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Abstract

In conventional culture conditions without auxin, somatic embryos arising from suspension cultures of
grapevine rootstock 41B (Vitis vinifera cv. Chasselas X Vitis berlandieri) are arrested at the heart stage
of development. Starting from indications that inhibitors excreted in the culture medium could be
responsible for this arrest, new culture conditions based on daily subculturing embryos in fresh medium
have been successfully used to obtain full embryo development. From this technique, a microassay was
devised for screening small amounts of extracellular molecules as potential inhibitors of embryonic
development. Our results show that extracellular macromolecules of molecular weight higher than
10 kDa are likely involved in the inhibition of caulinary meristem initiation. However, other factors

obviously cooperate to inhibit embryo development in conventional culture conditions.

Abbreviations: CH76 — cv. Chardonnay clone 76 (Vitis vinifera), NOA - 2-naphthoxyacetic acid

Introduction

Somatic embryogenesis of grapevine has been
described in several instances. The first descrip-
tion of regeneration of plantlets by the route of
somatic embryogencsis was reported for an an-
cient clone of grapevine (Vitis vinifera L. cv.
Cabernet Sauvignon) in liquid culture conditions
(Mullins & Srinivasan 1976). Formation of ad-
ventitious embryos was also obtained in solid
agar medium culture conditions from callus of
‘Seyval’, a French hybrid of grape (Krul & Wor-
ley 1977). More recently, other cultivars have
been shown to be competent for somatic embryo
production and different explants like leaves,
anthers, zygotic embryos and ovaries were used

for somatic embryogenesis induction (Bouquet et
al. 1982; Rajasekaran & Mullins 1983; Bessis &
Labroche 198S; Mauro et al. 1986; Gray & Mor-
tensen 1987; Lebrun & Branchard 1987; Stamp
et al. 1988a, 1988b). In liquid medium, it is
possible to obtain a large number of somatic
embryos, but in many cases, the yields of plant-
lets produced were low and most embryos were
abnormal (Rajasekaran & Mullins 1979;
Srinivasan & Mullins 1980; Bessis & Labroche
1985; Mullins 1986). This hampers the possibility
of obtaining transgenic plants by somatic em-
bryogenesis after genetic transformation of
grapevine cells in suspension culture.

We have obtained interesting responses with
some grapevine cultivars like 41B (Vitis vinifera
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cv. Chasselas X Vitis berlandieri) that showed a
good competence for producing globular and
heart-stage embryos in suspension culture. How-
ever, further embryo development was blocked
at these stages and few embryos developed into
plantlets. For other cultivars like cv. Chardonnay
clone 76 (Vitis vinifera), the cells showed a low
competence for embryo production in liquid
culture.

Reasons for the arrest of embryo development
are not precisely known. One possibility could
be the shortage of essential elements necessary
for the transitions from heart to torpedo stage.
For example, specific extracellular glycoproteins
have been shown to promote somatic embryo
development in carrot (De Vries et al. 1988a,
1988b). A second and better documented pos-
sibility would be the accumulation of inhibitory
factors in the medium. Ethanol, acetaldehyde
(Perata et al. 1988), ethylene (Vain et al. 1989a,
1989b; Sinska 1989) and specific glycoproteins
(De Vries et al. 1988a, 1989) have been shown to
perturb the development of somatic embryos.
These studies and some others (Halperin 1967;
Hari 1980; Huang et al. 1990) pointed out that
high cell population density in embryogenic cul-
tures is a negative parameter for the expression
of somatic embryogenesis.

In order to develop an efficient system for
regeneration of grapevine via somatic em-
bryogenesis, we investigated the possibility that
inhibitory factors released by cells into the
medium could be responsible for the blockage of
somatic embryogenesis in this species. The basic
strategy used was to maintain the embryogenic
suspensions at low cellular density by daily sub-
cultures in fresh medium in order to avoid the
accumulation of extracellular inhibitors. This
strategy was adapted to volumes of cell suspen-
sion as low as 500 pul, allowing test of small
amounts of extracellular macromolecules.

Material and methods

Plant material and embryogenesis in
conventional culture conditions

The initial cell suspensions derived from the
rootstock 41B (Vitis vinifera cv. Chasselas X Vitis

berlandieri) and the cv. Chardonnay clone 76
(Vitis vinifera) were supplied by Moét et Chan-
don (Epernay, France). These three-year-old cell
suspensions were established and subcultured
every week according to Lebrun & Branchard
(1987) in 250 ml Erlenmeyer flasks with 80 ml of
medium (5 uM NOA) and inoculated with 5 mg
ml ™' (fresh weight) of cells. Suspension cultures
were grown on an orbital shaker (110 rpm) at
21°C in the dark.

