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Abstract: Different chromosomal forms of Deschampsia antarctica Desv. (Poaceae), 
including diploids (2n=26), hypotriploid (2n=36–38) and a genotype with an occasional 
occurrence of B chromosome (2n=26+0-1B) that originated from southern marginal 
populations (Argentine Islands region, maritime Antarctic) were studied using molecular 
cytogenetic, morphometric and biochemical methods. FISH analysis revealed variations 
in the number of rDNA sites between the diploid and hypotriploid plants. The genome 
size varied among plants with a different chromosome number and was on average 
10.88 pg/2C for diploids and 16.46 pg/2C for hypotriploid. The mean values of leaf 
length of plants grown in vitro varied within a range of 5.23–9.56 cm. The total phe-
nolic content ranged from 51.10 to 105.40 mg/g, and the total flavonoid content ranged 
from 1.22 to 4.67 mg/g. The amount of phenolic compounds did not differ significantly 
between the genotypes, while a variation in the flavonoid content was observed for L59 
and DAR12. The diploids did not differ significantly among each other in terms of the 
number of rDNA loci, but differed slightly in their genome size. The individuals of DAR12 
carrying B chromosome were similar to other diploids in terms of their genome size, but 
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statistically differed in leaf length. The hypotriploid had both a greater number of rDNA 
sites and a larger genome size. No statistical correlations were observed between the 
genome size and leaf length or genome size and accumulation of phenolic and flavonoid 
compounds. The results of this study suggest that D. antarctica plants from the  southern 
edge of the range are characterised by the heterogeneity of the studied parameters. 

Key words: Antarctic, Deschampsia antarctica, marginal populations, variation, 
phenotypic characteristics.

Introduction

According to the concept of a ‘species range’ or the ‘abundant centre’ 
model, geographically peripheral populations exhibit a lower genetic diversity 
and a higher genetic differentiation than populations from the central part of 
a range (Sagarin and Gaines 2002; Hampe and Petit 2005; Johannesson and Andre 
2006; Eckert et al. 2008). At the same time, in marginal populations, which are 
often isolated and under the extreme selection pressures of anomalous ecological 
conditions, intensive processes of speciation may occur that contribute to the 
maintenance and generation of biological diversity (Grant 1981; Kirkpatrick and 
Barton 1997). Genetic changes combined with karyotype repatterning enable 
a species to survive as a new form or even as a new species under intensive 
environmental pressure (Belyayev and Raskina 2013).

The studies of Deschampsia antarctica Desv. (Poaceae), the only grass 
species native to Antarctica (Alberdi et al. 2002), indicated a low level of 
molecular genetic diversity in the populations from different regions of the 
maritime Antarctic (Holderegger 2003; Van de Wouw et al. 2008). The low 
genetic variability between the plants of this species from the vicinity of 
the Antarctic Peninsula (South Shetland Islands) and Falklands Islands was 
also revealed by AFLP analysis (Chwedorzewska and Bednarek 2008, 2011). 
Similarities in the ITS1 and ITS2 sequences of the rRNA genes were found in 
the populations from two geographically distant regions of maritime Antarctic, 
i.e. the South Shetland Islands and the Argentine archipelago (Volkov et al. 
2010; Andreev et al. 2010).

On the other hand, plant forms with atypical chromosome numbers or 
chromosomal races have been found for the Deschampsia genus, specifically 
for D. caespitosa, in unfavourable environmental conditions. For D. alpina, 
forms with 2n=26, 39, 48 and 52 chromosomes have been found in Sweden and 
Norway. As was described by Nygren (1949), the polyploids had probably arisen 
as a result of the fusion of reduced and unreduced gametes. These were able to 
produce seeds from which plants with aberrant chromosome numbers developed 
(Rothera and Davy 1986). The chromosome number of D. antarctica has been 
mentioned only in a few studies (Moore 1967; Cardone et al. 2009; Navrotska 
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et al. 2014; Amosova et al. 2015). The phenomenon of aneusomaty was 
revealed in plants from King George Island, the South Shetland Islands region 
of the maritime Antarctic, by Cardone et al. (2009). For the more southern 
range limit of the species (Argentine Islands region, maritime Antarctic), new 
chromosomal forms of D. antarctica, i.e. a hypotriploid and a genotype that 
supposedly had a B chromosome were recently reported (Navrotska et al. 2014). 
The peculiarities of the karyotype structure of the D. antarctica that originated 
from the Darboux, Galindez, Great Yalour and Skua Islands of the maritime 
Antarctic were revealed through a comprehensive molecular cytogenetic analysis 
by Amosova et al. (2015). In addition, a polyploid genotype of D. antarctica 
(2n=52) was reported in Central Patagonia (Chubut, Argentina) close to the 
northern limit of its distribution range (Gonzalez et al. 2016).

It is known that differences in the ploidy level are manifested as variations in 
the number of chromosome sets, the cell volume and the nuclear DNA content per 
cell. Furthermore, it may also affect the phenotypic characteristics of a plant such as 
various morphological, physiological, cellular and biochemical parameters (Yildiz 
2013). Plants that grow in polar environments have been shown to demonstrate 
a reduced morphogenetic plasticity (Grime 2006). By contrast, Antarctic flowering 
plant species have been found to have variable morphometric indices and evolve 
morphological forms that are specific to particular habitats (Giełwanowska 
2005). The biochemical parameters of plants, especially the content of secondary 
metabolites such as phenolic and flavonoid compounds, may also play an important 
role in adaptation to extreme conditions. Flavonoids are a group of phenolics that 
display a remarkable array of biochemical actions. It is known that these secondary 
metabolites are synthesised by plants during both their normal development and 
in their response to stress conditions such as infection, wounding or UV radiation 
(Ahmed et al. 2017). They also play an important role as antioxidants that are 
involved in many physiological processes and can be used as phenotype markers 
at the biochemical level (Quattorocchio et al. 2006).

In this paper, we present molecular cytogenetic, morphological and 
biochemical data for D. antarctica plants from marginal populations, including 
some genotypes that were previously described cytogenetically. We aim to 
characterise the different chromosomal forms within the species and to examine 
the possible impact of alterations in genotypes on their phenotypic characteristics.

