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Abstract. Grapevine (Vitis vinifera L.) embryos have an early developmental pattern which differs from the one
observed in model angiosperms such as Arabidopsis, in that the plane of divisions show variations from one individual to
another. Furthermore, the protoderm (the first tissue to differentiate) does not form in one step but rather, gradually with
time during globule formation. In Arabidopsis, expression pattern of a particular lipid transfer protein (LTP) isoform,
AtLTP1, appears to be related to protoderm establishment, and is considered as a molecular marker of its differentiation.
To investigate whether a similar role for LTPs in the development of grapevine embryos, we investigated the expression
pattern of VvLTP1, a Vitis homologue of AtLTP1, in somatic embryo development. Expression of the GUS reporter gene
under the control of the VvLTP1 promoter demonstrated that this LTP isoform is a marker of protoderm formation, and
confirmed that this tissue forms sequentially over time. Ectopic expression of VvLTP1 under the control of the 35S
promoter led to grossly misshapen embryos, which failed to acquire bilateral symmetry and displayed an abnormal
epidermal layer. These results indicate that a correct spatial or temporal expression, or both, of this gene is essential for
grapevine embryo development.
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Introduction

Discovered in the late 1950s in carrot cell suspensions (Steward
et al. 1958), somatic embryogenesis (SE) is the capacity of
somatic cells to form in vitro complete, viable embryos,
through a process that resembles to zygotic embryogenesis.
SE has been viewed as a tool for elite germplasms large-scale
propagation of economically relevant crops. It has indeed been
successfully used to do so in several plant species such as coffee
(Ducos et al. 2003), date palm (Fki et al. 2003), Norway spruce
(Picea abiesL.; Nehra et al. 2005) or themedicinal plant Siberian
ginseng (Eleutherococcus senticosus M.; Kang et al. 2006).
SE also constitutes a good model to study the molecular and
cellular regulations of the earliest developmental events in the life
of higher plants (Zimmerman 1993; Chugh and Khurana 2002).
In addition, SE plays an important role in genetic engineering of
several crops: transgenic sugarcane (Saccharum sp. L.; Snyman
et al. 2006), rubber tree (Blanc et al. 2006) or grapevine
(Vitis vinifera L.; Mauro et al. 1995; Coutos-Thevenot et al.
2001) were regenerated thanks to SE.

Changes in expression of extracellular proteins have been
associated with induction and initiation of SE in cell suspension
cultures (Chugh and Khurana 2002). These secreted proteins
encompass acidic class IV chitinases (De Jong et al. 1992),

b-1,3-glucanases (Helleboid et al. 2000), arabinogalactan
proteins (Stacey et al. 1990; Egertsdotter and von Arnold
1995) and also lipid transfer proteins (LTPs) (Sterk et al.
1991; Coutos-Thévenot et al. 1993; Blanckaert et al. 2002).
LTPs are small (7--13 kDa) extracellular peptides, which seem
to be ubiquitous in higher plants, where they are encoded by
complex multigenic families, as exemplified by Arabidopsis
thaliana (L.) Heynh and Oryza sativa L. (Kader 1996; Vignols
et al. 1997; Arondel et al. 2000). All LTPs identified to date are
synthesised as pre-proteins,with a secretion signal peptide in their
N-terminus, which is cleaved in the mature protein (Kader 1996).
They are characterised by a conserved motif of eight cysteine
residues, which are involved in intramolecular disulfide bridges
and stabilise the three-dimensional structure of these proteins,
constituted by a bundle of foura-helices partly surrounded by the
C-terminus turns (Kader 1996). A hydrophobic tunnel is present
inside the protein and can accommodate various hydrophobic
molecules including fatty acids, phospholipids, cutin monomers,
and jasmonic acid (Sterk et al. 1991; Zachowski et al. 1998;
Douliez et al. 2000; Buhot et al. 2004).