The culture medium used to obtain the de-
velopment of somatic embryos was a modified
Murashige & Skoog (1962) liquid medium (half
concentration of macroelements; 18 g 1" maltose
and 4.6g 1" glycerol instead of sucrose; 1g 1~
casein hydrolysate) without auxin (medium
termed GMo). The pH was adjusted to 5.8 with
NaOH and the medium autoclaved for 20 min at
120°C. The undifferentiated cells cultured with
NOA were successively filtered through nylon
screens of 500 and 200 pm pore size. Cell clus-
ters retained on the 200 pm filter were washed 3
times and resuspended in 30ml of GMo
medium. The packed cell volume (PCV) was
determined after sedimentation (1xg) of the cells
in a conical graduated tube. The embryogenic
suspension cultures were inoculated at the den-
sity of 1wl PCV ml™' in 250 ml Erlenmeyer
flasks with 80 ml of GMo medium. These flasks
were placed at 26°C under continuous light
(OSRAM L 36W/20 cool white fluorescent
tubes) on an orbital shaker (80 rpm).

After 21 days of culture, the embryos were
transferred to a solid agar medium (half-strength
Murashige and Skoog macro and micro nutri-
ents; 20 g 1" sucrose; 7g 17" Bacto-agar Difco;
pH 5.8) without any growth regulators, to obtain
plantlets. The conditions of culture were 25°C,
light intensity of 27 wmol m™* s~' (Mazdafluor
A9 TFRS 40/BI fluorescent tubes) with a 16-h
photoperiod.

Embryogenesis under daily subculture
conditions

For a daily transfer of embryos to a new
medium, the culture medium was removed by
aspiration. About 10 ml of GMo were added and
PCV was determined after sedimentation (1xg)
of the embryos in a conical graduated tube.



Eighty wl of sedimented embryos were resus-
pended in 80 ml of fresh GMo medium.

Histological analysis

For histological analysis, embryos were fixed in
5% glutaraldehyde in 0.1 M phosphate buffer,
pH 7.5, for 7h, rinsed in buffer and post-fixed in
1% osmium tetroxide for 1h. After several
washes in the same buffer, they were dehydrated
to 100% ethanol, impregnated with propylene
oxide and embedded in Spurr’s resin (Spurr
1969). Specimens were then cut to 2 um. The
removal of the epoxy resin was performed by
exposure to bromine vapors for 2min (Yensen
1968), followed by 4 washes (2min each) in
absolute acetone and 2 washes (2 min each) in
absolute methanol. Sections were classically re-
hydrated and double stained with methylene
blue-safranin.

Obtaining and assaying extracellular
macromolecules

Extracellular macromolecules were collected ac-
cording to the technique of De Vries et al.
(1988a). After 12 days of culture in GMo
medium in conventional conditions, 11 of
medium was concentrated 200-500 fold by pres-
sure ultrafiltration using Amicon YM 10 (10 kDa
cut-off) membranes. The concentrate was exten-
sively dialyzed against 10 mM phosphate buffer,
pH 6.5, using the same ultrafiltration technique.
Amounts of total proteins were determined by
Bradford assay (Bradford 1976). Samples were
sterilized by filtration (0.2 wm pore size) before
addition to cell cultures. For the assay of macro-
molecule effect on embryo development in mi-
crotitration wells, the proembryogenic masses
(PEMs) were inoculated in GMo medium at 1 pl
of PCV ml~". Aliquots of 500 wl of this suspen-
sion were dispensed in 24-well microtitration
plates (Nunc) and cultured at 26°C on an orbital
shaker (130 rpm). After 4 days, embryos were
daily subcultured by removing the medium by
aspiration and replacing it by 500 pl of fresh
GMo medium. Every day, extracellular macro-
molecules were added to the fresh medium at
different protein concentrations. Embryos sub-
cultured without addition of macromolecules
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were supplied with the same volume of 10 mM
phosphate buffer, pH 6.5. Embryos at the differ-
ent stages of development were counted after 10
days of culture as described by Coutos-Theyenot
et al. (1990) and the percentage of the diff:&.rent
embryo stages was estimated by reference to the
total number of embryos (100 embryos counted).

Results and discussion

Improvements introduced by daily subculturing
41B and CH76 embryos in fresh medium

In conventional culture conditions, the 41B cell
line displays a high capacity for somatic em-
bryogenesis after auxin removal. The PEMs pro-
duced numerous globular embryos after 4 days
of culture (Fig. 1A). After 10 days, most of these
embryos reached the heart stage. However, be-
tween day 10 and day 20 (Fig. 1B) there was no
further development of these embryos, which
remained at globular and heart stages (Table 1).

