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Summary. The article presents the results of measuring the DNA content by flow cytometry of S. sanguinolenta 
and S. borealis species in 50 populations from natural habitats of Russia and Mongolia. Two probable cytotypes for 
S. sanguinolenta, as well as single samples with multiple changes, and two cytotypes for S. borealis were identified. 
Samples with the smallest cytotypes are on average 0.32 and 0.38 pg for S. sanguinolenta and 0.36 pg for S. borealis. 
The studied samples with large cytotypes are distributed mainly in the territories southwest and south of the Baikal 
Lake and concentrate mostly on the boundaries of the distribution areas of S. sanguinolenta and S. borealis. Samples 
with large cytotypes contain 1.5 times more DNA (0.49 pg) and 2.2 times more (0.63 pg) for S. sanguinolenta and 
1.4 times more (0.49 pg) for S. borealis from the smallest cytotypes. In addition, we measured the DNA content for 
7 species of the sanguinolenta-group and 26 other species of the genus Selaginella. Data for 27 species are presented 
for the first time.
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Аннотация. В работе представлены результаты измерения содержания ДНК методом проточной цитоме-
трии видов S. sanguinolenta и S. borealis в 50 популяциях из природных местообитаний России и Монголии. 
Было выявлено два вероятных цитотипа для S. sanguinolenta, а также единичные образцы с кратными изме-
нениями, и два цитотипа для S. borealis. Образцы с наименьшими цитотипами равны в среднем 0,32 и 0,38 пг 
для S. sanguinolenta и 0,36 пг для S. borealis. Исследованные образцы с крупными цитотипами распространены 
по большей части на территориях юго-западнее и южнее оз. Байкал и концентрируются по большей части на 
границах ареалов распространения S. sanguinolenta и S. borealis. Образцы с крупными цитотипами содержат 
ДНК в 1,5 раза больше (0,49 пг) и 2,2 раза больше (0,63 пг) для S. sanguinolenta и в 1,4 раза больше (0,49 пг) для 
S. borealis от наименьших цитотипов. Кроме того, в статье представлены результаты измерения содержания 
ДНК дополнительно для 7 видов группы sanguinolenta и 26 других видов рода Selaginella. Из исследованных 
таксонов данные для 27 видов приводятся впервые. 

Introduction

Genus Selaginella P. Beauv. (Selaginellaceae) 
is one of the largest genera among vascular spore 
plants, numbering more than 700 species around the 
world. Representatives of the genus are distributed 
from alpine and arctic habitats to deserts and tropi-
cal forests. They are represented by terrestrial and 
epiphytic forms (Jermy, 1990; Zhang et al., 2013; 
Zhou et al., 2015; Zhou, Zhang, 2015; PPG I, 2016, 
Weststrand, Korall, 2016).

S. sanguinolenta s. l. is a complex of morpholog-
ically related species distributed mainly in the cen-
tral part of Asia from Afghanistan (in the west) to 
Okhotia (coast of the western part of the Sea of Ok-
hotsk in the east) and from Yakutia (in the north) to 
the Himalayas and Yunnan province (in the south), 
with the exception of Central Asian deserts.

According to the system of Zhou and Zhang 
(2015), sanguinolenta-group is part of the subgenus 
Boreoselaginella Warb. with 3–5 species distributed 
in the Old World. The subgenus was described by 
O. Warburg in 1900 and included S. borealis (Kaulf.) 
Spring (incl. S. jacquemontii Spring), S. mongholica 
Rupr., S. yemensis (Sw.) Spring (incl. S. adunca R. 
Br.), S. rossii Warb. (S. mongholica Rupr. var. Rossi 
Bak.), S. arabica Bak. (Warburg, 1900). S. sanguin-
olenta (L.) Spring was placed by him in the subge-
nus Euselaginella. In the genus system proposed by 
Weststrand and Korall (2016), this sanguinolenta-
group is assigned to the subgenus Stachygynandrum 
(P. Beauv. ex Mirb.) Baker. Based on morphologi-
cal features, N. N. Tzvelev included this complex 

of species in the genus Lycopodioides Boehmer ex 
Ludwig section Stachygynandrum (P. Beauv. ex 
Mirb.) (Tzvelev, 2004).