LTP expression has been tightly associated with the
establishment of the protoderm, the first differentiated
tissue that appears during angiosperm zygotic and SE
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(Sossountzov et al. 1991; Sterk et al. 1991; Vroemen et al. 1996;
Zeng et al. 2006). The correct formation of the protoderm, which
restricts the expansion of the cells at the surface of young globular
embryos, is essential for the continuation of the developmental
process (Dodeman et al. 1997). In dicotyledones that shows a
regular cell division pattern (i.e. reproducible with high
consistency between individuals) during globular embryo
formation, the differentiation of the protoderm occurs at a
precise developmental stage of the embryo proper: 16 cells in
the model plant A. thaliana, 64 cells in Daucus carota
L. (Mansfield and Briarty 1991; Sterk et al. 1991). In these
plants, mRNA in situ hybridisation and promoter-GUS
(b-glucuronidase) fusion expression analysis demonstrated that
LTP genes are specifically expressed in protodermal cells of
early globular embryos, and not in the internal cells
(Sterk et al. 1991; Vroemen et al. 1996). Carrot (Daucus
carota L.) ts11 mutant embryos, which express the EP2 LTP
gene in all cells of their somatic globular embryos, have a
morphologically aberrant protoderm, and are blocked early in
their development (De Jong et al. 1993). Arabidopsis knolle
mutant embryos, which show a uniform expression of the
AtLTP1 gene in all their cells, have major morphological
defects (Vroemen et al. 1996). Thus, correct cell-specific
expression pattern of LTP genes might be necessary for
correct embryo development in plant species with regular
globular embryo cell division pattern.

Regularity of cell division pattern during early embryogenesis
is not, however, common to all flowering plants (Natesh and Rau
1984). In some dicotyledones, like, for example, cotton
(Gossypium hirsutum L.) or grapevine, the plane of cell
divisions that leads to the globular embryo differs from one
individual to another (Pollock and Jensen 1964; Vallade et al.
1987). It is not possible to establish a clear cell fate map during
early embryogenesis. The protoderm cell layer do not form in a
synchronous manner at a precise stage, but rather by a series of
localised periclinal divisions spread all over the development of
the globular embryo, and little is known about the role of cell-
specific LTP expression during zygotic or SE of these species.
Accumulation of four LTPs isoforms in the culture medium
of 41B grapevine cells during SE has been reported, even
though neither kinetic of expression nor cell-specific
expression patterns were studied (Coutos-Thévenot et al.
1993). In this cell suspension, SE, as well as LTP synthesis,
are triggered by auxin starvation.We have shown that a particular
isoform, VvLTP1 (Vitis vinifera L. LTP1, previously named P1)
exhibit the highest expression level when the cells where
submitted to auxin starvation (Gomès et al. 2003). We have
recently reported the isolation of a genomic clone encoding
VvLTP1, which contains its promoter region (Laquitaine
et al. 2006).

The present work was conducted to better understand the
role of VvLTP1 expression during grapevine somatic embryo
development. The upstream region (2.8 kb) of the VvLTP1 gene
translational start was fused to the GUS (b-glucuronidase)
reporter gene to monitor the tissue-specific expression pattern
of VvLTP1 during somatic embryo development. Accumulation
of the VvLTP1 protein in the embryo culture media has been
monitored over time during SE, to check whether high level
of expression was associated with one (or more) specific

development stage(s). Finally, ectopic expression of the
VvLTP1 gene under the control of the strong 35S promoter
was realised to test the phenotypical effects of VvLTP1
overexpression on embryo development.

Materials and methods
Grapevine cell suspension culture and transformation

Grapevine (Vitis vinifera L.) cells (embryogenic line derived
from the 41B rootstock) were established in the presence of 5mM

NOA (b-naphtoxyacetic acid) at 22�C in the dark on glycerol-
maltosemedium (GM,Coutos-Thévenot et al. 1992), pH5.8, and
subcultured weekly under orbital shaking (110 rpm). For SE
trials, the cells were washed three times in the same culture
medium, without auxin (GM0) and inoculated at 0.1mL
packed cell volume per mL of GM0 culture medium. Cell
suspensions were cultured for 18 days at 26�C, in the dark,
under orbital shaking (110 rpm). In order to express VvLTP1
ectopically in 41B embryogenic cells, the VvLTP1 open reading
frame (Gomès et al. 2003) was subcloned in the XhoI and XbaI
restriction sites of the pFB8 binary vector (Atanassova et al.
1995), downstream the strong 35S promoter. To generate
embryos expressing the GUS (b-glucuronidase) reporter gene
under the control of the VvLTP1 promoter (pVvLTP1, GenBank
number DQ136029), a 2815-bp fragment was subcloned in the
SacI and BamHI restriction sites of the pBin19 binary vector
(Frisch et al. 1995), in front of the GUS coding region.
Embryogenic cells were transformed with these constructs
using an Agrobacterium co-cultivation method (Mauro et al.
1995). The transgenic cells were selected and subcultured in
the GMmedium supplemented with paromomycin at 2mgmL�1

and cefotaxime at 200mgmL�1.

