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Plants and animals have had about 1.6 billion years—the
time that has passed since they diverged from their last
unicellular ancestor—to evolve different mechanisms
for solving unique problems of development and inter-
cellular signaling. As an example, plant cells are sepa-
rated from each other by a substantial extracellular ma-
trix, the cell wall. Although the cell wall is not imper-
vious, it is likely to hinder cell-to-cell communication.
Moreover, because plant cells cannot migrate during de-
velopment, location, instead of lineage, is the primary
determinant of cell fate in plants, making communica-
tion over both long and short distances essential for the
coordination of plant growth. It appears that plants have
significantly overcome the downside of having a cell
wall by forming channels between cells to allow the
transit of signaling and other important molecules.
Plants may even be considered as supracellular organ-
isms, in that whole tissues are symplastically connected.
The channels that connect plant cells are called plasmo-
desmata (PD), and their investigation offers tantalizing
clues as to how plant cells may use them to communi-
cate with each other and to coordinate development. Al-
though once seen as constricted channels through which
only molecules <1 kD in size could pass (Terry and Ro-
bards 1987; Burnell 1988), PD have recently been shown
to be far more dynamic and allow passage of both pro-
teins and nucleic acids. Other findings, such as the ob-
servation that transcription factors can move between
cells, and that RNA movement may be behind a range of
long-distance signals in plants, raise further questions
regarding a regulatory role of PD in development. Be-
cause of the importance of PD, we first summarize what
we know about them, and then go on to discuss inter-
cellular movement of proteins and RNA in general.

Plasmodesmata

Ultrastructure

Ultrastructural studies of the PD by transmission elec-
tron microscopy (TEM) have shown them to be mem-

brane-lined pores, with an exterior membrane contrib-
uted by the plasma membranes of the two cells con-
nected by the PD, and a central desmotubule, derived
from endoplasmic reticulum that is also contiguous be-
tween the two cells (Ding 1998). Typically, PD have a
small diameter of ∼40 nm (Robards and Lucas 1990; van
Bel and van Kesteren 1999), with the central desmotu-
bule being connected to the plasma membrane via
spoke-like extensions, resulting in microchannels hav-
ing an estimated diameter of ∼2.5 nm (see Fig. 1). It is
important to bear in mind that these measurements are
all based on fixed tissue, and that nothing is known from
these observations about the dynamic behavior of PD
proteins.
Morphologically, two distinct forms of PD have been

recognized. Primary PD are formed at the cell plate, a
plant-typical structure that consists of the incipient
plasma membrane and cell wall synthesized during cy-
tokinesis. Secondary PD, in contrast, are formed be-
tween existing cell walls. Both forms of PD can be either
single-channels or branched. It is not known whether
these different forms of PD have distinct functions.

Proteins of the PD

A complete understanding of how the PD function to
control movement of molecules between plant cells is
dependent on identifying the proteins of which they are
composed. Genetic screens to identify mutants defective
in intercellular movement are hindered by the fact that
PD components are probably essential for viability. Be-
cause it is questionable whether one can recover viable
mutants that are seriously defective in the structure or
function of PD, it will probably be essential to study
mutants at the embryo stage of development. One such
screen is briefly mentioned in a recent review (Zam-
bryski and Crawford 2000). It has led to the identifica-
tion of an embryonic lethal mutant, ise-1, in which
tracer molecules of up to 11 kD can easily move between
cells, which is a substantial increase over the wild-type
size exclusion limit of <3 kD. The disrupted gene is a
promising candidate for a protein that regulates the ap-
erture of PD.
A complementary approach to the genetic dissection

of PD function is to biochemically purify these organ-
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elles from cell walls and then to identify the PD con-
stituents directly. Although potentially powerful, this
approach has so far been hampered by the small amount
of protein present and the difficulty in extracting intact
PD from the cell wall without subcellular contaminants
(Epel 1994; Epel et al. 1995). Nevertheless, proteins pu-
rified from cell walls have been used to raise antibodies,
which by immunoelectron microscopy have been shown
to recognize epitopes at the PD. However, none of the genes
that encode the proteins recognized by these antibodies
have been isolated (Epel 1994; Waigmann et al. 1997).
By serendipity, at least two plant proteins have defin-

