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Plasmodesmata are channels that traverse cell walls to establish a symplastic continuum through
whole plants. A plasmodesmal-associated protein, AtRGP2, is delivered to the plasmodesmata via the
Golgi apparatus. In this paper, GFP:At1g19190 fusion protein was constructed and compared to
AtRGP2:YFP. GFP:At1g19190 displays fluorescence patterns along the cell periphery and in a punctate
pattern that co-localizes with aniline blue-stained callose. Cytoskeleton disturbance drugs were used to
treat transgenic GFP:At1g19190 Arabidopsis seedlings. Colchicine, which disturbs the microtubule
network, was found capable of disturbing the localization of At1g19190, but cytochalasin B (CB) and
brefeldin A (BFA) did not affect the localization of At1g19190. Micrografting methods revealed that the
transfer of GFP:At1g19190 fluorescence from transgenic Arabidopsis to non-fluorescent wild-type was
absent during AtRGP2 grafting. At1g19190 appeared to be a potentially important protein in the
plasmodesmata (Pd) structure and may play a critical role in substance transport, although its exact
mechanism is still unknown.
Key words: Plasmodesmata, AtRGP2, At1g19190, cytoskeleton, micrografting.

INTRODUCTION
Plasmodesmata (Pds) are junctions between plant cells
that are comparable to gap junctions in animal cells.
Almost two centuries ago, Bernhardi (1805) proposed the
existence of such channels and the possibility of their
permitting intercellular communication. Tangl (1879) was
the first to observe Pds in 1879, describing them as
“offene communication.” In 1901, Strasbuger christened
these junctions “plasmodesmata,” from the Latin “plasma”
for fluid and the Greek “desma” for bond, which
accurately describes the function of these structures
(Zambryski, 2008). Pds form symplast passages that
interconnect adjacent plant cells. They are composed of
plasma membrane (PM)-lined channels with a central
axial component, called the desmotubule (DM), and are
derived from the endoplasmic reticulum (ER) (Thomas et
al., 2008; Maule, 2009). The outer PM is continuous from
one cell to another, whereas the inner DM is continuous
with the ER (Ehlers and Kollmann, 2001; Heinlein and
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Epel 2004). Pds are channels that provide the potential
for the exchange of informational molecules acting as
non-cell autonomous proteins (NCAPs), small RNAs,
pathogenic and some non-pathogenic RNAs. They
regulate developmentally important molecules into the
phloem and mediate particular cell types and tissues
during development. Despite the important role of Pds in
plant growth and development, however, very little is
known about how these molecules transport through
them. One aspect that has received attention recently is
the protein composition of Pds. To date, a number of
proteins that associate with Pds (Maule, 2009; Lucas et
al., 2009) have been identified, including cytoskeletal
elements (actin and myosin VIII) (Ding et al., 1996;
Blackman and Overall, 1998; Reichelt et al., 1999), ER
proteins (calreticulin) (Baluska et al., 1999), the
plasmodesmal- associated protein kinase (PAPK) in
tobacco and its Arabidopsis thaliana PAPK homolog
(PAPK1) (Lee et al., 2005), plasmodesmal-associated
protein (ppap) (AtBG_ ppap) (Levy et al., 2007), a class
of reversibly glycosylated polypeptide (RGPs) (Sagi et al.,
2005; Zavaliev et al., 2010), a family of Pd-located
proteins (PDLPs) (Thomas et al., 2008) and Pd-callose
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binding proteins (PDCBs) (Simpson et al., 2009).
Micrografting methods for young Arabidopsis seedlings
are described by Turnbull et al. (2002). Micrografting has
been a useful technique in the improvement, rejuvenation
and virus-freeing of fruit crops. The technique can provide
evidence of long-distance signal transport in plant
processes because it maintains contact between scions
and the rootstock until fusion is complete. This study
investigates a new putative Pd-associated protein,
At1g19190, in Arabidopsis. Fusion GFP:At1g19190 was
created to localize proteins in wall sheaths surrounding
the Pds. Further analysis using cytoskeleton-disturbing
drugs were also performed to determine the factors that
affect At1g19190 localization. Transgenic Arabidopsis
plants expressing GFP:At1g19190 were grafted into wildtype (WT) plants (A. thaliana ecotype Columbia) through
micrografting. Separate experiments with transgenic
Arabidopsis as scions and rootstock were performed, and
fluorescence studies were used for analysis.