HPLC protein analysis and quatification

Media flasks containing 200mL of GM0 were inoculated as
described above and cultured in the same culture conditions.
The suspension cell cultures were filtered at different times on
0.45mm pore size filter. This conditioned culture medium was
loaded onto a cationic exchange column (Selfpack POROS 8.5
by 0.5 cm; SP Sepharose, fast flow; Applied Biosystem, Foster
City, CA, USA) previously equilibrated with 25mM sodium
phosphate buffer (pH 6.5) mounted on a HPLC system
(Perkin Elmer Series 200 chain; Perkin Elmer, Waltham,
MA, USA) controlled by the TotalChrom Chromatography
Software. The bound proteins were eluted in one pick by the
same buffer containing 0.5 M NaCl, in one step, and absorbance
was monitored at 280 nm. The collected fractions, containing
all the cationic proteins of the 200mL of conditioned
culture medium were further analysed by reverse-phase
chromatography (Perkin Elmer Series 200, C4 Alltech
Prosphere 300 column, 5mm). After equilibration in buffer
A (0.1% trifluoroacetic acid, 1% acetonitrile; 98.9% water),
elution was performed (temperature, 40�C; flow rate,
0.8mLmin�1) by two steps of linear gradient from 0 to 40%
of buffer B (0.1% trifluoroacetic acid, 80% acetonitrile, 19.9%
water) in 30min and 40--100% of B in 5 min. Eluted proteins
were monitored at 220 nm (to increase sensibility). The peak
corresponding to VvLTP1 was identified by its Rf (reference to
front) value. Quantification of protein amounts by the
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TotalChrom Chromatography Software was performed using a
calibration curve established with previously purified VvLTP1
protein as a standard.

RNA extraction and northern blot analysis

RNA extraction and northern blotting were performed as
described previously (Laquitaine et al. 2006), with no
changes. For each extraction, three independent cell cultures
were pooled before grinding. Radiolabelled probes were
synthesised by random priming, using the Ready-to-Go DNA
labelling beads kit and [32P]-dCTP (Amersham Pharmacia
Biotech, Little Chalfont, Buckinghamshire, UK). A 250-bp
fragment corresponding to the 50UTR of VvLTP1 was used as
matrix. Hybridisation signals were recorded with a Storm
Phosphor Imager (Molecular Dynamics, Uppsala, Sweden).
The 28S ribosomic RNA from A. thaliana was used as a
probe to normalise hybridisation signals between the different
lanes.

b-Glucuronidase (GUS) histochemical assay

Somatic embryos were incubated 2min in 70% ethanol and
submerged 30min in fixation buffer (MES 10mM pH 5.6,
mannitol 300mM, formaldehyde 0.3%). Samples were then
washed three times with 50mM sodium phosphate buffer
(pH 7.0) and infiltrated 10min with the GUS substrate buffer
[NaPO4 50mM (pH7.0), K3Fe(CN)6 0.5mM,K4Fe(CN)6 0.5mM,
5-bromo-4-chloro-3-indolyl-b-D-glucuronic acid 1mM]. GUS
enzymatic activity was allowed to proceed for 1 h at 37�C, and
stopped by washing three times the embryos with 50mM sodium
phosphate (pH 7.0). Whole-mount observation of the GUS-
stained embryos was done with a Euromex (Arnhem, The
Netherlands) ZE-1657 stereomicroscope. For optical
microscopy observation, GUS-stained embryos were further
processed as described below.