Material and methods

In this study, 11 genotypes of D. antarctica plants that were grown from 
seeds that had been collected in the Argentine Islands (maritime Antarctic) 
near the Ukrainian Antarctic Station Academician Vernadsky were analysed. The 
material was collected during the 9th (2004/05), 11th (2006/07), 12th (2007/08), 
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14th (2009/10), 17th (2012/13) and 18th (2013/14) Ukrainian Antarctic Expeditions 
(Table 1). Aseptic seedlings were obtained as described in Zahrychuk et al. (2012) 
and were cultured on a Gamborg B5 medium (Gamborg et al. 1968). The plants 
were propagated in vitro and were grown at 18°C, 16-h photoperiod and light 
intensity of 30 μmol/m2s1 in a growth chamber. The rationale for this was to 
obtain a sufficient amount of genetically identical plant material (Spiridonova 
et al. 2016), and to examine the possible effects of genetic factors, in particular 
the ploidy level and nuclear DNA content, on some of the morphometric and 
biochemical parameters of the plants.

Cytogenetic analysis and fluorescence in situ hybridisation. — Plant root 
tips 1.5–2.0 cm long were immersed in ice-cold water for 24 hours, fixed 
overnight in 3:1 (v/v) freshly prepared methanol/glacial acetic acid at 4°C for 
24 h and stored at -20°C until required. After a 15-minute wash in a 0.01 M 
citric acid-sodium citrate buffer (pH 4.8), the root tips were digested in an 
enzyme mixture comprising 2% (w/v) cellulase “Onozuka RS” (Serva) and 20% 
(v/v) pectinase from Aspergillus niger (Sigma) at 37°C. The meristems were 
dissected from the root tips and squashed in a drop of 45% acetic acid. After 
squashing and freezing, the preparations were dehydrated in absolute ethanol, 
air dried and stained with 0.5 μg/μl DAPI (Serva) as described in Jenkins and 
Hasterok (2007). 

Table 1
Locations and years of collecting the D. antarctica material.

№ Genotype Locality Geographical coordinates Year of 
collection

1 G/D4-1 Galindez Island S65°14.919’  W64°14.332’ 2012/2013

2 G/D12-2а Galindez Island S65°14.528’  W64°14.332’ 2006/2007

3 G/D12-1 Galindez Island S65°14.528’  W64°14.332’ 2013/2014 

4 L59 Lahille Island S65°55.220’  W64°39.426’ 2011

5 R35 Rasmussen Cape S65°14.819’  W64°05.156’ 2004/2005

6 S22 Skua Island S65°14.039’  W64°09.761’ 2009/2010

7 W1 Winter Island S65°14.851’  W64°15.482’ 2013/2014

8 Y62 Great Yalour Island S65°14.039’  W64°09.761’ 2004/2005 

9 Y67 Great Yalour Island S65°14.039’  W64°09.761’ 2004/2005

10 DAR12 Darboux Island S65°23.424’  W64°12.543’ 2007

11 Y66 Great Yalour Island S65°14.039’  W64°09.761’ 2004/2005
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The fluorescence in situ hybridisation (FISH) procedure was adopted from 
Hasterok et al. (2002). The G/D12-2а, Y66, S22, R35 and DAR12 genotypes were 
studied with the following probes: (i) 5S rDNA from Triticum aestivum, clone 
pTa794 (Gerlach and Dyer 1980); (ii) 2.3 kb ClaI fragment of the 25S rDNA 
coding region from Arabidopsis thaliana (Unfried and Gruendler 1990), 
(iii) HT100.3 telomeric repeats (TTTAGGG)n from A. thaliana (Hajdera et al. 
2003) and (iv) cereal centromeric sequence 1 (CCS1; 260 bp) from Brachypodium 
sylvaticum (Aragon-Alcaide et al. 1996). The preparations were examined using 
an Olympus Provis AX70 epifluorescence microscope with the appropriate filter 
sets. Images were taken with a Hamamatsu C5810 colour CCD camera and 
processed using Adobe Photoshop and CorelDRAW software.

Flow cytometry analysis. — The nuclear DNA content of D. antarctica 
was calculated based on the results of the flow cytometry. Young leaves of the 
D. antarctica plants and an internal standard were chopped together with a razor 
blade in a Petri dish in 500 μl of a nuclei extraction buffer (CyStain PI Precision 
P Sysmex 05-5022) that had been supplemented with 1% β-mercaptoethanol 
(Sigma) and 1% Triton X-100 (Sigma). The nuclei suspension was filtered 
through a 30 μm mesh (CellTrics, Sysmex) into a clean tube. Next, the samples 
were stained with 2 ml of a staining buffer containing propidium iodide and 
RNase (CyStain PI Sysmex Precision P 05-5022) and incubated for 45 min at 
room temperature in the dark. Then, the samples were analysed using a CyFlow 
Space flow cytometer (Sysmex) equipped with a 532 nm green laser. At least 
10 000 nuclei were analysed for each sample. Secale cereale subsp. cereale 
(16.01 pg/2C, GeneBank Gatersleben accession number: R737) was selected as 
the internal standard for the diploid genotypes, whilst Vicia faba cv ‘Tinova’ 
(26.21 pg/2C, GeneBank Gatersleben accession number: FAB602) was used 
as the internal standard for the hypotriploid. For each genotype, at least three 
plants were used and each plant was analysed twice. The measurements were 
performed in three replicates on different days.

Morphometric measurements of leaf length. — Two-month-old plants that 
had been grown in vitro were used to measure the leaf length. All of the leaves 
of each individual were analysed. The number of plants from each genotype that 
were used for analysis is presented in Table 2. Standard statistical methods were 
used to calculate the mean value (X) and standard deviation (SD) (Pollard 2008).

Quantification of the total phenolic and flavonoid content. — The leaf 
compounds were extracted in diethyl ether for 24 h from the dried plant material 
(200 mg) of at least three individuals of each genotype. Profiling the phenolic 
and flavonoid content in the D. antarctica leaves was performed using reversed-
phase high-performance liquid chromatography (HPLC) as described in detail 
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by Belemets et al. (2014). The total phenolic content was determined as the 
gallic acid equivalent, and the total flavonoids were determined as the rutin 
equivalent according to Sytar et al. (2014). The processing and visualisation 
of the chromatogram and absorption spectra were performed using Agilent 
ChemStation software.

