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Abstract—D. antarctica E. Desv. plants cultivated in vitro were analyzed for the chromosome number, leaf
length, and efficiency of callus formation. Most of the studied genotypes had a typical diploid chromosome
number. However, a hypotriploid and a plant with B chromosomes demonstrated mixoploidy caused by the
presence of a significant proportion (up to 15–25%) of aneuploid cells. Jaccard genetic distances between the
plants determined from the data of ISSR- and IRAP-PCR analyses were within the range of 0.0323 to 0.1803.
Furthermore, genetic distances between the specimens with atypical karyotype and diploids did not exceed
the paired distances within the group of diploid plants. Variations in the leaf length and growth parameters of
the plants were characterized. Plants with different chromosome numbers differed in the leaf length and effi-
ciency of callus formation. Obtained results may indicate relationships between the chromosome number,
studied morphometric parameters, and efficiency of callus formation in the analyzed D. antarctica plants.
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INTRODUCTION
Deschampsia antarctica E. Desv. is one of the two

vascular plants of Antarctic. Although this species’
range includes the south of South America and the
Subantarctic, the question of the factors contributing
to the exclusive distribution of D. antarctica in mari-
time Antarctic lacks an unambiguous answer. Detailed
studies of plants of this species did not reveal unique
adaptation mechanisms. Probably, the adaptation of
the species is associated with the physiological
responses of adaptation formed during the gradual
change of conditions in Antarctica as well as the suc-
cessful interaction with other organisms–the compo-
nents of terrestrial communities [1, 2]. All of this make
relevant the comprehensive study of the possible associ-
ation between the genetic and morphometric parame-
ters of D. antarctica plants.

It is known that genomic variability can increase
under adverse conditions, providing increased diver-
sity and adaptive potential to a population. Existence
under adverse conditions leads to physiological stress
that may induce changes in the number, type, struc-
ture, and differential staining of chromosomes [3].
Although it is believed that plants resistant to stress
that inhabit the polar regions have reduced morpho-

logical plasticity [4], Antarctic vascular plants exhibit
a variety of morphological forms specific to the local
environment [5]. The intensity of growth processes
and plant clonal reproduction and regeneration also
may play a major role in adaptation.

Antarctic terrestrial ecosystems existing under dif-
ficult environmental conditions are considered the
most vulnerable, and vascular plant population in
these ecosystems are limited and protected. In spite of
this, any use of these plants for experimental research
or as a biotechnological or medicinal raw material is
possible only based upon conditions of artificial
growth. Thus, the production and a comprehensive
description of plants suitable for in vitro cultivation is
an important task. Therefore, the aim of this study was
a comprehensive analysis of genetic and morphologi-
cal characteristics and efficiency of callus formation of
D. antarctica plants cultivated in vitro.

MATERIAL AND METHODS
Plant Material

D. antarctica plants were obtained from seeds col-
lected in the region of the Argentine Islands (the loca-
tion of the Vernadsky Research Base). Information
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about the locations and the the year of seed collection
are shown in Fig. 1 (see inset) and Table 1.

The material was collected during the IX (2004/05),
XI (2006/07), XII (2007/08), XIV (2009/10), XVII
(2012/13), and XVIII (2013/14) Ukrainian Antarctic
expeditions. The seeds were germinated according to the
conditions described in [6]. Aseptic seedlings were har-
vested and cultivated on the Gamborg and Eveleigh (B5)
medium [7]. The plants were multiplied by micropropa-
gation and cultivated at a temperature of 17–19°C and a

16-h photoperiod. Plants, grown in vitro during 1–4
years were used for the study; their cytogenetic and
molecular-genetic characteristics during the cultivation
were stable [8].