Photonic microscopy

Samples were fixed by submersion 45min in 0.5%
glutaraldehyde, 1.5% paraformaldehyde, 0.05 M sodium
phosphate (pH 7.4) and rinsed by 0.1 M sodium phosphate
(pH 7.0) supplemented with sucrose 7.5% (w/v). Tissues
dehydration was achieved by gradually increasing ethanol
percentage from 20 to 100%. Dehydrated samples were then
impregnated with the LR-white epoxy resin (London Resin Co.
Limited, London, UK) by successive treatments: 15min into
resin : ethanol 1 : 2 (v/v), twice; 20min into resin : ethanol 2 : 1
(v/v), twice; and 16 h into pure resin. The resin was polymerised
for 24 h at 60�C. Polymerised samples were cut with a Leica
(Göttingen, Germany) EMUC6 ultracut microtome for either
toluidine blue (0.5% toluidine blue in 1% borax, pH 8.8)
coloration or direct GUS coloration. Observation were made
using a Zeiss (Göttingen, Germany) Axioplan microscope. In
the case of GUS coloration, 2--3mm thick slices were made to get
enough signal. Such thickness can lead to the presence of ridges
observed at high magnification.

For SE kinetic monitoring, the developing embryos were
observed as whole-mount under a Euromex ZE-1657
stereomicroscope.

Scanning electron microscopy
Somatic embryos were fixed 1 h at room temperature in a 2.5%
(w/v) glutaraldehyde solution (in 10mM sodium phosphate
buffer, pH 6.0) and washed twice in 10mM phosphate buffer.
Dehydration was achieved by successive incubations: 2� 2min
in 50% (v/v) acetone, 2� 5min 70% (v/v) acetone, 2� 15min
90% (v/v) acetone. The samples were then desiccated in a CO2

critical point dryer (BALZERS,CPD030) and coatedwith 25 nm
gold (BAL-TEC, SCD 005). Observations were made with a
JEOL (Tokyo, Japan) JSM-840A Scanning electron microscope.

Results

VvLTP1 promoter activity during 41B somatic
embryo development

To localise VvLTP1 expression during SE, the GUS gene was
placed under control of the VvLTP1 promoter region.
Histochemical GUS activity was performed, and the GUS-
stained tissues were observed by photonic microscopy.
At day 0 just before shifting the cells to auxin-free culture
medium to induce SE (see Materials and methods), GUS
activity was observed rather uniformly in the proembryogenic
masses (PEMs, Fig. 1A).At globular stage, expressionof theGUS
gene was restricted to the external cell layer (Fig. 1B). At early
globular stage (6 days after SE initiation), GUS activity was not
present in all peripheral cells of the embryos but only in a localised
area, usually with regularly shaped and organised cells (Fig. 1C).
At the heart stage (10--12 days after SE initiation), GUS activity
was detected in all the protoderm cells (Fig. 1D, E). In mature
(Fig. 1F) or germinated embryos (Fig. 1H), the cotyledons and
the hypocotyl exhibit GUS coloration; whereas most of the root
was not stained, except for the very tip (Fig. 1E, F). On the
cotyledons of germinated embryos, GUS staining was detected
mostly on the abaxial side (Fig. 1I).

Expression kinetics of VvLTP1 during SE in wild-type
and p35S::VvLTP1 cell suspension

In order to compare VvLTP1 mRNA accumulation in wild-type
and p35S::VvLTP1 embryos, RNA gel blot analysis were
performed after shifting the PEMs to auxin-free medium
(Fig. 2A, B). In wild-type 41B cells, VvLTP1 mRNA
accumulation followed a mildly accentuated bell-shape curve,
with maximal hybridisation signals at days 12--14 post initiation
of SE. The signal then dropped on day 18 so that it was only half
that measured on day 14. In transgenic embryos, the levels of
VvLTP1 mRNA detected were higher than those measured in
wild-type embryos at any time of the culture, with the exception
of day 10, strongly suggesting an overexpression of the VvLTP1
gene. To confirm the overexpression, the VvLTP1 protein was
quantified byHPLCanalysis in the cell suspension culturemedia,
as a function of time, after shifting the cells to the auxin-free
medium (Fig. 3). In wild-type embryos cultures, the amount of
VvLTP1 protein secreted in the culture media increased slowly
from 0.05 to 0.15 mgmL�1 between the 6th and 12th day after SE
initiation, reached its maximum (0.62 mgmL�1) at day 14 and
dropped by half between the 16th and the 18th day. In the p35S::
VvLTP1 embryos, the amounts of VvLTP1 protein secreted are
always higher than the ones measured for wild-type embryos.
Moreover, the protein kept on accumulating between the 16th and
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18th days, to reach 1.89 mgmL�1, compared with 0.33 mgmL�1

for the wild-type embryos at the same time.

