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Abstract 
 
Somatic embryogenesis and plant regeneration were successfully established on Nitsch and Nitsch (NN) medium from 
immature zygotic embryos of six genotypes of grapevine (Vitis vinifera). The optimum hormone combinations were  
1.0 mg dm-3 2,4-dichlorophenoxyacetic acid (2,4-D) for callus induction and 1.0 mg dm-3 α-naphthalene acetic acid 
(NAA) + 0.5 mg dm-3 6-benzyladenine (BA) for embryos production and 0.03 mg dm-3 NAA + 0.5 mg dm-3 BA for 
embryos conversion and plant regeneration. The frequency of somatic embryogenesis varied from 10.5 to 37.5 % 
among six genotypes and 15.5 - 42.1 % of somatic embryos converted into normal plantlets. The analysis of DNA 
content determined by flow cytometry and chromosome counting of the regenerated plantlets clearly indicated that no 
ploidy changes were induced during somatic embryogenesis and plant regeneration, the nuclear DNA content and 
ploidy levels of the regenerated plants were stable and homogeneous to those of the donor plants. RAPD markers were 
also used to evaluate the genetic fidelity of plants regenerated from somatic embryos. All RAPD profiles from 
regenerated plants were monomorphic and similar to those of the field grown donor plants. We conclude that 
somaclonal variation is almost absent in our grapevine plant regeneration system. 
Additional key words: flow cytometry, plant regeneration, ploidy level, RAPD, Vitis vinifera. 
 
 
Introduction 
 
Research of genetic transformation in grapevine lagged 
compared to other crops since in vitro regeneration 
system is extremely difficult to establish. Most studies 
are focused on somatic embryogenesis (Kobayashi et al. 
2002) because chimaeras occur frequently during genetic 
transformation (Iocco et al. 2001). Recently, some 
grapevines cells have been genetically transformed and 
plants regenerated using somatic embryogenic cultures as 
the original target tissue; most of them are Vitis vinifera 
cultivars (Kobayashi et al. 2002). However, due to high 
genotype dependence, some grape species and cultivars 
remain recalcitrant to the process of embryogenesis and 
transformation (Motoike et al. 2001). There have been 
some subsequent reports on somatic embryogenesis and 
plant regeneration corresponding to genotype, medium, 

hormone, concentration of sugar, organic component, etc. 
The frequency of somatic embryogenesis was commonly 
low. In addition, plantlets derived from in vitro culture 
might exhibit morphological, cytological, and molecular 
variations, which are often heritable. However, 
information about genetic fidelity of plants regenerated 
from somatic embryos in grapevine is rather scarce.  
 Therefore, it is very important to establish the safe 
system with high reproducibility and efficiencies in the 
most agronomical important genotypes suitable for future 
genetic transformation of grapevine. In the study reported 
here, we developed a safe in vitro somatic embryogenesis 
and plant regeneration system, and evaluated genetic 
fidelity of plants regenerated from somatic embryos. 
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Materials and methods 
 
Plants and culture conditions: Following the protocol 
for immature zygotic embryos cultures reported by 
Emershad and Ramming (1994), the cluster of six diploid 
grapevine (Vitis vinifera L.) cultivars Cabernet France, 
Cabernet Sauvignon, Heijiamei, Merlot, Pinot Noir, and 
Sinsaut (all supplied by School of Life Science and 
Technology, Gansu Agricultural University, Lanzhou, 
China) were collected 45 - 50 d after pollination. Only 
large-seeded berries were selected and surface-sterilized 
for 5 min in a solution of 1.3 % sodium hypochlorite 
containing one drop of Tween 20 and rinsed twice in 
sterile water. Large immature seeds were extracted from 
the fruit under sterile conditions, and immature zygotic 
embryos were excised from seeds and inoculated on 
Nitsch and Nitsch (1969; NN) medium supplemented 
with 1.0 mg dm-3 2,4-dichlorophenoxyacetic acid (2,4-D) 
for callus. The embryogenic calluses were subcultured 
every four-week on NN medium supplemented with  
1.0 mg dm-3 α-naphthalene acetic acid (NAA) and  
0.5 mg dm-3 6-benzyladenine (BA) for somatic embryo 
production. Vigorously growing somatic embryos were 
selected and transferred to NN regeneration medium 
supplemented with 0.03 mg dm-3 NAA and 0.5 mg dm-3 
BA for somatic embryo conversion and plant 
regeneration. The pH was adjusted to 6.0 and media were 
solidified with 7 g dm-3 agar prior to autoclaving at  
121 °C for 15 min. For somatic embryo conversion, 
development and plantlet regeneration, the cultures were 
incubated in growth room at a temperature of 26 ± 2 °C 
with an irradiance of 50 μmol m-2 s-1 provided by cool 
white fluorescent lamps for 16-h photoperiod.  
 