Some authors consider this complex as one 
polymorphic species, and the others recognize 
some morphological forms as independent species  
(S. adunca, S. albocincta Ching, S. borealis,  
S. jacquemontii, S. aitchisonii Hieron, S. kansuen-
sis Ching et Y. P. Hsu) (Tzvelev, 2004; Zhang et 
al., 2013; Fraser-Jenkins et al., 2015; Shalimov et 
al., 2019). This group is complex in structure and 
generally widespread, but some of its morphotypes 
are confined only to certain territories throughout 
the entire distribution area (S. adunca – Himalaya; 
S. aitchisonii – Himalaya, Hindu Kush, Tien Shan; 
S. albocincta – Тибет; S. jacquemontii – Himalaya, 
Hindu Kush; S. kansuensis – China (Gansu)). In 
addition to the complex S. sanguinolenta s. l. we 
have analyzed species from the subgenus Boreose-
laginella Warb., namely S. sajanensis Stepanov et 
Sonnikova (a species common in the Western Sa-
yan Mountains), S. nummularifolia Ching (Tibet),  
S. rossii (Far East of Russia and Manchuria).

The morphology of the S. sanguinolenta–S. bo-
realis complex is quite polymorphic in macrochar-
acters (leaves, sporophylls, shoots). Both clear mor-
phological forms and numerous transitions between 
them are observed, which complicates the differenti-
ation of these species and leads to their combination 
by some authors. In part, these can be explained by 
wide distribution area of the species and undoubted 
ancientry of the complex. S. sanguinolenta prefers 
drier and more open habitats, and S. borealis – 
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shady and wetter regions (shady rocks of the forest 
belt or along river banks, and rocks of the northern 
exposure in open places). In some opinions, S. san-
guinolenta can change the morphology under intro-
duction, increased humidity and becomes more sim-
ilar to S. borealis. “From the morphological point 
of view these plants cannot be considered separate 
species, but the question about the genetic differ-
ences between these species remains. From another 
point of view, knowledge of their polymorphism as-
sociated with environmental conditions allows us to 
consider them ecological races.” (Ochirov, Namza-
lov, 2014: 33).

The different spore morphology of S. sanguino-
lenta and S. borealis indicates the independence 
these species (Vaganov et al., 2019).

In general, the problem of the complex is simi-
lar to the problems of the genus. Thus, evaluating 
the genus evolution, based on phylogenetic studies, 
many authors noticed parallelism of morphological 
characters and, based only on morphology, it is diffi-
cult to show the exact phylogeny of the family (Ko-
rall, Kenrick, 2002; Zhou et al., 2015; Weststrand, 
Korall, 2016). In addition, the sanguinolenta-group 
is difficult to correlate with other species of the ge-
nus, does not have a clear position on phylogenetic 
schemes and has recently been assigned closer to the 
stachygynandrum-clade (Weststrand, Korall, 2016; 
Zhang et al., 2019).

The difficulty in analyzing the ploidy of these 
species is in the small genome size of Selaginella. 
So, the average DNA content of one of the most 
studied species of the genus, diploid Selaginella 
moellendorffii, is ≈ 0.18 pg (Wang et al., 2005) and 
the number of its chromosomes is 20. For example, 
the average size of one chromosome is more than 
200 times smaller than the size of one chromosome 
of Allium robustum Kar. et Kir. (0.009 pg versus 
1.925 pg) and 307 times less than in Eranthys sibiri-
ca DC. (Smirnov et al., 2017; Erst et al., 2020). In 
most cases, the availability of material suitable for 
chromosome analysis in the herbarium and living 
collections of the region is insufficient, as well as 
the analysis approaches, since the studied group, be-
cause of its meso- and xerophilicity, does not form 
rhizophores most often used to get squash prepara-
tions.