Somatic embryo formation in wild-type
and p35S::VvLTP1 cell suspensions

Inorder to compare somatic embryosdevelopment,wild-type and
p35S::VvLTP1 transgenic PEMs were shifted from auxin-
containing to auxin-free culture media, and observed every
two days under the stereomicroscope (Fig. 4). Six days after
initiating SE, globular-shaped embryos of similar appearance
were formed in both wild-type and VvLTP1 overexpressing
embryos. At the 8th day, most of the wild-type embryos
undergo the globular-heart shape transition, whereas most of
the transgenic ones retained their globular shape. Two days later,
heart-shaped embryos were visible in the wild-type cell culture,
but not in the transgenic one where the embryo enlarged
uniformly, retaining their globular shape and failing to acquire
their bilateral symmetry. Between the 12th and the
16th days, the wild-type embryos switched from the heart to
the torpedo stage (day 16) and to mature embryos, with fully

formed cotyledons and hypocotyl--root axis were visible at the
18th day. During the same period, the transgenic embryos simply
elongates along their root--hypocotyl axis, still failing to develop
cotyledons and to acquire bilateral symmetry. Moreover,
secondary embryos started to bud from the first transgenic
ones (Fig. 4, white stars). Embryos derived from cells
transformed with the empty vector (VvLTP1 coding region
absent, negative control), showed a development identical to
wild-type ones (Fig. 4, pFB8), indicating that the observed
phenotype was not due to Agrobacterium transformation and
subsequent selection process.

Scanning surface electron microscopy of wild-type
and p35S::VvLTP1 somatic embryos

As demonstrated by promoter-GUS fusion, VvLTP1 expression
was gradually restricted to the protoderm during the transition
from globular to heart stage transition, whereas the rest of the
embryos (i.e. internal cells) did not appear to havedetectableGUS
activity. Considering that, as previously shown in several plant
species, the correct formation of the protoderm is essential for the

(A)

(D)

(F) (G)
(H )

(E)

(B) (C)

Fig. 1. Activity of the GUS reporter gene in transgenic 41B embryos of grapevine containing the VvLTP1 promoter-GUS fusion. (A--E) Semi-thin sections of
variousdevelopmental stages. (A) Proembryogenicmasses. (B)Earlyglobule formation,general view. (C)Detailedviewof aglobular embryowithbluepatchesof
GUS activity clearly visible in the peripheral cell layer. (D) Heart-shaped embryowith epidermal GUS activity. (E) Detail of GUS labelling in heart stage embryo
epidermis. (F--H) Whole mounts of (F) mature and (G, H) germinated embryos, observed under the stereomicroscope.
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proper development of the embryos, ectopic expression of
VvLTP1 under the control of the strong constitutive 35S
promoter was expected to disturb the protoderm organisation
in the transgenic embryos. Scanning surface electronmicroscopy
was then used to compare the protoderm of wild -type and p35S::
VvLTP1 embryos (Fig. 5). Ten days after triggering SE, when the
wild-type embryos reached the heart stage, the surface of wild-
type embryos appeared to be smooth at low magnification
(Fig. 5A), but a transgenic embryo of the same age exhibited
an irregular, bumpy surface (Fig. 5B). Higher magnification
observations showed that the protoderm of the wild-type
embryos is constituted by isodiametric, regularly packed cells
(Fig. 5C). In contrast, the protoderm of the transgenic embryo
shows severe morphological alterations, with irregular, more

densely packed cells (Fig. 5D). Protuberant domes were also
visible on the cell surfaces of the p35S::VvLTP1 embryos.
Moreover, optical microscopy performed on semi-thin sections
(Fig. 6) showed that in addition to this protoderm defect, the
transgenic embryos did not exhibit an organised apical region, as
neither cotyledon primordia nor apical meristem were visible.

