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The paper analyzes data on the processes occurring before and during fertilization in flowering plants.
At the gametophyte stage, the gametes are formed from haploid microspores and megaspores. They are
sperms, egg and central cell. The fusion of male and female gametes occurs after the pollen tube enters
any synergid. One sperm fuses with the egg cell, and another from the same pollen tube joins with the
central cell.

The angiosperms are likely to have four types of fertilization. These types differ in the degree of
completion of syngamy. Premitotic and postmitotic types are characterized by complete syngamy, and
androgamic and gynandrogamic types are inherent in incomplete syngamy. In this case, the behavior
of the sperm nuclei is of great significance. They, as a rule, combine with the nuclei of female gametes
(premitotic and postmitotic types), but the sperm nuclei can remain independent (gynandrogamic type)
or a female nucleus is replaced by a male one (androgamic type). The premitotic type of fertilization
follows the way in which the gamete protoplasts and nuclei are united before the mitosis in the zygote
nucleus. As for the postmitotic type, it is carried out on a completely different basis. It is possible that in
angiosperms the chromosomes of sperm and egg cell do not unite during mitosis. They further divide
independently, and a diploid set of chromosomes arises in a 2-celled embryo.

Keywords: male and female gametes, fertilization, syngamy, triple fusion, fertilization types, angiosperms

DOI: 10.31857/S0006813624010013, EDN: FFLKVQ

The gametes, represented in angiosperms
by sperms and egg cells, unlike somatic cells,
have a haploid set of chromosomes. The places
of localization, the time of the appearance of
gametes during ontogenesis, the features of dif-
ferentiation and transformation, as well as some
other structural characteristics are specific. Of con-
siderable scientific interest is the hypothesis of the
similarity of fertilization processes in plants and
animals. According to this hypothesis, in plants,
like animals, there are two types of fertilization,
depending on when the nuclei of sexual cells unite:
premitotic (before mitosis of the zygote nucleus)
and postmitotic (after the onset or during division

of the zygote) (Gerassimova-Navashina, 1947,
1957, 1960, 1969, 1990). Available information in
the literature indicates that general principles of
fertilization mechanisms in animals and flowering
plants are more conserved than previously thought.
Among them there are following aspects: structure
of gametes, cell—cell communication events between
gametes as well as their physical interaction and fusion
during fertilization (Marton, Dresselhaus, 2008;
Dresselhaus et al., 2016; Shin et al., 2021). However,
the types of fertilization were not considered.

Fertilization of the central cell by sperm has been
studied in a small number of flowering plants, and
this process is given less attention than the study
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Fig. 1. Formation of pollen grains and pollen tubes. /I—4 — Ceratophyllum demersum, 5—8 — C. platyacanthum
(Ceratophyllaceae), 9 — Gagea stipitata (Liliaceae), 10 — Hemerocallis citrina (Hemerocallidaceae). (I—& — after Shamrov,
1983; 9 — after Shamrov, 1990a; 10 — after Shamrov, 1990b). g ¢ — generative cell, m — microspore, # v ¢ — nucleus of
vegetative cell, p g — pollen grain, sp — sperm, v ¢ — vegetative cell. Scale bar, um: 30.

of the egg (syngamy). Since in flowering plants the
endosperm resulting from triple fusion is necessary
for coordinating the development of the embryo
and seed germination, its formation usually begins
before the division of the zygote. That is why the way
of endosperm formation does not always correspond
to the type of fusion of female and male gametes
during syngamy and most often occurs according to
the premitotic type or is characterized by signs of
premitotic and postmitotic types. Thus, for Triticum
aestivum L. and Zea mays L. (Poaceae), it was shown
that, although double fertilization occurs according
to the premitotic type, the sperm chromosomes of
the resulting nucleus of the primary endosperm cell
enter prophase separately from the chromosomes
of the polar nuclei. Complete union of sperm

chromatin and polar nuclei occurs in metaphase, as
in the postmitotic type (Batygina, 1974; Korobova,
1982). In Zephyranthes candida Lindl., Z. grandiflora
Lindl. and Z. macrosiphon Baker (Amaryllidaceae),
syngamy occurs according to the premitotic type;
in the first two species the fusion of the central cell
and sperm is also premitotic, while in Z. macrosiphon
it is postmitotic (Vorsobina, Solntseva, 1979). In Dios-
corea caucasica Lipsky (Dioscoreaceae) the triple
fusion is similar to the syngamy of the premitotic
type. In another species, D. nipponica Makino, an
intermediate nature of the fusion of sperm and central
cell was revealed (Torshilova, 2018).

For a number of flowering plants, it was shown
that the process of syngamy is simultaneously
characterized by traits of different types. An electron
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GAMETE STRUCTURE AND DEVELOPMENT IN CONNECTION WITH FERTILIZATION.. 7

microscopic study revealed that the fusion of the
sexual nuclei is carried out according to a united plan,
while they actually represent a single lobed nucleus,
and the patterns of different types of fertilization at
the light-optical level represent differences in the
rate of their complete union (Plyushch, 1992).

A comparative analysis of syngamy in plants and
animals revealed that in the postmitotic type in
plants, sperm enters the egg, while in many animals,
the spermatozoid penetrates into developing oocyte
during the first or second division of meiosis and
activates it for further development (Shamrov, 2015b).
It was the presence of a number of contradictions
in the literature that prompted us to analyze the
available data not only on syngamy, but also on
the features of the formation of sexual cells that are
involved in its passage.

Gametogenesis. In flowering plants, male
gametogenesis is a long process and occurs within
specialized gametophytes that develop in anthers.
The male gametophyte is represented by pollen grains,
2-celled (Fig. 1, I—4, 9) or 3-celled (Fig. 1, 10).
In 2-celled pollen grains, gametes are not yet formed,
and they arise during the growth of the pollen tube
(Fig. 1, 5—8). In both variants, the gametes are
sperm-cells (Shamrov, 2015a).

Sperms are connected to each other by a common
median cell plate or by protrusions of their protoplasts
using structures resembling plasmodesmata (Russel,
Cass, 1981). Detailed studies on sperm formation
have been carried out. In Hordeum species (Poaceae),
during the division of the generative cell, organelles
move to the peripheral regions of the cytoplasm.
Microtubules, individual cisterns of the granular
endoplasmic reticulum, and many free ribosomes are
found in the area of the spindle. In the late telophase,
vesicles of dictyosomes and microtubules are located
in the center of the phragmoplast, where the median
cell plate is formed between the sperms (Charzynska
et al., 1988). In Nicotiana tabacum L. (Solanaceae),
the division of the generative cell is also accompanied
by the formation of a phragmoplast between the
protoplasts of two sperms (Palevitz, 1993), while
in Tradescantia virginiana L. (Commelinaceae),
this process occurs without the participation of the
phragmoplast and is characterized by the formation
of a constriction (Palevitz, Cresti, 1989). In flowering
plants, one sperm cell has a cytoplasmic projection
with the nucleus of a vegetative cell. The Male Germ
Unit (MGU) appears and moves towards the embryo

BOTAHUYECKHM XYPHAJT Ttom 109 Nel 2024
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Fig. 2. Mature ovule structure in Ceratophyllum demersum
(Ceratophyllaceae) (after Shamrov, 1997). e s — embryo
sac, h — hypostase, i — integument, m — micropyle,
n — nucellus, pd — podium, ps — postament, v b — vascular
bundle. Scale bar, um: 30.

sac (Dumas et al., 1985). The cytoplasmic projection
plays a structural role in linking the male germ unit,
but potentially can perform other important roles
(McCue et al., 2011). There is an opinion that such
a complex arises already in a 2-celled pollen grain,
while the nucleus of the vegetative cell contacts the
cytoplasmic “tail” of the generative cell (a large
number of microtubules are located here) (Ermakov
et al., 2016).

In most flowering plants, the sperms are iso-
morphic, but in some, their dimorphism is noted —
the sperms of one pair differ in size, amount of
cytoplasm, and volume of nuclei. In Plumbago
zeylanica L. (Plumbaginaceae), the larger sperm
is in contact with the nucleus of the vegetative
cell (Russell, 1984). In Nicotiana tabacum, the
sperm that is not associated with the nucleus of a
vegetative cell is smaller, richer in plastids, and
poor in mitochondria compared to the associated
sperm (Yu et al., 1992). Dimorphism was found
in members of other families of flowering plants:
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Fig. 3. Ovule structure at archesporium stage (/), megasporogenesis (2—5) and first stages of embryo sac development
in (6—9) in Gentiana lutea (Gentianaceae) (after Shamrov, 1988). 1—9 — stages of development. a ¢ — archesporial cells,
e s — embryo sac, t mg — tetrad of megaspores. Scale bar, um: 30.