tumefaciens strain GV3101 carrying the appropriate constructs
(Clough and Bent, 1998). Five to ten independent lines were
analyzed. The lines were amplified, and the T3 plants were used for
further experiments.
Transient expression
Transient expression was induced using A. tumefaciens leaf
injections (Lavy et al., 2002). The abaxial side of N. benthamiana
and N. tobaccum leaves was injected with the Agrobacterium strain
GV3101 harboring the indicated plasmids using a 1 ml syringe
without a needle. Observation of transient expression was limited to
epidermal cells at the lower face of the leaves. GFP fluorescence
was examined 24 to 48 h after injection.
Transgenic expression
Arabidopsis plants were transformed according to the flower-dip
method (Bechtold et al., 1993). For the expression of
GFP:At1g19190 in plants, transgenic Arabidopsis plants containing
progeny were selected after surface sterilization of the seeds in
Murashige and Skoog (MS) medium (Murashige and Skoog, 1962)
containing 15 mg/L hygromycin.

MATERIALS AND METHODS
Plant material, growth condition and grafting

Reverse transcription polymerase chain reaction (RT-PCR)

Prior to their growth, A. thaliana ecotype Columbia samples were
vernalized for three days at 4°C. The samples were then grown in
tissue cultures under long-day conditions (16-h-light/8-h-dark
cycles) at 21°C. They were cultivated in a greenhouse in 6 cm pots
containing a mixture of equal volumes of potting mixture and
vermiculite at 20 to 24°C. Nicotiana benthamiana and N. tobaccum
were grown in 10 cm pots containing a potting mixture at 25°C
under long-day conditions.
The Arabidopsis were grafted using butt grafts (Colin et al.,
2002). For grafting, seed of Arabidopsis thaliana were surfacesterilized in 70% ethanol for 1 min, then in sodium hypochlorite
solution for 10 min, followed by extensive washes in sterile distilled
water. Seeds were sown under axenic conditions in 9 cm Petri
dishes. Plates were placed at 4°C in the dark for two to three days
to vernalize seedling. Seedlings were then grown with plates under
long-day conditions (16-h-light/8-h-dark cycles) at 21°C. Grafts
were all performed under a stereomicroscope, generally using
seedlings between three or four days old. Cuts were most easily
made with small blades in hypocotyl (Figure 8). Images were taken
after grafting three to six days under confocal microscopy (LSM
510; Zeiss; Germany).

Rosette leaves, stems and shoots were cut from newly flowering
Arabidopsis plants, whereas cauline leaves, roots, flowers and
siliques were cut from fully flowering plants. For each organ type,
two samples with two repeats were collected and stored at 80°C.
RNA was purified from 50 to 100 mg frozen tissue using the
RNAisoTM Plus total RNA isolation system kit (Takara) according to
the manufacturer’s instructions. First-strand cDNA synthesis was
performed using the Revert AidTM First Stand cDNA Synthesis kit
(Fermentas). The At1g19190 and Actin2 coding sequences were
amplified by PCR reactions using specific primers. For At1g19190,
the LP and RP used were as described earlier. For Actin2, the
forward primer was 5' - TACTGTGCCAATCTACGAGGGT -3', and
the reverse primer was 5' -GGACCTGCCTCATCATACTCG -3'.
Amplification of At1g19190 was performed using the following
program: 1 cycle of 95°C for 2 min, followed by 33 cycles of 94°C
for 30 s, 60°C for 30 s, and 72°C for 1 min, and a final elongation
step of 72°C for 5 min. Actin2 was amplified using the following
program: 1 cycle of 95°C for 2 min, followed by 24 cycles of 94°C
for 30 s, 56°C for 30 s, and 72°C for 30 s, and a final elongation
step of 72°C at 5 min. To calculate the transcript levels of
At1g19190, the image processing software IMAGEJ version 1.31
(http://rsb.info.nih.gov/ij) was used.