After 4 days of continuous culture, PEMs
from the 41B cell line were subcultured daily,
leading to further embryo development. After 6
daily subcultures, most of these embryos had an
elongated axis, two well developed cotyledons
and an emerging root (Fig. 1C). After 20 days of
culture, 91% of the embryos had developed into
plantlets (Table 1; Fig. 1D) with green
cotyledons and root elongation. Under these
conditions, 96 dissected plantlets (among 100
examined) exhibited one shoot apical meristem
and the first leaf primordia. These results were
confirmed by a light microscopy study of the
control and daily subcultured embryos. Only
subcultured embryos developed well-structured
root and shoot apices, two cotyledons and vascu-
lar bundles (Fig. 2A). By contrast, conventional-
ly cultured embryos were blocked at the globular
or heart-shaped stage, without meristem, vascu-
lar bundles and cotyledons (Fig. 2B). After
transfer to solid agar medium, 80% (mean of 5
independent experiments) of the cotyledonary
embryos exhibited the capacity to develop into
normal plants (Table 1) and 20% developed
large cotyledons without appearance of shoot
apex. No plants could be obtained from control
embryos grown without subculturing.
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Fig. 1. Time course of embryo development in suspension cultures of grapevine rootstock 41B in different culture conditions. (A)
Morphology of PEMs after 4 days of culture in GMo medium. (B) Morphology of embryos after 20 days of conventional culture.
(C) Morphology of 10-day-old embryos, 6 days after the beginning of subcultures. (D) Morphology of 20-day-old embryos, after
16 days of subculture.

Table 1. Proportion of different embryogenic stages produced by 41B cell line as
a function of culture conditions.

Transfer Stages (%)
conditions
Globular Heart Torpedo Plantlets Developed
plants
20 days 40 60 0 0 0
without transfer
4 days without transfer 0 1 8 91 80
+16 daily transfers
10 days without transfer 17 68 15 0 0

+16 daily transfers

Globular, heart and torpedo embryos as well as plantlets were counted after the
end of the culture in liquid medium (20 or 26 days). The percentage of developed
plants was determined 40 days after transfer of embryos to solid agar medium.



cot

129

Fig. 2. Histological study of grapevine rootstock 41B embryos. (A) Daily subcultured embryos after 14 days of culture (10 days of
daily transfers); cot: cotyledon, a: shoot apex, r: root tip, vb: vascular bundles. (B) Control embryos after 14 days in conventional

culture conditions.

In the CH76 cell line, the development of
embryos after auxin removal was more limited.
After 10 days, some abnormal globular struc-
tures were observed in the suspension culture
and many PEMs showed necrosis. Even after 20

days (Fig. 3A) there was no evidence of normal
embryo development. In the CH76 line the com-
petence to develop somatic embryos was thus
strongly reduced compared to that of the 41B
cells.

Fig. 3. Comparison between the morphology of embryos from CH76 line in conventional culture conditions or daily subculture
conditions. (A) Morphology of abnormal structures produced after 20 days in conventional culture conditions. (B) Morphology of
20-day-old embryos under daily transfer conditions starting at day 4.
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The CH76 cell line was subcultured daily in
the same conditions as for the 41B cell line. In
contrast with the non-subcultured suspension
(Fig. 3A), a large number of embryogenic struc-
tures were developed after 20 days of culture
(Fig. 3B). These embryos were abnormal, al-
though some exhibited cotyledon, hypocotyl and
root development. Plants were not obtained
from these abnormal subcultured embryos.

These results demonstrate that a simple daily
subculture at low population density induces full
development of somatic embryos from the 41B
line and stimulates embryogenesis in the CH76
line. In addition, we observed that subculturing
should start early in order to be effective in
modifying the embryogenic pattern. If the first
subculture was performed after 10 days of con-
tinuous culture, the embryos remained blocked
and no plantlets were obtained (Table 1). This
result indicates that blockage of embryo develop-
ment is not reversible.