Statistical analysis. — Based on our previous observations, a normal 
distribution of genome size and leaf length was assumed. The parametric ANOVA 
analysis followed by the post hoc LSD (Least Significant Difference) test were 
applied to detect a significantly different genome size and leaf length in particular 
genotypes. To compare the phenolic and flavonoid content in the genotypes, the 
non-parametric Kruskal-Wallis ANOVA and post hoc multiple comparison tests 
(whenever necessary) were used. Correlations between the genome size and three 
other variables, i.e. leaf length, phenolic content and flavonoid content were 
tested separately using Pearson r statistics. In the correlation tests, the mean 
values of the variables of particular genotypes were used. The statistical analysis 
was performed using Statistica 13.1 software (Dell Inc., Tulsa, OK, USA).

Results

Molecular cytogenetic studies of D. antarctica. — Plants from all of the 
genotypes (Table 1 and Table 2) were analysed. It was revealed that G/D12-2a, 
R35, S22, Y62 and Y67 have 26 chromosomes in their karyotypes. In addition 
to the plants with 2n=26, which is the chromosome number that is typical for 
this species, a genotype with the occasional presence of one B chromosome in 
some of its cells (DAR12, 2n=26+0–1B) and with a hypotriploid chromosome 
set (Y66, 2n=36–38) were also found (Navrotska et al. 2014). In order to 
expand the sample size, we conducted an analysis of additional D. antarctica 
plants from other populations of the Argentine Islands region. It was found that 
the karyotypes of the G/D4-1, G/D12-1, L59 and W1 plants also consisted of 
26 chromosomes (Table 2).

Dual-colour fluorescence in situ hybridisation revealed variations in the 
numbers of rDNA loci between the diploid and hypotriploid genotypes. The 
5S rDNA and 35S rDNA signals were located on different chromosomes of 
the complement. Ten sites of 5S rDNA and four sites of 35S rDNA were 
observed in the karyotypes of the diploids (G/D12-2a, R35, S22 and DAR12). 
5S rDNA sites were allocated to the proximal regions of six chromosomes 
and the terminal regions of four chromosomes. Signals of the 35S rDNA were 
observed in close proximity to the centromere of two chromosomes and in the 
terminal regions of the other two chromosomes (Fig. 1A–D). For the plants 
of the Y66 hypotriploid genotype in which individuals with 36 chromosomes 
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predominated, 14 sites of 5S rDNA and six sites of 35S rDNA were observed. 
The 5S rDNA sites were located in the proximal regions of eight chromosomes 
and in the terminal regions of six chromosomes. The signals of the 35S rDNA 
were found in the proximal regions of three chromosomes and in the terminal 
regions of three other chromosomes (Fig. 1E).

FISH using telomeric and centromere-specific probes revealed a typical 
distribution of these repeats in the chromosomes of the genotypes of D. antarctica 
that were investigated. The telomeric repeats formed distinct blocks at the 
termini of all of the chromosomes. The centromeric probe mainly hybridised 
to the primary constrictions of all of the chromosomes in both the diploid and 
hypotriploid genotypes (Fig. 2). Furthermore, the presence of a B chromosome in 
the karyotype of the DAR12 plants confirmed our previous findings (Navrotska 

Fig. 1. Fluorescence in situ hybridisation of 5S rDNA (green) and 25S rDNA (red) probes 
with somatic metaphase chromosomes of different genotypes of D. antarctica. A. S22, 2n=26. 
B. DAR12, 2n=26+0B. C. G/D12-2a, 2n=26. D. R35, 2n=26. E. Y66, 2n=36. Chromosomes were 
stained with DAPI (blue). Scale bar is 5 μm.
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et al. 2014). This additional chromosome was significantly smaller than all of the 
other chromosomes, but had clear hybridisation signals at both the centromeric 
and terminal telomeric sites (Fig. 2A). 

Genome size of plants with different chromosome numbers. — The flow 
cytometry analysis revealed variations in the nuclear DNA content between plants 
with different chromosome numbers. The 2C-value of the diploid plants varied 
from 10.77 pg for R35 to 11.02 pg for G/D12-1 with an average of 10.88 pg. 
The nuclear DNA content for the DAR12 that contained a B chromosome was 
10.86 pg/2C DNA and fell within the range of the values that were obtained 
for the diploid genotypes. Thus, the presence of this B chromosome did not 
significantly affect the genome size. The DNA content of the hypotriploid 
plants (Y66) was 16.46 pg/2C (Table 2, Fig. 3). The calculated Cx value, the 
size of the monoploid genome (Greilhuber et al. 2005), fluctuated between 
5.38 pg to 5.51 pg with a mean of 5.45 pg. The Cx value for the individuals 
with a B chromosome (DAR12; 5.43 pg) and the hypotriploid (Y66; 5.49 pg) 
fell within this range. The coefficient of variation for all of the genotypes 
varied within a range of 3.5% to 4.33% (Table 2). The diploid plants were 
found to differ statistically in their nuclear DNA content (ANOVA test, p = 0.0 
and LSD post hoc test; see Table 3), for example between the L59 and R35 
genotypes (0.000057). The differences in genome size between the genotypes 
with the highest DNA content (G/D12-1, G/D4-1 and L59) and with the smallest 
DNA content (Y67 and R35) were larger than the standard deviation that was 
calculated for genotypes. Statistically, the largest differences were observed for 
the hypotriploid Y66 compared to the diploid genotypes, which is associated 
with the much larger genome of Y66.

Fig. 2. Distribution of telomeric (red) and centromeric (green) repeats in the metaphase chromosomes 
of D. antarctica. A. DAR12, 2n=26+1B. B. Y66, 2n=36. The B chromosome is indicated by the 
arrow and is shown in the inset. Chromosomes were stained with DAPI (blue). Scale bar is 5 μm.



