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Abstract. In vitro experimental plants obtained by clonal micropropagation 
of 9 grape somaclones of 5 original forms were the material for cytogenetic 
research. A biological microscope XSP-146TP was used for cytogenetic 
analysis. 823 cases of deviation from diploidy were observed in total. 
Significant tissue ploidy was observed in the meristematic tissue of in vitro 
plants of grape somaclones obtained by colchicine treatment of 
proembryogenic cells of various varieties. The significant direct correlation 
was found between the frequency of polyploidy in meristem tissues of in 
vitro plants and the number of chloroplasts in the stomata of grape 
somaclones. The reverse correlation was found between the frequency of 
polyploidy and the number of stomata on the leaf area. Somaclone No. 72, 
obtained as a result of regeneration from colchicinated proembryogenic cells 
of the Ruta grape variety and identified as a tetraploid (2n = 4x = 76), is 
recommended for use in the polyploid creation program.  

1 Introduction 
Somatic embryogenesis is one of the best methods of plant micropropagation. It is effectively 
used to remove phytopathogens from infected plant materials [1]. At the same time, somatic 
embryogenesis has an increased risk of anomalies due to somaclonal variations [2], which is 
a disadvantage for large-scale propagation and a positive moment for obtaining polyploid 
forms. Achieving the undoubted advantages that polyploid organisms possess is the aim of 
many breeders who use induced polyploidy and natural polyploids to create new plant 
varieties [3]. Polyploid forms of plants are characterized by increased organ sizes compared 
to diploid varieties, buffering of harmful mutations, increased heterozygosity and heterosis 
[3-5]. Polyploidy allows obtaining seedless varieties due to errors that occur in meiosis; at 
the same time, doubling the genome in a sterile hybrid allows restoring its fertility [3, 6].  

It is necessary to take into account when choosing the method of polyploidization that the 
effectiveness of the action of an antimitotic agent depends on its concentration, duration of 
exposure, genotype of the original form, germination and survival of seeds [7]. During the 
study of the possibility of polyploidy induction in grapes by treating the apical meristem with 
colchicine, it turned out that the tested genotypes practically did not respond to the effect of 
colchicine in the direction of genome doubling [8]. The results of the experiment with hybrid 
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progeny of Muscadinia rotundifolia, Vitis riparia and Vitis rupestris, obtained using various 
combinations of explants, antimitotic agents, their exposure time and concentration, allowed 
to create an effective protocol for the induction of in vitro tetraploids for rootstock breeding 
programs [9]. The application of the response surface methodology to determine the optimal 
conditions for obtaining plants in experiments on polyploidization of shoot tops and somatic 
embryoids of seedless grape varieties made it possible to obtain non-chimeric autotetraploid 
plants with a frequency higher than 30% [10]. According to reports, the effect of colchicine 
on proembryogenic cells of suspension cultures leads to the regeneration of true 
autopolyploids [11]., The basic schemes and individual features of subcultivation of 
proembryogenic callus, suspensions and somatic embryoids of 6 grape varieties were 
identified to determine the most effective protocols for polyploidy induction [12].  

The purpose of this study is to evaluate the occurrence of polyploid cells in the 
meristematic tissue of in vitro plants, obtained by clonal micropropagation of a number of 
grape somaclones.  

2 Materials and methods 
Laboratory studies were conducted at the Magarach Institute, Yalta, in 2019-2021. In vitro 
plants obtained by clonal micropropagation of 9 grape somaclones of 5 original forms was 
the material for cytogenetic research. The original forms of somaclones are varieties and 
hybrids of the genus Vitis (Tournef.) Linn. Grape somaclones were obtained according to the 
protocols developed at the Magarach Institute (treatment of proembryogenic cells with 
colchicine, development of somatic embryoids from colchicinated cells of suspension 
cultures and regeneration of somaclone plants from them) [13]. Cytogenetic analysis was 
performed according to the methods recommended for grapes [14]. Roots 3-5 mm long of in 
vitro plants were used as objects, the meristem of root growth points was studied. 3-5 
temporary acetocarmine preparations were made for each variant. The biological microscope 
XSP-146TP ("Ulab", TM) and the digital video camera INOVO Granum DC 1300 USB2.0-
CAM ("NVL Granum", Ltd.) were used for cytogenetic analysis. The proportion of polyploid 
cells was calculated as the ratio of the number of tetraploid cells to the total number of cells 
in the metaphase and expressed as a percentage.  

Statistical data processing was carried out according to generally accepted methods using 
the application software package Statistica 10 (StatSoft, Inc., USA). The experiments were 
carried out in three replicates. The values of the mean (M), standard deviations (±SD) and 
Pearson pair correlation coefficients were calculated. They are presented in the tables. The 
reliability of the difference between the variants was evaluated using the Student's t-test. The 
differences between the variants were considered statistically significant at a significance 
level of p ≤ 0.05.  

3 Results and discussion 
All stages of mitosis were observed during cytogenetic experiments. 4745 cells were found 
in the state of division in total (Table 1).  

