List of Figures 

Figure 1 . 1 Leaf axes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

Fig u re 1 .2 Founder cel ls  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Fig ure 1 .3 Generation of a lb ino sectors for clonal ana lysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Figure 1 .4 M aize leaf pattern ing mutants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

Figu re 1 .5 I nteractions between factors involved in the specification of adaxia l-
abaxia l  polarity in  Arabidopsis and ma ize leaves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Figure 1 .6 Latera l organ homologies in  ma ize . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 

Fig ure 1 .7 U pper and lower leaf zones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28 

Figure 3 . 1  Scheme for mosaic analysis of Wab 1-R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 4 1  

Figure 3 .2 Scheme for mosaic analysis of Ig1-R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 42 

Figure 3.3 Leaf and whole p lant phenotypes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 47  

Figure 3 .4  Ep idermal and h istological featu res of wi ld-type, Wab 1-R and Ig 1-
R; Wab 1-R leaves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 48 

Figure 3.5 Phenotypes of wabll- sectors in  Wab 1-R leaves . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 

Figure 3.6 Phenotypes of wab 11- sectors in Ig 1 -R; Wab 1-R leaves . . . . . . . . . . . . . . . . . .  55 

Figure 3.7 Phenotypes of Ig1-RI- sectors in  Lg 1;Wab 1-R leaves . . . . . . . . . . . . . . . . . . . . .  60 

Figure 3.8 Calcu lation of rad ia l  posit ion of clona l  sectors in  cu lm . . . . . . . . . . . . . . . . . . . . 63 

Figure 3.9 Lateral vein number in  wi ld-type and Wab 1-R leaf pr imord ia . . . . . . . . . .  65 

Figure 3 . 1 0  Lg 1 affects cel l-autonomy of the Wab 1-R phenotype . . . . . . . . . . . . . . . . . . . .  68 

Figure 3 . 1 1 Model  for  Lg 1 function in  leaf morphogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  70 

Figure 4.1 Wild-type and mwp 1-R ears . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  86 

Figure 4 .2  Ectopic outgrowths on mwp 1-R h usk leaves are associated with 
adaxia l ised t issue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87 

Figure 4.3 rld1 is misexpressed in mwp 1 -R husk leaf pr imord ia  . . . . . . . . . . . . . . . . . . . . . .  89  

Figure 4 .4  zyb9 is misexpressed in  mwp 1 -R husk  leaf primord ia  . . . . . . . . . . . . . . . . . . . . .  90  

Fig u re 4 .5  The prophyl l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 1  

Fig u re 4.6 m wp 1 -R d isru pts prophyl l  development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 3  

x 



F igure 4.7 Vascu lar polarity i n  wi ld-type prophyl l  keel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  94 

Fig u re 4.8 The mwp 1-R prophyl l  defect is  apparent by plastochron four  . . . . . . . . .  96 

Fig u re 4.9 The mwp 1 -R unfused prophyl l  phenotype is  associated with rld 1  
m isexpression early i n  development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98 

Fig u re 4.1 0 rld1 expression in wi ld-type prophyl l  primord i um . . . . . . . . . . . . . . . . . . . . . . . . . . .  99 

Fig u re 4. 1 1  Morphometric ana lys is of mwp 1 -R and wi ld-type prophyl l  
deve lopment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 00 

Fig u re 4.1 2 The mwp 1-R prophyl l  "tab"phenotype . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 1 

Fig u re 4. 1 3  rld1 expression i n  mwp 1 -R prophyl l  exh ib it ing the "tab" phenotype 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 03 

Fig u re 4.1 4  mwp 1-R subd ivided keel phenotype . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 04 

Fig u re 4. 1 5  Outgrowths at mwp 1-R sheath marg ins  a re associated with ectopic 
rld1 expression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 06 

F igure 4. 1 6  Adaxial epidermal characteristics continue onto the abaxial side of 
mwp 1 -R sheath marg ins  with ectopic outgrowths . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 07 

Fig u re 4.1 7 mwp 1-R si lks are twisted a nd have ectopic outg rowths . . . . . . . . . . . . . .  1 09 

Fig u re 4. 1 8  Adaxial-abaxial polarity is d isrupted in  reg ions adjacent to ectopic 
sheath-l ike tissue in mwp 1-R; Wab 1-R leaf b lades . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 9 

