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Introduction: Grapevine (Vitis spp.) is one of the
most important and widely grown fruit species. A highly
efficient, well-synchronised regeneration system based on
somatic embryogenesis is essential for gene transfer, in vit-
ro clonal selection and mutation experiments as well as for
the production of viroid and virus free plants. Successful
somatic embryogenesis has been reported on solid media
for various Vitis species and V. vinifera genotypes (CARIMI
etal. 2012, MarTINELLT and GriBAUDO 2009). Establishment
of embryogenic cell suspensions, initiated mainly from an-
ther-derived embryogenic calli, have also been published
(VAL et al. 2009, Xu et al. 2014). The aim of the present
study was to improve the efficiency of establishment and
maintenance of Vitis berlandieri x V. rupestris 'Richter 110’
rootstock cell suspensions. Based on the described method
a well-synchronised, highly efficient multi-step regenera-
tion system was also developed.

Material and Methods: Anther-derived embryogenic
callus cultures of the V. berlandieri x V. rupestris 'Richter
110' rootstock were induced and maintained on solid MSE
medium as desribed by Zok et al. (2010). Eight different
media were used to study their effectiveness for cell sus-
pension initiation and growth. Embryogenic cell suspen-
sions were started in 30 mL medium in 125 mL Erlenmeyer
flasks. Six different maintenance methods were compared
in MSM1 medium differing in initial cell densities and
maintenance method. The cultures were incubated in the
dark on an orbital rotary shaker (120 rpm) at 25+ 1 °C in
three or five replicates (Sm_Tab. 1.).

Five weeks after the initiation of embryogenic cell
suspensions somatic embryo differentiation was started in
hormone-free D1 (half-strength MS) and D2 (full-strength
MS) media both supplemented with 18 g-L-! maltose,
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4.6 gL' glycerine and 1 gL' lactalbumin hydrolysate
(pH 5.8) with different initial cell densities. During cul-
ture maintenance the whole amount of the medium was
replaced weekly with fresh medium. After four weeks the
cultures were diluted to different densities (Sm_Tab. 2) in
D1, D2 or Dlac (D1 medium supplemented with 1.0 g-L"!
activated charcoal). Treatments were carried out in three
replications.

Seven weeks after the initiation of embryo differen-
tiation cultures were transferred to hormone-free solid
MSC medium (half-strength MS with 10.0 g-L"' sucrose,
2.0 g-L! activated charcoal, 6.0 g-L"agar, pH 5.8) and in-
cubated in a light room at 25 + 1 °C with a 16/8 h photoper-
iod (50 uMm2-s1). Cultures were subcultured monthly to
the same medium. After two months the total weight of the
embryos on each plate and the weight of 4 x 100 embry-
os were recorded. For plant regeneration 25 embryos were
plated in eight replications on MSC medium. After the de-
velopment of the first leaves plantlets were transferred to
MSEM medium (Zox et al. 2010).

Statistical analysis: Repeated measures of
ANOVA model were applied to compare the media effect
on fresh mass increase, the maintenance method effect on
pH and relative increase of mass. In order to estimate the
expected number of embryos in terms of 1.0 g embryo-
genic cell aggregate, we applied the Monte Carlo (MC)
method to simulate the situation as if the experiment were
executed for the whole amount of initial 1.0 g embryogenic
cells (see Sm).

Results and Discussion: Repeated measures ANOVA
was significant (Wilk's unexplained variance; fresh mass
increase: A = 0,03; p <0.001; pH: 0.16; p < 0.001; relative
increase of mass: 0.007; p < 0.001). Both within-subject
effects (time) and between-subject effects (media; main-
tenance method, respectively) were highly significant.
Results of Games-Howell's post hoc test is represented
on Figure and Sm_Fig. 1 (see Sm). Our results indicate
that MS medium alone can be used both for the induction
and maintenance of 'Richter 110" embryogenic calli as well
as for the establishment of embryogenic cell suspensions.
The greatest increase in fresh weight of embryogenic cell
suspensions was observed in MSM1 and CP2 media both
containing maltose (18 g-L') as carbohydrate source and
3.34 uM NOA (Figure). The "dynamic" maintenance mode
applied in treatments I.—IV. where the density was read-
justed to the initial value each week resulted in the greatest
increase in fresh weight. By the end of the 5" week the
cultures in treatment I. exhibited a fresh mass increase of
more than 40-fold (Sm_Fig. 1).