itively been identified as residing at the PD. A plant-
specific form of the molecular motor myosin from Ara-
bidopsis thaliana (myosin VIII) has been shown to be
present in the PD of the post-cytokinetic cell wall (Rei-
chelt et al. 1999). The authors propose that myosin VIII
plays a role in maturation of the cell plate and the rees-
tablishment of actin cables between cells to allow inter-
cellular communication. The same group has also found
by immunoelectron microscopy that the multifunc-
tional calcium-sequestering protein calreticulin is en-
riched in ER domains associated with the PD of maize
(Baluska et al. 1999). Because myosin function is regu-
lated by calcium binding, the authors have speculated
that calreticulin regulates myosin VIII and thereby pro-
vides a Ca2+-dependent gating mechanism for PD. Other
cytoskeletal antigens have been identified as potential
PD components by microscopy as well, including actin
and myosin in the alga Chara corallina (Blackman and
Overall 1998), as well as actin-like and myosin-like mol-
ecules in diverse plant species (White et al. 1994; Radford
and White 1998).

Size exclusion limits of plasmodesmata

The narrow aperture of the PD seen in the TEM sug-
gested that PD would only allow the passage of very
small molecules. Injection studies with fluorescently la-
beled dextrans generally supported the view of the PD as
static channels through which only molecules of <1 kD
could diffuse (Tucker 1982; Goodwin 1983; Erwee and
Goodwin 1985; Terry and Robards 1987; Burnell 1988).
Additionally, there appear to be boundaries that limit
the diffusion even of small dyes, thereby dividing tissues
into so-called symplasmic domains. Interestingly, the
extent of symplasmic domains as determined by injec-
tion of fluorescent dyes is under developmental regula-
tion, even though the biological significance is unknown
(Rinne and van der Schoot 1998; Gisel et al 1999).
The dogma that PD allow only the diffusion of small

molecules has been challenged from several sides during
the past few years, with data showing that the PD are
dynamic in nature and that they allow the nonspecific
trafficking of numerous proteins. Crawford and Zam-
bryski (2000) used a noninvasive transfection system to
show that a red-shifted version of GFP (27 kD) moved
readily in tobacco plant leaves, and they even found lim-
ited movement of 2xGFP (54 kD). In these and other
studies, the size exclusion limit (SEL) has been shown to
be closely related to the developmental state of the tis-
sue. When tobacco leaves mature and change from being
net consumers of carbon (sink tissue) to being carbon
exporters (source tissue), there is a dramatic decrease in
the SEL (Oparka et al. 1999). Whereas molecules of up to
50 kD may move freely in sink tissue, movement is
greatly reduced in the source tissue. This change in SEL

Figure 1. A longitudinal schematic cross section through a PD. Molecules are thought to be transported through the transport
channels (TC) between the appressed ER and plasma membrane (PM). Spoke-like structures (S) connect the appressed ER to the PM.
Below is a transverse cross section of the same structure. Adapted from Ding (1998).
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is accompanied by a change of PD morphology from
simple to branched (Oparka et al. 1999). In a complemen-
tary study, GFP was expressed under a promoter specific
for so-called companion cells, which line the phloem,
the part of the vasculature that transports assimilates. In
these transgenic plants, GFP could move over long dis-
tances through the phloem into leaves and other sink
tissues (Imlau et al. 1999).

Plasmodesmata, viral movement proteins,
and the plant cytoskeleton

A major contribution to our understanding of PD func-
tion comes from the investigation of plant viruses (Laz-
arowitz 1999). For viruses to successfully infect plants,
they must be able to spread from cell to cell, a process
that is greatly restricted by the presence of cell walls. To
bypass these formidable barriers, viruses have evolved
highly efficient mechanisms that exploit the cytoskele-
ton within plant cells, and that allow them to traffic in a
rapid targeted fashion throughout the plant. Many plant
viruses encode movement proteins that actively target
the PD and that are essential for viral infectivity. In the
absence of these proteins, viruses will replicate and en-
capsidate their genomes, but they are unable to spread
from cell to cell. Movement proteins have many inter-
esting properties, and they have become essential tools
for studying intercellular transport. Plants contain en-
dogenous proteins that are antigenically related to viral
movement proteins and that may share similar functions
(Xoconostle-Cázares et al. 1999).
The best studied viral protein is the 30-kD movement