The aim of the study is to assess possible cyto-
typic variability and ploidy level in S. sanguinolen-
ta and S. borealis. For this, we need to analyze the 
spreading of DNA content over the distribution area 
of the species and compare the obtained data with 
published data.

Materials and methods

We determined the DNA content (2C, pg) using 
flow cytometry by staining of nuclei with propidium 
iodide. We used live and herbarium plant samples 
in the work. We crushed fresh leaves using a blade 
in 1 ml of Tris-MgCl2 buffer containing propidium 
iodide (50 μg / ml), RNase (10 μg / ml) and 2-mer-
captoethanol (0.2 %) (Pfosser et al., 1995). The 
dried herbarium material we crushed in 1 ml of a 
buffer of the following composition: 50 mM Hepes, 
10 mM sodium metabisulfite, 10 mM MgCl2, 
0.5 % polyvinylpyrrolidone, 0.2 % BSA, 0.3 %  
Tween20, 0.2 % Triton X-100, 50 μg / ml RNase, 
1 μl / ml β-mercaptoethanol, 50 μg / ml propidium 
iodide (Skaptsov et al., 2018). Samples were filtered 
through a 50 μm nylon filter. The fluorescence data 
of isolated nuclei were detected using a Partec Cy-
Flow PA flow cytometer (Partec, GmbH) with a laser 
radiation source with a wavelength of 532 nm. Cy-
tometry data were processed using standard instru-
ment software, Flowing Software 2.5.1 (Turku Cen-
ter for Biotechnology) and XLSTAT software (Add-
inSoft). For the calculation, peaks with at least 5000 
nuclei for living material and at least 1000 cores for 
herbarium samples were used. We used Selaginella 
kraussiana (Kunze) A. Braun as an external stan-
dard, 2n = 20; 2C = 0.22 pg (Little et al., 2007). We 
examined living material three times in three differ-
ent days, dried material – three times using internal 
and external standardization. The ploidy level of  
S. kraussiana was confirmed by direct counting of 
the chromosomes, using the squash method of the 
root tips in 1% acetoorceine (Tanaka, 1967).

Results and discussion

The studied species have rather small genome 
size and thereby the difficulty in studying the 
DNA content because of the technical problems of 
cytometry (for example, to avoid technical errors, it is 
recommended to use standard samples with a similar 
genome size with the studied ones (Obermayer 
et al., 2002)). Due to this and for comparing the 
results with previously published ones, we used  
S. kraussiana as a standard. This species is well 
defined morphologically, widespread and studied 
by many authors with flow cytometry (Little et al., 
2007). However, the species has a polyploid row 
of 2x, 3x and 4x with the number of chromosomes 
of 20, 30 and 40 (Obermayer et al., 2002; Marcon, 
2003). We have counted the chromosomes and 
confirmed the ploidy of the used S. kraussiana 
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sample – diploid with the number of chromosomes 
2n = 20.

Published data on the DNA content of diploid 
samples shows a wide range of the size, even 
within the one study, from 0.16 to 0.30 pg (Little 
et al., 2007; Baniaga et al., 2016). In the work of 
Little et al. (2006), the number of chromosomes 
was dependent on the DNA content in the nucleus 
directly. In our study we analyzed the data on the 
number of chromosomes and the DNA content and 
compared the DNA content determined by us with the 
published data using the two-sided Fisher test. Our 
data confirmed the assumption of the dependence of 
the DNA content on the number of chromosomes 
at p < 0.0001 (10,000 Monte Carlo simulations, at 
99 % confidential interval). The Pearson correlation 
test showed a strong correlation between the 
DNA content and the number of chromosomes  
(p < 0.0008). In most cases, the differences between 
internal and external standardizations were not more 
than 0.01 pg, within the standard deviation.

Cytotypic variability of S. sanguinolenta  
and S. borealis

As a result of the work, we measured the DNA 
content of more than 50 samples of S. sanguinolenta 

and S. borealis. In the main, samples of the studied 
species were collected from the territories of 
Western and Eastern Siberia, the Far East of Russia, 
and Mongolia.