Cultures with various densities (0.5-8.0 mg cell-mL™")
established in liquid D1 (half-stregth MS) medium formed
synchronised embryos in the globular stage by the 4" week
(Sm_Fig. 2). These densities were readjusted after four
weeks. The cultures with the lowest density (0.5 mg cal-
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Figure: Effect of media with different components on the fresh weight increase of 'Richter 110" embryogenic cell suspensions. a:
MSM1 (m), MSM2 (A), CP1 (A), CP2 (o). b: MSBI1 (o), MSB2 (#), MSB3 (e) and MSB4 (<). Data represent means of three inde-
pendent repeats, bars indicate SD values. (see also Sm_Tab. 1). Different letters indicate significant differences in media effect recorded

weekly by Games-Howell's post hoc test (p < 0.05).

lus'mL") formed asynchronised globular-, heart-, torpe-
do-shaped or cotyledonary embryos seven weeks after
the initiation of embryo differentiation cultures. At higher
densities (1.0 or 2.0 mg-mL"") the cultures formed syn-
chronised cotyledonary embryos. At 4.0 mg-mL™! cell den-
sity torpedo-shaped and early cotyledonary stage embryos
were produced, while at 8.0 mg-mL"' only globular and
torpedo-shaped embryos were observed. When cultures
were maintained at 8.0 mg-mL-' cell density and diluted af-
ter four weeks to 1.0 mg-mL"', mostly torpedo-shaped and
cotyledonary embryos were formed. Cultures maintained
at 0.5, 1.0 and 2.0 mg-mL"! densities differentiated approx-
imately 1.0—1.6 million embryos from 1.0 g cell cultures as
calculated by the MC method (Sm_Tab. 3. and Sm_Fig. 3).
The culture density affects not only the amount of differen-
tiating embryos, but also their stage of development and the
synchronisation of the cultures (MARTINELLI and GRIBAUDO
2009). These data show that to achieve full synchrony, it is
essential to use low cell density.

When the 'Richter 110" cell suspensions (1 mg-mL"!
density) were not diluted, the globular embryos failed to
exhibit further differentiation. As the cultures were read-
justed to higher cell densities after four weeks the embryo
development continuously decreased. In Dlac medium
(containing activated charcoal) smaller cotyledonary em-
bryos with diverse morphology developed. Depending on
the medium used, the cultures produced approximately
1.2-2.2 million embryos from 1.0 g starting material after
four weeks. Seven weeks after initiation of embryo differ-
entiation 200 embryos grown in D1ac medium were trans-
ferred to solid MSC medium. Approximately 82 % of them
regenerated into entire plants (Sm_Fig. 4).

Successful regeneration and genetic transformation of
'Richter 110" through somatic embryogenesis has already
been published (Carivi ef al. 2012, GEIER ef al. 2008, Zok
et al. 2010), but we have limited knowledge on establish-
ment of synchronized suspensions cultures of this root-
stock (BEN AMaRr et al. 2007). The most frequently applied
method of maintaining cell cultures includes replacement
of 50-75 % of the medium every 1-2 weeks (DE LA TORRE
et al. 2012, VipaL et al. 2009), but the weekly re-adjust-
ment of the initial density (JAYASANKAR ef al. 1999) are
rarely employed. The published protocols resulted in ap-

proximately a 3-10-fold fresh weight growth for different
rootstock and V. vinifera cultivars (BEN AMAR et al. 2007,
DE LA TORRE et al. 2012). In our experiments approximate-
ly 40-fold fresh weight increase was observed after five
weeks of growth for 'Richter 110’ started with low cell den-
sities. We improved the production of well synchronized
'Richter 110" embryos without sieving the cell cultures, or
daily transfer into fresh medium or fractionation of the cell
population as previouly published (JAYASANKAR ef al. 1999,
BEN AMAR ef al. 2007, Corova (TsorLova) et al. 2007). To
the best of our knowledge it is the highest growth and em-
bryo differentiation rate for embryogenic suspension cul-
tures of 'Richter 110". Our results suggest that the greatest
increase in fresh weight could be achieved using this dy-
namic maintenance method, during which the density of
the culture was re-adjusted to the initial cell density week-
ly by adding fresh medium. Our result may contribute to
an efficient grapevine transformation and virus elimination
method.