protein from tobacco mosaic virus (TMV MP30). Apart
from overexpression studies, which first showed that
MP30 can increase the SEL of PD (Wolf et al. 1989), the
analysis of GFP fusions by light microscopy has revealed
a large amount of information about movement protein
function. The tagged proteins are seen to interact with
the ER, the actin and microtubule cytoskeleton, as well
as with the PD themselves (Heinlein et al. 1995; McLean
et al. 1995; Mas and Beachy 1999, 2000; Boyko et al. 2000b).
Consistent with the apparent microtubule association,
MP30 has been found to have a conserved motif for mi-
crotubule binding (Boyko et al. 2000a). It has been pro-
posed that the binding of MP30 to the sides of microtu-
bules enables it to be actively transported between cells.
Consistent with this hypothesis, disruption of the inter-
action between MP30 and the cytoskeleton prevents
both viral movement and infectivity (Boyko et al. 2000a).
The association of MP30 with the ER is likely related to
the fact that viral replication occurs on the ER (Mas and
Beachy 1999). It is thought that, in some cases, the viral
movement protein associates with viral RNA, and that
this complex is transported along the cytoskeleton to the
PD, through which the virus is delivered to adjacent
cells. Other studies indicate that movement proteins not
only are able to target PD, but also actively dilate the PD,
enabling the increased movement of other proteins in in-
fected cells. It has thus been proposed that PD may be
considered as having three states: closed, open, and dilated
(Dorokhov et al. 1999; Crawford and Zambryski 2000).

Based on the argument that viral movement through
PD must require plant host factors, several groups have
taken biochemical and reverse genetic approaches to dis-
sect viral movement. These efforts indicate the involve-
ment of at least two cell wall–associated enzymes in
viral movement and thus presumably PD function. Two
independent screens led to the identification of pectin
methylesterase, an enzyme that modifies the pectin in
cell walls, as a protein that directly interacts with TMV
MP30 in vitro (Chen et al. 2000). In another study, it was
found that reduction of �-1,3-glucanase activity in trans-
genic plants both decreased the SEL and slowed intercel-
lular viral movement (Iglesias and Meins 2000). The
mechanisms by which these host factors may affect PD
function need to be further clarified.

Movement of RNA and proteins in plants

Although much of our knowledge of PD and the move-
ment of macromolecules has come from the investiga-
tion of plant–virus interactions, this should not over-
shadow the importance of PD for endogenous plant pro-
cesses such as signal relay, defense, or transport of
nutrients. Most of the early studies on PD function were
carried out using microinjection or biolistic bombard-
ment to deliver tracer molecules, and the results from
these reports have been recently reviewed in detail
(Crawford and Zambryski 2000). Here we focus on move-
ment observed using genetic chimeras, including grafts
and periclinal chimeras, and tissue-specific transgenic
expression of signaling molecules (Fig. 2).

Long-distance movement along the phloem

Long-distance transport of a variety of molecules, includ-
ing but not limited to water, nutrients, hormones, and
other signals, is essential for plant growth. Long-distance
transport relies on the plant vascular system, which in-
cludes two tissues, the xylem and the phloem. The xy-
lem mainly consists of files of dead cells, and the flow
within it is driven by a tension gradient. On the other
hand, the sieve elements of the phloem are formed by
files of living, but enucleate, cells. The sieve elements
and the surrounding companion cells descend from the
same mother cells, and they are connected by a large
number of plasmodesmata, which have a larger SEL com-
pared to the ones found in mature leaves (Imlau et al.
1999). Because the sieve elements have lost most of their
organelles, proteins and mRNAs required for their func-
tion are produced in their immediate neighbors, the
companion cells, then transported into the sieve ele-
ments. The clearest evidence for an involvement of PD
in this process comes from studies of the sucrose trans-
porter SUT1 (Kühn et al. 1997). Both SUT1 mRNA and
protein are detected in sieve elements by in situ local-
ization, with preferential association of mRNA with the
PD. That the mRNA is produced in the companion cells
was shown directly by inhibiting its synthesis in these
cells using an antisense construct driven by a compan-
ion-cell-specific promoter (Kühn et al. 1997). The role of
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PD between companion cells and sieve elements in gat-
ing the up-loading and unloading of these and other mol-
ecules into the phloem has been discussed in detail by
Ruiz-Medrano et al. (2001).
In the past few years, long-distance movement of RNA

