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ANALYSIS OF GENOMIC CHANGES IN CALLUS TISSUE OF CAMELINA 

SATIVA AND OBTAINED PLANT STRUCTURES 

 

Lіubchenko Inna Oleksandrivna, 

Candidate of Agricultural Sciences, Senior Lecturer 

Lіubchenko Andrii Ivanovych, 

Candidate of Agricultural Sciences, Associate Professor 

Uman National University of Horticulture 

Uman, Ukraine 

 

Camelina sativa is a promising crop of versatile use. Unpretentiousness to 

growing conditions, short vegetation period, high resistance to diseases and pests 

make it possible to grow it in various soil and climatic conditions [1].  

Camelina has a high oil content in seeds. Due to a balanced complex of natural 

antioxidants and biologically active substances, it has therapeutic and dietary 

properties [2, 3]. Camelina seed oil is used for technical purposes for the production 

of varnishes, paints, soaps, plastics. It is a valuable raw material for the production of 

biodiesel and aviation fuel [4, 5]. 

Obtaining new high-yielding varieties is important for increasing the volume of 

сamelina production. The use of biotechnological methods can significantly reduce 

the duration of the breeding process and increase the efficiency of creating new plant 

forms with desired economically valuable traits [6]. 

One of the main types of plant biomaterials for in vitro research is callus tissue. 

It is used directly in the work or as a source material for creating other 

objects - isolated protoplasts, suspension culture, etc. 

In the process of cell dedifferentiation, somaclonal variability arises, which is 

the source of genetic diversity of callus tissues and regenerant plants obtained from 

them. This involves changes in the number and morphology of chromosomes, point 

mutations, transpositions of genetic elements, gene amplification, changes in 

expression at multigene loci and rearrangement of cytoplasmic genomes, somatic 

crossing over, etc. Somaclonal variability arises due to two main reasons: genetic 
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heterogeneity of somatic cells of the explant; genetic and epigenetic variability 

induced by cultivation conditions [7]. 

The aim of our work was to study the changes in chromosome number in the 

karyotype during in vitro cultivation of bimaterials of camelina sativa. 

The experiments were carried out in the educational and scientific laboratory 

«Biotechnology» of the Uman National University of Horticulture. The initial 

material was callus tissue obtained from explants of plants of Stepovyi 1 variety. 

The biomaterial was cultivated on the modified nutrient media 

Murashige-Skuga, at the illumination intensity of 4 kLх, 16-hour photoperiod, 

temperature regime 20–24°C. The identification of ploidy was carried out by 

counting the number of chromosomes in crushed preparations obtained from callus or 

somatic cells of the apical meristems of registered plants of camelina sativa. 

The callus tissue of camelina is characterised by high genetic heterogeneity. In 

cytological analysis, cells with different ploidy were identified. For Camelina sativa 

(L.) Crantz, the diploid set is 40 chromosomes. At the end of passage, 49.1 % of 

callus cells had a balanced diploid set of chromosomes. 

The haploid level was identified in 18.0 % of the analysed cells. Haploid cells 

were smaller, had an insignificant number of organelles and were characterised by a 

short mitotic cycle. The haploid callus may arise due to reduced mitosis or gradual 

elimination of chromosomes. 

During dedifferentiation and proliferation of callus tissue, along with a 

decrease in the number of chromosomes in the cells, the occurrence of polyploidy 

was also observed. Of the mass of callus tissues, 10.5 % and 9.2 % of cells were 

triploid and tetraploid, respectively. Polyploid tissues are formed due to 

endoreduplication and endopolyploidy. The level of polyploidisation depends on the 

initial ploidy of the source explant and the influence of exogenous growth regulators. 

About 13.2 % of callus cells were aneuploid and had a chromosome set not 

multiple to the basic number. The aneuploidy is explained by chromosome 

non-divergence in anaphase. 

As a result of realisation of morphogenetic potential of callus tissues of 
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camelina, intact plants were obtained. Morphogenesis took place both by 

organogenesis and somatic embryoidogenesis. Compared to callus tissue, the 

obtained plants were characterised by a more balanced set of somatic cell 

chromosomes. The diploid set had 79.2 % of somatic embryoids and 76.0 % of 

regenerant plants obtained by organogenesis. Haploid structure was characterised by 

3.2 and 2.5 % of plants, respectively. Haploid plants had reduced biometric 

parameters and low viability compared to diploid plants. 

Polyploid forms were observed in the induced plant structures. In somatic 

embryoids, the number of triploids and tetraploids was 7.3 and 3.2 %, respectively. 

For plants obtained as a result of organogenesis, this indicator was 5.5 and 8.4 %. 

The number of aneuploid plants formed during somatic embryoidogenesis was 

7.1 %, and during organogenesis – 8.4 %.  

By organogenesis, 5.3 % of mixoploid plants were obtained. This phenomenon 

is due to the fact that during organogenesis an intact plant is formed from a group of 

cells that may have different genetic nature. No mixoploid forms were found among 

somatic embryoids, as somatic embryoid develops from one vegetative proembryonic 

cell. 

Therefore, in the process of the conducted studies it was found that the callus 

tissue of camelina sativa is represented by cells of different ploidy. Induced intact 

plants have a smaller range of genomic variability, and 76.0–79.2 % of the material is 

characterised by a balanced karyotype. Somatic embryos are genetically more stable 

compared to plants obtained through organogenesis. 
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