We identified two probable cytotypes for  
S. sanguinolenta, as well as single samples with 
multiple changes, and two cytotypes for S. borealis. 
S. sanguinolenta samples have the smallest 
cytotypes of 0.32 and 0.38 pg on the average;  
S. borealis – 0.36 and 0.52 pg. Samples with large 
cytotypes contain 1.5 times more DNA (0.49 pg) 
and 2.2 times more (0.63 pg) than the smallest 
cytotypes in S. sanguinolenta, and 1.4 times more 
(0.49 pg) – in S. borealis (Table 1; Fig. 1a). The data 
on the number of chromosomes for S. sanguinolenta 
and S. borealis have not been presented, so it is not 
possible to determine the number of chromosomes 
by cytometry, because of large number of basic 
chromosome numbers known for the genus. In our 
case, triploid forms with differences in the main 
chromosome number are most likely presented, 
as well as single tetraploid and hexaploid for  
S. sanguinolenta and tetraploid for S. borealis. In 
addition, samples with the smallest cytotypes are 
characterized by a high standard deviation, which is 
apparently associated with hybridization processes 
between cytotypes in this territory.

Table 1
DNA content of the studied Selaginella species

Species DNA 
content

(2С ± SD), 
pg

Region Expected 
ploidy 
level*

Published 
DNA 

content 
(2С), pg

Published 
2n/Ploidy 

S. sanguinolenta (L.) Spring

0.32 ± 0.02
0.38 ± 0.04
0.49 ± 0.04
0.63 ± 0.05

East of Baikal, Russia
West of Baikal, Russia
West of Baikal, Russia
West of Baikal, Russia

3
3
4
6

S. borealis (Kaulf.) Spring 0.36 ± 0.01
0.51 ± 0.05

East of Baikal, Russia
West of Baikal, Russia

3
4

S. adunca A. Braun 0.20 ± 0.01 Tibet, China 2

S. aitchisonii Hieron. 0.25 ± 0.01
0.33 ± 0.01 Tibet, China 2

3

S. jacquemontii Spring 0.21 ± 0.02
0.37 ± 0.03

Tibet, China
Tibet, China

2
4

S. kansuensis Ching et Y. P. Hsu 0.25 ± 0.01 Tibet, China 2

S. nummularifolia Ching 0.30 ± 0.03
0.43 ± 0.04 Tibet, China 3

4

S. rossii (Baker) Warb.
0.17 ± 0.02
0.29 ± 0.04
0.45 ± 0.04

Amur, Russia
2
3
4

30/3(1)

S. sajanensis Stepanov et 
Sonnikova 0.21 ± 0.02 Amur, Russia 2

S. albocincta Ching 0.20 ± 0.01 Sichuan, China 2
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The studied samples with large cytotypes are 
distributed mainly in the territories southwest and 
south of the Baikal Lake. The Mann-Whitney U-test 
showed significant differences between the DNA 
content values in the regions west and southwest of 
Baikal Lake (Tuva, Krasnoyarsk Territory), more 
than the east of Baikal Lake (Buryatia, Irkutsk 
Region, Trans-Baikal Territory) (p < 0.0001).

The diversity of S. sanguinolenta and S. borealis 
cytotypes observed by us and their concentration 

in these regions are evidently associated with large 
geographical barriers, such as the Katun, Yenisei 
and Selenga Rivers. There is no information in the 
literature about further distribution of S. sanguinolenta 
and S. borealis to the west. Apparently, there is a 
concentration of different forms of S. sanguinolenta 
and S. borealis variable both cytotypically and 
morphologically in these regions. A similar picture 
is not unique to the plant world and has previously 
been described in literary sources for species at the 