Discussion

This work was conducted in order to better understand the role of
LTPs during somatic embryo development in grapevine, a plant
specieswith an irregular cell division pattern during early embryo
developmental stages (i.e. globule formation). This led us to
analyse the expression kinetic of VvLTP1 gene by monitoring
transcripts levels and protein accumulation during SE VvLTP1
expression levels are not constant during embryo formation: the
accumulation pattern of VvLTP1 mRNA exhibits a bell-shape
curve, with amaximum around 12 and 14 days after SE initiation,
a period of time within which the embryos undergo the globular-
heart shape transition, and shift from radial to bilateral symmetry.
This is in agreement with the results already obtained on plant
specieswith regular embryocell divisionpatterns suchas carrot or
Arabidopsis (Sterk et al. 1991; Vroemen et al. 1996). Maximal
protein accumulation in the embryo culture media occurs 2 days
later, at the 16th day. This time-lag probably reflects the delay
between transcription, translation, and finally secretion through
the secretory pathway.

Promoter-GUS studies allowed us to map the expression
pattern of VvLTP1, at the tissue level. The results clearly
indicate a shift in the VvLTP1 promoter activity pattern, from a
mostly uniform expression in all cells of the PEMs to a protoderm
specific expression. As soon as the protoderm appears in the
globular embryos, the localisationof theGUSactivity is restricted
to the protodermal cells; exhibiting a patchwork pattern for
VvLTP1 expression between the differentiated and non-
differentiated portions of the globules periphery. This fits with
the role of VvLTP1 as a marker of protodermal cell layer
differentiation during grapevine somatic embryo development,
as demonstrated for angiosperms with regular division patterns
such as carrot or Arabidopsis (Sterk et al. 1991; Vroemen et al.
1996). However, unlike what has been demonstrated for those
latter species, the expression is not detected in all cells of the outer
layer, but only in the area with smooth, regularly packed,
periclinally oriented cells -- in other words, in the embryo
surface area containing established protodermal cells. The
grapevine situation is closer to the one described in
gymnosperms, in which the protoderm cell layer is less clearly
defined during early embryogenesis and forms through a series of
periclinal divisions spread over time (Singh 1978; Sabala et al.
2000). Later, at the heart stage, all the peripheral cells show GUS
activity, indicating that the protoderm is fully developed, as
described for SE in angiosperm model plants such as
Arabidopsis or carrot (Chugh and Khurana 2002). The precise
role of LTP proteins in the protoderm formation is not yet known,
but it has been postulated they may act as carriers for cutin
deposition in protodermal cells (Kader 1996). When the
embryo reaches maturity and germinates, VvLTP1 promoter is
active mainly in the aerial part-to-be of the young plants,
i.e. cotyledons and hypocotyl; whereas no activity was
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Fig. 2. RNA gel blot analysis of VvLTP1 in both wild-type (white bars) and
p35S::VvLTP1 transgenic (black bars) 41b grapevine cells as a function of
culture time in the auxin-freemedium. (A)VvLTP1 and 18S ribosomal (rRNA)
hybridisation signals. (B) Signal quantification with the phosphoimager.
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detected in roots, with the exception of the root tip. Such an
expression pattern is common for LTP genes (Sossountzov et al.
1991; Thoma et al. 1994; Kader 1996), even though a root-
specific LTP isoform has been isolated in Phaseolus vulgaris L.
(Choi et al. 1996).

To further analyse the role of the VvLTP1 gene in grapevine
SE, the corresponding cDNA has been ectopically
overexpressed under the control of the strong, constitutive
35S promoter, which confers high expression levels and very
little cell specificity (Benfey and Chua 1990). P35S::VvLTP1