has caught much attention. Using grafting experiments
with transgenic and wild-type plants, Palauqui and
Vaucheret (1998) were the first to show that posttran-
scriptional silencing, a syndrome that includes RNA in-
terference (RNAi), can spread to cells that do not contain
the causal transgene. The signal consists most likely of
small interfering RNAs (siRNAs; Elbashir et al. 2001)
that are transported through the phloem, and leads to the

silencing of genes bearing sequence homology to the
RNA molecules (e.g., Hamilton and Baulcombe 1999; Di
Serio et al. 2001; Hutvagner et al. 2001; Matzke et al.
2001). This mechanism provides an important line of
defense against a number of viruses, many of which have
in turn developed strategies to render this mechanism
ineffective (for reviews, see Fagard and Vaucheret 2000;
Meins 2000; Vance and Vaucheret 2001). Apart from
these small RNAs, several mRNAs have been isolated
from phloem sap of pumpkin and shown by grafting ex-
periments to traffic for long distances via the phloem.
Some of these RNAs encode proteins that are related to
viral movement proteins, but others encode proteins

Figure 2. Diagrams of different methods to generate genetic chi-
meras. (A) In grafting experiments, a scion (dark green) is grafted
onto a stock (light green) that is genetically different, for example,
because it carries a transgene. If the phenotype is graft-transmis-
sible, the scion will develop the same phenotype as the stock
owing to movement of the signal through the phloem. (B, top)
Cross section of a shoot apex, showing the three tissue layers.

The shoot apical meristem (SAM) is at the center, with emerging organ primordia on both sides. (Middle) Localized ectopic expression
can be driven by an epidermis-specific promoter in L1 only. (Bottom) Induced genetic recombination can result in clones of marked
cells in L2 with different genetic composition.
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with similarity to developmental regulators (Ruiz-Me-
drano et al. 1999; Xoconostle-Cázares et al. 1999). In an-
other elegant grafting experiment, the effects of long-
distance mRNAmovement have recently been shown. A
naturally occurring mutation in tomato,Mouse ear (Me),
is the result of a gene fusion in which regulatory se-
quences of the PYRO-PHOSPHATE-DEPENDENT
PHOSPHO-FRUCTOKINASE (PFP) gene cause high-
level expression of the homeobox gene LeT6, resulting in
altered leaf morphology (Chen et al. 1997). Kim et al.
(2001) showed that the Me mRNA can move from mu-
tant stocks into wild-type scions, with the consequence
that genetically wild-type scions show the Me pheno-
type. This observation strongly supports the assertion
that long-distance movement of mRNAs is used as a
developmental signal.

Short-distance movement of transcription factors
and their sense RNAs

Plant growth differs from that of animals in that most
organs originate postembryonically from meristems,
which are groups of undifferentiated cells that are set
aside during embryogenesis. The aerial parts of the
plants are generated by the shoot apical meristem (SAM),
which consists of three tissue layers: the outer most
layer, L1; the subsurface layer, L2; and the inner layer,
L3. These three layers produce the epidermis, subepider-
mis, and inner tissues such as the vasculature, respec-
tively. In dicotyledonous plants, cells in the L1 and L2
divide almost exclusively in a single plane, with the re-
sult that cells in each layer are normally clonally related
(see Fig. 2; Sussex 1989). Cells within the same layer are
therefore connected mostly via primary PD, and cells
from adjacent layers via secondary PD (Ding 1998). Be-
cause all three layers contribute to cell proliferation and
organ differentiation, extensive intercellular communi-
cation is required to coordinate their growth. The exis-
tence of cross talk between layers has been shown in
several plant species using periclinal chimeras, in which
neighboring layers have different genetic composition
(Szymkowiak and Sussex 1992, 1993).
Among the genes that have been shown to have non-

cell-autonomous functions are several transcription fac-
tors controlling flower development (Carpenter and
Coen 1995; Hantke et al. 1995; Bouhidel and Irish 1996;
Perbal et al. 1996; Sieburth et al. 1998; Sessions et al.
2000; Jenik and Irish 2001). Initially, it was assumed that
their non-cell-autonomous effects were carried out by
downstream effectors, such as secreted molecules, be-
cause transcription factors were not known to be se-
creted or move otherwise between adjacent cells. It
therefore came as a surprise when Jackson et al. (1994)
reported that the homeobox-containing transcription
factor KNOTTED 1 (KN1) can be detected in the L1 of
the maize SAM, even though its RNA is limited to the
L2 and L3. The authors insightfully speculated that this
discrepancy was caused by KN1movement, a hypothesis
supported by subsequent experiments, in which fluores-
cently labeled KN1 was injected into tobacco leaf cells

