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Cartography of the African continent and its territories as represented by Sebastian Münster in
1554.
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Contrast in complexity between two different representations of the same locality: meanders in
Venice’s Laguna. Top: Satellite view; Bottom: Google map (Map Data © 2018 Google)
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“The map is not the territory”
Alfred Korzybski

7

8

Table of Contents
Preface

11

Chapter 1:

13

Plant enhancers: A call for Discovery

Chapter2:

37

Genome-wide mapping of transcriptional enhancer candidates using
DNA and chromatin features in maize

Chapter3:

99

Vgt1 and its upstream uva1 region act as cis-regulatory elements,
Vgt1 regulates flowering time and growth speed

Chapter 4:

165

Characterisation of putative transcriptional enhancers in Zea mays.

Chapter 5:

227

3C in Maize and Arabidopsis

General discussion

253

A bird’s eye view on the maize regulatory genome

Summary

269

Samenvatting

273

Acknowledgements

277

9

10

Preface

Preface
Multicellular organisms are composed of different cells that form organs and tissues that
together shape an organism and participate in its functioning. As an illustration: neurons in the
brain are ‘doing the thinking’, while myocytes (muscle cells) in our legs ‘do the walking’!
Similarly, in plants, while root cells are ensuring the uptake of water and nutrients from the
soil, leaves are busy transforming sunlight and carbon dioxide into sugar and oxygen. Different
tissues for different functions. This clear separation of tasks among cells might appear obvious
to most of us in this era of strict division of labor but considering the single cell origin of all
complex organisms, really, it’s not!
Indeed, it always starts with one unique cell or zygote and its unique DNA composition. The
DNA molecule will be passed on, by mitotic cell division, to all daughter cells and therefore to
all cells that make up the organism. DNA can be seen as a blue print containing all the
instructions to generate the different cells and tissues a living organism is composed of. This
blue print contains instructions such as genes, which are the elementary bricks to form all the
proteins of an organism. So how can it be that different cells can look and behave as different
as neurons and muscle cells (or leaf cells and root cells) while sharing the same DNA?
Cell specialization is the process by which one cell differentiates from another to acquire
specialized functions. Cell specialization involves a categorization of the DNA into active or
inactive compartments. This way, only specific instructions of the blue print can be accessed,
meaning that only some parts of the DNA are exploitable by the cellular machinery. These
exploitable parts of the DNA will determine the fate of each cell. For a large part, the accessible
blue print represents the expressed genes and thereby the proteins that can be formed. Another
part of the accessible DNA that participates in driving cell fate is composed of sequences called
cis-regulatory elements, among which are enhancers. Enhancers are DNA sequences that do
not encode for proteins. Like electric switches, they help turning genes ON in the right cell and
at the right time. The genome-wide identification and characterization of enhancers in plants is
only at its dawn in comparison to what has been accomplished in animals. This thesis aims at
bringing plant enhancers into focus and decrease the knowledge gap between plant and animal
enhancers.
Chapter 1 offers a first introduction to enhancers, reviews the state-of-the-art of our knowledge
on plant enhancers, and explores techniques to discover plant enhancer sequences on a large
scale.
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Preface
Implementing recommendations of the first chapter, Chapter 2 identifies novel cis-regulatory
sequences in the maize crop plant. For this, use is made of different genome-wide techniques
to identify candidate regions that fit the description of active enhancers.
In Chapter 3, more specific attention is given to one particular maize sequence, Vgt1, referred
to as a putative enhancer in previous studies. Vgt1 has been identified for its effect on flowering
time and was found to potentially regulate the expression of a downstream floral repressor gene.
This study makes use of transgenic approaches and a technique studying chromatin interactions
to further elucidate the nature of the Vgt1 sequence.
Chapter 4 continues with the study described in chapter 2 and aims at validating the identity
of a number of candidate enhancer sequences identified. To perform such validation, candidate
enhancers were tested on their ability to activate transcription of transgenic reporter constructs.
Also, chromatin conformation studies were used to study the interactomes of a candidate
enhancer and control region.
Chapter 5 provides a precise step-by-step protocol to perform Chromosome Conformation
Capture (3C) experiments in plants.
Finally, the General Discussion presents a bird’s eye view on the maize regulatory genome.
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