Plasmid constructs
Transgenic Arabidopsis plants expressing GFP-tagged At1g19190
were generated from their native sequences by fluorescence
tagging of full-length proteins (Tian et al., 2004). At1g19190 was
amplified from cDNA using the primer set LP5′ GTCGACATGGATTCCGAAATCGCATT- 3' and RP 5’ –CGGGGT
ACCAAATGTTTCTTCTTTAAGAAACTCTG- 3'. The resulting DNA
fragment was recombined into pCM1307-nGFP using SalI and KpnI
restriction sites.

Inhibition treatments
A. thaliana plants were cultivated on MS medium containing 3%
sucrose and 1% agar (pH 5.8) in 12-well plates, with each well
containing four plants. For the treatment of Arabidopsis, stock
solutions were prepared in dimethyl sulfoxide (DMSO) in
concentrations of 0.1 M colchicine, 5 mM CB, and 10 mg/ml BFA.
Stock solutions or DMSO was diluted in 1:1000 liquid MS media, 1
ml of which was applied to each well, followed by vacuum infiltration
(0.08 mPa) for 5 min. Plants were kept in the tissue culture as
earlier described.

Plant transformation
FM4-64 membrane staining and plasmolysis
Wild-type (WT) seedlings (A. thaliana ecotype Columbia) were
transformed by an infiltration method using the Agrobacterium

GFP:At1g19190 transgenic Arabidopsis leaves were stained with
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Figure 1. RT-PCR of At1g19190. The transcription levels of At1g19190 in different Arabidopsis tissues
were determined using RT-PCR. Gray intensities were used to calculate the transcription levels. Actin2
served as the internal reference.

(N-[3-triethylammoniumpropyl]-4-[p-die-thylaminophenylhexatrienyl]
pyridinium dibromide), (FM4-64) a plasma membrane (PM marker)
(Bloch et al., 2005). An FM4-64 stock solution was prepared in
DMSO at a concentration of 2 mg/ml. The working solution was 5
µM. For PM staining, the cotyledons of seven-day old transgenic
GFP:At1g19190 Arabidopsis plants were incubated in FM4-64 at
30°C for 1.5 h. For plasmolysis, the FM4-64 stained cotyledons
were transferred to 30% glycerol for about 4 h. Images were taken
when the separation of the protoplasts from the cell walls was
visible under confocal microscopy.

Callose staining
Callose staining for co-localization with GFP:At1g19190 was
performed by incubating transgenic GFP:At1g19190 Arabidopsis
leaf segments for 10 min in a mixture of 0.1% aniline blue in
double-distilled water and 1 M glycine, pH 9.5, at a volume ratio of
2:3.

Microscopy
Fluorescence microscopy
Fluorescence was viewed with a Nikon Eclipse Ti-U. Aniline bluestained callose fluorescence was measured with a band-pass 330–
380 nm excitation filter, a DM 400 dichromatic mirror, and a longpass 420 nm emission filter. GFP and YFP fluorescence was
viewed with a band-pass 450 to 490 nm excitation filter, a DM505
dichromatic mirror, and a long-pass 505 nm emission filter. For
better visualization, a negative image was generated using ADOBE
PHOTOSHOP CS4.0 software.

argon laser, and emission was detected with a 535 to 590 nm bandpass filter combination. FM4-64 fluorescence was excited with a
543 nm argon laser, and emission was detected with a 565 to 615
nm band-pass filter combination.

RESULTS
At1g19190 is a member of the AtCXE family
Analysis by NCBI revealed a 3’ untranslated region and a
957 bp long coding region (Figure 11). Semi-quantitative
interpretation of the At1g19190 transcript levels in
Arabidopsis tissues using RT-PCR revealed that the
gene is not expressed equally in different tissues (Figure
1). IMAGEJ was used to calculate the protein transcript
levels from gray intensities. Transcription of At1g19190
was highest in the flowers, shoots and roots, whereas the
rosette leaves and siliques were of intermediate gray
intensity. Stems and cauline leaves had the lowest
transcription levels (Figure 12).
The gene translates into a 318-aa protein that is
predicted to have no transmembrane regions (Figure 13)
according to the SOSUI program (http://bp.nuap.nagoyau.ac.jp/sosui/; Hirokawa et al., 1998; Levy et al., 2007).
An abhydrolase_3 domain (pfam07859) was found
between 70 and 290 aa (Figure 4, CD-Search in
http://www.ncbi.nlm.nih.gov/cdd/; Marchler-Bauer and
Bryant, 2004), and it is a member of AtCXE family
(Marshall et al., 2003).

