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Aim & outline of this thesis

To date, the incredible number of 300.000 – 400.000 land plant species have been 
characterized. 90% of these belong to the flowering plants (angiosperms). All species 
are somehow different: they vary in their size, lifespan, the shape of their leaves and 
in the number and color of the flowers they bear. Many biologists are particularly 
interested in the differences between species. That is, they are interested in the 
different ways plants organize their organs on their plant bodies, in the so-called 
architecture.

Early botanists, even before the birth of Darwin, already presumed that species 
that looked alike were somehow related. Linnaeus formalized this halfway the 
eighteenth century by dividing species into taxa and genera. This classification was 
based on phenotypical characteristics of plants and architecture was considered an 
important aspect of the phenotype when subdividing species.

This thesis studies the area where the interests of botanists, molecular biologists 
and developmental biologists meet: the field of evolutionary developmental biology 
(evo-devo). We studied the groups of stem cells -the meristems- in the tips of plant 
species with different inflorescence architectures, and the molecular differences 
between them. In particular, we investigated the genes that determine whether 
these meristems develop into flowers or into shoots. The aim of this thesis is to 
show how the inflorescence architecture of petunia (Petunia hybrida) is established 
by investigating the molecular mechanisms that induce or inhibit the formation of 
flowers.

At this point I would like to refer to a recent paper by our group in which the 
confusing botanical terminology regarding inflorescence architecture is addressed, 
and the inflorescence development of petunia is described in detail. I consider this 
paper by Castel et al., ‘Inflorescence development in petunia: through the maze of 
botanical terminology’1, a must-read for all readers of this thesis. It explains the 
sympodial inflorescence development of petunia and identifies two marker genes 
for the different stages of sympodial development. These markers are petunia floral 
meristem identity genes that are elaborately discussed in this thesis.

Castel, R., Kusters, E. and Koes, R. (2010). Inflorescence development in petunia: through the maze of 
botanical terminology. J. Exp. Bot. 61, 2235-46.

!"#"$%&'(%#)*++,,,4 "-./0."",,,"12/3



10

chapter 1 Aim & Outline

In Chapter 2 we describe the origin and functions of one of the most-studied 
genes in the specification of floral meristem identity: the Arabidopsis thaliana gene 
LEAFY (LFY). We compare the functions of LFY homologs in primitive plant species 
with those in angiosperm species, and we compare the function and expression 
pattern of LFY homologs in species with divergent inflorescence architectures. 
From the wealth of available data on LFY and its homologs we deduce a speculative 
evolutionary scenario in which LFY developed from an ancestral role involving cell 
division and expansion, and in which LFY gained a novel function in floral meristem 
identity specification when seed plants emerged.

To trigger the formation of flowers, the petunia LFY ortholog ABERRANT LEAF 
AND FLOWER (ALF) is dependent on an F-box protein partner named DOUBLE TOP 
(DOT), which implies that ALF and DOT need to be expressed simultaneously to 
trigger flower formation in petunia. Petunia and Arabidopsis have fundamentally 
different inflorescence architectures: the cyme petunia forms flowers apically 
whereas the raceme Arabidopsis forms them in lateral positions on the plant 
body. Logically, the genes that are involved in the formation of these flowers are 
differentially expressed. Chapter 3 describes a study of the 5’ cis-regulatory regions 
of ALF and LFY and of DOT and its Arabidopsis ortholog UNUSUAL FLORAL ORGANS 
(UFO). We show by promoter-reporter-gene-study that the ALF and LFY promoter 
drive expression of reporter gene GUS in essentially the same pattern, but that this 
pattern is dependent on the host species. We conclude that the expression pattern 
of ALF in petunia differs from that of LFY in Arabidopsis because of differences in the 
upstream, network of trans-regulatory factors. In contrast, the promoters of DOT and 
UFO diverged significantly: the DOT promoter drives expression of a reporter gene 
in a DOT expression pattern in both petunia and Arabidopsis, and the UFO promoter 
generates expression of the reporter gene in an UFO pattern in both these species. 
Moreover, expression of Arabidopsis UFO from its own promoter in petunia converts 
the multi-flower cymose petunia inflorescence into single flower, indicating that 
the divergence of the DOT and UFO promoter is indispensible for the development 
of the sympodial inflorescence structure of petunia. Although these data cannot 
quite explain the differences between petunia and Arabidopsis, they do show that 
the changes in the promoters of DOT homologs have been an important factor in the 
divergence of inflorescence architectures.

