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Unlike animals that move in the environment to find
their food and shelter, plants are obliged to adapt to the
specificities of their environment without moving from the
place where they are rooted. For instance, plant species
growing in mountain habitats must adapt to freezing
temperatures at night and sometimes up to 50 8C during
the day. Plant architecture is shaped by the environment
and this involves different signalling processes unique to
the plant kingdom. In the animal kingdom, embryogenesis
organizes the body plan very precisely. Cell lineage plays a
crucial role in the differentiation process generating organs
and the environment has little effect on this process. In the
nematode C. elegans an extreme situation is found where
all cell types are generated by a precise lineage [1]. When a
cell from the embryo is killed, neighbouring cells cannot
generate a substitute by extra rounds of division. This is in
agreement with the poor ability of C. elegans to regenerate
organs. In the plant kingdom the regeneration process can
operate easily. This is exploited for vegetative propagation
of clones for many tree species. This plasticity is a
consequence of a major characteristic of cell differentia-
tion, which is determined by position, not by lineage. The
reproducible pattern of cell division observed during
Arabidopsis embryogenesis would suggest that a cell
lineage process operates in which the apical-basal polarity
is established. The two meristems, which subsequently
generate plant organs also display regular structures
compatible with a cell lineage process. For instance, the
three cell layers found in the apical meristem, L1, L2 and L3,
behave as three cellular pools that do not mix. For instance,
the L2 layer, unlike the L1 layer, ultimately generates
gametes. These observations would also suggest a cell
lineage process operates. However, the surgical ablation of
a L2 cell is compensated by an anticlinal division of a L1 cell
to generate a new L2 cell [2]. Genetic proof of a position-
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dependant differentiation process comes from the charac-
terization of tonneau mutants. These extremely dwarf
mutants have lost the ability to form a preprophase band
during mitotic divisions. As a consequence of this, the
division plane is positioned randomly, leading to a
complete disruption of cell lineages [3]. Nevertheless,
the resulting plants still generate organs, including flower
whorls. The shape of the organs is modified due to the fact
that elongation processes are also disrupted in the mutant.
Nevertheless, organs are generated at the right place
during development. Such a mutation disrupting the
positioning of cell division planes would be lethal in the
animal kingdom.

The position-dependant differentiation of a plant cell in
a specific tissue requires signals emitted by different cell
types and perceived by neighbouring cells. These signals
are still largely unknown and their discovery is a major
challenge. Such a cross talk between adjacent cells has
been illustrated by Laux et al. who showed that cells from
the quiescent centre expressing the Wushel protein
stimulate the proliferation of cells in the adjacent layer,
which generates stem cells. These stem cells excrete a
peptide, the product of the Clavata3 gene, which migrates
to the quiescent centre and counteracts the expression of
Wushel. This makes a regulatory loop controlling the size of
the stem cell pool [4]. As a consequence of their position-
dependant function, plant cells rapidly loose their differ-
entiation features when they are isolated from tissues, for
instance by making protoplasts. In the right environment,
requiring the presence of growth regulators (auxin and
cytokinins are critical) such cells can be induced to
regenerate plants. The epigenetic processes involved in
plant cell function specification are, therefore, reversible,
as opposed to most of the differentiation processes that
occur in the animal kingdom (although progress has been
made recently in the convertion of differentiated mamma-
lian cells into stem cells by the transient expression of
appropriate transcription factors).
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Plants derive from unicellular green algae through a
long process of evolution. Green algae themselves are
presumed to result from the symbiosis of a primitive
eukaryote cell unable to perform photosynthesis with a
photosynthetic cyanobacteria. In the process of symbiosis
a large set of cyanobacterial genes have been introduced in
the symbiote. The analysis of plant genome sequences
shows that orthologs of cyanobacterial genes are found in
the chloroplast genome, suggesting that chloroplasts
derived from cyanobacteria. Many orthologs of cyanobac-
terial genes are also found in the nuclear genome [5]. These
genes are derived from events of nuclear capture of
chloroplast genes, a process still ongoing in higher plants.
The transferred genes have the features of eukaryotic
genes, (for example, presence of introns), but the proteins
they encode still fulfil functions related to those in
cyanobacteria (for example, photosynthetic apparatus)
[6]. Some of these genes now play a role in developmental
processes. A striking situation concerns the so-called two
component systems, which are commonly found in
bacteria and play regulatory functions in environment
sensing (for example, chemotaxis). These two component
systems are histidine kinase phospho-relays that induce
cascades of phosphorylation upon binding of a specific
molecule to the receptor domain of a kinase. In higher
plants several phospho-relays have been identified that are
clearly related to two component systems. They have been
‘‘recycled’’ through evolution and carry out functions as
receptors for the plant hormones ethylene and cytokinin
[7].