(Lucas et al. 1995). In this experimental setup, KN1 ap-
peared to generally increase the SEL of PD, and to even
effect specific movement of its own sense RNA. Inter-
estingly, the domain required for KN1 movement in to-
bacco leaves was pinpointed to a potential nuclear local-
ization signal in the N-terminal part of the homeodo-
main. Unfortunately, it has not yet been possible to
study the effects of KN1 movement within meristem,
although KN1 is known to have nonautonomous effects
when expressed ectopically.
Soon after this first example of transcription factor

movement, Perbal et al. (1996) found that the Antirrhi-
numMADS domain protein DEFICIENS (DEF) can move
within developing flowers. Using genetic chimera, they
showed that DEF can move from the L2 into the L1, but
not in the other direction. A third transcription factor
shown to move within floral meristems is LEAFY (LFY)
in Arabidopsis (Sessions et al. 2000). The most dramatic
results were seen when LFY was expressed from the epi-
dermis-specific ML1 promoter: Although the RNA was,
as expected, restricted to the L1, LFY protein was found
in a gradient that extended into several interior cell lay-
ers. The functionality of trafficked LFY protein was
shown both by complete rescue of the mutant pheno-
type, and by the ability of LFY to activate a direct target
gene in interior layers.
A caveat of the DEF and LFY studies was that the

biological significance of their movement was unclear,
because there are no striking differences in their RNA
and protein patterns in wild-type plants, although it has
been speculated that LFY movement presents a redun-
dant mechanism to ensure that all three tissue layers in
the meristem coordinately adopt floral fate. A more re-
cent publication, however, no longer leaves any doubt as
to the significance of transcription factor movement in
plant development (Nakajima et al. 2001). Similarly to
the shoot, the root is formed by a meristem comprising
the root initials. There are distinct initials that give rise
to several radially organized layers in the mature root,
including from the center to the periphery, the stele, the
endodermis, the cortex, and the epidermis. The SHORT
ROOT (SHR) gene, which encodes a member of the
GRAS family of transcription factors, is required for the
formation of the single-cell-layered endodermis, which
descends from the same mother cells as the cortex layer.
Plants lacking SHR activity fail to develop the endoder-
mis layer (Benfey et al. 1993; Helariutta et al. 2000). In
situ hybridization had revealed that SHR RNA is ex-
pressed only in the stele (Helariutta et al. 2000), but sub-
sequent studies using both GFP fusions and immunohis-
tochemistry showed that the protein product is found in
both the stele and the adjacent endodermis (Nakajima et
al. 2001). Thus, in the wild-type root, SHR protein moves
one cell away from its source of expression to the cell
layer where its function is required. Using an SHR–GFP
fusion protein expressed from its own promoter, Na-
kajima et al. (2001) showed that SHR is both nuclear and
cytoplasmic in the stele, but strictly nuclear in the en-
dodermis. In a beautiful extension of this work, the au-
thors also asked whether there might be a reason for SHR
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RNA not being made in endodermal cells in the first
place, by examining plants in which SHR is expressed
under the control of the endodermis-specific SCARE-
CROW (SCR) promoter. In these plants, additional en-
dodermal layers are generated, indicating that SHR tran-
scription in the endodermis is detrimental. There are
several possible explanations for this observation: A
trivial explanation would be that increasing the amount
of SHR in the endodermis by expressing it there directly
allows it to escape to adjacent cells. One can think of
several more elaborate scenarios, involving, for example,
modifications during movement.

Mechanisms of transcription factor movement

Contrary to the common belief that transcription factors
should be transported into nuclei as soon as they are
made, several transcription factors in plants have been
shown to be able to move in developing tissues. How do
these proteins go across cellular boundaries? PD seem to
be the most suitable answer. The first evidence came
from the observation that injected KN1 can change the
SEL of tobacco leaf mesophyll cells (Lucas et al. 1995).
An interaction with the PD is further supported by the
finding that a KN1 peptide can interfere with KN1’s abil-
ity to dilate the PD and to move its mRNA into neigh-
boring cells (Kragler et al. 2000). Also, the fact that cells
within a layer are typically connected by primary PD but
cells in adjacent layers are typically connected by sec-
ondary PD suggests a functional basis for the observation
that DEF can only move from L2 into L1, but not within
a layer (Perbal et al. 1996; Efremova et al. 2001). Never-
theless, the mechanisms behind the movement of these
proteins remain unknown, and it is noteworthy that sev-
eral animal transcription factors of the homeodomain
family can traffic between cells in culture using uncon-
ventional secretion and uptake mechanisms (Joliot et al.
1991; Maizel et al. 1999).
Meristems are the youngest tissues found in a plant,