Chenopodiaceae — Spinacia oleracea L. (Wilms,
1986), Brassicaceae — Brassica campestris L. and
B. oleracea L. (Dumas et al., 1985), Poaceae — Zea
mays (Rusche, Mogensen, 1988), Euphorbiaceae —
FEuphorbia dulcis L. (Murgai, Wilms, 1988), Erica-
ceae — Rhododendron macgregoriae F. Muell. (Taylor
et al., 1989), Liliaceae — Gagea lutea (L.) Ker Gawl.
(Yang et al., 1995). The contractile proteins (myosin
and actin), which are part of microfilaments, were
found in the cytoplasm of a vegetative cell. Myosin
is located on the nucleus of a vegetative cell and

is associated with male gametes using short actin
microfilaments (Heslop-Harrisson J., Heslop-
Harrisson Y., 1989; Russell, 1992; Knox et al., 1993).

Female gametophytes are represented by embryo
sacs of different structures, depending on the type
of their development. Their formation occurs in the
ovule (Johri, 1963; Shamrov, 2008; Rudall, 2021).
The ovule of angiosperms is an organ comprising
the nucellus, integuments, chalaza, and funiculus.
The events of archesporium differentiation, mega-
sporogenesis and embryo sac formation take place
2024
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in it (Fig. 2). After fertilization both the embryo
and endosperm arise. The complex transformations
of the embryo, endosperm and surrounding tissues
developing in conjunction with them result in
the seed formation. The ovules and seeds are
characterized by considerable diversity in the
shape, the degree of development and the structure
(Shamrov, 2018). Various specific structures are
formed in the nucellus, that provide differentiation.
The postament is a column-like tissue located below
the sporogenous or gametophytic structures. The
podium is a cup-shaped structure arising in the
chalazal zone of the nucellus. The hypostase is a
boundary tissue between the nucellus, integuments
and chalaza. The major function of all the special
structures in question appears to be that of directed
translocation of nutrients: the hypostase — to the
nucellus and integuments; the podium — to the
lateral (lateral transport through integumentary
tapetum and central cell) and, presumably, apical
nucellar regions (apical transport through synergids
and parietal tissue); and the postament — to the basal
nucellar region (basal transport through antipodals)
(Shamrov, 2008, 2022).

Female gametophyte in angiosperms consists
of egg apparatus, antipodals, and central cell. The
egg apparatus is presented by egg and two synergids
(Female Germ Unit — FGU). This notion was
proposed by Dumas et al. (1984). Subsequently,
the content of this concept was expanded. Now
the female germ unit is comprised of the egg, two
synergids, and the central cell (Huang, Russell,
1992). The female gametes are the egg and the central
cell (Fig. 3, 1-9; 4, 1-6). The egg is located on the
side, usually slightly below the synergids. It, as a
rule, has a pear-shaped shape and is characterized
by morphological polarity: the nucleus is located
at the apical end, and the vacuole is located at the
basal pole. The synergids are egg-like and are also
characterized by polarity, with the nucleus at the
basal end and the vacuole at the apical pole or center
of the cells (Fig. 4, 5, 6; 5, 1-3). In the largest
central cell of the embryo sac, 2 polar nuclei most
often form (Fig. 4, 4), which usually fuse to form a
secondary nucleus before fertilization (Fig. 4, 6; 5,
1-3). The antipodal cells are arranged in the form
of a triangle or a line of three cells and are localized
at the chalazal pole of the embryo sac (Fig. 4, 6;
5, I). They may be ephemeral and disappear before
or during fertilization. Remaining after fertilization,
the antipodes can increase in size, while they

BOTAHUYECKHM XYPHAJT Ttom 109 Nel 2024

show polyploidization of nuclei (Ceratophyllaceae,
Gentianaceae, Ranunculaceae, etc. — Zhukova,
Sokolovskaya, 1977; Shamrov, 2008; Butuzova,
2018) (Fig. 5, 2). In some plants, there is an increase
in the number of antipodes (Nelumbonaceae —
Titova, 1988), which is accompanied by an increase
in the ploidy of nuclei in cells (Poaceae, etc. —
Batygina, 1974). Antipodal cells are equipped with
complete cell walls. They are organized according
to the transfer cells, and play an important role in
the nutrition of the embryo sac, performing the
functions of adsorption, transport, and synthesis of
a number of metabolites.

In the formed embryo sac of many plants, all
cells of the egg apparatus have a complete cell walls.
In the process of maturation of the embryo sac in
the apical parts of the egg and synergids, some of
the cell walls are lost (possibly, substances cease to
accumulate in them), and before fertilization, the
protoplasts of these cells (on the side of the central
cell) are surrounded only by the plasmalemma
(Russell, 1992). In the basal part of the synergids,
a filiform apparatus differentiates — a system of
winding, highly branched outgrowths of the cell wall
(Fig. 4, 6; 5, 1). Such outgrowths increase the surface
of the plasmalemma, which gives it the properties
of transfer cells for the transport of substances. The
central cell in the area of contact with the egg is also
covered with a plasmalemma. Here, an extracellular
space, or “gap”, is formed, where sperms enter. It is
designated as the gamete interaction zone (Sprunck
et al., 2012).

Fertilization traits in angiosperms and
gymnosperms in the light of endosperm origin.
In gymnosperms (Goroschankin, 1880) and
angiosperms (Strasburger, 1884; Guignard, 1886),
like other higher plants, single fertilization was first
described. It was believed that the second sperm of
the pollen tube is destroyed and does not participate
in fertilization. However, double fertilization was
later found in flowering plants, which is one of the
distinguishing characteristics of these plants. It
includes the union of one sperm with an egg (later,
an embryo is formed from the resulting zygote), and
the second sperm (of the same pair) with the central
cell of the embryo sac (endosperm develops).

The phenomenon of double fertilization was
discovered in the study of fertilization in Fritillaria
tenella M. Bieb. and Lilium martagon L. from the
Liliaceae family (Nawaschin, 1898a, b). Both
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Fig. 4. Final stages of embryo sac formation in Gentiana lutea (Gentianaceae). I—6 — stages of development (after Shamrov,
1988). a — antipodal cells, ¢ ¢ — central cell, e ¢ — egg cell, # — hypostase, i — integument, p n — polar nuclei, s — synergid,

s n — secondary nucleus of central cell. Scale bar, um: 30.

fertilizations were recognized as real sexual acts
and compared with polyembryony. Later, also on
the example of lily plants, the concept of double
fertilization was confirmed, while the author,
Guignard (1899) refers to the results obtained earlier
by Nawaschin (1898a, b). But the French researcher
not only confirmed the fusion of two male gametes
of one pollen tube with the egg and the central
cell, but also accompanied the descriptions with
illustrations of these processes. By the way, the term

“double fertilization” appeared later (Nawaschin,
1900). Unfortunately, there is still a point of view
that Nawaschin (1898a, b) and Guignard (1899)
discovered independently the phenomenon of double
fertilization in flowering plants (Friedman, 1998;
Faure, Dumas, 2001).

At the end of the 20th century, it was shown that
double fertilization can occur in some gymnosperms
from the Gnetales (Ephedra, Gnetum) (Friedman,
1990, 1991; Carmichael, Friedman 1995). However,

BOTAHUYECKUWN XYPHAJ
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the question legitimately arises, are the processes
of double fertilization homologous in angiosperms
and gymnosperms? A detailed study revealed that
in Ephedra nevadensis S. Watson and E. trifurca
(Stapf) V.A. Nikitin, the second sperm fuses with the
abdominal (ventral) tubular cell, which is preserved
in the archegonial cavity, forming an additional
embryo (Friedman, 1990, 1991). This was also
noted in other gymnosperms, but the second embryo
did not develop. In gymnosperms, the formation
of an additional embryo is more similar to the
simultaneous formation of two embryos of flowering
plants, when not only the egg is fertilized, but also
one of the synergids.

Angiosperm synergid can probably be compared
to the ventral tubular cell of the gymnospermes,
which shares a common genesis with the egg cell,
since both originate from the same cell. When an
egg and a synergid are fertilized by two sperms from
one pollen tube, flowering plants lose the possibility
of fertilization of the central cell, and without
endosperm the embryo is destroyed (Lakshmanan,
Ambegaokar, 1984). In Arabidopsis thaliana (L.)
Heynh. (Brassicaceae) mutants with impaired auxin
biosynthesis, all cells of the embryo sac can develop
either along the synergid pathway or the egg cell
pathway (Pagnussat et al., 2009), or two egg cells and
one synergid are formed in the egg apparatus, and
after fertilization in the latter case, 2 embryos are
formed, and the endosperm does not appear (Berger,
Twell, 2011). In /is mutants of A. thaliana, accessory
cells of female gametophyte (synergids, antipodals)
differentiate gametic cell fate, indicating that LIS
is involved in a mechanism that prevents accessory
cells from adopting gametic cell fate. The temporal
and spatial pattern of LIS expression suggests that
this mechanism is generated in gametic cells (Grof3-
Hardt et al., 2007).