Species DNA 
content

(2С ± SD), 
pg

Region Expected 
ploidy 
level*

Published 
DNA 

content 
(2С), pg

Published 
2n/Ploidy 

S. bellula W. Bull 0.22 ± 0.01 BGUO, 1996-0044-G 2
S. caulescens (Wall. ex Hook. et 
Grev.) Spring 0.18 ± 0.01 BGUO, 1996-0048-G 2 0.18(7) 20/2(2)

S. diffusa (C. Presl) Spring 0.29 ± 0.00 BGUO,
1998-0935-Z 3-4

S. galcotti Spring 0.17 ± 0.01 BGUO, 1988-0751-G 2 20/2(2)

S. grandis Moore 0.25 ± 0.02 BGUO, 1986-0835-G 2 18/2(2)

S. helvetica (L.) Spring 0.22 ± 0.01
0.29 ± 0.02

Tibet, China 
Kurilskie island

2
3 0.28(9) 18/2(1)

S. haematodes (Kunze) Spring 0.19 ± 0.01 BGUO, 1991-0728-W 2 20/2(2)

S. heterostachys Baker 0.22 ± 0.04 Tibet, China 2 20/2(3)

32/3(1)

S. inaequalifolia Spring 0.22 ± 0.02 BGUO, 2010-0764-G 2
S. leptophylla Baker 0.20 ± 0.01 Tibet 2 20(3)

S. martensii Spring 0.45 ± 0.02 BGUO, 1994-0130-G 4-6 0.20(8) 48–60(2)

S. moellendorfii Hieron. 0.18 ± 0.00 Tibet, China
BGUO 2 0.18(7) 20/2(1)

S. nipponica Franch. et Sav. 0.22± 0.02 Tibet, China 2 18/2(1,3)

S. palescens (Presl) Spring 0.19 ± 0.01 BGUO, 1985-1572-G 2 0.22(7) 20/2(2)

S. selaginoides (L.) P. Beauv. ex 
Schrank et Mart. 0.63 ± 0.02 Irkutsk, Russia 4–6 0.16(8) 18/2(1,4)

S. serpens (Desv.) Spring 0.17 ± 0.02 BGUO, 1985-1302-G 2 20/2(2)

S. sibirica (Milde) Hieron. 0.50 ± 0.04 Irkutsk, Russia 4–6 18/2(5)

S. sinensis (Desv.) Spring 0.21 ± 0.01 Beijing, China 2
S. tamariscina (P. Beauv.) 
Spring

0.38 ± 0.02
0.50 ± 0.02

Vietnam
Tibet, China 4–6 20-

22/2(1,3)

S. tortipila A. Braun 0.25 ± 0.02 N. Carolina, USA 2 0.24(8)

S. umbrosa Lemaire ex Hieron 0.20 ± 0.02 BGUO, 1984-2303-G 2 20/2(2)

S. uncinata (Desv.) Spring 0.42  ± 0.01 BGUO, 1988-0750-G 4 0.18(7) 18/2(1,6)

S. vaginata Spring 0.32 ± 0.01 Tibet, China 3
S. viticulosa Klotzsch 0.17 ± 0.01 BGUO, 1998-0938-Z 2 20/2(2)

S. vogeli Spring 0.34 ± 0.02 BGUO, 1984-1690-G 3 27/3(2)

*Expected ploidy level according to DNA content – based on the literature data (chromosome counts and 
distribution of DNA content for diploid) and our measurements (cytometry data).
East of Baikal – Eastern Siberia (Irkutsk Region, Trans-Baikal Territory), the Far East of Russia, and Mongolia.
West of Baikal – Republic of Tuva, Krasnoyarsk Territory.
BGUO – The Botanical Garden of the University of Osnabrück, Germany, Live collection.
1Takamiya, 1993; 2Jermy et al., 1967; 3Tsai, Shieh, 1988; 4Love, Love, 1976; 5Zhukova, Petrovsky, 1975; 6Weng, 
Qiu, 1988; 7Little et al., 2007; 8Baniaga et al., 2016; 9Siljak-Yakovlev, 2010.

