
Update TRENDS in Plant Science Vol.12 No.7 285
Acknowledgements
Research in the Yu laboratory was supported by grants from the National
Science Foundation (MCB0519634), USDA (NRI2005-05190), and
MSMC (Grant 02-242). The Stacey laboratory was supported by a grant
(DBI-0421620) from the National Science Foundation, Plant Genome
program.

References
1 Taylor, L.P. and Grotewold, E. (2005) Flavonoids as developmental

regulators. Curr. Opin. Plant Biol. 8, 317–323
2 Peters, N.K. et al. (1986) A plant flavone, luteolin, induces expression of

Rhizobium meliloti nodulation genes. Science 233, 977–980
3 Fisher, R.F. and Long, S.R. (1992) Rhizobium–plant signal exchange.

Nature 357, 655–660
4 Mathesius, U. et al. (1998) Auxin transport inhibition precedes root

nodule formation in white clover roots and is regulated by flavonoids
and derivatives of chitin oligosaccharides. Plant J. 14, 23–34

5 Madsen, E.B. et al. (2003) A receptor kinase gene of the LysM type is
involved in legume perception of rhizobial signals.Nature 425, 637–640

6 Parniske, M. and Downie, J.A. (2003) Plant biology: locks, keys and
symbioses. Nature 425, 569–570

7 Rolfe, B.G. (1988) Flavones and isoflavones as inducing substances of
legume nodulation. Biofactors 1, 3–10

8 Stougaard, J. (2000) Regulators and regulation of legume root nodule
development. Plant Physiol. 124, 531–540

9 Banfalvi, Z. et al. (1988) Regulation of nod gene expression in
Bradyrhizobium japonicum. Mol. Gen. Genet. 214, 420–424
DOI of original article: 10.1016/j.tplants.2007.03.002.
Corresponding author: Brenner, E.D. (ebrenner@nybg.org);
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The past three years have seen three thought-provoking
and well attended symposia, the founding of a new society,
the Society of PlantNeurobiology (SPN), and the promising
start of a new journal, Plant Signaling and Behavior.
Although most participants within the Plant Neurobiology
framework are finding plenty of stimulating, inspirational
and controversial material, other colleagues have some
concern about the scientific validity and rationale behind
‘plant neurobiology’. Vigilance is a justifiable concern of the
scientific community. In their critique of Plant Neurobiol-
ogy, Amedeo Alpi et al. [1] ask the question ‘‘What long-
term scientific benefits will the plant science research
community gain from the concept of ‘plant neurobiology’?’’,
which they believe is ‘. . .based on superficial analogies and
questionable extrapolations. . .’ such as nerves, brain
synapses, intelligent responses being expatriated from
the field of animal neurobiology to explain some of the
complex behavior of plants.

Most of our statements and publications should
have made clear that plant neurobiology is pursuing a
framework of ideas that were introduced by outstanding
representatives of the plant sciences such as Wilhelm
Pfeffer [2,3], Charles Darwin [4], Julius von Sachs [5],
Georg Haberlandt [6] and Erwin Bünning [7]. No one
proposes that we literally look for a walnut-shaped little
brain in the root or shoot tip or some myelinated super-
conducting nerve cells in plants. Neither did Haberlandt
[6] when he compared long-distance signalling in Mimosa
with that in animals, nor Darwin when he considered
the Venus’ flytrap as the most animal-like plant [8] or
conjectured that the root tip fulfills complex tasks like a
brain [4].
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We are less concerned with names than with the
phenomena that have been overlooked in plant science,
which, in our opinion, need to be addressed to truly under-
stand plant operation, particularly in an era of outstanding
new technologies. We begin with the fact that action
potentials were observed in plants more than 100 years
ago but we still don’t know their means of propagation and
biological purpose and the molecular components that
maintain and respond to plant action potentials have still
to be determined. We have known since Pfeffer, Haber-
landt and Jagadish Chandra Bose that action potentials
are conducted in the vascular bundles (see Ref. [9] for
reference). If one wants to figure out how a sunflower plant
is able to propagate an action potential over a distance of
0.3 m (a length of more than one thousand cells), then with
what related phenomenon shouldwe start our comparisons
if not those of animals? We need to ascertain the role of
action potentials in plants. Preliminary data suggest that
action potentials are implicated in ionic homeostasis,
phloem transport, protein expression, respiration, pollina-
tion and organmovements (for most recent papers see Refs
[10,11] and for reviews see Refs [12,13]). Althoughwe know
a lot about potassium channels in plants, we have no idea
what their roles are in propagating plant action potentials.
So far,wehave placed only a few tiles in the complexmosaic.

Plant Neurobiology creates an important and yet
unfilled niche for plant biology. Already, the field has
evolved considerably since its inception. The interdisciplin-
ary nature of the three international symposia did more
than just challenge (and in some cases reject) the use of
neurobiological terms and our understanding of plant
behavior: it generated ideas about how to understand
the broader picture of plant signaling. Together we move
towards a more integrated view, seeking the means by
which plants communicate within and among themselves
as well as with other organisms, and whether this is a
centralized or decentralized (or somewhere in between)
process within the plant.

There is no doubt that animal and plant biologists have
borrowed terms from each other throughout the evolution
of their fields – often amid much controversy at the time.
For example, Robert Hook originally discovered cells in
plant tissues in 1665 and this cellular analogy proved
useful for animal tissues much later [14]. Moreover, plant
physiology faced a rather difficult and long introduction
into plant sciences. Julius von Sachs, at the young age of
25, had his ‘habilitation’ in the emerging field of plant
physiology. When he submitted his thesis at the Charles
University (then known as Carl-Ferdinands Universität)
in Prague [15], it was returned to himwith a comment that
plant physiology does not exist (p. 469 in Ref. [16]). It was
only the influence of Jan Evangelista Purkyne that con-
vinced his colleagues to accept this thesis. However, the
birth of plant physiology was a controversial event and it
was not until 1926 that the journal Plant Physiology was
founded.

From the critique by Alpi et al. [1] we recognize that we
need to engagemanymore scientists in the plant signaling
www.sciencedirect.com
community. Alpi et al. focus their criticism on the possib-
ility that auxin has ‘neurotransmitter-like’ characteristics
in plants. Both groups agree that auxin is tranported cell-
to-cell via a variety of transporters. However, outstanding
questions remain as to whether intercellular movement of
auxin passes through the symplast and/or the apoplast. If
apoplastic, does this intercellular movement occur via
plasma membrane-localized transporters and/or via a
vesicle-mediated system, or both? Alternatively, auxin
might be transported via the symplast through plasmo-
desmata, as Alpi et al. speculate. The role of plasmodes-
mata in the long-distance transport of auxin is poorly
described, and is an exciting area that needs more con-
sideration. An even larger question at hand is how elec-
trical cell–cell coupling is regulated. We differ with Alpi
et al. who maintain that the ‘. . .occurance of plasmodes-
mata. . .poses a problem for signaling from an electro-
physiological point of view – extensive electrical
couplingwould preclude the need for any cell-to-cell trans-
port of a ‘neurotransmitter-like’ compound. . .’. However,
we believe that too little is known regarding plant sig-
naling, particularly in the apoplast and/or the symplast, to
exclude a role of cell-to-cell transport of a ‘neurotransmit-
ter-like’ compound as a mediator of intercellular-electro-
chemical signals.

We welcome a healthy discussion, pros and cons, during
this exciting introduction of the plant neurobiology concept
and we seek the development of an intellectually rigorous
foundation.
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