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Abstract

The genetic determinants of the organisation and variation of the flower, a striking feature of the angiosperms, are only begin-
ning to be deciphered. Floral symmetry has recurrently evolved among angiosperms, zygomorphy (monosymmetry) being a key
innovation due to its role in the plant-pollination interaction. As such, it represents a case study for evo-devo. Phylogenetic com-
parative studies conducted in two eudicot clades, the Ranunculales and the Asteridae sensu APGII, have shown that the evolution
of this trait is dependent upon the architectural context of the flower. Genetic and developmental bases of zygomorphy have been
investigated in several unrelated model species. In all these species, zygomorphy appears to be controlled, at least partially, by
genes belonging to the TCP gene family of transcription factors and named CYC-like genes. Exploring the molecular bases of
zygomorphy in non-model species spanning the diversity of angiosperms, but also the developmental processes involved, are now
essential to understand the evolution of floral symmetry. To cite this article: F. Jabbour et al., C. R. Biologies 332 (2009).
© 2008 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

Résumé

Evolution de la symétrie florale : une esquisse des connaissances actuelles. La symétrie de la fleur a subi des modifications
au cours de 1’évolution des angiospermes, et la zygomorphie (ou symétrie bilatérale) est considérée comme une innovation clé.
Du fait de I’'importance des processus de développement pour son élaboration et des questions soulevées par son homoplasie,
la symétrie florale est devenue un modele en evo-devo. Des analyses phylogénétiques comparatives menées dans deux clades
d’eudicotylédones, les Ranunculales et les Asteridae sensu APGII, ont montré que 1’évolution de ce trait était dépendante du plan
d’organisation de la fleur. Chez différentes especes modeles, le controle génétique de la zygomorphie ainsi que sa mise en place
durant le développement sont en partie contrdlés par des genes appartenant a la famille des génes CYC-like, codant pour des facteurs
de transcription. Décrypter les bases moléculaires de la zygomorphie chez des espéces non modeles, représentatives de la diversité
des angiospermes, mais aussi les processus ontogéniques impliqués dans sa mise en place, sont deux aspects complémentaires
essentiels pour la compréhension de I’évolution de la symétrie florale. Pour citer cet article : F. Jabbour et al., C. R. Biologies 332
(2009).
© 2008 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

* Corresponding author at: Université Paris-Sud, unité mixte de recherche (UMR) génétique végétale, Institut national de la recherche
agronomique (INRA), Centre national de la recherche scientifique (CNRS), AgroParisTech, Ferme du Moulon, 91190 Gif-sur-Yvette, France.
E-mail address: florian.jabbour @u-psud.fr (F. Jabbour).

1631-0691/$ — see front matter © 2008 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
doi:10.1016/j.crvi.2008.07.011


http://france.elsevier.com/direct/CRASS3/
mailto:florian.jabbour@u-psud.fr
http://dx.doi.org/10.1016/j.crvi.2008.07.011

220 F. Jabbour et al. / C. R. Biologies 332 (2009) 219-231

Keywords: Evo-devo; Floral symmetry; CYC-like genes; Development; Phylogeny; Zygomorphy

Mots-clés : Evo-devo ; Symétrie florale ; Genes CYC-like ; Développement ; Phylogénie ; Zygomorphie

1. Introduction

The origin of phenotypic novelties is a central ques-
tion for evolutionary biologists. For understanding how
genomic changes can give rise to innovations at more
integrative levels, it is mandatory to decipher the mech-
anisms underlying embryonic development. Evolution-
ary developmental biology or evo-devo addresses this
question by using the knowledge about genes control-
ling development in model organisms, and comparing
developmental processes and their molecular bases in
different organisms in a phylogenetic framework [1].
Homology can be assessed and distinguished from ho-
moplasy (parallel or convergent evolution) only by com-
paring characters in a phylogenetic context. The pos-
sibility to investigate the developmental and molecular
bases of morphological structures led to redefine homol-
ogy as a hierarchical concept dependent upon a phy-
logenetic framework [2], of which consistency at vari-
ous levels (activator genes, target genes, regulatory net-
works, developmental processes, morphological struc-
tures) can be investigated. Consistency, or lack of con-
sistency, of homology at different scales of complexity
may help deciphering the relative part of selection and
constraints in the evolution of morphological structures.

In animals, the concept of body plan has contributed
to evolutionary analyses of morphological innovations
like for instance, analyses of molecular evolution of
Hox genes as related with segment formation in Arthro-
pods [3]. It has pinpointed the role of the developmental
genetic toolkit in determining the identity, number and
pattern of body parts in animals. Most of the toolkit
genes consist of transcription factor genes and genes
involved in signalling pathways, i.e., genes modifying
the expression of other genes. Their functional conse-
quences and further phenotypic impact are highly cor-
related with their spatial and temporal pattern of expres-
sion. In plants, the concept of body plan has been largely
ignored until the late 1990s, even if the vascular plants
have long been hypothesized to have evolved from a
simple body plan that has diversified into the large array
of architectures seen today. The study of the molecu-
lar and developmental bases of specific traits has long
been restricted to a few model species (e.g. Arabidop-
sis thaliana, Brassicaceae, Antirrhinum majus or snap-
dragon, Plantaginaceae sensu [4], Oryza sativa or rice,
Poaceae), most of which being derived angiosperms.

With the increasing influence of evo-devo as an integra-
tive discipline, there is now a trend towards extending
the analyses to a broader taxonomic sampling and larger
array of traits [5,6].

Seminal evo-devo studies in plants have been dedi-
cated to one of the most remarkable innovation of an-
giosperms, the flower that may have played a major
role in their evolutionary success (more than 235,000
extant species [7]). Considerable work has been de-
voted to unravelling determinants of the identity of flo-
ral pieces, namely sepals, petals, stamens and carpels.
Based on mutant studies in the model species An. ma-
jus and Ar. thaliana, the ABC model was elaborated
[8-10]. The A function determines sepal identity, A +B
function, petal identity, B 4- C function, stamen iden-
tity and C function, carpel identity. This model was
recently complexified by the discovery of the D func-
tion involved in ovule development, and the E function
that interacts with the A, B and C functions [11]. Inter-
estingly, all but one of the genes specifying the organ
identity belong to a single family of transcription fac-
tors, the MADS box genes of MIKC type [12].

Although the genetic determinants of the basic flo-
ral ground-plan are now well established [13-15], the
molecular bases underlying the large variation in flower
architecture (shape, number, colour and synorganiza-
tion of floral parts) (see Fig. 1) are far from being
deciphered. Floral symmetry participates in the at-
tractiveness and beauty of the flowers to the human
eye. It is also an integrative architectural trait that ac-
count for the astonishing diversity of flower form. Two
main types of symmetry are recognized, actinomor-
phy (polysymmetry, i.e., radial symmetry) and zygo-
morphy (monosymmetry, i.e., bilateral symmetry). Zy-
gomorphic flowers appear relatively late in the fossil
record (late Cretaceous, ca. 70 mya) compared to the
accepted period for angiosperm origin (early Creta-
ceous, ca. 150 mya) [16-18]. Actinomorphy is consid-
ered as the ancestral state for angiosperms, and basal
angiosperms mainly have actinomorphic flowers [19].
Zygomorphy evolved several times independently from
actinomorphy throughout the angiosperms with multi-
ple reversals towards actinomorphy [20,21]. Changes in
floral symmetry may result in changes in efficient pol-
linator range, which in turn can set up sexual barriers
leading to speciation [17]. Accordingly, as a derived
architectural trait generally associated with lineage di-
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