It is known that Nawaschin (1898a, b) compared
double fertilization with polyembryony. The same
point of view is shared by Friedman (1994), who
believes that two embryos arise in angiosperms as a
result of fertilization, one of which gradually began
to function as an endosperm. These ideas were
developed by him in subsequent works (Friedman,
Williams, 2004). However, simultaneously develo-
ping embryos inevitably enter into competition for
nutrients, and it is difficult to imagine that one of
the embryos “voluntarily” would begin to feed the
remaining embryos. If this could happen, then only

BOTAHUYECKHM XYPHAJT Ttom 109 Nel 2024

when one or several embryos ceased to develop
further, and the resulting plastic substances were
used by the plant for the final formation of a single
embryo. Raghavan (2003) assessed the presence of
double fertilization in some gymnosperm species.
The product of the second fusion in gymnosperms
is a transient embryo, rather than the endosperm as
in angiospermes.

According to the second hypothesis (Strasburger,
1900; Coulter, 1911) endosperm of flowering
plants represents a homolog of a portion of the
gymnosperm gametophyte that later became se-
xualized. The second fertilization event of the
central cell by an additional sperm cell might have
provided some unknown fitness advantages to the
growing embryo. The endosperm would then have
originated from mutation the female gametophyte
of gymnosperms, which predestine these cells for
a supporting nonreproductive role (Linkies et al.,
2010). According to Baroux et al. (2002), this theory
is supported by the fact that the addition of the
paternal genome to the maternal central cell might
create hybrid vigor.

It should be emphasized that the endosperms in
angiosperms and gymnosperms, while performing
a similar function, have a different origin. In gym-
nosperms, the endosperm is the female gametophyte.
One or more peripheral cells in its micropylar part
give rise to archegonia. The cells adjacent to the
archegonium transform into a sheath. The remaining
cells of the female gametophyte during the period
of embryo development are transformed into the
storage tissue of the seed (Singh, 1978; Trenin,
1988). A similar nutrient tissue, called perisperm,
is formed in flowering plants after fertilization due
to the accumulation of nutrients in the remaining
cells of the megasporangium (nucellus) of the
crassinucellate ovule. Perisperm was found in seeds
of primitive (Cabombaceae, Cannaceae, Costaceae,
Marantaceae, Nymphaeaceae, Zingiberaceae) and
some advanced (Amaranthaceae, Caryophyllaceae,
Phytolaccaceae, Portulaceae) families (Shamrov,
2008). Unlike the endosperm of gymnosperms and
the perisperm of flowering plants, the endosperm of
angiosperms, having a sexual nature, performs not
only a trophic function (as considered Strasburger,
1900; Coulter, 1911), but also participates in the
provision and distribution of signals that regulate
the processes of differentiation and organogenesis of
the embryo (Chen et al., 2014). These signals include
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Fig. 5. Mature embryo sac structure in Hemerocallis hybrida (Hemerocallidaceae) (1), Gentianopsis barbata and Gentianella
lingulata (Gentianaceae) (2, 3). (I — after Shamrov, 1990b; 2, 3 — after Shamrov, 1988). a — antipodal cells, ¢ ¢ — central
cell, e c — egg cell, A — hypostase, p ¢ — pollen tube, s — synergid, s n — secondary nucleus of central cell. Scale bar, um: 30.

dipeptides (Costa et al., 2014) and phytohormones,
among which auxin plays a central role (Locascio et
al., 2014; Doll et al., 2017).

In the absence of endosperm, the embryo
stops developing at the globular stage. Thus, the
endosperm in flowering plants is probably a de novo
structure. In flowering plants, it does not give rise

to a new organism. Its cells become specialized very
early, and even under in vitro culture conditions, it
was not possible to convincingly prove the emergence
of embryos of endosperm origin (Johri, Ambegaokar,
1984). The significance of the endosperm, which
occurs during the fertilization of the central cell
by sperm, becomes especially important in plants
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during apomixis (primarily Poaceae). In this ca-
se, the parthenogenetic embryo does not start
differentiation and histogenesis on its own and is
forced to wait for the moment when, as a result of
pseudogamy, the sexual endosperm is formed and
starts this process (Yudakova et al., 2018). The
significance of the endosperm resulting from the
fertilization of the central cell is especially important
when considering adventitious embryos. Embryos
arise from somatic cells of the nucellus or integument
near the embryo sac, but embryogenesis begins only
after pollination, when the zygotic embryo stops
developing, and apomixis replaces amphimixis in
the developing seed as an alternative system. The
existing endosperm system of a sexual nature allows
nucellar and integumental embryos that have entered
the cavity of the embryo sac to complete the normal
course of development (Shamrov, 2019).

However, the relationships between the embryo
and the endosperm are probably more complex. It
was studied the Arabidopsis thaliana mutation Cdc2,
which has a paternal effect. In cdc2 mutant pollen,
only one sperm cell, instead of two, is produced.
Mutant pollen is viable but can fertilize only egg
cell in the embryo sac. The authors found that
unfertilized endosperm developed, suggesting that
a previously unrecognized positive signal from the
fertilization of the egg cell initiated proliferation
of the central cell (Nowack et al., 2006). But, the
development of such endosperm has been studied
only at the early stages of seed development. It
should be noted that even during apomixis, the
endosperm can develop without fertilization of the
central cell (autonomous development), but then
there are disturbances in the development of the
endosperm, which lead to a delay in the development
of the embryo. The available information on the
autonomous development of the endosperm in
apomicts, many of which are facultative, is extremely
incomplete and fragmentary, and there is not enough
documented evidence that the endosperm in such
apomictic seeds has an autonomous origin.

Fertilization phases and types. Even before the
implementation of the sexual process in flowering
plants on the stigma, and then in the tissues of
the style and ovary, contact occurs between the
sporophyte and the male gametophyte. As yet little
is known about pollen tube guidance (Yadegari,
Drews, 2004). Several studies have described the
mechanisms of gametophyte interaction, and also
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the fertilization process — from pollination to pollen
tube acceptance (Mori et al., 2006). It is known
that calcium plays an important role in various
embryological processes (Hafidh et al., 2016). The
features of its functioning during pollen germination
and pollen tube growth were studied. It was observed
that plasma membrane-localized calcium pumps and
copines coordinately regulate pollen germination
and fertility in Arabidopsis (Li et al., 2018). Sperm
dynamics and behaviour during pollen germination,
tube growth and sperm release is being studied
(Kliwer, Dresselhaus, 2010).

The ways how elements of the male germ unit
(non-motile sperm cells) move within the growing
pollen tube are being studied. The most hypotheses
predict that kinesins and actin cytoskeleton in the
pollen tube enable a short movement of specific
organelles or contribute to generative cell or sperm
cell transport (Xu, Huang, 2020; Cai, 2022). Some
authors believe that the vegetative nucleus is actively
transported via myosin motors along actin cables
while pulling along the sperm cells as passive cargo.
They propose that the observed saltatory movement
can be explained by the function of kinesins with
calponin homology domain (Schattner et al., 2021).
There were described several signaling components
that regulate actin dynamics in pollen tubes (Zhang
et al., 2023).

The mechanisms of gamete interaction are not
fully understood. Many of the processes involve
conserved mechanisms and proteins. Some
of these proteins are highly polymorphic and
species-specific, allowing female flower organs to
discriminate self from alien pollen grains/pollen
tubes to avoid reproductive failure after pollination
and fertilization with incompatible gametophytes
and gametes, respectively (Bleckmann et al., 2014;
Dresselhaus et al., 2016; Shivanna, 2016).

All stages of pollen germination and pollen tube
growth (up to the release of sperm from it in the
receiving synergid) are controlled by molecular
processes (Kanaoka, 2018). Double fertilization me-
chanisms are very complex and regulated at multiple
levels, and it will be a challenge to overcome all steps
simultaneously allowing wide hybridization between
plant species that presently cannot be crossed. On
the basis of physiological and biochemical studies
on the interaction of pollen and pollen tubes with
the tissues of the stigma, style, ovary, ovule and
developing embryo, 3 phases of fertilization are
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Fig. 6. Flower structure before pollination. an — anther,
f— stamen filiform, g — gynoecium, p — petal, ov — ovary,
s — sepal, sg — stigma, s/ — style, st — stamen. Scale bar,
um: 30.

distinguished (Polyakov, 1970): 1. Progamic phase —
lasts until the pollen tubes approach the ovules
(usually all processes until the pollen tube enters the
embryo sac); 2. Phase of gametogenesis — includes
the interaction of pollen tubes with the tissues of
the ovule, including double fertilization (this phase
is better called syngamic, since gametogenesis,
especially male, occurs even before pollination
or during the first stages of pollen germination);
3. Postgamic phase — processes occurring after
fertilization (the beginning of the development of the
embryo and endosperm). Five progamic stages were
distinguished involving various prezygotic crossing
barriers before sperm cell delivery inside the female
gametophyte takes place (Lausser et al., 2010).