Fig u re 4. 1 9  Model for estab l ishment of polarity i n  wi ld-type a nd mwp 1 -R 
prophyl l  primord ia and resu lt ing p rophyl l phenotypes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 27 

F igure 4.20 The adaxial-abaxial boundary promotes both latera l and prox ima l-
d ista l g rowth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 1 

Fig u re 4.21 Model for outgrowth of the prophyll keels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 43 

XI 



List of Tables 

Table 3. 1 Comparison of /g 1-R and wi ld-type (Lg 1//g 1-R) leaf shape . . . . . . . . . . . . .  .49 

Table 3 .2  Median width of clon al sectors i n  Lg1//g1-R and /g 1 -Rl/g 1 -R plants . 50 

Ta ble 3.3 Summary of wab 1/- sector phenotypes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52 

Table 3.4 Med ian d ifferences in the width of wab 1/- sectored and non-sectored 
leaf-ha lves at the b lade-sheath boundary and sheath m idpoint . . . . . . . . . . . . . . . . . . . . . . . .  56 

Table 3.5 Med ian  d ifferences i n  wab 1/- sectored and non-sectored leaf-ha lf 
widths ,  a nd effect of sector posit ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 

Table 3.6 Summary of /g 1 -Rl- sector phenotypes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58 

Table 3.7 Median  d ifferences in the width of /g1 -Rl- sectored and non-sectored 
leaf-ha lves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  61  

Table 3.8 Mean widths of clonal sectors i n  Wab 1-R and wi ld-type leaves . . . . . . . .  62 

Table 4. 1 Measurements of mature mwp 1-R and wild-type prophyl ls . . . . . . . . . . . .  1 1 1  

Table 4.2 Measurements of mature wild-type and mwp 1-R h usk leaves . . . . . . . .  1 1 2 

Table 4.3 Measurements of matu re wi ld-type a nd mwp 1-R vegetative leaves . . .  
. . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  1 1 3 

Table 4.4 Measurements of matu re wild-type and mwp 1-R g l umes . . . . . . . . . . . . . . .  1 1 5 

Table 4.5 Measurements of mature wild-type and mwp 1-R paleae . . . . . . . . . . . . . . .  1 1 6 

Table 4.6 Measurements of wi ld-type and mwp 1-R s i l ks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 7 

XI I 



List of abbreviations 

BSA 

°C  

d 

DEPC 

d icot 

D I G  

D NA 

DPX 

OTT 

E DTA 

FAA 

G FP 

h 

kV 

L 1 , L2 , L3 

LM 

M 

m g  

m in  

m iRNA 

m l  

mm 

mM 

monocot 

m R NA 

N BT/BC IP 

bovine serum a lbumin 

deg rees Cels ius 

day 

d iethylpyrocarbonate 

d icotyledon 

d igoxigen in  

deoxyribonucleic acid 

d ibutylphtha late polystyrene xylene 

d ith iothreito l 

ethylened iaminetetraacetic acid 

formaldehyde ,  acetic acid ,  ethanol 

green fluorescent prote in 

hour 

ki lovolt 

cel l  layers i n  the shoot ap ical meristem and lateral organs 

lateral meristem 

molar 

m i l l igram 

m inute 

m icroRNA 

mi l l i l itre 

m i l l imetre 

m i l l imolar 

monocotyledon 

messenger r ibon ucleic acid 

5-bromo-4-ch loro-3 '- indolyphosphate p-tolu id ine saltln itro-b lue 

tetrazol ium ch loride 

nm nanometre 

NTP nucleotide triphosphates 

PO , P1 , P2 plastochron number 

PBS phosphate buffered sal ine 

RNA ribonucleic acid 

s second 

SAM shoot apica l  meristem 

X I I I  



SEM 

SSC 

SS PE 

TBS 

TE 

tRNA 

�g 

�I 

�m 

w/v 

v/v 

scann ing electron microscopy 

sod ium chlor ide, sod ium citrate 

sod ium chloride, sod ium phosphate, EDTA 

tris buffered sa l ine 

tris ,  EDTA 

transfer ribonucleic acid 

m icrogram 

m icrol itre 

micron 

weight by volume ratio 

volume to volume ratio 

XIV 