Daria Navrotska et al. 534

Fig. 3. Estimation of the 2C DNA content in D. antarctica genotypes using flow cytometry. 
A. G/D12-2a, 2n=26. B. G/D12-1, 2n=26. C. G/D4-1, 2n=26. D. L59, 2n=26. E. R35, 2n=26. 
F. S22, 2n=26. G. W1, 2n=26. H. Y62, 2n=26. I. Y67, 2n=26. J. DAR12, 2n=26+0–1B. 
K. Y66, 2n=36–38.
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Leaf length of D. antarctica plants. — The morphometric measurements 
revealed that the mean values of the leaf length for most of the genotypes 
(G/D12-2a, G/D4-1, G/D12-1, L59, R35, S22, W1, Y62 and Y67) varied within 
a range of 5.23–9.56 cm (Table 2). Statistically significant differences in leaf 
length (ANOVA test, p = 0.0) were found between the genotypes. Most pairs 
of the mean values of the leaf length varied between each other (LSD post hoc, 
see Table 4). The longest leaves (9.56 cm) were observed in DAR12, which 
differed from all of the others. The leaf length in G/D4-1, G/D12-2a and S22 
did not vary significantly and was 6.22 cm, 6.50 cm and 6.37 cm, respectively. 
In the group of genotypes G/D12-1, L59, R35 and Y66, the values were also 
very close (8.01 cm, 8.08 cm, 7.96 cm and 7.97 cm, respectively) and had high 
p-values (Table 4).

Determination of the total phenolic and flavonoid content in D. antarctica. 
— The total content of phenolics in the plants ranged from 51.10 mg/g for L59 
to 105.40 mg/g for G/D12-1. The genotype with a B chromosome (DAR12) 
had a lower phenolic content of 66.22 mg/g, whereas the hypotriploid (Y66) 
had a total phenolic content of 80.22 mg/g (Table 2, Fig. 4A).

The total flavonoid content in the plants ranged from 1.22 mg/g for DAR12 
to 4.67 mg/g for L59. The content of flavonoids for the diploid genotypes was 
within the range of 1.62 mg/g (Y62) to 4.67 mg/g (L59). The amount of these 
compounds for the B chromosome-containing plants was the lowest and reached 
only 1.22 mg/g. The hypotriploid contained 2.23 mg/g of total flavonoids, which 
falls within the range of this parameter for the diploid genotypes (Table 2, 
Fig. 4B). Furthermore, the chromatographic profiles of the flavonoids were 
almost similar for the leaf extracts of the different genotypes and only slight 
quantitative differences were observed for individual peaks of the hypotriploid 
genotype compared with the diploid ones (Fig. 5).

According to the statistical analysis, no significant differences (Kruskal-Wallis 
test, p = 0.0813) were detected in the phenolic content between the genotypes 
(Table 5), while a comparison of the flavonoid content (Kruskal-Wallis test, 
p = 0.0237) revealed a single difference between the L59 and DAR12 plants 
(post hoc multiple comparison test, Table 6). In general, based on the Pearson 
r statistics analysis, we did not find any relationship between the following 
variables: genome size and leaf length (r = 0.23013; p = 0.496), genome size 
and phenolic content ( r= -0.1493; p = 0.661) and genome size and flavonoid 
content (r = -0.1533; p = 0.653).
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Fig. 4. Total content of the phenolic (A) and flavonoid (B) compounds in the leaves of the 
different genotypes of D. antarctica. (M ± SD) 1. G/D12-2a, 2n=26. 2. G/D4-1, 2n=26. 3. G/D12-1, 
2n=26. 4. Y62, 2n=26. 5. Y66, 2n=36–38. 6. Y67, 2n=26. 7. S22, 2n=26. 8. R35, 2n=26. 
9. W1, 2n=26. 10. DAR12, 2n=26+0–1B. 11. L59, 2n=26.

Fig. 5. Chromatographic profiles of the flavonoids in the leaf extracts of the different genotypes 
of D. antarctica. A. G/D12-2а, 2n=26. B. DAR12, 2n=26+0–1B. C. Y66, 2n=36–38. D. Standards 
of luteolin and apigenin flavonoids.
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Discussion

Karyological variability in the southern marginal populations. — 
Ecologically marginal environments (e.g. mountain tops, brackish-water estuaries, 
polar and other extreme habitats) are important sources of biodiversity, especially 
in the face of climate change (Hampe and Petit 2005; Eckert et al. 2008). The 
populations that inhabit such environments are typically more dynamic compared 
to those that inhabit the areas, which are located near the centre of species 
distribution, and are growing in more stable environmental conditions. At the 
same time, the intensive processes of raciation and speciation may occur in 
plant populations that are under the influence of an unfavourable environment. 
The genomic changes that occur during these processes can be the basis for 
understanding genome evolution and for predicting the response of a genome to 
environmental changes (Belyayev and Raskina 2013). Genomic and phenotypic-
orientated studies of the representatives of D. antarctica from the marginal 
southern populations from the maritime Antarctic provide a unique opportunity 
to examine the concept of a ‘species range’. 

We found that most of the D. antarctica plants from the southern edge of 
the range that were studied are diploids and have a typical chromosome number, 
i.e. 2n=26. This confirms the chromosome number of this species that has been 
reported by other authors (Moore 1967; Cardone et al. 2009; Amosova et al. 
2015; Gonzalez et al. 2016). FISH analysis allowed us to localise the 5S rRNA 
and 35S rRNA gene loci in the karyotypes of plants with different chromosome 
numbers. In the hypotriploid, six sites of 35S rDNA were observed, which 
is about 1.5 times greater than that of the diploid genotypes. These findings 
support the hypotriploid nature of the Y66 plants that had been inferred from 
their chromosome number. Surprisingly, an increase in the number of 5S rDNA 
sites was not proportional to an increase in the number of chromosome sets 
in the hypotriploid genotype, since only 14 sites were observed rather than 
the expected 15 (Fig. 1). This might indicate the presence of chromosomal 
rearrangements or the loss of one chromosome in the complement. In fact, 
a centric fusion translocation (Robertsonian rearrangement) between two 
homologous chromosomes of 12 pair was reported for the hypotriploid genotype 
of D. antarctica (Amosova et al. 2015).