For the implementation of fertilization in plants, a
transmitting tract of the pistil is created, which is a
set of structural elements of the gynoecium, ensuring
its interaction with the male gametophyte in the
progamic phase of fertilization (Fig. 6). It includes
all tissues of the pistil (stigma, style and ovary) with
which pollen grains and growing pollen tubes are in
contact (Harrisson, 1982; Vishnyakova, 2006). The
pollen tube has a dynamic gene expression program
allowing it to continuously reset and be receptive to
multiple pistil signals as it migrates through the pistil
(Palanivelu, Tsukamoto, 2012).

The role of the stigma is to receive pollen. The
stigmata differ in morphology (capitate, pinnate)
and the structure of the receptive surface: dry
(mostly monocots) — covered with papillae cells,
wet (mainly dicots) — a secret or secretory mucilage
is released on their surface. The styles are open in

dicots (hollow, there is a canal), closed in monocots
(solid) and half-closed (presence of gynostegium)
in Apocynaceae. They lift up the stigmata, that is
associated with the characteristics of pollination. In
the pistil, the distal part, formed by the upper part
of the ovary and style, is called compitum (Shamrov,
2020).

The transmitting tract of the pistil is formed by
cells of the secretory type, which secrete various
substances (proteins, lipids, polysaccharides) on
the surface that are involved in the recognition
mechanisms and are a kind of attractants that
direct the growth of pollen tubes. To ensure the
passage of pollen tubes, specialized secretory tissues
arise — obturators. They are localized in various
parts of the ovary and ovule and are represented by
elongated epidermal cells that grow in the direction
of the micropyle and often close the entrance to
it. There are various classifications of obturators.
Depending on their origin and position in the ovary
and ovule, two main types of obturators should
be distinguished: 1) ovular — obturators formed
from the cells of the ovule; 2) ovarium — formed
from ovary cells. Considering the position of the
obturators in the ovule or ovary, a number of variants
can be distinguished in each type: in the ovular type,
integumental, funicular, and nucellar obturators;
in the ovarium type, placental, parietal, and septal
obturators (Shamrov, 2008).

The role of peptides during the pollen tube journey
is being studied — peptide signalling during self-
incompatibility, pollen tube growth and guidance
as well as sperm reception and gamete activation
(Qu et al., 2015). Two types of self-incompatibility
are distinguished according to the time of action
of genes and the place of localization of their
products: gametophytic and sporophytic. In pollen
grains, the products of self-incompatibility genes
are localized in the sporoderm. In the gametophytic
type of control, they come from the microspore
protoplast to the intina, later passing into the
pollen tube wall created by it, and in the case of
sporophytic self-incompatibility, they are localized
in the exine (Knox et al., 1975). A well-documented
recognition system occurs between pollen grains
and the stigma in sporophytic self-incompatibility,
where both receptor kinases in the stigma and their
peptide ligands from pollen are now known (Lord,
Russell, 2002). The products of self-incompatibility
genes are glycoproteins. Immunochemical tests
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have established that the place of their localization
in the pistil during sporophytic control of self-
incompatibility is the walls of the epidermal cells
of the stigma (Kadsamy et al., 1989). In the case of
gametophytic self-incompatibility in Nicotiana alata
Link & Otto (Solanaceae), specific glycoproteins
are identified as a component of the intercellular
matrix of the transmitting tissue of the style and
epiderm of the placenta (Cornish et al., 1987). Self-
incompatibility in flowering plants is often controlled
by a single nuclear gene (the S-gene) having several
alleles. This gene prevents fertilization by self-pollen
or by pollen bearing either of the two S-alleles ex-
pressed in the style (McClure et al., 1989).

Fertilization processes can be simulated in vitro
(Kranz et al., 2008). However, they are very complex.
Fertilization in flowering plants is a very subtle and
accurate process. Compared with animals, in which
hundreds of millions of male gametes may target
one, often enormous, female gamete, in plants the
two nonmotile male gametes target two female
gametes with micrometer-level precision (Weterings,
Russell, 2004). It is known that in some animals,
spermatozoid enters the egg before the completion
of meiosis, stimulating it to further development and
maturation (Gilbert, 2003). Similar stimulation is
observed in plants after pollination. In Orchidaceae,
especially primitive representatives, the germination
of pollen and the growth of pollen tubes during
long flowering causes their ovules to complete the
development process and start fertilization (Yeung
et al., 1994; Vij et al., 1999). In Nicotiana tabacum
(Solanaceae), the mature pollen is 2-celled, and the
formation of sperm takes place in the pollen tube in
the style tissues. The embryo sac at this time is at the
4- or 8-nuclear stage. The embryo sac already after
12 hours acquires a typical structure and is ready for
fertilization. In the micropyle, the pollen tube enters
48 hours after pollination (Tian et al., 2005).

The questions of what signals direct the pollen
tube to the embryo sac continue to be the subject
of debate. Many researchers assign this role to
synergids. They play a vital role in the attraction
of pollen tubes to embryo sacs, discharge of their
contents into them and in ensuring contact and
fusion of the discharged sperm cells with female
gametes. One view holds that synergids are
involved in synthesis and secretion of substances
chemotropically active with respect to pollen tubes
(Jensen, Fisher, 1968; Plyushch, 1992; Van Went,
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Willemse, 1984; Higashiyama et al., 2001; Rotman
et al., 2003; Punwani, Drews, 2008). However, there
is another point of view. The four cell types of the
female gametophyte (egg cell, two synergids, central
cell, three antipodals) communicate with each other
and secrete signaling molecules to guide the male
gametophyte and to mediate sperm cell discharge
and transport towards the two female gametes (the
egg and central cell). After fusion of the gametes,
guidance signals have to be removed to prevent
polyspermy, embryo and endosperm development
is induced generating daughter cells or nuclear
regions of a different fate, and cell death is induced
in the surrounding ovular cells (Dresselhaus, 2006).
Others have expressed a similar point of view. Long-
distance pollen tube guidance in Arabidopsis is
controlled by the 7-celled female gametophyte. But
the identification of a central cell guidance (ccg)
mutant, which is defective in micropylar pollen tube
guidance, has shown that expression of CCG in the
central cell alone is sufficient to restore the normal
pollen tube guidance phenotype, demonstrating that
the central cell plays a critical role in pollen tube
guidance (Chen et al., 2007). It was demonstrated
also that an in vivo polyspermy block on the egg, but
not the central cell (Scott et al., 2008). It should be
emphasized that some authors also noted the signs
preventing polyspermy after gamete fusion. In their
opinion, after fertilization, the embryo sac no longer
attracts the pollen tube, despite the persistence of
one synergid cell. This cessation of attraction might
be involved in blocking polyspermy (Higashiyama et
al., 2001).

In most plants, by the time of fertilization or
during it, one of the synergids degenerates. It was
demonstrated that synergid cell death in Arabidopsis
initiates after the pollen tube arrives at the female
gametophyte but before pollen tube discharge
(Sandaklie-Nikolova et al., 2007). When pollen tube
enters one of the synergids, the contents are released
through the filiform apparatus. The connection
between the sperms and the nucleus of the vegetative
cell is lost, and cytoplasmic bodies are formed
(Russell, 1992). In Gossypium (Jensen, Fisher, 1968),
Zea (Vazart, 1969), and Spinacia (Wilms, 1981), one
of the synergids begins to break down even before
the entry of the pollen tube. In Capsella (Schulz,
Jensen, 1968) and Helianthus (Newcomb, 1973), both
synergids remain intact, and only after the pollen
tube enters either of them do changes begin in the
ultrastructure of the receptive synergid. Regardless
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of the time of entry of the pollen tube, in both cases,
similar transformations are observed in the structure
of the synergids.

Both during premature degeneration and when
the pollen tube enters the intact synergid, the
changes relate to a decrease in the volume of the
cytoplasm, compression of vacuoles, destruction
of the plasmalemma, and disorganization of cell
organelles. In the synergid, the growth of the pollen
tube stops, it bursts, and the sperms are released.
The cytoplasm of the pollen tube mixes with the
cytoplasm of a degenerating receptive synergid
(Dresselhaus, Franklin-Tong, 2013). In Plumbago
zeylanica, in the absence of synergids, the pollen
tube enters the embryo sac from the side of the egg,
and the components of the common median cell
plate are destroyed, as well as the outer and inner
membranes of the pollen tube, both between the
sperm and between the egg and the central cell in
the area of the emerging extracellular space (Russell,
1983).

