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Abstract. Gymnadenia conopsea (Fragrant orchid) is a widespread model
species for the study of polymorphism in the Euawppart of Russia and
abroad. Flow cytometry refers to rapid methodsctiffe for assessing the
structure of a population by DNA size estimatioowdver, this method is
only available in habitats with close proximity the place of the
experiment, because this indicator is determindgt onfresh leaves. A
small population ofG. conopsea in the industrial area adjacent to the
Novosibirsk urban agglomeration in the NovosibiRkgion (NR) was
studied. Only diploids were detected in #Ge conopsea cenopopulation
occurred in the industrial zone of the NR. In thisdg we pointed on
significance of genome size variation, which cate$ with the adaptive
evolution of theG. conopsea in West Siberia. The revealed absence of
minor cytotypes (individuals with a higher level @bidy) in G. conopsea
population reduces intraspecific and intrapopuratidiversity of the
species.

1 Introduction

Gymnadenia conopsea (L.) R. Br. is a polycarpous tuberous species vethct aerial
shoots, which is widespread throughout Eurasi&][1G. conopsea constitutes a significant
part of the orchid flora from the temperate zond bacomes a model species for studying
the effect of ploidy changes on the plant orgarf@mHowever, genome size of the orchid
species has not been investigated in Asiatic p&rRwssia in natural environments.
Meanwhile, investigators successfully applied geaaize data in determination of levels
of genetic diversity of threatened plant specidsadd identification of species [5]. But
studies relating plant genome size variation toeash environmental conditions are scarce
[6].

In Russia at the beginning of the 21st centuryesgive anthropogenic load caused a
decrease in the number and size of cenopopulaf®iy of G. conopsea [7]. Plants of this
species are protected by law in several regiorBusiia [8, 9]. Previous studies in Europe
revealed genetic differentiation [10, 11] in mixeldidy CP, where diploid and tetraploid
individuals predominate [12{5. conopsea was considered to belong to the group of plants
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with different cytotypes, which serve as a resefoe an increasing the intraspecific
diversity ofG. conopsea [13].

While some researchers remained of the view tratdsic chromosome counting of
G. conopsea is x = 10 [2], higher ploidy levels were deduced][MWith the assumption that
the haploid number fo6. conopsea is x = 20, the diploid level was confirmed by the
counting 2n = 40, recorded for some specimen fitoenpopulations in Central Europe [13]
and for the Northwestern Russia [14]. Tetraploidnpd were not discovered among
samples from Northern Europe (Sweden, Estoniapgaleith the plants from the parts of
Russia [15].

The aim of the research was to estimate genomelsigesity among the individuals in
the local CP by the analysis of chromosome numhbedsflow cytometryUse 170 x 250
mm paper size (W x H mm) and adjust the marginbdse shown in the Table 1. The final
printed area will be 130 x 210 mm. Do not add aagepnumbers.

2 Materials and methods

The study was carried oirt natural conditions in the surroundings of Lineiwmvosibirsk
Region (NR), Russia. The cenopopulation (CP) in®@bnsisted of no less than 30
generative individuals and it is found at 190 mvat®n, N 5427'42"; E 8320'42".
Identification of species was done in accordancéh i M. Krasnoborov [16]. Ten
randomly chosen generative specimens were usechfomosome counting. The species
occurs in the vicinity of Novosibirsk Electrode Riaand is affected by its aerosol
emissions which were recently analysed [17]. Topare samples for FSM analysis the
young leaves of %. conopsea representatives were uséth avoid analyzing plants from
the same clone, the samples were collected fromithals, separated from each other not
less than 5 meters.

2.1 Flow cytometry analysis

The relative DNA content (2C) and genome size warfopmed by use of flow cytometry
(FCM) analysis with CyFlow® Space (Partec, Germa®3um sativum L. 'Ctirad’ (2C =
9.09 pg) [18] was selected as reference standard, s a genome size close to that of
most Gymnadenia samples, but not overlapping ie $amples for FCM analysis were
prepared according to [19] using Partec CellTrilteré (Sysmex Partec GmbH, Germany)
with 100 uM of pore size. The 2C and genome size cedculated as described in [20, 21].
To analyze the data obtained, the FloMax 2.9 soéiwsackage (Partec, Germany) was
used.

