
Genetic and genomic studies of shoot and flower growth in Arabidopsis

Thesis by

Catherine Craig Baker

In Partial Fulfillment of the Requirements

for the Degree of

Doctor of Philosophy

California Institute of Technology

Pasadena, California

2004

(Defended December 11, 2003)



ii

© 2004

Catherine Craig Baker

All Rights Reserved



iii

in memory of my grandfather, Edwin Pratt Jordan



iv
Acknowledgments

I would first like to thank my advisor, Elliot Meyerowitz, for six years’ worth of

support, critical feedback, and general enthusiasm.  He has given me almost

complete independence, while always remaining available for scientific

discussions – hashing out ideas for new projects, celebrating over good results,

and getting excited about unusual genetic interactions and strange spontaneous

mutants.  A signature Elliot moment took place my first or second year, when I

was talking to him in his office.  A phone call came in – no problem: “I’m in an

important meeting – I’ll call you back.”  His enthusiasm for botany and plant

genetics soon made a convert out of me, and I have had a great time in his lab.

I am also indebted to the members of my thesis committee (Marianne

Bronner-Fraser, Bruce Hay, Paul Sternberg, and Kai Zinn) for giving me helpful

feedback and nudges in the right direction over the course of the last three and a

half years, both inside and outside of committee meetings.

Many thanks go to all of the members of the Meyerowitz lab, past and

present, for their scientific insight and support.  In particular, I would like to

thank Carolyn Ohno, Leonard Medrano, Frank Wellmer, and Jeff Long.

Within a week or two of arriving in the lab as a first-year, I realized that

Carolyn and Leonard were always willing to help show me where to find

something, how to operate a piece of equipment, or how to perform techniques

such as plant transformations, plasmid rescue, and in situs.  Between them, they

have accounted for about 90% of my technical training in the lab.  I believe I may

also have borrowed my weight in reagents from them (sorry!).



v
Many valuable scientific conversations over the last 4 years have involved

Jeff and/or Frank.  Jeff has excellent instincts about which experiments will work

and which ones will turn into a unwieldy, impossible-to-interpret messes.  On an

unrelated note, Jeff declared that EEP1 had to be a miRNA – a full year before the

cloning of the gene (Jeff, please do not use your powers for evil!).  Frank has had

the good nature to allow me to collaborate on the EEP1project and gradually take

it over.  He has also been extremely helpful in discussions about the CLAVATA1,

since that pathway has long been a favorite of his.

 Part of the work represented in this thesis has been performed as part of a

collaboration with Jennifer Fletcher and Vijay Sharma at the Plant Gene

Expression Center (Berkeley).  I am grateful to them for the sharing of clones and

sequences of the CLE genes, as well as information about results from reverse

genetic experiments on other member of the gene family.

Outside of lab, but just as crucial to my survival of graduate school, were

my friends and family.  Niki Zacharias, Sujata Bhattacharyya, and Gabriel Brandt

have been the best friends I could have asked for, and I am also grateful to

roommates past and present, Wednesday lunch buddies, soccer teammates, and

the happy folks in the Dougherty lab, for making the tough times bearable.

My family has been immensely supportive of my scientific endeavors.  My

late father and grandfather encouraged me in high school and college to pursue a

budding interest in biology.  Andrew, my older brother, has always been a good

scientific role model—from the time he was trying to grow carnivorous plants in

the basement at age 10, to the two years we overlapped at Caltech.  Finally, had

my mother been exposed to a single good science teacher in high school, I’m sure

she would have become a brilliant geneticist.  Both my mother and brother are



vi
my very best friends, and knowing that they’re just a phone call or an e-mail

away has made graduate school immeasurably more tolerable.



vii
Abstract

This thesis is organized around the theme of modulation of transcriptional states

in Arabidopsis thaliana.  The two particular mechanisms on which this work focuses are

(1) microRNA-mediated negative regulation of protein levels (either by mRNA cleavage

or by repression of translation) and (2) transduction of extracellular signals into the cell to

affect the transcription program.

Chapter 2 characterizes the role of the EARLY EXTRA PETALS (EEP1)

microRNA in the regulation of organ formation in the flower and shoot.  The eep1 loss-

of-function mutant has extra petals, and it enhances the shoot phenotype of the pinoid

mutant, which has defects in auxin signaling and organ formation.  EEP1 is nearly

identical to a pair of published miRNAs (MIR164a and b); all three are predicted to target

the mRNAs of six genes in the NAC family of transcription factors.  Two of these genes,

CUPSHAPED COTYLEDONS1 and 2 (CUC1 and 2), are redundantly required in flower

development.  Phenotypic and molecular analysis of lines overexpressing EEP1 are

consistent with (1) negative regulation of CUC1 and CUC2 by EEP1 and (2) cleavage of

the CUC2 mRNA promoted by EEP1.

Chapter 3 describes the investigation, by reverse genetics, of five proteins

encoded by genes in the CLV3/ERS (CLE) family.  Due to the similarity of these proteins

to CLAVATA3 (CLV3), the likely secreted ligand for the CLAVATA1 receptor-like

kinase, functional analyses were performed in order to determine whether these proteins

might also function as ligands for CLV1 or other receptor-like kinases.  The results

presented here derive from experiments using overexpression, double-stranded RNA

interference (dsRNAi), and promoter-glucuronidase (GUS) reporter expression.
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