The movement of sperm upon entering the
embryo sac of flowering plants is carried out with
the help of actin. Actin bundles, or actin matrix, are
formed in the cytoplasm of the pollen tube. Both
sperms migrate with the help of actin to the site of
gamete fusion, with one of its branches associated
with the sperms, which fuses with the egg, and
the other branch is associated with another sperm,
which unites with the central cell (Russell, 1992).
However, the mechanisms of gamete interaction
are not fully understood (Mori et al., 2006; Mori,
Igawa, 2014). The question arises, which of the
two sperm fuses with the egg, and which with the
central cell? Even Nawaschin (1910) suggested that
this phenomenon is based on the heterogeneity, or
enantiomorphism, of sperms. Fertilization involves
a pair of female nuclei (a pair of female cells), one
right and one left, and a pair of male nuclei (a pair of
sperms), also one right and one left. In his opinion,
this system is a necessary condition for the “choice”
of the egg and the polar nucleus (central cell) of
the corresponding sperm. Investigation of sperms
in maize was shown that both male gametes have
the capacity to fuse with the egg cell (Faure et al.,
2003). When studying the sperm—egg interaction,
a novel protein was revealed. It was designated as
GCSI1 (Generative Cell Specific 1), and was isolated
from generative cells of Lilium longiflorum Thunb.
pollen. Immunological assays indicate that GCSI1

is accumulated during late gametogenesis and is
localized on the plasma membrane of generative
cells. In addition, Arabidopsis thaliana GCS1 mutant
gametes fail to fuse, resulting in male sterility and
suggesting that GCSI is a critical fertilization factor
in angiosperms (Xu et al., 1999; Mori et al., 2006;
Twell, 2006).

Subsequently, indeed, in some flowering plants,
sperm dimorphism was revealed. Thus, in Nicotiana
tabacum, the sperm, which is not associated with the
nucleus of the vegetative cell, is smaller and fuses
with the egg cell, while the larger one unites with
the central cell (Yu et al., 1992). In Torenia fournieri
Linden ex E. Fourn. (Scrophulariaceae), one of the
sperms first fuses with the egg. A little later, the
second sperm moves to the central cell and is located
near the degenerating synergid, which is preceded
by the migration of the secondary nucleus from the
middle part of the central cell to the micropylar
part. After triple fusion, the fertilized nucleus of the
primary endosperm cell descends (Higashiyama et
al., 1997). This has been observed in other plants as
well. In Galanthus nivalis L. (Amaryllidaceae), even
before the entry of the pollen tube into the embryo
sac, the secondary nucleus of the central cell begins
to migrate towards the egg apparatus and is opposite
the receptive synergid, which will degenerate, and
the pollen tube will enter through it. The first of
the released sperms fuses with the egg cell, and
the second is closed to the secondary nucleus and
therefore fuses with the central cell (Erdelska,
1983). In the embryo sac of Plumbago zeylanica, in
the absence of synergids, the pollen tube enters
from the side of the egg. The sperms are arranged
diagonally, with the distant sperm fusing first with
the egg cell, and then the closest one fusing with the
central cell (Russell, 1983). However, in Arabidopsis
thaliana plants, it was found that the “front” sperm
(associated with the vegetative cell nucleus as part of
the MGU), as well as the “posterior” (not associated
with the vegetative cell nucleus), fertilized both the
egg and the central cell with equal probability. It was
concluded that sperm isomorphism characterizes
the general rule, while their dimorphism is rather an
exception (Hamamura et al., 2011).

The genetic and cytological aspects of fertilization
in angiosperms are studied (Bleckmann et al., 2014;
De Graaf, Dewitte, 2019). In flowering plants,
sperms are very small, and the process of fusion of
male and female gametes occurs very quickly, so
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it is not always possible to see them in the contact
area. Some reports suggest that fertilization of the
egg cell is preferred, which was demonstrated, for
example, in mutants of Cyclin Dependent Kinase
Al (CDKA Al), which generate only one sperm-
like germ cell (Iwakawa et al., 2006; Nowack et al.,
2006). A special study of Arabidopsis thaliana plants
was carried out using a confocal laser microscope. It
made it possible to reveal the retention of sperm cells
at the border of female gametes under the action of
the HTR10-GFP gene product and on the surface
of the egg cell under the action of the GFP-PIP2
gene product. Based on the analysis of the presented
illustrations, it can be seen that the sperms are also
located diagonally, while the sperm, which is more
distant from the place of pollen tube unloading,
after passing through the synergid unites with the
egg cell, and the second sperm unites with the
central cell (Igawa et al., 2013). According to other
authors, upon sperm cell arrival at the gamete fusion
site the egg cell starts to secrete small cysteine-rich
proteins of the EGG CELL 1 (ECI1) family. ECI
leads to the relocalization of HAP2/GCSI1 from
the endomembrane system to the sperm cell plasma
membrane and thus activates sperm cells enabling
them to fuse with the female gametes (Sprunck et
al., 2012). The egg cell appears to require activation
itself and calcium may play a key role in this process;
this is indicated by a single strong Ca’" to transient
in the egg cell associated with pollen tube burst
and sperm delivery (Denninger et al., 2014), which
thus precedes ECI secretion. The sperm membrane
protein DMP9/DAU?2 is involved in interaction of
male and female gametes that leads to correct double
fertilization (Takahashi et al., 2018).

Even earlier, a mechanism of plasmogamy of
sperms and female gametes was proposed, accom-
panied by the formation of bridges between them,
through which the nuclei of sperms and, probably,
their cytoplasm pass (Van Went, 1970; Plyushch,
1992). Subsequently, it was shown that the process
of plasmogamy includes several stages: 1 — contact
of the sperm and the female gamete; 2 — fusion of
plasma membranes of gametes; 3 — combination of
sperm cytoplasm and female gamete (Igawa et al.,
2013).

Studies on the in vitro induction of karyogamy
with the help of an electric pulse were carried out
on isolated male and female gametes of Zea mays
(Faure et al., 1993). Karyogamy includes three stages
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of nuclear fusion: 1 — the outer membranes of the
nuclear coats are in close contact or contact through
the endoplasmic reticulum and then merge; 2 — the
inner membranes of the nuclear coats merge and
bridges form between the nuclei; 3 — bridges increase
and can capture a certain amount of cytoplasm.

Observations of the entry of the pollen tube into
the embryo sac and analysis of the structure of the
central cell made it possible to suggest that the
movement of its secondary nucleus in the direction
of the egg apparatus, still in the progamic phase, is
a signaling mechanism indicating which of the two
synergids will be the receptive (Huang et al., 1993).
It should be noted that the above assumption has
not yet been confirmed, and the mechanism of
selection of the receptive synergid is not clear. The
second conclusion that follows from this analysis is
that of the female gametes, the egg is the first and
preferred for syngamy. After the formation of the
zygote, a complete polysaccharide wall is formed,
and the access of other sperms to the egg is stopped.
It is after this, even if the processes of karyogamy of
the nuclei of the egg cell and sperm have not been
completed, that the signal for the implementation of
the triple fusion and the formation of the primary
endosperm cell appears to be received.

In some flowering plants (Amaryllidaceae, Gos-
sypium, Rudbeckia, Zea), hemigamy was found,
which is an incomplete sexual process in which
sperm enters the egg, but karyogamy does not occur.
However, sperm stimulates the egg to embryogenesis.
Both the nucleus of the egg and the nucleus of the
sperm divide autonomously, subsequently forming a
chimeric embryo. Its cells are predominantly haploid,
although a hybrid diploid tissue may form at the site
of contact between sperm and egg nuclei (Solntseva,
1973, 1979; Battaglia, 1981). That is why hemigamy is
proposed to be called gynandroembryony (Battaglia,
1981). Hemigamy is not an obligate feature of plants
and depends on environmental factors (temperature,
light, soil and air humidity). In Zephyranthes candida,
it was sometimes observed, while in Z. macrosiphon
(Amaryllidaceae) it was found in 80% of the ovules
in the ovary, while in the rest of the ovules syngamy
occurs according to the premitotic type (Vorsobina,
Solntseva, 1979).