This work was supported by Hungarian National Scientific
Foundation (OTKA) Grant no. K-83121.

BEN AMAR, A.; CoBaNov, P.; Boonrob, K.; KrczaL, G.; Bourip, S.; CHOR-
BEL, A.; REUSTLE, G. M.; 2007: Efficient procedure for grapevine
embryogenic suspension establishment and plant regeneration: role
of conditioned medium for cell proliferation. Plant Cell Rep. 26,
1439-1447.

Carmmi, F.; PaTHIRANA, R.; CARrA, A.; 2012: Biotechnologies for grape-
vine germplasm management and improvement. In: P. V. SzaBo, J.
Suosania (Eds): Grapevines: varieties, cultivation and management,
199-249. Nova Sci. Publ. Inc., New York.

Corova (TsoLova), V. M.; BorpaLro, P. N.; PHiLLs, B. R.; BAUSHER, M.;
2007: Synchronized somatic embryo development in embryogenic
suspensions of grapevine Muscadinia rotundifolia (Michx.) Small.
Vitis 46, 15-18.

DE LA TorrE, F.; FERNANDEZ, L.; SAPORTA, R.; SANJURIO, L.; SEGURA, A.;
VipAL, J. R.; 2012: Relationship among growth curve, nutrient con-
sumption and genetic transformation efficiency of 'Albarino' (Vitis
vinifera) cell suspensions. Vitis 51, 73-78.

GEIER, T.; EMERT, K.; SCHERER, R.; NickEL, C.; 2008: Production and root-
ing behaviour of ro/B-transgenic plants of grape rootstock 'Richter
110" (Vitis berlandieri x V. rupestris). Plant Cell Tiss. Org. Cult. 94,
269-280.

JAYASANKAR, S.; Gray, D. J.; Litz, R. E.; 1999: High-efficiency somatic
embryogenesis and plant regeneration from suspension cultures of
grapevine. Plant Cell Rep. 18, 533-537.



An improved method for embryogenic suspension cultures of 'Richter 110’ 51

MaRTINELLL, L.; GrRiBAUDO, I.; 2009: Strategies for effective somatic em-
bryogenesis in grapevine: an appraisal. In: K. A. ROUBELAKIS-AN-
GeLakis, K. A. (Ed.): Grapevine molecular physiology and biotech-
nology., 2nd edition, 461-493. Springer, Dordrecht-Heidelberg-Lon-
don-New York.

VDAL, J. R.; Rama, J.; TaBoADA, L.; MARTIN, C.; IBANEZ, M.; SEGURA, A.;
GonzaLEz-Benito, M. E.; 2009: Improved somatic embryogenesis
of grapevine (Vitis vinifera) with focus on induction parameters and

efficient plant regeneration. Plant Cell Tiss. Org. Cult. 96, 85-94.

Xu, Z. S.; Yu, Z. Y.; ZHANG, M.; ZHANG, Z.; Tao, J. M.; 2014: Plant re-
generation via somatic embryogenesis from solid and suspension
cultures of Vitis vinifera L. cv. 'Manicure Finger'. In Vitro Cell. Dev.
Biol. Plant 50, 249-256.

Zok, A.; OLAH, R.; HipEG, E.; HorvATH, V. G.; Kos, P. B.; MR, P;
VArapl, Gy.; SzeGepy, E.; 2010: Effect of Medicago sativa ferritin
gene on stress tolerance in transgenic grapevine. Plant Cell Tiss.
Org. Cult. 100, 339-344.

Received August 15, 2016
Accepted January 31, 2017