An UFO genomic transgene and ectopic expression of DOT in petunia both lead 
to single flower inflorescences, showing that a delay in the expression of DOT in 
the sympodial meristem is necessary to obtain the cymose architecture in petunia. 
Chapter 4 describes the characterization of the extrapetals (exp) mutant and the 
cloning of EXP. EXP, in contrast to DOT, delays the specialization of meristems 
to flowers. In the exp mutant the cymose inflorescence is lost due to precocious 
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specification of floral identity in the sympodial meristem, and only a single flower 
remains. We show that EXP is a DOT antagonist and transiently delays the activation 
of the “floral program” in the sympodial shoot. Our data reveal part of a previously 
unidentified mechanism by which the specification of floral identity in sympodial 
meristems is delayed. In Arabidopsis the EXP-like genes SHORT VEGETATIVE PHASE (SVP) 
and AGAMOUS-LIKE24 (AGL24), have a similar function, but although svp and agl24 have 
aberrant flowers, the inflorescence structure of Arabidopsis is not fundamentally 
altered in these mutants. Our data thus show that this similar mechanism has a 
very different role in petunia and Arabidopsis.

alf and dot mutants have a strong flower-to-shoot phenotype: they develop 
sympodial shoots in the position where in wild type petunias flowers would develop. 
A third petunia mutant, evergreen (evg), also lacks flowers most of the time, and 
apart from that the shoots of evg are fasciated. As alf, dot and evg look so similar, we 
anticipated that the expression profiles of these three mutants would only differ 
from each other in the expression of the early downstream target genes of ALF, 
DOT and EVG. In Chapter 5 we describe two approaches with which we expected to 
find these targets. Although no new genes were identified, we obtained results that 
were important for the publication of two papers, which are not reproduced in this 
thesis. We showed by direct RT-PCRs that DOT and several of the ABCDE-type floral 
organ identity MADS-box genes are differentially expressed between alf, dot and evg. 
We were surprised to find that the evg phenotype can be overcome by ubiquitous 
expression of DOT, indicating that the absence of flowers in evg can be explained by 
down regulation of DOT. These data, and the phenotypes of the double and triple 
mutants, together led to the conclusion that EVG, ALF and DOT promote sequential 
steps in the development of the petunia inflorescence. Based on our results we 
speculate that the floral ABCDE-type MADS-box genes are directly regulated by ALF 
and DOT. This would explain why no new target genes were found in our screens.

One of the main functions of LFY in Arabidopsis is the activation of the MADS-box 
gene APETALA1 (AP1). lfy can be bypassed by ectopic AP1 expression, and in the 
absence of AP1 the effect of ectopic expression of LFY is significantly reduced. AP1 is 
a strong positive regulator of floral meristem identity and also specifies the identity 
of the perianth organs of Arabidopsis. In Chapter 6 we characterize the first petunia 
member of the phylogenetic AP1 sub-clade, PROTEIN INTERACTING WITH EXP #07 
(PIE07). We show that the expression pattern of PIE07 in petunia is such that it is 
unlikely that PIE07 in petunia shares the A-type floral organ identity function of 
AP1. More importantly, ectopic expression of PIE07 or AP1 in Arabidopsis gives rise 
to similar phenotypes with plants which flower extremely early, but if the same 
constructs are transformed to petunia, even highly expressing transformants have a 
wild type phenotype. From this we conclude that not only the specification of floral 
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meristem identity at the level of ALF and DOT has diverged substantially between 
Arabidopsis and petunia, but also the network downstream has been rewired to a 
larger extent than ever anticipated.
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