The distribution of telomeric and centromeric FISH signals was typical on 
all of the chromosomes of the plants that were investigated (Fig. 2). However, 
in a study of D. antarctica from the maritime Antarctic, Amosova et al. 
(2015) not only revealed the presence of telomeric signals at the chromosome 
termini, but also at numerous interstitial sites in the proximal region of the 
long arm on the largest chromosome in the complement. This indicates that 
the hypotriploid could have arisen due to an interruption of meiosis or as 
a result of chromosome rearrangements, which are common in plants growing 
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in adverse environmental conditions (Madlung and Comai 2004; Houben et al. 
2013). Furthermore, triploid (D. alpina, 2n=39) and tetraploid (D. brevifolia, 
D. mackenzieana, D. mildbraedii, D. orientalis, 2n=52) forms have been reported 
for some species of the Deschampsia genus (Chiapella 2007). The tetraploid 
cytotype of D. antarctica (2n=52) was reported for a population that is located 
at the northern boundary of the species range in Patagonia (Chubut, Argentina) 
(Gonzalez et al. 2016). Thus, the occurrence of different cytotypes within the 
species may be a common phenomenon for this genus.

FISH analysis revealed the presence of centromeric and telomeric repeats in 
the B chromosome of the DAR12 genotype (Fig. 2A). These results proved the 
structural integrity of the additional chromosome in this genotype, which otherwise 
could be considered to be a mitotically unstable chromosome fragment (Dhar et al. 
2002; Jones et al. 2008; Houben et al. 2013). The occurrence of B chromosomes 
are also common for other species in the Deschampsia genus, in particular for 
D. caespitosa (2n=26+0–2B) and D. wibeliana (2n=26+0–5B) (Goldblatt and Johnson 
2000). It is known that additional chromosomes are dispensable and can be present 
or absent among individuals of the same population (Dhar et al. 2002). Usually, such 
chromosomes are found in organisms that dwell in suboptimal and stress conditions 
(Camacho et al. 2000; Jones et al. 2008; Kunakh, 2010; Datta et al. 2016), and may 
increase the adaptive capacity of plants to survive in harsh environments (Plowman 
and Bougourd 1994; Rosato et al. 1998).

Spontaneous aneuploidy, triploidy and additional chromosomes have also 
been reported for marginal populations of Aegilops speltoides (Belyayev and 
Raskina 2013). Those authors implied that although aneuploidy for individual 
chromosomes may occur as a result of gene mutations and/or meiotic disorders, 
a spontaneous non-disjunction of the entire chromosome complement can also 
occur. They suggested that the increased ratio of self-pollination and inbreeding 
in stressful environments can lead to chromosomal rearrangements.

Genome size of D. antarctica. — Data about the nuclear DNA content of 
D. antarctica from the marginal populations at the southern range limit were 
very limited and were confined only to the report of Bennett et al. (1982). 
Using Feulgen staining, those authors revealed that the amount of DNA of the 
diploid plants from Galindez Island was 9.95 pg/2C. However, the genome size 
of other representatives of the genus, such as D. caespitosa from the British 
Islands (18.0 pg/2C; Bennett et al. 1982), D. caespitosa 2n=26 (10.43 pg/2C), 
D. chapmanii 2n=26 (11.05 pg/2C) and D. tenella 2n=26 from New Zealand 
(10.07 pg/2C) was determined (Murray et al. 2005). 

Using flow cytometry technique, we found that the values of the 2C 
DNA content were on average 10.88 pg for the diploids and 16.46 pg for 
the hypotriploid (Table 2, Fig. 3). The slight differences in genome size 
between the diploid genotypes (10.77 pg/2C–11.02 pg/2C) can be explained 
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by chromosome polymorphisms, but can also be due to an observation error 
that is caused, for example, by the analysis of a very small plant population. 
The possible measurement errors were reduced using the same flow cytometer, 
a standardised procedure for the sample preparation and the relevant number 
of biological replicates for each individual. However, the observed variation 
between the D. antarctica genotypes can also be attributed to their genetic 
diversity, which is connected with different geographical origin, different amount 
of heterochromatin and/or various spontaneous chromosome aberrations, for 
example. Such a variation in the genome size has been observed, for instance, in 
different accessions of A. thaliana (Schmuths et al. 2004) or Claytonia perfoliata 
(McIntyre 2012). Moreover, the size of the monoploid genome (Cx values) was 
very similar for the genotypes, and no significant differences were observed 
between the diploids compared to the hypotriploid. That seems to indicate 
the absence of large genomic rearrangements (e.g. the loss or duplication of 
chromosome fragments) during the formation of the hypotriploid genotype, and 
that the larger genome size of this genotype is primarily the result of an increase 
in the chromosome number (Table 2).