Accumulation of inhibitory factors in the
medium could be responsible for the develop-
mental arrest in control embryos. Subculturing
introduces several important modifications in gas
concentrations, extracellular pH values, ethanol
and acetaldehyde concentrations and extracellu-
lar amounts of macromolecules as referenced
below. Daily opening of the culture flasks could
be responsible for decreased concentrations of
ethylene and CO,, which accumulate with time.
These gases are known to regulate many aspects
of plant growth including somatic embryogenesis
(Yang & Hoffman 1984; Sinska 1989; Vain et al.
1989a, 1989b). Extracellular pH is another im-
portant parameter that is modified by the sub-
cultures. In our 41B cell line of grapevine under
conventional culture conditions, the extracellular
pH decreased from 5.8 to 4.1 after 4 days and
then increased gradually from 4.1 to 4.9 during
the following 8 days of culture. In contrast, in
subcultured suspensions, the external pH value
was maintained around 5.8 after day 4 by the
daily supply of fresh GMo medium. Such exter-
nal pH changes could be important in regard to
the distribution of growth regulators like auxin
between the intra and extracellular compart-
ments as known in Acer pseudoplatanus cells,
Zucchini membrane vesicles or crown gall cell
suspensions (Leguay & Guern 1975; 1977;

Lomax et al 1985; Rubery 1977, 1987), and could
modify the embryogenic response of the cells.
Ethanol or acetaldehyde, described as important
inhibitors of somatic embryogenesis in carrot
cells (Perata et al. 1988), are likely diluted by
transfers to new medium. More recently, ex-
tracellular glycoproteins have been shown to in-
hibit embryo development (De Vries et al.
1988a). This is the case for example for a 52/
54kDa glycoprotein that inhibits embryo de-
velopment in carrot cells at heart stage (De Vries
et al. 1989). Extracellular glycoproteins, which
are also accumulated in the medium during
grapevine embryogenesis (unpublished data),
could participate in inhibition of embryo de-
velopment when not diluted by the subculture
procedure.

Assay of effect of macromolecules on somatic
embryogenesis in microtitration wells

In order to test the influence of macromolecules
obtained from an inhibited embryogenic culture
on somatic embryogenesis, a procedure was de-
vised to study embryo development in microtit-
ration wells. Control embryos grown in mi-
crotitration wells without medium changes dis-
played a developmental pattern identical to that
of non-subcultured embryos grown in Erlen-
meyer flasks and were blocked at heart stage
(Fig. 4A). In contrast, embryos subcultured by
daily replacement of their medium by 500 ul of
fresh medium had already developed to the tor-
pedo stage at 10 days (Fig. 4B).

The macromolecular fraction representing a
mixture of polysaccharides, glycoproteins and
proteins with a molecular weight higher than
10kDa was tested, with a protein basis as a
reference of qiantity, for its ability to perturb
embryo development. Usually, GMo medium of
12-day-old conventional embryogenic cultures
contains 3 to 6 pg protein ml ™' The extracellular
macromolecules released by the blocked em-
bryos were added daily at different concen-
trations to the medium of daily subcultured
somatic embryos from the 41B line and their
effect was scored.

Embryos treated with a macromolecular frac-
tion corresponding to 3ug ml~' of proteins
showed an abnornthl caulinary apex with a pro-



Fig. 4. Efficiency of subcultures in microtitration wells and
effects of extracellular macromolecules on grapevine root-
stock 41B embryo development. Observations were made
after 10 days of culture. (A) Control embryos grown without
subculturing. (B) Embryos subcultured from day 4 to day 10.
(C) Embryos subcultured as in B and treated every day by
the extracellular macromolecular fraction (3 wg protein ml™')
of a 12-day-old embryo conventional culture.
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liferation of secondary embryos (Fig. 4C). Main-
ly due to this formation of abnormal secondary
embryos, the total number of embryos produced
by the cultures increased as a function of increas-
ing protein concentration (Fig. SA), whereas the
percentage of cotyledonary embryos decreased
(Fig. 5B). However, the percentage of embryos
with developed roots increased with the concen-
tration of macromolecules (Fig. SB). These re-
sults indicate that the macromolecular fraction
dramatically disturbs embryo development, lead-
ing to a marked inhibition of the caulinary meris-
tem development. They call for a characteriza-
tion of the properties and biological activities of
the components of this fraction with, according
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Fig. 5. Activity of extracellular macromolecules on the de-
velopment of subcultured grapevine rootstock 41B somatic
embryos. Embryo stages were counted after 10 days of
culture in microassay culture conditions. Number of embryos
represents the mean of two independent experiments each
with four replicates. (A) Number of embryos in conventional
culture conditions (M) or after daily subcultures (). (B)
Percentage of embryos with developed cotyledons in conven-
tional culture conditions (@) or after daily subcultures (O),
percentage of embryos with developed roots without sub-
culture (A) or after daily subcultures (A).
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to the recent results concerning the model carrot
systems, a special interest for extracellular glyco-
proteins (De Vries et al. 1988a, 1989; Sterk et al.
1991). However, the macromolecular fraction
does not fully block embryo development since
root growth is increased. These observations sug-
gest that other factors cooperate with external
macromolecules to inhibit embryo development
in conventional culture conditions.
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