Table 1 (end)
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borders of the area. Plants growing at the borders 
of the area often have chromosomal abnormalities, 
mixoploidy, and especially the high-ploid cytotypes 
(Sokolovskaya, 1982; Muratova, 1995; Probatova, 
2007; Khrolenko, Muratova, 2016). Undoubtedly, 
this fact has a certain meaning in the evolution, since 
polyploids have a great variability and adaptability 
to new ecological niches (Grant, 1981; Van de Peer 
et al., 2017).

About the genome size of some species  
of the genus Selaginella

In addition to the S. sanguinolenta–S. borealis 
complex, we have analyzed other species of 
the subgenus Boreoselaginella: S. adunca,  
S. jacquemontii, S. rossii, S. aitchisonii, S. kan-
suensis, S. sajanensis, S. nummularifolia (herbarium 
material), as well as some species from other groups 

of the genus Selaginella, cultivated in greenhouse 
conditions in the South Siberian Botanical Garden 
and kindly transferred to us from the living collection 
of the Botanical Garden in Osnabruck, Germany 
(Table 1; Fig. 1).

There were no problems with living material, 
including the number of isolated nuclei for 
analysis, as well as the quality of the histograms. 
Herbarium samples were also preserved good. 
The data on samples of 10–20 years old (Fig. 1j, i) 
did not differ from fresh and even living samples 
practically. But for older material, an increase of 
peak of coefficient of variation (CV) on histograms, 
decrease of the number of positive events (nuclei), 
or the appearance of too much debris from destroyed 
nuclei with a reduced content of DNA (“noise”) 
were often characteristic. This phenomenon often 
depends on the quality of herbarization and storage 
of the material (color change to straw yellow or 

Fig. 1. Histograms of some studied Selaginella species: a) S. sanguinolenta cytotype series; b) S. rossii cytotype, 
possibly according to Takamiya, 1993 triploid specimen (2n = 30); c) S. aitchisonii; d) S. vaginata; e) S. tamariscina;  
f) S. vogelii; g) S. martensii; h) S. sibirica; i) S. sibirica, endopolyploidy demonstration (log scale); j) S. sanguinolenta 
(2019 year of herbarization); k) S. jacquemontii (1928 year of herbarization); l) S. borealis (2002 year of herbariza-
tion).
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pale green, fragility) directly. It was also noted in 
the work of Little et al. (2007), which provides 
data for samples with a maximum of 14 years 
old. Herbarium material should be naturally green 
color, with no signs of disease or damage. In our 
work, S. jacquemontii collected in 1928 (Fig. 1k), 
was one of the oldest studied samples with a fairly 
low “noise” level and a “shaped” peak, but in most 
cases, samples older than the 1950–1960 years, are 
not suitable for the study of ploidy and especially 
the DNA content.

For most Selaginella species studied, diploids 
with the number of chromosomes 2n = 18 and 20, 
the main chromosome numbers x = 9 and x = 10 
are known. Less commonly, 2n = 16, 22, 24 (Loyal, 
Kumar, 1984; Wang, Xia, 1984; Tindale, 2002). In 
general, the number of chromosomes varies in the 
range from 2n = 14 to 2n = 60; different authors 
reported different main numbers of chromosomes: 
x = 7, 8, 9, 10, 11, and 12 (Kuriachan, 1963; Jermy 
et al., 1967; Takamiya, 1993; Marcon et al., 2005).

There are few data on polyploid samples. The 
most famous polyploid series is S. kraussiana 2n = 
20, 30, 40 (x = 10), hexaploids S. martensii Spring 
2n = 48 to 60 (x = ?), and S. martensii var. divaricata 
A. Br. 2n = 60 (x = 10), triploids S. vogelii Spring, 
S. biformis A. Braun ex Kuhn, S. bluuensis Alderw. 
2n = 27 (x = 9), tetraploids S. longiciliata Hieron. 
and S. radicata Hort. ex Alston 2n = 36 (x = 9),  
S. platybasis Baker and S. porelloides (Lam.) Spring 
2n = 36–40, S. stenophylla A. Braun 2n = 50–60 (x = 
?) (Heitz, 1926; Jermy et al., 1967; Vasadueva, Bir, 
1983; Takamiya, 1993).