Leaf length variation. — In order to determine the possible correlation between 
the genetic and selected phenotypic characteristics, the leaf length was measured 
in different chromosomal forms of D. antarctica. The highest value was observed 
for the plants of the DAR12 genotype (9.56 cm). An ANOVA statistical analysis 
confirmed that DAR12 was the most different from the others in its leaf length 
(Table 3). Long leaves were also observed in the diploids (L59, G/D12-1, R35) 
and the hypotriploid (Y66), which had leaf lengths of  8.08 cm, 8.01 cm, 7.96 cm 
and 7.97 cm, respectively (Table 2 and Table 3). It is known that leaf length is 
a genetically-determined trait, which can depend on the ploidy level, as has been 
shown for both eudicotyledon and monocotyledon species (Stebbins 1971; Madlung 
2013). For example, an analysis of the closely related grasses Lolium multiflorum and 
L. perenne showed that their tetraploid cultivars had significantly longer leaves than 
the diploid ones. As was mentioned by Sugiyama (2005), the increase in leaf length 
in the Lolium polyploids primarily resulted from an increase in the cell elongation 
rate, and not from the duration of the period of leaf elongation. Although leaf length 
is a relatively stable characteristic, many species exhibit variations in leaf size in 
response to unfavourable environmental conditions (Tsukaya 2005). Considerable 
dissimilarities in the size, arrangement, shape and colour of leaves of genetically 
similar D. antarctica plants from the Admiralty Bay (King George Island, maritime 
Antarctic) were observed by Chwedorzewska et al. (2008). Those authors revealed 
that the anatomical variation can be due to an environmentally driven phenotypic 
plasticity. Additionally, morphological differences that were connected with the places 
of origin were observed for Saxifraga oppositifolia (Brysting et al. 1996) and the 
arctic species Saxifraga caespitosa (Chwedorzewska et al. 2005).
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Phenolic and flavonoid content. — In this study, we could not find any 
statistically significant differences in the phenolic content between the different 
chromosomal forms of D. antarctica (Tables 2 and 5, Fig. 4A). However, 
the DAR12 and L59 plants differed from the others in the flavonoid content 
(Tables 2 and 6, Fig. 4B). The DAR12 plants had the lowest amount of flavonoid 
compounds (1.22 mg/g), while L59 had the highest amount (4.67 mg/g). We 
assume that such differences have an accidental character and are not genetically 
driven. The phenolic content may depend on environmental conditions such 
as the photoperiod, altitude, level of UV radiation, humidity and temperature 
(Day et al. 2001; Ruhland et al. 2005; Jaakola and Hohtola 2010). It is known 
that the concentrations of flavonoids such as orientin and luteolin increased 
in D. antarctica plants that were under the influence of UV radiation (Day et 
al. 2001; Sequeida et al. 2012). It is worth noting that all of the plants in our 
research were cultivated under the same conditions and were not subjected to 
any external stresses that could stimulate the accumulation of variable amounts of 
secondary metabolites. It is also possible that differences in the accumulation of 
these metabolites between plants occurred under the impact of in vitro conditions, 
which can be associated with stressful and mutagenic effects (Madlung and 
Comai 2004). Therefore, our findings may suggest that the total phenolic and 
flavonoid content in D. antarctica depends on growth conditions rather than on 
their genotype characteristics. 

Conclusions

The results of this study suggest that the D. antarctica plants, which originated 
from the marginal southern populations are characterised by heterogeneity in the 
molecular cytogenetic, morphometric and biochemical parameters. Most probably, 
the variation in the leaf length and the amount of secondary metabolites depends 
on the impact of growth conditions rather than genotype characteristics, because 
no statistical correlations between the genome size and leaf length as well as 
the genome size and accumulation of phenolic and flavonoid compounds were 
observed. The ecological and adaptive significance of the different D. antarctica 
chromosomal forms is still uncertain. It seems likely that the period of existence 
of such plants is not sufficient for the formation of new races or cytotypes, but 
this requires further investigations.

Acknowledgements. — The authors are grateful for the support of the National 
Antarctic Scientific Centre of the Ministry of Education and Science of Ukraine and 
the National Academy of Science of Ukraine. The study was also performed as a part 
of the State Target Programme of Scientific and Technical Research in Antarctica for 
2011–2020.



Deschampsia antarctica in maritime Antarctic 545

References

AHMED E., ARSHAD M., KHAN M.Z., AMJAD M.S., SADAF H.M., RIAZ I., SABIR S., AHMAD N. and 
SABAOON. 2017. Secondary metabolites and their multidimensional prospective in plant life. 
Journal of Pharmacognosy and Phytochemistry 6: 205–214.

ALBERDI M., BRAVO L.A., GUTIERREZ A., GIDEKEL M. and CORCUERA L.J. 2002. Ecophysiology of 
Antarctic vascular plants. Physiologia Plantarum 115: 479–486.

AMOSOVA A.V., BOLSHEVA N.L., SAMATADZE T.E., TWARDOVSKA M.O., ZOSHCHUK S.A., 
ANDREEV I.O., BADAEVA E.D., KUNAKH V.A. and MURAVENKO O.V. 2015. Cytogenetic 
analysis of Deschampsia antarctica Desv. (Poaceae), Maritime Antarctic. PLoS ONE 10: 
e0138878. 

ANDREEV I.O., SPIRIDONOVA E.V., KYRYACHENKO S.S., PARNIKOZA I. Yu., MAIDANYUK D.N., 
VOLKOV R.A., KOZERETSKA I.A. and KUNAKH V.A. 2010. Population-genetic analysis 
of Deschampsia antarctica from two regions of maritime Antarctica. Moscow University 
Biological Sciences Bulletin 65: 208–210.

ARAGON-ALCAIDE L., MILLER T., SCHWARZACHER T., READER S. and MOORE G. 1996. A cereal 
centromeric sequence. Chromosoma 105: 261–268. 

BELEMETS N.М., GRAKHOV V.P., FEDORONCHUK М.М., BONYUK Z.G. and PALAMARCHUK O.P. 
2014. Study on the secondary metabolites of xerophytic species of Spiraea L. (Rosaceae) genus 
from Ukraine fl ora. The Journal of V.N. Karazin Kharkiv National University. Series Biology 
21: 154–161 (in Ukrainian).

BELYAYEV A.A. and RASKINA O.M. 2013. Chromosome evolution in marginal populations of 
Aegilops speltoides: causes and consequences. Annals of Botany 111: 531–538.

BENNETT M.D., SMITH J.B. and SMITH R.L. 1982. DNA amounts of angiosperms from the Antarctic 
and South Georgia. Environmental and Experimental Botany 22: 307–318.

BRYSTING A.K., GABRIELSEN T.M., SØRLIBRÅTEN O., YTREHORN O. and BROCHMANN CH. 1996. 
The Purple Saxifrage (Saxifraga oppositifolia) in Svalbard: two taxa or one? Polar Research 
15: 93–105.

CAMACHO J.P., SHARBEL T.F. and BEUKEBOOM L.W. 2000. B chromosome evolution. Philosophical 
Transactions of the Royal Society B: Biological Sciences 355: 163–178.

CARDONE S., SAWATANI P., RUSH P., GARCIA A.M., POGGIO L. and SCHRAUF G. 2009. Karyological 
studies in Deschampsia antarctica Desv. Polar Biology 32: 427–433.

CHIAPELLA J.O. 2007. A molecular phylogenetic study of Deschampsia (Poaceae: Aveneae) inferred 
from nuclear ITS and plastid trnL sequence data: support for the recognition of Avenella and 
Vahlodea. Taxon 56: 55–64.