Confocal fluorescence microscopy
Fluorescence was viewed with a CLSM (LSM 510; Zeiss;
Germany). GFP fluorescence was excited with a 488 nm argon
laser, and emission was detected with a 500 to 550 nm band-pass
filter combination. YFP fluorescence was excited with a 514 nm

At1g19190 targets the cell wall
Fusion between the protein and GFP was created to
identify the localization of At1g19190. Analysis of
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Figure 2. Cellular localization of GFP:At1g19190. A to D, Transiently expressed GFP:At1g19190 in the epidermis of Nicotiana
benthamiana 48 h after microprojectile bombardment; E to H, stably expressed GFP:At1g19190 in Arabidopsis leaf epidermis; I and
J, stably expressed AtRGP2:YFP in Arabidopsis leaf epidermis; D, H and L Nomarsky differential interference showing Pds. Bar =
20 µM.

GFP:At1g19190 with Arabidopsis mesophyll protoplast
expression showed no fluorescence. Control experiments
verified that GFP fluorescence was expressed throughout
the cell (data not shown). GFP:At1g19190 was transiently
expressed in N. benthamiana by microprojectile
bombardment (Figure 2A to D) and stably expressed in
Arabidopsis by Agrobacterium transformation (Figure 2E
to H), which appears similar to the AtRGP2:YFP located
in Pds (Figure 2I and L).
From observations of the abaxial leaves of tobacco
and Arabidopsis, At1g19190 was found to be located in
the wall sheath surrounding Pds. To prove that the
GFP:At1g19190 fluorescence inside cell walls indeed
represented Pds, we stained callose with aniline blue.
Callose is widely used as a plasmodesmal marker
(Baluska et al., 1999; Bayer et al., 2004; Gorshkova et
al., 2003; Sagi et al., 2005; Levy et al., 2007).

When overexpressed Arabidopsis source leaves that
express GFP:At1g19190 were stained by aniline blue,
GFP:At1g19190 co-localized with the aniline blue-stained
callose present in the cell wall sheath (Figure 3). Control
experiments verified that no GFP fluorescence existed
under aniline blue conditions, and no aniline blue
fluorescence existed under GFP conditions.
GFP:At1g19190 is not a membrane protein
When GFP:At1g19190 is transiently expressed by
Agrobacterium leaf injection, it can be observed that
fluorescence accumulate in wall sheath (Figure 4A and
D). We suppose At1g19190 is a putative plasmodesmalassociated protein Likewise, as predicted, GFP:
At1g19190 do not localize to the plasma membrane
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Figure 3. Aniline blue-stained callose with GFP:At1g19190. A, GFP:At1g19190 is shown in green; B, aniline-blue stained callose is
shown in purple; C, GFP:At1g19190 and aniline-blue stained callose overlay. Bar = 20 µM.

Figure 4. Fluorescence of GFP:At1g19190 and FM4-64. A and D, Stably expressed GFP:At1g19190 in Arabidopsis (shown in
green); B and E, FM4-64-stained plasma membrane (shown in red) in transgenic Arabidopsis expressing GFP:At1g19190; C and F,
DIC and FM4-64 fluorescence and GFP fluorescence overlay, overlay of all channels showing that GFP:At1g19190 not co-localized
with FM4-64; C, upon plasmolysis, plasma membrane (PM) withdraws from the cell wall (see arrows), indicating that GFP:At1g19190
is not a plasma protein. Bar = 20 µM.

(Figure 4C and F). GFP:At1g19190 transgenic leaves
were stained with FM4-64, a plasma membrane marker,
and cells were plasmolysed. Following plasmolysis, GFP:
At1g19190 could not be seen to recede from the cell wall
along with the FM4-64 fluorescently stained plasma
membrane (Figure 4A to C).