Cytogenetic Analysis

For cytogenetic analysis, the plant roots 1–1.5 cm
length were used, which were kept in ice water (0°C)
for 24 h for cell synchronization and accumulation of

Fig. 1. Map of the location of the seed collection areas from which studied D. antarctica plants were obtained. The names and
coordinates of localities are shown in Table 1.
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Table 1. Information on the place and time of collection of D. antarctica seeds used for the production of the examined
plants

Genotype Location and date of collection of seeds

G/D4-1 Galindez Island (monitoring site D4), Penguin Point 65°14.916′ S, 64°14.293′ W, 2013
G/D12-2a Galindez Island (monitoring site D12), 65°14.845′ S, 64°15.156′ W, 2007
G/D12-1 Galindez Island (monitoring site D12), 65°14.845′ S, 64°15.156′ W, 2014
Y62 Great Yalour Island, 65°14.039′ S, 64°09.761′ W, 2005
Y66 Great Yalour Island, 65°14.039′ S, 64°09.761′ W, 2005
Y67 Great Yalour Island, 65°14.039′ S, 64°09.761′ W, 2005
S22 Skua Island (Finger Point), 65°15.296′ S, 64°16.441′ W, 2008
R35 Cape Rasmussen, 65°14.819′ S, 64°5.156′ W, 2005
W1 Winter Island, 65°14.851′ S, 64 °15.482′ W, 2014
DAR12 Darboux Island, 65°23.707′ S, 64°12.905′ W, 2007
L59 Lahille Island, 65°33.167′ S, 64°23.249′ W, 2010
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mitoses. The samples were fixed in a mixture of ethanol :
acetic acid at a ratio of 3 : 1 for 24 h. After a day, the fix-
ator was changed to fresh. The fixed material was
stored at –20°C. Root maceration was performed by a
mixture of enzymes: 2% (w/v) Cellulase “Onozuka”
RS and 20% (v/v) Pectinase from Aspergillus niger
(Sigma, USA), after which squashed preparations
were made and stained with DAPI (Serva, Germany).

Fluorescent in situ hybridization (FISH) was carried
out in accordance with [9]. As a probe, A. thaliana telo-
meric repeats of HT100.3 (TTTAGGG)n [10] were
used. Preparations were analyzed using an Olympus
Provis AX70 epifluorescence microscope with a Ham-
amatsu C5810 CCD camera. Only metaphase plates in
which the number of chromosomes could be precisely
counted were considered.

Molecular Genetic Analysis

DNA was isolated by cetyltrimethylammonium
bromide (CTAB) method as described by Doyle et al.
[11]. Polymerase chain reaction (PCR) was performed
in a mixture of 20 μL containing 30 ng of DNA,
0.2 mM dNTP, 1.25 U Taq polymerase (Amplisens,
RF), 1 × (NH4)2SO4 buffer (Fermentas, Lithuania),
and 1 μM primer. Four ISSR and three IRAP primers
with the nucleotide sequences presented in Table 2
were used. PCR was carried out in a Tertsik MC2 ther-
mocycler (Biotechnology, Russia) with the following
temperature regime: 2 min at 94°С, 35 times (20 s at
94°С, 30 s at 53°С, 90 s at 72°С), 5 min at 72°С.

The PCR products were separated by electropho-
resis in a 1.5% agarose gel in 1× SB buffer (5 mM
Na2B4O7, pH 8.5) followed by visualization in UV
light after staining with ethidium bromide. As a marker
of molecular weights, a DNA marker (100 bp + 1.5 Kb +
3Kb, NPO Sibenzyme, Russian Federation) was used.
Statistical data processing was carried out using the
FAMD 1.3 program [12].

Investigation of Morphometric Parameters

The length of the leaves was measured in 2-month-
old plants grown in vitro. All leaves of each plant were
measured. Leaf length (cm) values were divided into
classes: first–lower than 3.9; second–4.0–5.9; third–
6.0–7.9; fourth–8.0–9.9; fifth–10.0–11.9; sixth–
12.0–13.9; seventh–14.0–15.9; eighth–16.0–17.9;
ninth–more than 18.0 cm. Based on these data, distri-
butions based on the Gaussian model were plotted
with an accuracy from 0.93 to 0.99. Standard methods
of descriptive statistics were used for the comparison:
determination of the mean value, standard deviation,
and Mood’s median test [13].