2.2 Squashed temporary preparations

Squashed temperate preparations were made frontipedor chromosome evaluations of
mitotic states according [22]. The prepared slidesre immediately observed under
Axioskop-40 imaging microscope and images captuisedg AxioVision 4.8 digital image
processing software.

2.3 Statistical analysis

All experiments consisted of three independenticafds. Standard errors (SE) of the
genome size evaluations Gf conopsea specimens were analyzed using STATISTICA 8
software (StatSoft Inc., Tulsa, OK
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3 Results and discussion

All samples studied were found to be diploids. H@M profiles indicated stability of the
ploidy level in leaf cells of the samples. Relatigenome sizes (2C) of the genotypes
ranged between 5.17 pg and 5.51 pg, consequentlyati€d from 2526.07 to 2692.36
Mbp, average values being 5.30 pg and 2591.06 kéigpectively (Table).

Table. Determination of genome size and relative DNA cont# Gymnadenia conopsea individuals
from the Novosibirsk region cenopopulation

Ne of sample 2C? pg 1C°, pg Genome size, Mbp

1 5.17 2.58 2526.07

2 5.32 2.66 2601.12

3 5.25 2.62 2566.61

4 5.25 2.63 2569.13

5 5.51 2.75 2692.36

Mean 5.30 2.65 2591.06
Standard error (SE) 0.06 0.03 31.29

32C - diploid DNA content, pg1C — haploid DNA content, pg.

Chromosome preparations @f conopsea reported in [5] and [14] showed that in CP in
Russia it had 2n = 40. While in the mountain regiaf Central Europe the two major
cytotypes (diploid and tetraploid) ifs. conopsea populations were verified and often
revealed simultaneously [23]. According to researsh who assessed the basic
chromosome number d@b. conopsea as x = 20 [5, 13], our own chromosome counting
among G. conopsea individuals from the studied CP comprised only digs, and
determination of the species ploidy level by meah&CM successfully approved these
findings.

Our study provided confidence that in the analyzadhples ploidy level was correctly
identified by the assumption that relative DNA @nitcorresponds to the definite ploidy
level. Earlier, during the analysis of orchid sgedirom the Central Europe CP, the genome
size (1C-value) of5. conopsea individuals was determined as 5.51 pg [24]. Owinghte
lack of chromosome counting in the above mentioasitle, the estimated genome size
data forG. conopsea specimen from local European population could iatiicetraploidy
level (4x) of these individuals. This value is motconcordance with our data (the studied
G. conopsea plants genome size was assessed as 2.65 pg foNAGdative content).

While under undisturbed conditions in the northeegions of Russia. conopsea
populations with different cytotypes are existinge revealed the lack of genome size
variability among studied individuals in the cenpptation occurred in the industrial zone
of the NR. It is considered that mixploid populasp which have wide genetic variation,
are more resistant to harmful environment [25]. @xding to [26],G. conopsea belongs to
the plants with intermediate genome size, included-lived and slow-growing plants with
limited ability to survive in stressful conditions.

Tetraploids also show higher mycorrhizae fungaloniation rates thus host plants
could gain greater benefits from associated synbjathan diploids [27]. On the other
hand, suppression of the rhizosphere inhabitant@rby kind of pollution may lead to
dramatic changes in diploid—tetraploid orchid ratio
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The results confirm the findings, which demonsuttagignificant decrease of plants with
intermediate and large genome sizes in CP endurddruhe increasing impact of heavy
metal pollution [28].

Thus, it can be assumed tl@atconopsea specimen genome size is probably associated
with the species adaptive potential. The non-oenge of different cytotypes ifG.
conopsea CP indicated that the species possesses low msista environmental pollution.

So far, flow cytometry coupled with chromosome dinm proved to be efficient
technique inG. conopsea ploidy level and genome size determination.

4 Conclusions

Due to the complex genome analysis in the studi®d f©@m Novosibirsk region we
revealed only diploid cytotypes withi@. conopsea samples. It was considered that the
assessed low variation in genome size makes tbéd ©P heading towards the extinction.
Further efforts for the conservation of this lowes(s. conopsea CP should focus on the
vast biological treatment based on both moleculad enorphological data as well as
monitoring environmental conditions.

The reported study was carried out with the finahsupport of the budgetary project
"Analysis of biodiversity, conservation and restmna of rare and resource plant species
using experimental methods" NAAAA-A21-121011290025-2 within the framework of
the State Assignment.
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