This phenomenon is close to the secondary mo-
difications of the sexual mode of reproduction:
androgenesis, gynogenesis and hybridogenesis
(Grebelnyi, 2008). In the case of androgenesis, the
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incoming sperm nucleus replaces the nucleus of the
egg, causing the transformed egg cell to develop.
The formation of haploid and dihaploid individuals
was found in maize (Tyrnov, 2000) and freshwater
bivalves (Grebelnyi, 2008). During gynogenesis, the
male gamete penetrates into the egg cell, activates
it for morphogenesis, but does not take part in
further development or participate to a small ex-
tent. Gynogenesis has been found in animals —
goldfish, tailed amphibians, and freshwater
planaria (Grebelnyi, 2008). In plants, examples of
gynogenesis are not known. During hybridogenesis
(reverse parthenogenesis, according to Tyrnov, 2000;
reverse gynogenesis, in our opinion, since during
parthenogenesis sperm does not enter the egg), the
offspring develops from fertilized eggs and in many
cases consists of females, while their cells bear
the signs of both parents. During puberty during
oogenesis, paternal chromosomes are eliminated —
viviparous fish, “edible” frog (Grebelnyi, 2008). A
phenomenon very similar in genetic consequences
has been described in Allium species (Alliaceae). In
A. ramosum L. and A. tuberosum Rottler ex Spreng.,
endoreduplication of chromosomes was found during
the premeiotic interphase in the megasporocyte
or at the earliest stages of meiosis (corresponding
to the leptotene or pachytene stages of normal
meiosis). As a result of further diplospory, the ploidy
of the resulting spores and embryo sacs becomes
4n, and not 2n, as in typical diplospory. Then, by
parthenogenesis, tetraploid apomictic plants are
formed. Among the progeny of such plants obtained
by cross-pollination, dihaploids arose, one of
which (KAD?2) was a diploid apomict (most diploid
plants), and the other was a predominantly diploid
amphimict (Hakansson, 1951; Kojima, Nagato,
1992, 1997). Thus, in the course of reproduction,
the number of chromosomes was halved to 2n, as
was the case in megasporocytes before meiosis in
tetraploid plants.

In a number of flowering plants (Podostemaceae),
endosperm is not formed during triple fusion due
to anomalies (Kapil, 1970). The function of the
endosperm is performed by so-called “nucellar
plasmodium”. It is formed from the cells of the
chalazal region of the nucellus. Already at the
stage of the 2-nuclear embryo sac, the cells of this
zone are disintegrated and a coenocytic symplast
gradually appears (Arekal, Nagendran, 1975). In
the representatives of the family Trapaceae, there is
a loss of the triple fusion process due to a violation

of the mechanism of sperm separation: in Trapa
astrachanica (Flerow) N.A. Winter, one of the
sperms is retained in the synergid or extracellular
space (Titova, 1988). In T. natans L., the central
cell is fertilized, but the primary endosperm nucleus
becomes hypertrophied and shifts to the chalazal
part, contacting the nucellar cells (postament and
podium), where proteins and starch accumulate
(Titova et al., 1997). In most orchids, syngamy
and triple fusion occur without deviation. However,
in some species (Oreorchis patens (Lindl.) Lindl.,
Listera nipponica Makino, Calanthe X veitchii
R.H. Torr.), the sperm nucleus does not fuse with
the nucleus of the central cell. In Calanthe X veitchii,
the polar nuclei are usually autonomous before
fertilization and, together with the antipodal nucleus,
form a polar-antipodal group, most often located
near the zygote (Savina, 1979; Savina, Poddubnaya-
Arnoldi, 1990). Gymnadenia conopsea (L.) R. Br. and
Listera ovata (L.) R. Br. have a triple fusion. The
resulting large endosperm nucleus is located near the
cells of the postament, in which dextrins are found
(Shamrov, 2008).

Thus, species with disturbances during triple
fusion and without endosperm require additional
studies. On the one hand, it is very important to
identify redundant mechanisms in the embryo sac
that would perform not only a trophic function, but
also participate in the provision and distribution of
signals that regulate the processes of differentiation
and organogenesis of the embryo, as is inherent in
the endosperm of the sexual nature of angiosperms
(Costa et al., 2014; Chen et al., 2014; Locascio et al.,
2014; Doll et al., 2017). In mutants of Arabidopsis
thaliana (Brassicaceae) it was revealed that before
fertilization, auxin is present mainly in the nucellus,
while it is not found in the functional megaspore.
The auxin gradient determines the specificity of
cells in the mature embryo sac. It increases from
the antipodal cells to the cells of the egg apparatus,
with the greatest accumulation of auxin in synergids
(Pagnussat et al., 2009). Cytokinins also play an
important role in development (Terceros et al., 2020).
In plants with ephemeral antipodal cells, which are
involved in the creation of the auxin pool before
fertilization, this function after fertilization begins
to be performed by chalazal haustoria, providing
the development of the embryo with signaling
molecules. In plants with long-lived antipodal
cells and without chalazal endospermal haustoria,
antipodes continue to supply phytohormones to the
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embryo indirectly through the endosperm, even if
the endosperm develops autonomously, as in some
forms of apomixis, for example, in the Asteraceae
and Rosaceae (Kamelina, 2009). It is possible that
the suspensor plays an important role in stimulating
the embryo at an early stage of development. Using
A. thaliana, it was shown that in the suspensor
there is a SUS gene (DCLI allele), which normally
stimulates the development of the embryo, starting
from the globular stage. However, in a mutant plant,
this gene promotes the appearance of an additional
embryo from suspensory cells (Gilbert, 2003).

On the other hand, it is possible that anomalies in
the process of fusion of the central cell and sperm do
not allow the developing embryos to develop to the
end. Aberrant seeds are formed. Therefore, extensive
detailed studies are required at the population level
with the involvement of statistical methods of data
processing. One of these works was devoted to
the study of lethal deviations in the development
of the embryo in Dactylorhiza fuchsii (Druce)
So6 (Orchidaceae). It was revealed that globular
embryos are present in the majority of developing
seeds at early stages. However, in the future, various
anomalies in their structure are revealed (irregularity
of cell divisions, lack of regularities in histogenesis —
a total of 12 types of disturbances), which leads to
low real seed productivity (Andronova, 2011). Similar
results were also obtained for Orchis purpurea Huds.
both self-pollination and cross-pollination. It was
found that a high proportion of non-viable seeds
are a consequence of the manifestation of lethal
anomalies of embryogenesis (Andronova et al.,
2020). In gymnosperms, two sperms from one pollen
tube can fertilize eggs in different archegonia. If two
sperms enter one egg, then one of them (usually the
one that penetrated first) fertilizes the egg, and the
other gradually degenerates or, together with the
contents of the pollen tube, remains in the upper
part of the archegonium. In species with unequal
size of sperms, the larger one is usually functional
(Singh, 1978; Trenin, 1988). However, in some
gymnosperms from the Gnetales (Ephedra, Gnetum),
the second sperm can participate in the formation
of an additional embryo (the features of double
fertilization in gymnosperms were discussed in
detail by us earlier). Welwitschia lacks the gnetalean
pattern of regular double fertilization, as found in
Ephedra and Gnetum. Both sperms from a single
pollen tube involve to yield two zygotes (Friedman,
2015).
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The cell wall of the egg in gymnosperms is
common to it and to neighboring cells of the lining
of the archegonium. In mature archegonium, it has
thickenings, and these thickenings are usually wider
on the side of the egg than on the side of the sheath
cells. A detailed electron microscopic study of the
penetration of cytoplasmic elements from the sheath
cells into the egg was carried (Corti, Maugini, 1964;
Willemse, 1974; Williams, 2009). In the cell wall
of the egg there are wide pore fields penetrated by
plasmodesmata. Thin sections of the egg cell wall in
the area of the pore fields during the maturation of
the archegonium are destroyed and united. In these
places, individual organelles, whole nuclei of sheath
cells, as well as sperm cells from the pollen tube can
penetrate the egg (Singh, 1978; Trenin, 1988; Zhang,
Zheng, 2016). In the fern Osmundia japonica Thunb.,
at first the fertilization of the entire archegonium
occurs, in which enter some spermatozoa. One
spermatozoid unites with the egg, and the rest of the
spermatozoa are destroyed (Cao et al., 2016).