and the PD found there are thought to have the largest
size exclusion limit (Zambryski and Crawford 2000). So
far, most examples of endogenous transcription factor
movement are from meristematic tissues. However, not
all transcription factors with non-cell-autonomous ef-
fects move in the meristem. The latter group includes
the Arabidopsis MADS domain protein APETALA3
(AP3), the ortholog of DEF, and its heterodimerization
partner PISTILLATA (PI), both of which are similar in
size to GFP (Jenik and Irish 2001).
Although it is reassuring that not all transcription fac-

tors move freely in the plant, these observations indicate
that there must be active mechanisms that regulate tran-
scription factor movement. So far, it has been largely
assumed that nonmovement is the default, and that
movement is predominantly active. An alternative hy-
pothesis would be that movement by diffusion is a de-
fault pathway. Movement by diffusion would be consis-
tent with the graded distribution of LFY protein observed
in plants that expressed LFY RNA only in the L1 (Ses-
sions et al. 2000). We note that even if movement is at

least partially by diffusion, this would not diminish the
biological significance of intercellular protein trafficking.
In a scenario where diffusion is an important mecha-

nism for intercellular protein movement, retention of
signaling molecules and transcription factors in their
source tissue may be as important as active transport.
Retention could be achieved by targeting proteins to spe-
cific cellular compartments (Crawford and Zambryski
2000), or by complexing a protein with other factors. The
latter scenario could apply in the case of AP3 and PI, for
they are known to form stable complexes with other
MADS proteins (McGonigle et al. 1996; Riechmann et al.
1996; Egea-Cortines et al. 1999; Honma and Goto 2001).
In the case of SHR, the hypothetical interaction part-
ner(s) might only be present in the endodermis, and ef-
fectively trap SHR (although one would have to postu-
late that this trapping mechanism is somehow defeated
when the amount and/or timing of SHR production is
changed in SCR::SHR transgenic lines (Nakajima et al.
2001).

Summary and perspectives

Although once regarded as static pores with a very re-
stricted size exclusion limit, PD have been shown to be
dynamic organelles, capable of allowing the passage of a
wide variety of macromolecules. Through the use of
fluorescently tagged proteins, it has become evident that
there are two mechanisms for transport: targeted move-
ment, in which transport occurs systematically across
many cell layers (an example being that of viral move-
ment proteins), and nontargeted movement (which
might be the predominant mode of transcription factor
movement in meristems). Correspondingly, it has been
suggested that the PD exist in three different states:
closed, open (permitting nontargeted movement), and di-
lated (required for targeted movement).
A key question that remains is what role, if any, PD

have in regulating movement of molecules between
cells. Although PD have been shown to close in response
to physiological stress and with age, it is possible that
the cell-to-cell passage of many proteins is the default in
young, growing tissue. Presumably, proteins whose ac-
tivity must be restricted to a particular region are spe-
cifically retained, with an example being floral homeotic
proteins like AP3. There is so far no evidence that PD
control movement of transcription factors, but traffick-
ing of developmental regulators may be regulated at sev-
eral levels, for example, via intracellular localization,
binding partners, or posttranslational modification. All
these mechanisms may be largely independent of the
PD. Interestingly, systemic expression of viral move-
ment proteins in transgenic plants, which have been re-
ported to dilate the PD, has often no obvious phenotypic
or developmental consequences (e.g., Wolf et al. 1989;
Deom et al. 1990), suggesting that even dilated PD do not
permit the free movement of all proteins.
Finally, although the last few years have seen exciting

discoveries in the field of intercellular movement of
plant macromolecules, one should not forget that plant
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cells are perfectly able to communicate using secreted
ligands and extracellular receptors (Clark 2001). The
relative contribution of this type of classic signaling and
of unconventional signaling via movement through PD
to intercellular communication is likely to provide in-
teresting discussions for years to come.
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