Disruption of the actin skeleton does not change the
localization of GFP:At1g19190
CB is known to disorganize microfilaments, but not
microtubules (MTs) (Wagner et al., 1972; Williamson and
Hurley, 1986; Tominaga et al., 1997). To determine the
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Figure 5. Effects of CB on the Pd-localization of GFP:At1g19190. (A) Cotyledons of seven-day-old GFP:At1g19190
seedlings treated with DMSO as control; (B) GFP:FABD2 showing actin filaments of epidermal and guard cells
treated with DMSO; (C) GFP:At1g19190 treated with CB, which can specifically inhibit actin; (D) GFP:FABD2
treatment with CB, showing actin confusion. Bar = 20 µM.

involvement of microfilaments in the transport and
position of At1g19190, the actin skeleton was disrupted
by CB. Arabidopsis GFP: FABD2 plants verified that CB
treatment works efficiently (Voigt et al., 2005) and
showed the successful occurrence of the GFP:FABD2mediated labeling of F-actin. 24 h after CB incubation, the
GFP: FABD2-labeled actin network was completely
disrupted (Figure 5B and D). The treatment of
Arabidopsis expressing GFP:At1g19190 with CB resulted
in no detectable accumulation of the protein in its leaves
(Figure 5A and C). These results indicate that the
GFP:At1g19190 localization in Pds is independent of
actin influence.

Inhibition of the ER-Golgi secretion system does not
affect the Pds-localization of GFP:At1g19190
BFA is often used to inhibit the ER-Golgi secretion
systems of plant cells (Sciaky et al., 1997; Ritzenthaler et
al., 2002). Previous studies reported that AtRGP2
localizes in both Pds and the Golgi apparatus, indicating
that AtRGP2 is a plasmodesmal-associated protein
delivered to the former via the latter (Sagi et al., 2005). In
this experiment, transgenic Arabidopsis plants expressing
AtRGP2:YFP were treated with DMSO as controls
(Figure 6B). The 24 h BFA treatment of AtRGP2:YFP
plants
resulted
in
fluorescence
accumulation,

Cao et al.
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Figure 6. Treatment of transgenic Arabidopsis plants with BFA. (A) Cotyledons of 7-days-old
GFP:At1g19190 seedlings treated with DMSO as control; (B) AtRGP2:YFP reported to be involved in
Golgi apparatus transport to Pds was treated with DMSO; (C) GFP:At1g19190 was treated with BFA,
which can specifically inhibit AtRGP2 delivered to plasmodesmata via the Golgi apparatus(arrow show
fluorescence accumulation); (D) AtRGP2:YFP treatment with BFA, showing aggregation of AtRGP2. Bar
= 20 µM.

demonstrating that the Pds-labeling of AtRGP2 is
dependent on Golgi functions (Figure 6D). In contrast,
GFP:At1g19190 plants treated with BFA did not differ
from those treated with DMSO (Figure 6A and C). Pdslocalization of GFP:At1g19190 is independent of ERGolgi secretion.
Disruption
of
microtubules
results
in
the
accumulation of GFP:At1g19190 in Arabidopsis
leaves

depolymerization of the network within 24 h (Figure 7D
and H). When the same treatment was applied to transgenic Arabidopsis plants expressing GFP: At1g19190 for
24 h, visible fluorescence accumulation in the leaves,
compared with DMSO treated plants, was observed
(Figure 7A to G). These findings suggest that disrupted
MTs could change the Pds-localization of GFP:
At1g19190. Thus, At1g19190 is possibly an MTdependent Pds-associated protein.
At1g19190 could make long-distance transport

Disruption of the MTs network with colchicine was
performed to determine the importance of MTs in protein
localization. Colchicine treatment of Arabidopsis plants
expressing
TUA6:
GFP
showed
complete

The micrografting technique was used to test the
movement of At1g19190. After grafting overexpressed
GFP:At1g19190 scion to WT rootstock, the fluorescence
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Figure 7. Treatment of colchicine results in the accumulation of GFP:At1g19190 in Arabidopsis leaves. (A) Cotyledons of sevendays-old GFP:At1g19190 seedlings treated with DMSO as control; (B) TUA6:GFP, showing microtubule network, treated with
DMSO; (C) GFP:At1g19190 was treated with colchicine, which can specifically disrupt the microtubule network (arrow shown); (D)
TUA6:GFP treatment with colchicine showing disruption of the microtubule, resulting in disruption of GFP:At1g19190 localization; E
to H show the amplifications of (A), (B), (C), and (D), respectively. Bar = 20 µM.