Flow cytometric analysis and cytological analysis: 
Flow cytometry was used for determination of ploidy 
stability. One young leaf from plants regenerated from 
somatic embryo belonging to cultivar Sinsaut was taken 
for identification of ploidy level by flow cytometry. 
Nuclear suspensions from leaves were prepared 
according to Galbraith et al. (1983). In brief, nuclei were 
extracted by chopping leaf tissue with a razor blade into a 
Petri dish containing 2 - 3 cm3 ice-cold Galbraith’s buffer 
with 3 % polyvinylpyrrolidone-10 to inhibit oxidation. 
The suspensions of released nuclei were filtered through 
32-µm stainless steel mesh filter into a conical centrifuge 
tube and made up to about 15 cm3 with ice-cold modified  
 

Galbraith’s buffer before centrifugation at 300 g for  
4 min. The supernatant was removed and the pellet 
resuspended in Galbraith’s buffer. To label the DNA, we 
stained nuclei with propidium iodide. Nuclei were left to 
equilibrate for at least 30 min on ice before analysis. 
Nuclei were analyzed using Facscan laser flow cytometry 
(Becton Dickinson, USA) equipped with an argon-ion 
laser turned at wavelength of 448 nm. Prior to analysis, 
the gain of the flow cytometry was adjusted so that the 
peak corresponding to G0/G1 nuclei isolated from leaves 
of diploid grapevine plants was localized on channel 50. 
This calibration was checked periodically. Ploidy 
estimation was also determined by traditional 
chromosome counting. A total of 14 plantlets regenerated 
from somatic embryos belonging to cultivar Sinsaut were 
used for flow cytometric and cytological study in 
comparison with the field grown donor plants.  
 
DNA extraction and PCR amplification: Plantlets that 
had previously been subjected to flow cytometric and 
cytological studies were subjected to RAPD analysis. 
DNA of 14 plants derived from somatic embryos 
belonging to cultivar Sinsaut and the field grown donor 
plants was extracted from young leaves following the 
method described by Hanania et al. (2004). In prescreen 
with 38 primers based on amplification of donor plant, 
eight arbitrary 10-base primers were selected for PCR 
amplification. Amplification reactions were performed 
with 0.025 cm3 of 10× assay buffer, 2.0 of 1.25 mM each 
of dNTP’s, 15 ng of the primer, 1 × Taq polymerase 
buffer, 0.5 units of Taq DNA polymerase (TaKaRa, 
China), 2.5 mM MgCl2, and 30 ng of genomic DNA. 
DNA amplification was performed in a Perkin Elmer 
Cetus 480 DNA thermal cycler programmed for 45 cycles 
as follows: 1st cycle of 3.5 min at 92 °C, 1 min at 35 °C,  
2 min at 72 °C; followed by 44 cycles each of 1 min at  
92 °C, 1 min at 35 °C, 2 min at 72 °C followed by one 
final extension cycle of 7 min at 72 °C. The amplification 
products were separated by electrophoresis in 1.2 % 
(m/v) agarose gels with 0.5× TBE buffer, stained with  
0.2 mg dm-3 ethidium bromide. A 1 kb DNA ladder was 
used as molecular standards and the bands were 
visualized and analyzed by JD-801 Gel Electrophoresis 
Image analytic system (Jiangsu, China). All the reactions 
were repeated at least twice. 

 
Results  
 
Somatic embryogenesis: All six grapevine cultivars 
tested were capable of forming embryogenic callus from 
immature embryos (Table 1). During the first 2 weeks in 
culture, immature embryos of grapevine turned dark 
brown. However, soon after, the immature embryos 
resumed growth and produced brown semi-friable callus 
within 4 - 6 weeks on NN medium containing 1.0 mg dm-3 

2,4-D. When the callus was transferred to NN medium 
supplemented with 1.0 mg dm-3 NAA and 0.5 mg dm-3 
BA, it developed yellow-white embryogenic tissue, and 
small translucent globular embryos were visible within  
2 weeks. The establishment of embryogenic cultures was 
followed by the typical globular, pyriform, cordate, and 
cotyledonary stages of somatic embryos within 3 - 4 
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weeks. In the present study, somatic embryos appeared to 
be fused at the base and sometimes subculture caused 
them to recallus. Therefore it became necessary for the 
callus to be excised and subcultured along with the 
somatic embryos intact. Significant differences in callus 
induction and somatic embryogenesis were observed 
between cultivars indicating genotypic differences (Table 1). 
Amongst the six cultivars tested, Sinsaut, Pinot Noir and 
Cabernet France exhibited higher rate of somatic embryos  
 

production (37.5, 34.0, and 32.5 %, respectively) than 
other cultivars (Table 1). 
 