In flowering plants, after the penetration of the
sperm into the egg cell, a complete polysaccharide
wall of the zygote is formed, similar to how a hard
shell appears in animals after the penetration of the
spermatozoid into the egg. Mammals have a rather
complex mechanism for regulating the penetration of
spermatozoid into the egg. Only one spermatozoid
can fertilize an egg without causing developmental
anomalies. Assume two blocks of polyspermy. The
fast block is electrical, associated with sodium ions,
while the resting membrane potential increases. Slow
block is physical, due to calcium ions (Gilbert, 2003).
In flowering plants, the entry of additional pollen
tubes into the embryo sac has been noted by many,
but cases of fusion of female gametes with more than
one sperm are not always recorded, since this occurs
only with deviations. Thus, in Sternbergia lutea (L.)
Ker Gawl. ex Spreng. (Amaryllidaceae), cases were
found when both sperms lingered in the synergid,
stopped near the egg, or entered it, while the central
cell remained unfertilized (Vorsobina, Solntseva,
1979). U. Grossniklaus (2017) carried out a polyspermy
experiment in maize using a mixture of pollens from
two genetically distinct male parents. The frequency of
polyspermy of the central cell is much higher than that
of the egg cell in maize and the results are consistent
with a study in Arabidopsis (Scott et al., 2008). These
results indicate that the polyspermy block is likely
weaker in the central cell compared to the egg cell.
A comparative analysis of the fertilization mechanisms
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Fig. 7. Fertlization types in flowering plants. / — Female Germ Unit (in the apical parts of the egg and synergids, the cell wall
is absent; the central cell, synergids, and egg cell in the area of contact with male gametes are covered with a plasmalemma),
2 — sperm is located near the female gamete, 3 — fusion of the plasma membranes of gametes, 4 — plasmogamy is finished,
and the cell wall around the developing zygote becomes complete, 5—13 — passage of karyogamy in different fertilization
types; complete syngamy: 5—7 — premitotic type: fusion of the female and male nuclei (4), release of the nucleoli (5),
formation of the zygote (6) and 2-celled embryo (7); &, 9 — postmitotic type: contact of the female and male nuclei (8),
and their union at the stage of 2-celled embryo (9); incomplete syngamy: /0, 11 — gynandrogamic type: lack of fusion of
sex nuclei (/0), their autonomous divisions (/7); 12, 13 — androgamic type: replacement of the female nucleus by the male
nucleus (/2) and the formation of an embryo of only paternal origin (13). ¢ ¢ — central cell, ¢ w — complete cell wall, e ¢ —
egg cell, fa — filiform apparatus, fn — female nucleus, ic w — incomplete cell wall, m n — male nucleus, nc sp — nucleolus of
sperm, nc e ¢ — nucleolus of egg cell, p/ — plasmalemma, p n — polar nuclei, s — synergid, sp — sperm.

in plants and animals has shown that plant synergids are  signals but also by gametophyte arrival induced vesicle
probably also involved in the prevention of polyspermy exocytosis similar to the cortical reaction in animals
not only by blocking secretion of further attraction (Spielman, Scott, 2008).
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In Dioscorea nipponica, 2 sperms were observed
in the central cell. According to the author, the
male gametes of one pollen tube did not disperse to
different female gametes, but ended up in one, while
the egg remained unfertilized (Torshilova, 2018).
This was noted during apomixis in some species
of Poa (Poaceae). These species are characterized
by the formation of unreduced embryo sacs
and pseudogamy, in which the embryo develops
parthenogenetically, and the endosperm develops as
a result of fertilization of the central cell. Since the
ploidy of the nucleus in the central cell increases by
2 times and becomes 4n, then to achieve the optimal
ratio of maternal and parental genomes (2:1), it is
necessary to enter two sperms with haploid nuclei
into it. Thus, in pseudogamy, both sperms from
the pollen tube enter only the central cell, since
the sperm is not needed for the parthenogenetic
development of the embryo (Yudakova et al., 2018).
The entry of both sperms of the pollen tube into the
central cell during deviations and the absence of
syngamy in the egg cell can be considered as one of
the manifestations of the transition from amphimixis
to apomixis, especially to parthenogenesis. It should
be noted that in lines of Zea mays with a high haplo-
inducing ability, parthenogenetic haploid embryos
develop only after pollination with their own pollen
(Apanasova et al., 2017).

As we have already noted, based on a comparison
of fertilization processes in flowering plants and
animals, two types of fertilization were distinguished:
premitotic (Asteraceae, Poaceae, Scilla, Fucus —
plants; sea urchin — animals) and postmitotic (Li-
lium, Fritillaria, Pinus — plants; roundworm — ani-
mals) depending on when the sexual nuclei unite
(Gerassimova-Navashina, 1947, 1957, 1969). However,
the expediency of such a comparison requires making
adjustments and taking into account the specifics of
the fertilization process in some plants and animals. It
is important to take into account not only the time of
fusion of the sexual nuclei, but also the state of male
and female gametes in the process of fusion.

First of all, the proposed hypothesis does not fully
reveal the differences in the types of fertilization,
since it almost does not consider the features of
plasmogamy, the first stage of syngamy. In addition,
in the English-language literature, the terms “pre-
mitotic” and “postmitotic” are practically not used
in relation to fertilization. Most often, differences in
the rate of fusion of the sexual nuclei are described
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based on the stages of interphase preceding the
division of the zygote, while types of fertilization
are equated to types of karyogamy. Thus, Van
Went and Willemse (1984), referring to the ideas of
Gerassimova-Navashina (1960), describe the types
of fertilization as features of the fusion of the nuclei
of male and female gametes, while at the postmitotic
type, in their opinion, the chromatin of the sexual
nuclei remains completely divided before division of
the zygote. Some other authors also believe (Faure,
Dumas, 2001; Dresselhaus et al., 2016; Ji Min et al.,
2020).

However, fertilization includes not only karyogamy,
but also plasmogamy (Fig. 7, /—4). Based on this,
the number of types of fertilization can be increased.
In our opinion, hemigamy (gynandrogamic type)
and androgenesis (androgamic type) should be added
to the classification of types of fertilization. It should
be noted that the names of the types (gynandrogamic
and androgamic) are a transformed version of
the concept “gynandroembryogeny” proposed by
E. Battaglia (1981). The angiosperms are likely to
have four types of fertilization. These types differ
in the degree of completion of syngamy. Premitotic
and postmitotic types are characterized by complete
syngamy, and androgamic and gynandrogamic
types are inherent in incomplete syngamy. Great
significance in this case is the behavior of the sperm
nuclei. They, as a rule, combine with the nuclei
of female gametes (premitotic type — Fig. 7, 5—7;
postmitotic type — Fig. 7, 8, 9), but the sperm nuclei
can remain independent (gynandrogamic type —
Fig. 7, 10, 11) or the female nucleus is replaced by a
male one (androgamic type — Fig. 7, 12, 13).

Based on the mitotic hypothesis and the
characteristics of spermiogenesis, it was established
(Gerassimova-Navashina, 1947, 1957) that at the
premitotic type of fertilization, the fusion of the
sexual nuclei occurs before the onset of zygote
mitosis. The sperm nucleus in the state of telophase,
approaching the female nucleus, is able to “dissolve”
the membrane of the latter, sink into it and end its
cycle by falling into dormancy, one of the signs of
which is the release of the nucleolus (Fig. 8, /—4).
The zygote, after a certain period of rest, already as
a whole, proceeds to the first division (Asteraceae).
The second type of fertilization (postmitotic) —
the union of the sexual nuclei occurs only in the
prophase of the zygote, when both nuclei lose their
membranes (the description of the processes is given



22 SHAMROYV, ANISIMOVA

Fig. 8. Formed (/) and mature (2) embryo sacs, beginning of double fertlization (3) in Ceratophyllum submersum and
completion of this process (4) in C. platyacanthum (Ceratophyllaceae) (after Shamrov, 1983). I—3 — bilateral sections, 4 —
sagittal section. ¢ ¢ — central cell, e ¢ — egg cell, nc — nucleolus of sperm, s — synergid, s # — secondary nucleus of central

cell, sp — sperm. Scale bar, um: 30.

in the author’s version). The state of sperm nuclei
included in female gametes was clarified: in the
premitotic type, they are in the G, or G, phases of
the interphase cell cycle, in the postmitotic type, in
the G, S, or G, phases (Gerassimova-Navashina,
1969, 1971).

In animals at postmitotic fertilization, the sperm does
not come in the mature egg, but enters the oocyte during

the first or second divisions at meiosis. In flowering
plants, by the time of fertilization, female gametes
have already undergone both megasporogenesis
and gametogenesis in their development, while
synergids begin to release attracting substances in
the micropyle, which allows the pollen tube to enter
the embryo sac. Consequently, the features in the
passage of the postmitotic type of fertilization in

BOTAHUYECKHWM XYPHAJT Tom 109 Nel 2024



GAMETE STRUCTURE AND DEVELOPMENT IN CONNECTION WITH FERTILIZATION...

plants are hidden not in the specifics of meiosis, as in
animals, and not even in the passage of gametogenesis,
but, apparently, in the structure of female gametes by the
time the pollen tube enters the embryo sac.

Compared with other cells, the greatest diffe-
rences were found in the structure of the cells of
egg apparatus: “pooly differentiated”, “weakly dif-
ferentiated” and “undifferentiated”. At the same time,
such signs as the size, shape, polarity and topography
of its elements, the presence or absence of a filiform
apparatus in the synergids are considered (Plyushch,
1992).

For fertilization to be successful, the cell cycles of
the male and female gametes must be synchronized.
Almost all animals undergo gamete fusion in the
G,-phase of the cell cycle (with a 1C complement of
genomic DNA). Seed plants appear to be an exception
in that they fuse in either G, or G, in different species
(Weterings, Russell, 2004). Pollen may be in G-, G,-,
or S-phase at dissemination. There probably also is a
signal indicating that sperm and female target cells
are at the same receptive cell cycle phase. Zea mays
and other members of the grass family tend to fuse
in G,, but others may be disseminated in S-phase
and complete DNA synthesis in the pollen tube to
fuse in G,, in synchrony with the female target cells
(Friedman, 1999).