Investigation of the Efficiency of Callus Formation

For the induction of callus formation, explants
with the length of 5–8 mm from roots and shoots were
used. Explants were cultivated on nutrient media:
Murasige and Skoog (MS) [14], Gamborg and Eve-
leigh (B5) [7], and B5 with a half concentration of
macro- and microsalts (B5/2), supplemented with dif-
ferent concentrations of cytokinin 6-benzylaminopu-
rine (BAP) and auxins 2,4-dichlorophenoxyacetic
acid (2,4-D) or 1-naphthylacetic acid (NAA). Condi-
tions of callusogenesis and the cultivation of the
obtained calluses were described in the study [15]. The
ability of the six genotypes, G/D12-2a, DAR12, L59,
R35, S22, and Y66 (Table 3), to callus formations was
investigated. In each experiment, 90–100 explants of
three to five plants of each genotype obtained by
microclonal propagation in vitro were used.

Callusogenesis percentage (CP) was determined
according to the formula: CP = Nk/N × 100%, where
Nk is the number of explants that formed callus; N is
the number of planted explants.

Table 2. Characteristics of primers and their products in the studied D. antarctica plants

Primers Nucleotide sequence
Number of PCR loci

total variable

ISSR
UBC-04 (AC)8AG 5 1
UBC-807 (AG)8T 11 1
UBC-811 (GA)8C 10 1
UBC-840 (AG)8YA 11 2

IRAP
642 TTTGAAAACTGGCGGCAACG 8 3
866 ACCAGCCCGGGCCGTCGACC 8 2
1681 ATACCTCGGAGGCGCTGCACCTG 10 6
Total 63 16
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RESULTS AND DISCUSSION

Cytogenetic Analysis

It was established that D. antarctica plants of the
studied genotypes, namely G/D12-2a, G/D4-1,
G/D12-1, L59, R35, S22, W1, and Y62, from the
Argentine Islands region of the maritime Antarctic
have chromosome number (2n = 26) that is typical of
the species (Fig. 2, see inset, and Table 3). Such results
are consistent with data obtained earlier for plants of
this species from other Antarctic regions [16–18].

Cells with B chromosomes (2n = 26 + 0-2B) were
found in the DAR12 genotype from Darboux Island
(Figs. 2a–2b, Tables 3, 4). The number of additional
chromosomes in the karyotype was one to two and up
to three in rare cases. The presence of additional chro-
mosomes in D. antarctica DAR12 plants was deter-
mined by in situ hybridization with telomeric and cen-
tromeric repeated sequences, described in detail in
[18]. Unlike the remaining diploids, this genotype
revealed a significant proportion (up to 15%) of aneu-
ploid cells [19].

Plants of the Y66 genotype had a hypotriploid
chromosome number 2n = 36–38 (Figs. 2d–2f, Table 4)
and contained a significant number of aneuploid cells
(up to 25%) as well as a small percentage of diploid and
haploid cells (Table 4). As was established previously,
a karyotype with 38 chromosomes, which was charac-
teristic of 43.7% plant cells of this genotype, was

formed as a result of the Robertsonian fusion of
homologous chromosomes of the 12th pair [18]. The
triploid nature of Y66 genotype was determined by
FISH analysis with localization of the sequences of
5S rRNA and 45S rRNA genes. Analysis of other sam-
ples from the population of the Great Yalour Island
revealed diploid (Y62) and mixoploid (Y67) genotypes
(Tables 3, 4).

Increased instability of D. antarctica genome man-
ifested as the appearance of aneuploidy was also dis-
covered by other researchers for samples from King
George Island, where individual plants contained cells
with 26 and 28 chromosomes [16]. Variability in the
number of chromosomes was also described in the
closely related species Deschampsia caespitosa (L.)
Beauv. Cells of root apical meristem of seedlings of this
species, along with diploid, contained aneuploid cells
with chromosome number ranging from 15 to 26 [19].

Additional chromosomes were also found in the
karyotypes of other Deschampsia species, in particular
Deschampsia caespitosa (L.) Beauv. (2n = 26 + 0-2B)
and D. wibeliana (Sond.) Parl. (2n = 26 + 0-5B) [20].
In most cases, the B chromosome could be observed in
individuals living under suboptimal and stress condi-
tions. Some authors suggest that such conditions may
increase the adaptive potential of plants, for example,
drought or low temperature tolerance [21–23].