Figure 8. Micrografting model. The left-hand side shows the two plants, A and B, from
which the scion and rootstock, respectively, were taken. The right-hand side shows
the inversion of the plant when viewed with an LSM 510 (Zeiss, Germany).

signal in the rootstock was tested three and four days

later (Figure 14A to H). The WT rootstock showed obvious
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Figure 9. Transport of At1g19190 and AtRGP2 using the micrografting technique. A and B, Micrografting using
AtRGP2:YFP plant as the scion and WT plants as the rootstock; (B) YFP fluorescence three days after micrografting; YFP
fluorescence was not transported from the scion to the rootstock; C and D, micrografting with WT plants as the scion and
AtRGP2:YFP as the rootstock; D, YFP fluorescence six days after micrografting: YFP fluorescence was not transported from
the scion to the rootstock; I and J, micrografting using GFP:At1g19190 plants as the scion and WT plants as the rootstock;
J, GFP fluorescence four days after micrografting: GFP fluorescence was transported from the scion to the rootstock; K and
L, micrografting with WT plants as the scion and GFP:At1g19190 as the rootstock; L, GFP fluorescence two days after
micrografting: GFP fluorescence was transported from the rootstock to the scion A, C, E, G, I, K, M and O show the DIC
corresponding to each frame, respectively; E, F, G, H, M, N, O and P show the amplification of A, B, C, D, I, J, K and L,
respectively. Bar = 20 µM.

fluorescence. Similar fluorescence signals were detected
in WT scion after grafting onto the rootstock of
Arabidopsis expressing GFP:At1g19190 (Figure 14I to P).
This conferment of fluorescence to non-fluorescent

rootstock or scion after grafting was not observed in
grafts between WT plants and Arabidopsis ATRGP2:YFP
(Figure 15). Instead, fluorescence accumulates in the
callus of the graft incisions (Figure 9E and H). These
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Several lines of evidence presented here support the
hypothesis that At1g19190 is a Pd-associated protein.
First, the fusion of GFP:At1g19190 was used to explore
the localization of the protein. Fluorescence studies
showed that both transient and stable expressions of
GFP:At1g19190 are localized at the wall sheath. In
addition, the plasmid GFP:At1g19190 transformation of
protoplasts in Arabidopsis leaves does not give off
fluorescence. Secondly, GFP:At1g19190 fluorescence
appears in a punctate pattern on the cell walls, a pattern
similar to that of plasmodesmal marker the Pd-associated
protein AtRGP2: GFP (Sagi et al., 2005). Lastly,
GFP:At1g19190 fluorescence does not co-locate with
FM4-64 but co-localizes with aniline-blue stained callose.

of the involvement of long-distance signals in many plant
processes, including miRNA transportation (Hsieh et al.,
2009), shoot branching and flowering time regulation
(Notaguchi et al., 2008, 2009). In this study, the micrografting technique was used to determine whether or not
At1g19190 is transported from cell to cell. Results show
that GFP:At1g19190 fluorescence can be transported to
WT plants regardless of whether GFP:At1g19190 acts as
a scion or rootstock. This property is unique to
GFP:At1g19190 and not to AtRGP2:YFP. Previous
reports claimed that GFP (27 kDa) can move throughout
the embryo, whereas 2xGFP (54 kDa) cannot pass
through Pds that connect cells at the boundary between
the shoot apex and the cotyledons (Kim et al., 2005). The
molecular weight of GFP: At1g19190 is about 63 kDa,
whereas that of AtRGP2:YFP is about 68 kDa. This
difference shows why only GFP:At1g19190 is transported
from fluorescent to non-fluorescent regions of the plant
when it is only about the same size as AtRGP2:YFP. The
grafting mechanism is not clear, so the incision is
hypothesized to induce the formation of secondary Pds.
At1g19190 may be transported by newborn secondary
Pds because it is an MTs-dependent, and ER-Golgi
independent process.