The analysis of plant hormone action is progressing
rapidly as illustrated by the recent discovery of several
plant hormone receptors. The proteasome plays an
important role in the animal kingdom, as well as in the
plant kingdom. Strikingly several plant hormone receptors
are F box proteins involved in targeted degradation of
negative regulators. The auxin receptor TIR1, [8] the
gibberellin receptor GID1 [9] and the receptor of jasmonic
acid are F box proteins. That F box proteins play the role of
hormone receptors is unique to plants. New plant
hormones such as brassinosteroı̈ds [10] and strigolactones
[11] have been discovered recently. Apart from brassinos-
teroı̈ds which have structural properties related to steroı̈d
hormones, it is striking that most plant hormones are not
related to the hormones identified in the animal kingdom,
again illustrating the fact that plant and animal develop-
ment involve processes which are strikingly different. It is
expected that important growth regulators remain to be
discovered, as illustrated by the recent identification of a
hormone involved in the guidance of pollen tube growth
[12]. As illustrated by the different speakers participating
in this meeting on vegetative development, plant devel-
opment is an exciting area of research in which major
discoveries are still to be made.

References

[1] U. Deppe, E. Schierenberg, T. Cole, C. Krieg, D. Schmitt, B. Yoder, G. von
Ehrenstein, Cell lineages of the embryo of the nematode Caenorhabditis
elegans, Proc. Natl. Acad. Sci. U. S. A. 75 (1978) 376–380.

[2] T.A. S.I.M. Steeves, in : I.M. Steeves TAaS (Ed.), Experimental investiga-
tion on the shoot apex 86–89 in patterns in plant development, Cam-
bridge University Press, 1989.

[3] J. Traas, C. Bellini, P. Nacry, J. Kronenberger, D. Bouchez, M. Caboche,
Normal differentiation patterns in plants lacking mircrotubular pre-
prophase bands, Nature 375 (1995) 676–677.

[4] H. Schoof, M. Lenhard, A. Haecker, K.F. Mayer, G. Jurgens, T. Laux, The
stem cell population of Arabidopsis shoot meristems in maintained by a
regulatory loop between the CLAVATA and WUSCHEL genes, Cell 100
(2000) 635–644.

[5] J.N. Timmis, M.A. Ayliffe, C.Y. Huang, W. Martin, Endosymbiotic gene
transfer: organelle genomes forge eukaryotic chromosomes, Nat. Rev.
Genet. 5 (2004) 123–135.

[6] D.M. Kehoe, A.R. Grossman, Similarity of a chromatic adaptation sensor
to phytochrome and ethylene receptors, Science 273 (1996) 1409–
1412.

[7] T. Inoue, M. Higuchi, Y. Hashimoto, M. Seki, M. Kobayashi, T. Kato, S.
Tabata, K. Shinozaki, T. Kakimoto, Identification of CRE1 as a cytokinin
receptor from Arabidopsis, Nature 409 (2001) 1060–1063.

[8] N. Dharmasiri, S. Dharmasiri, M. Estelle, The F-box protein TIR1 is an
auxin receptor, Nature 435 (2005) 441–445.

[9] M. Ueguchi-Tanaka, M. Ashikari, M. Nakajima, H. Itoh, E. Katoh, M.
Kobayashi, T.Y. Chow, Y.I. Hsing, H. Kitano, I. Yamaguchi, M. Matsuoka,
GIBBERELLIN INSENSITIVE DWARF1 encodes a soluble receptor for
gibberellin, Nature 437 (2005) 693–698.

[10] K. Schumacher, J. Chory, Brassinosteroid signal transduction: still
casting the actors, Curr. Opin. Plant Biol. 3 (2000) 79–84.

[11] V. Gomez-Roldan, S. Fermas, P.B. Brewer, V. Puech-Pages, E.A. Dun, J.P.
Pillot, F. Letisse, R. Matusova, S. Danoun, J.C. Portais, H. Bouwmeester, G.
Becard, C.A. Beveridge, C. Rameau, S.F. Rochange, Strigolactone inhibi-
tion of shoot branching, Nature 455 (2008) 189–194.

[12] S. Okuda, H. Tsutsui, K. Shiina, S. Sprunck, H. Takeuchi, R. Yui, R.D.
Kasahara, Y. Hamamura, A. Mizukami, D. Susaki, N. Kawano, T. Saka-
kibara, S. Namiki, K. Itoh, K. Otsuka, M. Matsuzaki, H. Nozaki, T.
Kuroiwa, A. Nakano, M.M. Kanaoka, T. Dresselhaus, N. Sasaki, T. Higa-
shiyama, Defensin-like polypeptide LUREs are pollen tube attractants
secreted from synergid cells, Nature 458 (2009) 357–361.


	Specificities of plant development
	References