Triploid and tetraploid cytotypes with 39 (Deschamp-
sia alpina (L.) Roem & Schultes) and 52 chromosomes

Fig. 2. Metaphase plate of cells of root apical meristem of D. antarctica plants. Genotypes: (a) DAR12, 2n = 26; (b) DAR12,
2n = 26 + 1B; (c) S22, 2n = 26; (d) Y66, 2n = 36; (e) Y66, 2n = 37; (f) Y66, 2n = 38. Scale: 10 μm. A B chromosome is indicated
by an arrow. In Figs. 2e and 2f, FISH localization of telomeric repeats on chromosomes is shown. The photo was taken at the
Department of Plant Anatomy and Cytology of the University of Silesia in Katowice (Katowice, Poland).

(a) (b) (c)

(d) (e) (f)
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(D. brevifolia R. Br., D. mackenzieana C. Neufeld,
D. mildbraedii Pilg., D. orientalis (Hulten) B.S.) were
also found for other representatives of the genus Des-
champsia (D. brevifolia, D. mackenzieana, and D. ori-
entalis recognized now as synonyms of D. cespitosa)
[24–26]. The population of tetraploid D. antartica
plants (2n = 52) was recently found in Chile in the ter-
ritory of South America (Chubut Province) [17].

Now, the ecological and adaptive importance of
the existence of chromosomal races with different lev-
els of ploidy in Deschampsia species is unknown. It is
possible that their formation is due to the peculiarities
of habitats: diploid cytotypes grow predominantly
under normal environmental conditions, whereas
tetraploids usually occur in habitats with suboptimal
conditions, which indicates their increased ability to
populate new territories [27]. Plants with different
levels of ploidy were also found in other Deschampsia
species, mainly in several taxa (subspecies) of Des-
champsia caespitosa (L.) Beauv. complex, including
diploid, triploid, and tetraploid cytotypes [25, 27].
This fact allows us to draw a parallel between the chro-

mosomal forms of the northern and southern groups
of Deschampsia: although part of D. antarctica inhab-
its the Antarctic region with specific conditions, the
whole spectrum of chromosomal variability described
for the genus Deschampsia and for a closely related
species D. caespitosa was detected for this species.

Molecular Genetic Analysis
Genetic variation of plants was studied by PCR

analysis with ISSR and IRAP primers. In total,
63 amplicons were obtained for were obtained for
11 plants under study, among which 16 (25.4%) were
polymorphic (Table 2).

Jaccard genetic distances between plants were cal-
culated on the basis of the data of PCR analysis. Val-
ues of distances were within the range of 0.0323–
0.1803 (Table 5). The most different were W1 and
DAR12 genotypes, the genetic distance between them
was 0.1803. The lowest value of the Jacquard coeffi-
cient (within the range of 0.0323–0.0645) was found
for the group of genotypes R35, S22, Y62, Y66, Y67,
which includes hypotriploid and typical diploids, origi-
nating from close islands in the studied region (Fig. 1). At
the same time, the genotype with a diploid chromo-
some number from Winter Island (W1) was genetically
distant from its geographical neighbors and from other
diploid plants.

The genetic distances between the diploid genotypes
fluctuated within wide limits – from 0.0476 to 0.1746.
The values of the genetic distances between diploids
and plants with an atypical chromosome number
DAR12 and Y66 were not beyond this range (Table 5).

Investigation of Morphometric Parameters
The length of the leaf of cultivated D. antarctica

plants varied within 2–19 cm. The highest mean leaf
length was detected for plants of DAR12 (2n = 26 + 0-2B)
and Y66 (2n = 36–38) genotypes (Table 3). According
to the Gaussian model, leaves of 10.0–11.9 cm were
dominant in these plants (Figs. 3, 4). Plants of the dip-
loid L59 genotype were characterized by a predomi-
nance of leaves with a length from 6.0 up to more than
18.0 cm and showed positive asymmetry of distribu-
tion. In plants of G/D4-1 and Y62 genotypes (dip-
loids) and Y67 (mixoploids), most of the analyzed
leaves had a length of 4.0–5.9 cm. Leaves from 6.0 to
7.9 cm predominated in plants of diploid genotypes
S22, G/D12-1, R35, and W1 genotypes, while leaves
with the length of 4.0–9.9 cm predominated in G/D12-2a
(diploid) plants.