WT

6 days 8 days

Days after SE initiation

10 days

12 days 16 days 18 days

pFB8

p35S::VvLTP1

WT

pFB8

p35S::VvLTP1

Fig. 4. Development kinetics of 41B somatic embryos in grapevine. Proembryogenic masses subcultured in
glycerol-maltosemedia (seeMaterials andmethods) in the presence of auxin (5mMNOA)were shifted to auxin-
free medium and somatic embryogenesis (SE) was allowed to proceed for 18 days. Pictures were taken at the
most characteristic developmental stages for both wild-type (WT), empty vector control (pFB8) and VvLTP1
overexpressing embryos (p35S::VvLTP1). In both wild-type and pFB8 picture series, the arrows indicate a
typically shapedembryo for eachdevelopmental stage: globular (6days), transition (8days), heart (10days), late
heart (12 days), torpedo (16 days) andmature (18 days). In theVvLTP1 overexpressing embryo picture series, *
indicate the presence of secondary embryos.
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somatic embryos were grossly misshaped, displaying an
abnormally formed epidermis with an irregular, bumpy
surface. Such phenotypes, particularly the irregular epidermis,
have been linked to an incorrect spatial and temporal expression
pattern of LTP in mutants embryos with a defective protoderm
like the A. thaliana mutants raspberry (Yadegari et al. 1994)
and knolle (Jürgens et al. 1991) or the carrot ts11 mutant (De
Jong et al. 1992). In both knolle or ts11 mutants, the expression
of a LTP gene (AtLTP1 and EP2, respectively) which is
normally restricted to the protoderm cell layer, is expressed
uniformly in globular embryos (De Jong et al. 1993; Vroemen
et al. 1996), and their disorganised epidermal cell layer is very
similar to the one observed for p35::VvLTP1 embryos. Beside
this, p35S::VvLTP1, also failed to achieve the transition from the
globular to heart-shape stage and kept elongating along the root-
hypocotyl axis, without developing any cotyledonary structure
nor a proper apical meristem. In this way, they are very much
like the gurkemutant of Arabidopsis, which is basically reduced
to a root--hypocotyl axis (Torres-Ruiz et al. 1996). The
expression profile of AtLTP1 in the gurke background has
not been described, but considering our results, it is very
likely to be disturbed. The use of the 35S promoter to drive
VvLTP1 expression has indeed two effects; loss of tissue-
specific expression, and increased protein amounts in the
embryo culture media. To try to distinguish between them,

(A) (B)

(C) (D)

Fig. 5. Surface scanning electronmicroscopy of 10 days old wild-type (left) and p35S::VvLTP1
(right) somatic embryos in grapevine. (A) Wild-type embryo with a regularly shaped, smooth-
looking surface, correctly formed cotyledon primordia (arrows), and a bilateral symmetry (dashed
line).The stars indicate thebasal area of the embryo. (B) Transgenicembryo showingdrastic shape
changes and apex disorganisation, with aborted leaf primordia, and no bilateral symmetry.
(C) Detailed view of regularly-shaped and well ordered epidermal cells in a wild-type embryo.
(D) Detailed view of irregularly-shaped epidermal cells with erratic arrangement in a transgenic
embryo.

(A) (B)

Fig. 6. Comparative shape of 12-day-old wild-type and p35S::VvTLP1
embryos of grapevine. (A) Longitudinal section in a wild-type embryo
showing its heart shape with cotyledon primordia (CP) and vascular traces
(VT). The dashed line indicates the embryo axis and the star the apical region.
(B) Section in a transgenic embryo showing its irregular shape, with
outgrowths on the epidermis indicating secondary embryo initiation
(dotted-line circle), absence of apical organisation, and cotyledon
primordia. Glutaraldehyde fixation, Spurr resin embedding, semi-thin
sections, toluidine blue staining. Scale bars are 100 mm.
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we have performed a SE trial in which the embryos were
transferred to a fresh culture media daily in order to prevent
VvLTP1 protein accumulation (data not shown). This did not,
however, lead to p35S::VvLTP1 embryo rescue, indicating that
cell-specific expression of the VvLTP1 gene, rather than its
expression level, was responsible for the phenotype.

Our results provide thefirst functional evidence thatVvLTP1 is
not only amarker, butmight also be related to epidermal layer and
embryo development in a species with an irregular cell division
pattern during early embryo developmental stages. This later
point, however, can only be assessed using a Vvltp1 knockout
mutant derived from T-DNA or transposon insertion lines; tools
which are not currently available on grapevine. The development
pattern of grapevine embryos is closer to the one of gymnosperm
somatic embryos, in which the protodermal cell layer forms
gradually over time. Changes in level of expression and
especially modification of the cell-specific pattern of
expression of this gene completely destroy the structure and
development of somatic embryos.
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