CHWEDORZEWSKA K.J., WOJTUŃ B. and BEDNAREK P.T. 2005. Genetic and morphological variation 
of Saxifraga caespitosa L. from Spitsbergen (Svalbard): a preliminary study. Polar Biology 28: 
802–804.

CHWEDORZEWSKA K.J. and BEDNAREK P.T. 2008. Genetic variability in the Antarctic hairgrass 
Deschampsia antarctica Desv. from maritime Antarctic and sub-Antarctic sites. Polish Journal 
of Ecology 56: 209–216.

CHWEDORZEWSKA K.J. and BEDNAREK P.T. 2011. Genetic and epigenetic studies on populations of 
Deschampsia antarctica Desv. from contrasting environments on King George Island. Polish 
Polar Research 32: 15–26. 

DATTA A.K., MANDAL A., DAS D., GUPTA S., SAHA A., PAUL R. and SENGUPTA S. 2016. 
B Chromosomes in angiosperm – a review. Cytology and Genetics 50: 68–79.



Daria Navrotska et al. 546

DAY T., RUHLAND C. and XIONG F. 2001. Infl uence of solar ultraviolet-B radiation on Antarctic 
terrestrial plants: Results from a 4-year fi eld study. Journal of Photochemistry and 
Photobiology B: Biology 62: 78–87.

DHAR M.K., FRIEBE B., KOUL A.K. and GILL B.S. 2002. Origin of an apparent B chromosome by 
mutation, chromosome fragmentation and specifi c DNA sequence amplifi cation. Chromosoma 
111: 332–340.

ECKERT C.G., SAMIS K.E. and LOUGHEED S.C. 2008. Genetic variation across species geographical 
ranges: the central-marginal hypothesis and beyond. Molecular Ecology 17: 1170–1188.

GAMBORG O.L., MILER R.A. and OJIMA K. 1968. Nutrient requirement of suspension cultures of 
soybean root cells. Experimental Cell Research 50: 151–158.

GERLACH W.L. and DYER T.A. 1980. Sequence organization of the repeating units in the nucleus of 
wheat which contain 5S rRNA genes. Nucleic Acids Research 8: 4851–4865.

GIEŁWANOWSKA I. 2005. Specyfi ka rozwoju antarkctycznych roślin naczyniowych Colobanthus 
quitensis (Kunth) Bartl. i Deschampsia antarctica Desv. Wydawnictwo Uniwersytetu 
Warmińsko-Mazurskiego, Olsztyn: 172 pp.

GOLDBLATT P. and JOHNSON D.E. 2000. Index to plant chromosome numbers 1996–1997. 
Monographs in Systematic Botany from the Missouri Botanical Garden, St Luis Missouri, 81: 
188 pp.

GONZALEZ M.L., URDAMPILLETA J.D., FASANELLA M., PREMOLI A.C. and CHIAPELLA J.O. 2016. 
Distribution of rDNA and polyploidy in Deschampsia antarctica E. Desv. in Antarctic and 
Patagonic populations. Polar Biology 39: 1663–1677.

GRANT V. 1981. Plant speciation, 2nd ed. Columbia University Press, New York: 563 pp.
GREILLHUBER J. 1998. Intraspecifi c variation in genome size: a critical reassessment. Annals of 

Botany 82 (Suppl. A): 27–35.
GRIME J.P. 2006. Plant strategies, vegetation processes and ecosystem properties. John Wiley & 

Sons, Chichester: 456 pp.
GREILHUBER J., DOLEŽEL J., LYSÁK M.A. and BENNETT M.D. 2005. The origin, evolution and 

proposed stabilization of the terms ‘genome size’ and ‘C-value’ to describe nuclear DNA 
contents. Annals of Botany 95: 255–260.

HAJDERA I., SIWINSKA D., HASTEROK R. and MALUSZYNSKA J. 2003. Molecular cytogenetic 
analysis of genome structure in Lupinus angustifolius and Lupinus cosentinii. Theoretical and 
Applied Genetics 107: 988–996.

HAMPE A. and PETIT R.J. 2005. Conserving biodiversity under climate change: the rear edge matters. 
Ecology Letters 8: 461–467.

HASTEROK R., LANGDON T., TAYLOR S. and JENKINS G. 2002. Combinatorial labelling of DNA 
probes enables multicolour fl uorescence in situ hybridization in plants. Folia Histochemica et 
Cytobiologica 40: 319–323.

HOLDEREGGER R., STEHLIK I., LEWIS SMITH R.I. and ABBOTT R.J. 2003. Populations of Antarctic 
hairgrass (Deschampsia antarctica) show low genetic diversity. Arctic, Antarctic, and Alpine 
Research 35: 214–217. 

HOUBEN A., BANAEI-MOGHADDAM A.M. and KLEMME S. 2013. Biology and evolution of 
B chromosomes. In: J. Greilhuber and J. Dolezel (eds) Plant Genome Diversity. Springer, 
Vienna: 149–165.

JAAKOLA L. and HOHTOLA A. 2010. Effect of latitude on fl avonoid biosynthesis in plants. Plant, 
Cell and Environment 33: 1239–1247.

JENKINS G. and HASTEROK R. 2007. BAC ‘landing’ on chromosomes of Brachypodium distachyon 
for comparative genome alignment. Nature Protocols 2: 88–98.



Deschampsia antarctica in maritime Antarctic 547

JOHANNESSON K. and ANDRE C. 2006. Life on the margin: genetic isolation and diversity loss in 
a peripheral marine ecosystem, the Baltic Sea. Molecular Ecology 15: 2013–2029.

JONES R.N., VIEGAS W. and HOUBEN A. 2008. A century of B-chromosome in plants: so what? 
Annals of Botany 101: 767–775.

KIRKPATRICK M. and BARTON N.H. 1997. Evolution of a species’ range. American Naturalist 150: 
1–23. 

KUNAKH V.A. Supernumerary or B-chromosomes in plants. Origin and biological implication. 
2010. Visnik ukrains’kogo tovaristva genetikiv i selekcioneriv 8: 99–139.