To analyse the relationship between the “leaf
length” value and the place of growth, a pairwise com-
parison of the genotypes of common geographic ori-
gin and different islands was carried out. For diploid
plants from the Galindez Island, similarity between
G/D4-1 and G/D12-1 genotypes and the distinction
from G/D12-2a genotype were found. For plants from

Table 4. Cytogenetic characteristics of myxoploid D. ant-
arctica plants

X is mean value and S is standard deviation. In the analysis,
the following number of plants was investigated: Y66–four plants,
28 roots, 183 metaphases; Y67–one plant, seven roots, 45 meta-
phases; DAR12–three plants, 24 roots, 98 metaphases.

Chromosome 
number

Number of metaphases, M (%) ± S

Y66 Y67 DAR12

13 1.1 ± 0.8 2.2 ± 2.2 3.1 ± 1.7
16 0.5 ± 0.5 1.0 ± 1.0
18 1.1 ± 0.8 1.0 ± 1.0
21 0.5 ± 0.5 5.1 ± 2.2
23 1.6 ± 0.9 6.1 ± 2.4
26 2.2 ± 1.1 95.6 ± 3.1 57.1 ± 5.0
26 + 1-2B 8.3 ± 2.3
27 0.5 ± 0.5
28 1.6 ± 0.9
33 7.1 ± 1.9
34 0.5 ± 0.5
35 0.5 ± 0.5
36 28.4 ± 3.3
37 1.6 ± 1.6
38 43.7 ± 3.7
39 4.9 ± 1.6 2.2 ± 2.2
42 0.5 ± 0.5
45 0.5 ± 0.5
46 0.5 ± 0.5
48 0.5 ± 0.5
52 0.8 ± 0.6
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Great Yalour Island, the difference between the dip-
loid and mixoploid Y62 and Y67 genotypes was not
found, while hypotriploid Y66 had significantly larger
leaf sizes.

The pairwise comparisons of plants of diploid gen-
otypes from different islands did not reveal differences
between G/D12-2a and L59; R35 and L59; S22 and
G/D4-1; G/D12-1 and Y62; G/D12-1 and Y67.
DAR12 plants with B chromosomes and Y66 hypothy-
roid were different from the remaining genotypes. On
the whole, differences between genotypes by leaf length
were found in 47 among 55 pair-wise comparisons.

Morphological parametrs, including the leaf length,
are important for adaptation of plants. The leaf length
of the species is a genetically determined characteristic
and depends, among other parameters, on the level of
ploidy, as was shown for monocotyledonous and
dicotyledonous plants [28, 29]. However, this index
may vary depending on the growth conditions. Since
the investigated plants were cultivated under standard-
ized conditions, it can be assumed that the identified
differences were due to the genetic component, in par-
ticular cytogenetic characteristics of plants.

Efficiency of Callus Formation
D. antarctica plants of all genotypes under study

were able to form callus. Shoot and root explants
formed calli on B5, B5/2, and MS media supple-
mented with combinations of different concentrations
of BAP (0.09–2 mg/L) and 2,4-D (0.5–1 mg/L) or
2 mg/L NAA. The first signs of callus formation were
observed 7–25 days after the beginning of the experi-
ments. Evaluation of the the efficiency of the callus
formation revealed the dependence of this parameter
from the original genotype of the donor plant, the min-
eral composition of the nutrient medium, the ratio and
concentration of growth regulators, and the type of
explants (Tables 4, 6).

The highest frequency of callus formation was
recorded for plants of Y66 genotype (2n = 36–38): the
averaged data for root and shoot explants on all stud-
ied nutrient media were 45.6 and 20.5% respectively.

Explants of DAR12 genotype (2n = 26 + 0-2B) had
the lowest callus formation efficiency: mean data for
all tested nutritional media were 21.7% for root
explants and only 9.5% for shoot explants. Plants of
diploid genotypes (G/D12-2a, R35, S22, L59) showed
medium values of the frequency of callus formation
among the studied samples (Table 4). The use of B5
medium was found to be the most effective for induc-
tion of callus formation from root and shoot explants.
On this medium, the formation of the callus from both
the root and shoot explants occurred in 7–10 days: the
percentage of callus formation in some cases was
100%, the callus was characterized by a loose consis-
tency and light yellow color. For S22 and L59 geno-
types, a two times decreased concentration of macro-
and microsalts in B5 medium contributed to better
callus formation from both types of explants (Table 6).