At1g19190 is associated with tubulin cytoskeleton

Conclusion

Pds are symplasmic channels that can establish dynamic
intercellular delivery pathways for nutrients and
developmental messengers. It is composed of the outer
boundary of the PM of two neighboring cells, and an
inner boundary formed by appressed ER, called the DM,
running through to the axial core (Cilia et al., 2004;
Oparka, 2004; Kim, 2005; Maule, 2009). Molecular flux is
proposed to occur through the cytoplasmic sleeve
between the PM and DM, and is believed to be regulated
by callose deposition in the neck region of the wall.
Knowing that the GPI-anchor protein PDCB1 and
AtBG_ppap are bound to callose, these two molecules
were used to locate Pds (Levy et al., 2007; Simpson et
al., 2009). AtRGP2 is a plasmodesmal-associated protein
delivered to Pds via the Golgi apparatus (Sagi et al.,
2005; Zavaliev et al., 2010).
To determine the interaction between At1g19190 and
the cytoskeleton, three cytoskeleton disturbance drugs
were applied to the overexpressed GFP:At1g19190
Arabidopsis plants. CB and BFA treatments did not
disturb At1g19190 targeting in any way. Only colchicine
treatment, which destroys MTs, resulted in fluorescence
accumulation, thus hinting that it plays a role in the Pdslocalization of GFP:At1g19190.

At1g19190 may be a very important protein in the Pds
structure and may play a critical role in substance
transport. According to the model of transport and
degradation of potato leaf roll virus 17-kDa movement
protein (MP17) in plant (Vogel et al., 2007) and our
experimental results, the model was modified and we
propose a theory for the transport of substances to Pds
(Figure 10), where substances may attach to Golgiderived vesicles, and AtRGP2, as a chaperone, assists
substance transport to Pds. In some cases, the substances are distinguished by At1g19190 and translocated
by MTs into proteasome complexes for proteolytic
degradation before they are transported to neighboring
cells. This process can be inhibited by the disruption of
MTs, although the exact mechanism for this remains
unknown. Further studies are necessary to explore its
mechanism and realize its true potential in substance
transport.

results indicated that the At1g19190, against AtRGP2,
could make long-distance transport in grafted
Arabidopsis.

DISCUSSION
At1g19190 is a putative plasmodesmal-associated
protein

At1g19190 may be accompanied with secondary Pdstransport
Arabidopsis grafting has generated persuasive evidence
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Figure 10. Theoretical model of transport and degradation of substance in
plants. Substances may be attached to Golgi-derived vesicles, whereas
AtRGP2 as a chaperone assists substance transport to Pds. This process
can be inhibited by BFA. Substances are recruited to Pds, and a
mechanism emerged that allowed for Pds-dilation. This mechanism can
transport to neighboring cells. In some case, substances were
distinguished by At1g19190 and translocated by MTs into proteasome
complexes for proteolytic degradation. This process can be inhibited by
the disruption of the MTs.

Figure 11. Schematic model of At1g19190. White represents the coding region, 957 bp long and gray represents
the 3’ untranslated region.
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Figure 12. The transcription level of At1g19190 by IMAGEJ. Average values of gray intensity generated by IMAGEJ software. These
were used to calculate the At1g19190 transcription levels in different tissues.

Figure 13. Transmembrane region predict of At1g19190. At1g19190 does not have any transmembrane regions

Cao et al.

Figure 14. Long-distance transport of At1g19190. A to H, Micrografting using GFP:At1g19190 plants as the scion and WT
plants as the rootstock; E to H, GFP fluorescence 3, 4, 5 and 6 days after micrografting, respectively. GFP fluorescence was
transported from the scion to the rootstock. A to D show the DIC corresponding to each frame, respectively; I to P, show
micrografting with WT plants as the scion and GFP:At1g19190 as the rootstock, I to L, GFP fluorescence 3, 4, 5 and 6 days
after micrografting, respectively. GFP fluorescence was transported from the rootstock to the scion; M to P show the
corresponding DIC to each frame. Bar = 20 µM.
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Figure 15. Transport of AtRGP2 using micrografting technique. A to H, Micrografting using AtRGP2:YFP plant as the
scion and WT plants as the rootstock; E to H, YFP fluorescence at 3, 4, 5 and 6 days after micrografting, respectively.
YFP fluorescence was not transported from the scion to the rootstock; A to D, show the DIC corresponding to each
frame, respectively; I to P, show micrografting with WT plants as the scion and AtRGP2:YFP as the rootstock; I to L,
YFP fluorescence at 3, 4, 5 and 6 days after micrografting, respectively. YFP fluorescence was not transported from the
rootstock to the scion; M to P, show the DIC corresponding to each frame. Bar = 20 µM.
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