MADLUNG A. and COMAI L. 2004. The effect of stress on genome regulation and structure. Annals 
of Botany 94: 481–495.

MADLUNG A. 2013. Polyploidy and its effect on evolutionary success: old questions revisited with 
new tools. Heredity 110: 99–104.

MCINTYRE P.J. 2012. Cytogeography and genome size variation in the Claytonia perfoliata 
(Portulacaceae) polyploid complex. Annals of Botany 110: 1195–1203.

MOORE D.M. 1967. Chromosome numbers of Falkland Islands angiosperms. British Antarctic 
Survey Bulletin 14: 69–82. 

MURRAY B.G., DE LANGE P.J. and FERGUSON A.R. 2005. Nuclear DNA variation, chromosome 
numbers and polyploidy in the endemic and indigenous grass fl ora of New Zealand. Annals of 
Botany 96: 1293–1305.

NAVROTSKA D.O., TWARDOVSKA M.O., ANDREEV I.O., PARNIKOZA I.Yu., BETEKHTIN A.A., 
ZAHRYCHUK O.M., DROBYK N.M., HASTEROK R. and KUNAKH V.A. 2014. New forms of 
chromosome polymorphism in Deschampsia antarctica Desv. from the Argentine Islands of 
the Maritime Antarctic region. Ukrainian Antarctic Journal 13: 185–191.

NYGREN A. 1949. Studies on vivipary in the genus Deschampsia. Hereditas 35: 27–32.
PLOWMAN A.B. and BOUGOURD S.M. 1994. Selectively advantageous effects of B chromosomes on 

germination behaviour in Allium schoenoprasum L. Heredity 72: 587–593.
POLLARD J.H.P. 2008. A handbook of numerical and statistical techniques. Finansy i statistika, 

Moscow: 344 pp. (in Russian).
QUATTOROCCHIO F., BAUDRY A., LEPINIEC L. and GROTEWOLD E. 2006. The regulation of fl avonoid 

biosynthesis. In: E. Grotewold (eds): The science of fl avonoids. Springer, New York: 97–122.
ROSATO M., CHIAVARINO A., NARANJO C., HERNANDEZ J. and POGGIO L. 1998. Genome size 

and numerical polymorphism for the B chromosome in races of maize (Zea mays ssp. mays, 
Poaceae). American Journal of Botany 85: 168–174.

ROTHERA S.L. and DAVY A.J. 1986. Polyploidy and habitat differentiation in Deschampsia cespitosa. 
New Phytologist 102: 449–467.

RUHLAND C., XIONG F., CLARK W. and DAY T. 2005. The infl uence of ultraviolet-B radiation on 
growth, hydroxycinnamic acids and fl avonoids of Deschampsia antarctica during springtime 
ozone depletion in Antarctica. Photochemistry and Photobiology 81: 1086–1093.

SAGARIN R.D. and GAINES S.D. 2002. The ‘abundand centre’ distribution: To what extent is it 
a biogeographical rule? Ecology Letters 5: 137–147.

SCHMUTHS H., MEISTER A., HORRES R. and BACHMANN K. 2004. Genome size variation among 
accessions of Arabidopsis thaliana. Annals of Botany 93: 317–321

SEQUEIDA A., TAPIA E., ORTEGA M., ZAMORA P., CASTRO A., MONTES C., ZUNIGA G. and 
PRIETO H. 2012. Production of phenolic metabolites by Deschampsia antarctica shoots using 
UV-B treatments during cultivation in a photobioreactor. Electronic Journal of Biotechnology 
15: doi 10.2225/vol15-issue4-fulltext-7.

SPIRIDONOVA K.V., ANDREEV I.O., ZAGRICHUK O.M., NAVROTSKA D.O., TWARDOVSKA M.O., 
DROBYK N.M. and KUNAKH V.A. 2016. Genetic stability of micropropagated plants of 



Daria Navrotska et al. 548

Deschampsia antarctica Desv. during long-term in vitro culture. Plant Physiology and Genetics 
48: 498–507 (in Ukrainian).

STEBBINS G.L. 1971. Chromosomal evolution in higher plants. Edward Arnold, London: 216 pp.
SUGIYAMA S-I. 2005. Polyploidy and cellular mechanisms changing leaf size: comparison of diploid 

and autotetraploid populations in two species of Lolium. Annals of Botany 96: 931–938.
SYTAR O., KOSYAN A., TARAN N. and SMETANSKA I. 2014. Anthocyanins as marker for selection of 

buckwheat plants with high rutin content. Gesunde Pfl anzen 66: 165–169.
TSUKAYA H. 2005. Leaf shape: genetic controls and environmental factors. International Journal of 

Developmental Biology 49: 547–555.
VAN DER WOUW M., VAN DIJK P. and HUISKES A.D.H.L. 2008. Regional genetic diversity patterns 

in Antarctic hairgrass (Deschampsia antarctica Desv.). Journal of Biogeography 35: 365–376.
VOLKOV R.A., KOZERETSKA I.A., KYRYACHENKO S.S., ANDREEV I.O., MAIDANYUK D.N., 

PARNIKOZA I.Yu. and KUNAKH V.A. 2010. Molecular evolution and variability of ITS1-ITS2 in 
populations of Deschampsia antarctica from two regions of maritime Antarctic. Polar Science 
4: 469–478. 

UNFRIED I. and GRUENDLER P. 1990. Nucleotide sequence of the 5.8S and 25S rRNA genes and of 
the internal transcribed spacers from  Arabidopsis thaliana. Nucleic Acids Research 18: 4011.

YILDIZ M. 2013. Plant responses at different ploidy levels. In: M. Silva-Opps (ed.) Current progress 
in biological research. InTech, Rijeka (Croatia): 363–385.

ZAHRYCHUK O.M., DROBYK N.M., KOZERETSKA I.A., PARNIKOZA I.Yu. and KUNAKH V.A. 2012. 
Introduction in culture in vitro Deschampsia antarctica Desv. (Poaceae) from two maritime 
areas of Antarctic. Ukrainian Antarctic Journal 10–11: 289–295 (in Ukrainian).

Received 26 January 2018
Accepted 5 August 2018