The ratio and concentration of growth regulators of
2,4-D, NAA, and BAP in the nutrient medium sig-

Table 5. Genetic distance according to Jacquard between D. antarctica plants calculated according to the results of ISSR
and IRAP analysis

Genotype W1 DAR12 S22 Y62 Y66 Y67 R35 L59

W1 0.000
DAR12 0.1803 0.0000
S22 0.0847 0.0984 0.0000
Y62 0.1290 0.0806 0.0484 0.0000
Y66 0.1452 0.0968 0.0645 0.0476 0.0000
Y67 0.1475 0.0983 0.0968 0.0484 0.0641 0.0000
R35 0.1746 0.1270 0.0952 0.0476 0.0323 0.0645 0.0000
L59 0.1639 0.1148 0.1129 0.0645 0.0806 0.0500 0.0806 0.0000

Fig. 3. Appearance of D. antarctica plants of different gen-
otypes cultivated under in vitro conditions: (a) DAR12
(2n = 26 + 0-2B); (b) G/D12-2a (2n = 26); (c) R35 (2n = 26);
(d) S22 (2n = 26); (e) Y66 (2n = 36–38).

(a) (b) (c)

(d) (e)
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nificantly affected the callus formation. For S22, L59,
and Y66 genotypes, the concentrations of growth reg-
ulators in nutrient medium of 0.5 mL/L 2,4-D and
0.1 mL/L BAP were optimal for callus formation. For
G/D12-2a (root explants) and R35 genotypes, two
times increased auxin concentration was required, and
two times increased concentrations of both growth
regulators was needed for explants of DAR12 plants
(Table 6).

Callus formation ability and its efficiency in the
studied genotypes depended also on the type of explant.
The percentage of callus formation from root explants
ranged from 4.3% (DAR12) to 100% (G/D12-2a). The
formation of the callus from shoot explants was less
efficient than that from root explants: CP was within
the range of 9–65%. The highest ability to form callus
was characteristic for shoots explants from plants of
Y66 and L59 genotypes, and the lowest ability was
found for the DAR12 genotype.

The mean values of the efficiency of callus forma-
tion from both types of explants on different variants

of the nutrient media were the highest for plants of Y66
genotype (2n = 36–38): 33.21%; they were the lowest
for plants of DAR12 genotype (2n = 26 + 0-2B):
15.6%. For other investigated diploid genotypes, mean
values of the efficiency of callus formation were within
the range 20.1–29.3%.

Obtained data indicate a possible association
between the intensity of callus formation and chromo-
some number of the donor plant and the type of
explant. It is known from the literature that efficiency
of callus formation in some cases may be higher in
polyploid plants than in diploid ones, while, in other
cases, they decreased with an increase of ploidy [3].

CONCLUSIONS

The variability of cytogenetic, molecular genetic,
and morphometric parameters of cultured in vitro
D. antarctica plants with different chromosome num-
ber from the Argentine islands region of maritime
Antarctic was characterized. It was shown that unlike

Fig. 4. Frequency distributions (Gaussian model) of leaf length (on the horizontal axis, cm) of D. antarctica plants of different
genotypes cultivated in vitro: (a–c) plants from Galindez Island, (d–f) plants from Great Yalour Island, (f–k) plants from Cape
Rasmussen and Skua, Winter, Darboux and Lahille Islands, respectively. Vertically: number of leaves, %.
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the diploid genotypes (G/D12-2a, G/D4-1, G/D12-1,
L59, R35, S22, W1, Y62; 2n = 26) plants of the hypo-
thyroid genotype (Y66; 2n = 36–38) and the genotype
with B chromosomes (DAR12; 2n = 26 + 0-2B)
showed mixoploidy with the presence of aneuploid
cells. The genetic distances between plants with differ-
ent chromosome numbers based on PCR markers did
not exceed those between the diploid samples. The
variation range of the leaf length of cultivated plants
was 2–19 cm. The mean leaf length was the highest in
plants of Y66 and DAR12 genotypes. The efficiency of
callus formation of the investigated plants varied in a
significant range, the extreme values of which differed
more than two times. The highest value of this index
was detected for Y66 plants; the lowest value was
detected for DAR12 plants. Callus formation on shoot
explants was less intensive than on the root explants.
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