Deviations from diploidy with the number of chromosomes 2n = 2x = 38 were 
encountered and taken into account in the meristematic tissue of somaclones at the metaphase 
stage (Fig.). 823 cases of deviation from diploidy were observed in total. Somaclone No. 72 
is actually a tetraploid form (2n = 4x = 76), although a certain share of diploid cells is present 
in its tissues. Most likely, somaclone No. 89 (the original form of the Sphinx grape variety) 
and somaclone No. 76 (the original form of E-342) can also be selected and identified as 
tetraploid forms during dischimering.  
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Table 1. Results of evaluation of polyploidy in grape somaclones regenerated from colchicinated 
proembryogenic cells  

Variety  Original form,  
somaclone  

Number of cells, 
pcs.  

Frequency of tetraploid cells, 
%  

Bianca  original form 305 0 
Bianca 40 316 2,6±0,7a 
Ruta original form 332 0 
Ruta 48 406 0 
Ruta 61 311 2,6±0,6 a 
Ruta 72 348 95,7±1,8b 

Ruta 82 515 3,3±0,3 a 
Ruta 96 610 0,2±0,2a 
Sfinks original form 315 0 
Sfinks 89 322 54,2±0,7c 
Е-342 original form 302 0 
Е-342 76 351 71,3±1,7d 
Е-342 94 312 10,0±1,9 e 

N o t e. Values with different letters have statistically significant differences at p ≤ 0.05.  
 

 

     

   
Fig. Polyploid cells in tissues of in vitro plants of grape somaclones regenerated from colchicinated 
proembryogenic cells: A – somaclone No. 72 (Ruta); B – somaclone No. 76 (E-342); C – somaclone 
No. 89 (Sphinx); D – somaclone No. 94 (E-342). The scale is 5 microns 
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Mixoploid chimeras are one of the most common results of work in the field of induced 
polyploidy [15]. It is necessary to identify cytochymeras, plants whose ploidy level differs in 
different types of tissues, when using polyploids in plant breeding. The appearance of 
chimeras instead of stable tetraploid plants indicates that there was no simultaneous effect of 
antimitotic agents on all cells present in all three histogenic layers of meristem tissues [16]. 
The probability of chimericalness is expected to be minimal under the condition of treatment 
of proembryogenic cells. However, somatic segregation leads to the appearance of cells with 
an unequal number of chromosomes in the tissues. This phenomenon can be caused by 
various reasons, including endomitosis [14]. Mixoploidy was also observed in the cells of 
experimental in vitro grape plants obtained from stenospermocarpic seeds, as well as in the 
meristematic tissue of the mutant grape variety Aurora Magaracha [14, 17].  

Recently, an indirect method for assessing plant ploidy has been widely used, based on 
the revealed relationships of genome ploidy with morphological features of the leaf epidermis 
[8, 9, 10]. In this work, the significant direct correlation was found between the frequency of 
polyploidy in meristem tissues of in vitro plants and the number of chloroplasts in the stomata 
of grape somaclones. The reverse correlation was found between the frequency of polyploidy 
and the number of stomata on the leaf area. (Table 2).  

Table 2. Correlation coefficient between the frequency of tetraploid cells and the parameters of in 
vitro plants stomata of grape somaclones 

Sign of the abaxial epidermis  
Correlation coefficient 

with the frequency of tetraploid 
cells  

p 

The number of chloroplasts per 1 stomata, 
pcs.  

0,738 0,004 

Stomata length, microns  0,510 0,075 
Stomata width, microns  0,149 0,627 
The number of stomata per 1 mm2, pcs.  -0,648 0,017 

 
Somaclones, which have a noticeable number of deviations from diploidity, show 

differences from the original forms in a number of signs of the leaf epidermis: somaclone 
No. 89 exceeds the Sphinx original form in the number of chloroplasts, in the length of the 
stomata and has a lower density of stomata; somaclone No. 76 also has a larger number of 
chloroplasts and a lower density of stomata than the E-342original form; somaclone No. 72 
exceeds the Ruta original form in all parameters of ploidy indirect assessment.  

The relationship between the level of plant ploidy and various signs was found in different 
species. However, some problems, such as dependence on the environment and the 
identification of mixoploids instead of polyploids, limit the use of these signs to determine 
the level of ploidy [16]. Although the biological significance of the relationship between the 
genome and stomata size in autopolyploids is controversial, a comparison between the size 
of epidermal structures and ploidy is useful for the study of grape polyploids induced in vitro 
[10]. The results obtained in this work are the basis for preliminary working hypotheses and 
suggest their verification in the course of further research in order to identify certain patterns 
of the occurrence of true tetraploids.  

4 Conclusion 
Thus, a significant ploidy of tissues is observed in the meristematic tissue of in vitro plants 
of grape somaclones obtained by colchicine treatment of proembryogenic cells of various 
varieties. Somaclone No. 72, obtained as a result of regeneration from colchicinated 
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proembryogenic cells of the Ruta grape variety and identified as a tetraploid (2n = 4x = 76), 
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