Often when examining plants with flow 
cytometry, researchers detected an endopoliploidy. 
The endopolyploidy is common in flowering plants. 
Among spore plants it is ubiquitous in mosses, but 
practically absent in ferns (Bainard, Newmaster, 
2010; Skaptsov et al., 2017). The endopoliploidy 
is often associated with heterosporia (for example, 
in mosses), which is also common in Selaginella. 
However, there was no endopoliploidy in the studied 
species, except S. sibirica (Milde) Hieron. (Fig. 1i).

Overall, our data are consistent with published 
data, both on the species already studied by 
cytometry: S. moellendorfii Hieron, S. caulescens 
(Wall. ex Hook. et Grev.) Spring, S. palescens (Presl) 
Spring, S. tortipila A. Braun, and indirectly, based 
on published chromosome numbers. For example, 
S. nipponica Franch. et Sav. (0.22 pg / 2n = 18),  
S. serpens (Desv.) Spring (0.17 pg / 2n = 20),  

S. vogelli (0.34 pg / 2n = 27) and others showed 
DNA content close to the number of chromosomes 
according to published data as we expected (table. 
1). In addition, two cytotypes were identified for  
S. helvetica (L.) Spring – 0.22 and 0.29 pg. 

For species with no data on the number of 
chromosomes (S. albocincta, S. sinensis (Desv.) 
Spring, S. vaginata Spring, S. diffusa (C. Presl) 
Spring, etc.), it was not possible to determine the 
number of chromosomes without direct counting 
because of the large number of variants of the main 
chromosome numbers.

For widely distributed circumpolar S. sibirica,  
S. selaginoides (L.) P. Beauv. ex Schrank et Mart. and 
tropical S. uncinate (Desv.) Spring, S. tamariscina 
(P. Beauv.) Spring, genome sizes or the number 
of chromosomes is known as for diploids. But we 
showed a significantly higher ploidy, for example, 
S. uncinata (Desv.) Spring in our study has DNA 
content (0.48 pg) in 2.66 times more than diploid 
samples from the literature data (0.18 pg), and  
S. selaginoides has DNA content (0.63 pg) in 3.9 
times more (0.16 pg) than diploid samples from the 
literature (Little et al., 2007; Baniaga et al., 2016).

The study of the DNA content of other 
representatives of the sanguinolenta-group showed 
similar results with other representatives of the genus: 
from 0.17 pg for S. rossii to 0.25 pg for S. aitchisonii 
and S. kansuensis. Larger cytotypes suggesting 
greater ploidy were identified analogically. So, three 
cytotypes were revealed for S. rossii (one of them, 
apparently, is consistent with the triploid sample 
studied by Takamiya, 1993), and two cytotypes –  
for S. jacquemontii, S. nummularifolia and S. ait-
chisonii each. This consistency proves similar 
microevolutionary processes such as polyploidy, 
which are characteristic of the sanguinolenta-group.

Based on the studied cytotypes of S. borealis– 
S. sanguinolenta, we can assume that a similar 
evolutionary model associated with cytotypic 
variation across the distribution area is possible in 
other groups of the genus. We partially showed this 
on other species of the subgenus Boreoselaginella 
(S. rossii, S. jacquemontii, S. nummularifolia,  
S. aitchisonii), but, due to the single representation 
of these species in herbarium collections or the 
large age of the collected material, which is 
difficult to study by flow cytometry and impossible 
karyotyping, it is difficult to evaluate the complete 
scheme of microevolutionary processes, like the  
S. borealis–S. sanguinolenta complex. Nevertheless, 
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these problems could be resolved by large-scale 
phylogeographic studies for each group of the genus 
individually, using methods of cytogenetics and 
molecular genetics – classical genosystematics or 
haplotyping on modern NGS platforms.
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