Embryo conversion and plant regeneration: 
Germination of somatic embryos is characterized by 
cotyledon expansion and chlorophyll formation, followed 
by hypocotyl elongation. In the present study, embryos 
conversion and plants regeneration were achieved after 
about 50 d of cultivation of embryogenic cultures on NN  

Table 1. Rate of embryogenic callus induction, somatic embryo production and plantlets regeneration of six grapevine genotypes  
from immature zygotic embryos on NN medium supplemented with 1.0 mg dm-3 2,4-D for callus induction and 1.0 mg dm-3 NAA  
+ 0.5 mg dm-3 BA for embryos production and 0.03 mg dm-3 NAA + 0.5 mg dm-3 BA for plant regeneration, respectively. Means  
± SE, n = 3. Date within column followed by different letters differ significantly at 5 % level of probability using the Fisher test. 
 

Grapevine genotypes Number of inoculated  
embryos  

Callus induction [%] Somatic embryo 
production [%] 

Plantlets 
regeneration [%] 

Cabernet France 46 82.6 ± 1.8a 32.5 ± 1.4a 32.1 ± 0.8b 
Cabernet Sauvignon 38 65.8 ± 1.2b 26.5 ± 0.9b 18.5 ± 0.6d 
Heijiamei 48 85.4 ± 2.3a 10.5 ± 0.4c 15.5 ± 0.3d 
Merlot 35 74.3 ± 1.7a 28.5 ± 1.5b 23.3 ± 1.1c 
Pinot Noir 44 84.1 ± 2.1a 34.0 ± 1.2a 33.4 ± 1.4b 
Sinsaut 40 80.0 ± 2.4a 37.5 ± 1.8a  42.1 ± 1.5a 

 

 
Fig. 1. DNA histograms of fluorescent intensity of nuclei showing 2C peaks and chromosomes with 2n=2x=38 on root tips of plants 
belonging to cultivar Sinsaut (A, C - field grown plant, B, D - plantlet regenerated from somatic embryos). 
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Fig. 2. RAPD banding patterns of donor mother plant (lane C) and different plantlet regenerated from somatic embryos (lanes 1 - 14) 
of cv. Sinsaut. The pattern generated by PCR amplification using the random primers S353 (A), S20 (B) and S37 (C). M - molecular 
mass markers (1 kb DNA ladder). 
 
medium supplemented with 0.03 mg dm-3 NAA and  
0.5 mg dm-3 BA. Differences in embryo conversion and 
plant regeneration of different genotypes have also been 
observed (Table 1). On average, 15.5 - 42.1 % somatic 
embryos successively converted and germinated into 
normal shoots, whereas others had cotyledons, but failed 
to convert and some produced secondary somatic 
embryos. In present study during the subculture on 

conversion medium, a large amount of secondary 
embryos was produced from single, mature deformed 
embryo. Although secondary embryogenesis is 
considered as a method for maintaining the regenerative 
ability of cultures, it may also hinder the conversion and 
normal development of somatic embryos. This might also 
account for the high incidence of underdeveloped 
embryos observed in this study. Therefore, further studies 
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are needed to optimize the percentage of somatic embryo 
conversion to plantlets. Further development and 
propagation of normal plantlets was established on 
Murashige and Skoog (1962; MS) proliferation medium 
containing 0.03 mg dm-3 NAA. 
 
Analysis of the ploidy stability of regenerated plants: 
Flow cytometry performed on regenerated plant was 
employed to give an accurate estimation of nuclear DNA 
content. The most noteworthy observation is that plantlet 
regenerated from somatic embryo and donor plants 
showed the same ploidy level. The presence of one single 
peak in all the analyzed samples at channel 50 
demonstrated the presence of homogenous 2C nuclei, 
without any detectable aneuploidy (Fig. 1A,B). The 
nuclear DNA content of the regenerated plants analyzed 
by flow cytometry was similar or close to that of the 
donor plants. The chromosome counts on root tips of  
14 regenerated plants (cv. Sinsaut) also showed identical 
ploidy level to donor plant (2n=2x=38) (Fig. 1C,D).  
 

Monitoring of genetic fidelity by RAPD: In order to 
further confirm genetic fidelity of plants regenerated from 
somatic embryos, the quality of 14 regenerated plants was 
screened with the 38 random RAPD primers. The results 
were scored as patterns of bands obtained from the 
regenerated plants and compared with the donor plants 
maintained in the field. Out of 38 random primers tested, 
eight primers that produced distinct amplification profiles, 
displayed same banding pattern in all the 14 plants as the 
DNA sample from donor plant. The total number of 
amplification products generated by polymerase chain 
reaction was 46 bands (5.8 bands per primer). The size of 
polymorphic fragments with eight primers varied from 
150 bp in S20 to 1200 bp in S37 and the number of 
amplified products ranged from 3 in S20 to 7 in S37. 
From the representative profile of the 14 regenerated 
plants and the control with three primers (Fig. 2), it was 
obvious that the regenerated plants showed identical 
RAPD profiles (i.e. no polymorphism was observed). 
These results confirmed the genetic fidelity of the 
grapevine plants regenerated from somatic embryos.  

 
 
Discussion 
 
Somatic embryogenesis is the most direct way to 
regenerate plants from single cells or protoplasts. Somatic 
embryos or embryogenic cultures are also appropriate 
material for cryopreservation (Wang et al. 2004), 
development of artificial seeds or genetic transformation 
(Vicient and Martínez 1998). However, plants derived 
from in vitro culture might exhibit somaclonal variation 
(Larkin and Scowcroft 1981). Somaclonal variation, 
which is a welcome source of genetic variation for crop 
breeding (Heinze et al. 1995), can pose a severe threat to 
the genetic fidelity of regenerated plants, which is 
particularly required during the genetic transformation 
experiments and to achieve genetic uniformity of the 
propagules (Bhatia et al. 2005). Somaclonal variation can 
either bring changes at the DNA level or it may induce 
changes in chromosome numbers. In general, morpho-
logical markers, chromosome analysis, isoenzyme or 
DNA markers may be used to detect somaclonal variation. 
In our study, three approaches, chromosome counting, 
flow cytometry and RAPD, were chosen to detect 
somaclonal variation. No genetic instabilities were 
detected among the somatic embryo-derived plants, and 
between the regenerated plants and the mother plants. As 
found in the present study, various investigators have 
observed the absence of variations. Loureiro et al. (2005) 
used flow cytometry to assess ploidy stability of somatic 
embryogenesis process in cork oak. No significant 
differences were detected among the somatic embryo-
derived plants and the mother plants. Gesteira et al. 
(2002) used RAPD markers to evaluate genetic stability 
of soybean plants, obtained through somatic 
embryogenesis. RAPD analysis did not show gross 
somaclonal variation with respect to mother plants. In a 
similar way, several authors using flow cytometry, RAPD 

or RFLP also failed to observe somaclonal variations in 
various species (Pinto et al. 2004, Saker et al. 2005, Latto 
et al. 2006, Rady 2006, Loureiro et al. 2007).  
 In contrast, Hashmi et al. (1997) detected somaclonal 
variants in peach regenerants initiated from two different 
embryo callus cultures using RAPD. Kunitake et al. 
(1998) detected little ploidy and phenotypic variation 
among somaclones obtained through somatic embryo-
genesis from asparagus genotypes. Fourre et al. (1997) 
evaluated somaclonal variation in embryogenic clones of 
Norway spruce. Although variation was detected by 
cytogenetic and morphogenetic analyses, none was 
observed using RAPD analysis, in spite of using several 
primers. Similarly, Rani et al. (1995) found RAPD 
variations amongst 23 micropropagated Populus 
deltoides plants originating from the same somatic 
embryos. It is understood that many factors associated 
with culture manipulations can lead to the induction of 
genetic instability. In general, culture method and 
environment, species, explants type, concentration and 
type of plant growth regulators, are known to be 
associated with the occurrence of somaclonal variation 
(Rani and Raina 2000). Somaclonal variation is a very 
complex problem that needs several approaches to be 
correctly appreciated. It is essential to verify the clonal 
fidelity and field performance of somatic embryo-derived 
plants to ensure that somatic embryogenesis for each 
particular species is not causing aberrations.  
 In our study, the similarities in nuclear DNA content, 
chromosome counts and RAPD banding patterns in 
different plants derived from somatic embryos may 
suggest genetic fidelity and it therefore possible to 
postulate that tissue culture-derived grapevine plants are 
true-to-type. In summary, we have developed a general, 
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simple and safe system for somatic embryogenesis and 
plant regeneration of grapevine, which can be applied to 
important grapevine cultivars and represents a significant 
step towards the successful application of gene techno-

logy to improvement of established premium grapevine 
cultivars. Currently, we are developing Agrobacterium-
mediated genetic transformation system based on plant 
regeneration via somatic embryogenesis in grapevine. 
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