Based on detailed studies of the content of nuclear
DNA in male and female gametes of Gnetum gnemon
using fluorescence microscopy, three types of
karyogamy in seed plants were identified (Carmichael,
Friedman, 1995): G,-karyogamy (gamete nuclei
contain 1C DNA during fertilization, and the zygote
enters phase of DNA synthesis before mitosis);
S-karyogamy (gamete nuclei contain 1C DNA at
the beginning of fertilization, DNA replication
occurs before the end of the fusion of gamete nuclei);
G,-karyogamy (gamete nuclei go through the
S-period of the cell cycle and increase the DNA
content from 1C to 2C before fertilization). With
established types of karyogamy, DNA replication
occurs either still in gametes (G,-karyogamy), before
the end of the fusion of gamete nuclei (S-karyogamy)
or after karyogamy, but before the division of the
zygote (G,-karyogamy), i.e. in accordance with the
premitotic type fertilization. In Nicotiana tabacum,
it was shown that if the fusion of gametes occurs in
the G, phase, then after karyogamy, the S phase and
division of the zygote occur. If the gametes fuse in
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the G, phase, then the zygote enters mitosis without
additional DNA synthesis (Tian et al., 2005).

Therefore, the premitotic type of fertilization
occurs in the same way in animals and plants, as
the protoplasts and gamete nuclei combine before
the first mitosis of the zygote nucleus (Fig. 7,
5—7). As for the postmitotic type, it is carried out
on a completely different basis. In animals, the
spermatozoid enters the developing oocyte during
the first or second division of meiosis. It activates
the developing egg for further development, then
fertilization occurs, but the chromatin of both
nuclei condenses into chromosomes that are located
separately on a common mitotic spindle, and in
mammals with postmitotic fertilization, the diploid
set of chromosomes is formed not in the zygote, but
at the stage of a two-celled embryo (Gilbert, 2003). It
is believed that in flowering plants, gametes and their
nuclei unite at mitosis of the zygote nucleus during
the formation of the metaphase plate (Gerassimova-
Navashina, 1947, 1971). However, the conclusion
about nuclear fusion at postmitotic fertilization in
plants seems to need to be corrected. Usually the
metaphase of zygote division is shown schematically,
but there are no detailed pictures of the union of
male and female chromosomes. It is possible that
at postmitotic type of fertilization in plants, sperm
and egg chromosomes do not unite during mitosis.
They further divide independently, and the diploid
set of chromosomes is created not in the zygote, but
in a 2-celled embryo (Fig. 7, &, 9). It is with this
interpretation of the union of chromosomes of the
sexual nuclei that the concept of “postmitotic type
of fertilization” acquires its original meaning — the
union of the sexual nuclei and the chromosomes
included in them occurs after mitosis in the zygote,
namely, in the process of cytokinesis and the
formation of a 2-celled embryo.

CONCLUSION

Currently, a number of topical directions for the
study of gametogenesis and double fertilization in
angiosperms can be proposed.

1. When studying fertilization, it is important to
characterize not only the features of karyogamy
of the sexual nuclei, but also pay attention to the
processes occurring during plasmogamy. Therefore,
in the classification of types of fertilization into two
types (premitotic and postmitotic), it is proposed
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to include the phenomena of hemigamy (gynan-
drogamic type) and androgenesis (androgamic
type), which were previously considered within the
framework of apomixis forms.

2. The conclusion about nuclear fusion during
postmitotic fertilization in flowering plants needs
to be corrected. It is possible that in plants, as in
animals, the sperm and egg chromosomes unite
after the division of the zygote nucleus. Therefore,
detailed studies are needed on the state of the
nuclei during fusion, during mitosis, and during the
formation of a 2-celled embryo.

3. Unlike animals, in flowering plants, the pe-
culiarities in the passage of the postmitotic type
of fertilization are hidden not in the specifics of
meiosis and even gametogenesis, but, apparently,
in the structure of the cells of the egg apparatus,
which manifests itself in the incompleteness of the
processes of specialization of the egg and synergids
by the time of entry of the pollen tubes into the
embryo sac. It is necessary to identify the features
of stimulation of the cells of the egg apparatus
and those cytological mechanisms that ensure
the complete unification of the genetic material
of the male and female reproductive nuclei during
postmitotic fertilization.

4. Particular attention should be paid to those
objects in which syngamy can occur, both in the
postmitotic and premitotic types.

5. In a number of flowering plants, due to ano-
malies, endosperm is not formed during triple fusion.
Therefore, it is very important to identify duplicative
mechanisms in the embryo sac that would perform
not only a trophic function, but also participate in
the provision and distribution of signals that regulate
the processes of differentiation and organogenesis
of the embryo, as is inherent in the endosperm of
the sexual nature of angiosperms. On the other
hand, it is possible that anomalies in the process of
fusion of the central cell and sperm do not allow the
developing embryos to develop to the end. Aberrant
seeds are formed. Therefore, extensive detailed
studies are required at the population level with the
involvement of statistical methods of data processing.
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Evergreen species of temperate zone acclimate to seasonal climates by reorganizations of mesophyll
cell structure including chloroplast movement as a photoprotective reaction. However the exact factor
inducing structural changes is still unexplored. To reveal the specific pattern of chloroplast arrangement
during the annual cycle and the effect of temperature on their movement, the mesophyll cell structure in
Pinus sylvestris grown out- and indoors was studied. The serial block-face scanning electron microscopy
(SBF SEM) was used for the 3D imaging of mesophyll cells to show the spatial position and shape
modification of chloroplasts. It has been shown that during the growing season, chloroplasts have a well-
developed thylakoid system, they are located along the cell wall and occupy predominantly the part of
the cell wall faced the intercellular airspace. Chloroplast movement starts in October-November, and
during the winter they aggregate in the cell lobes clumping together. At that time, the thylakoid system
is reorganised and consists mainly of long doubled thylakoids and small grana. The 3D reconstruction
shows that the chloroplasts are irregularly oriented, swollen, and develop multiple protrusions filled by
stroma that can be recognized as stromules. In indoor plants, seasonal reorganization of the mesophyll
ultrastructure does not occur suggesting low temperatures but not photoperiod and light quality induce
seasonal chloroplast movement in P. sylvestris mesophyll. Finally, we indicate 3D reconstruction is a
powerful tool in study of low temperature-induced change of chloroplast positioning.

Keywords: Pinus sylvestris, mesophyll, chloroplast movement, seasonal changes, low temperatures,
3D reconstruction
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Overwintering plants of temperate zone accli-
mate to low temperatures during transition period by
development of freezing tolerance. Cold acclimation
includes accumulation of cryoprotectors (Gusta,
Wisniewski, 2013) and antifreeze compounds (Du-
man, Wisniewski, 2014), membrane stabilization
(Steponkus, 1984; Uemura et al., 2006), modifications
of photosynthetic machinery (Demmig-Adams
et al., 2012; Ensminger et al., 2012), all associated
with change in gene expression (Thomashow, 1999;
Xin, Browse, 2000). Evergreen woody plants are
subject to seasonal changes and develop physiological
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mechanisms that lead to a strict periodicity in the
development of freezing tolerance (Bigras et al., 2001).
Freezing tolerance in woody plants is mainly induced
by low temperatures, or may be a response to a short
photoperiod (Guy, 1990) or a combination thereof
(Li et al., 2004; Arora, Taulavuori, 2016; Chang et
al., 2021). It is closely but not necessarily associated
with dormancy development combined with growth
cessation (Bigras et al., 2001; Wisniewski et al., 2018)
for which photoperiod is an induction signal (Lloyd
et al., 1996; Howe et al., 1997; Jian et al., 1997; Jian et
al., 2000; Maurya, Bhalerao, 2017). This suggests that
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variable elements of cold acclimation may be induced
differently as a response to different ecological factors
or their combination (Chang et al., 2021).

Seasonal structural changes in woody evergreens
were studied in relation to winter freezing tolerance
in conifer needles (Chabot, Chabot, 1975; Jokela et
al., 1998; Miroslavov, Koteyeva, 2002; Tanaka, 2007;
Ovsyannikov, Koteyeva, 2020), stem cortical cells
(Wisniewski, Ashworth, 1986; Sagisaka, Kuroda, 1991),
ray parenchyma cells (Sauter et al., 1996), secondary
phloem parenchyma (Pomeroy, Siminovitch, 1971).
Most structural changes in differentiated cells are
related to decrease of subcellular ice crystallization
and subsequent dehydration; these include vacuole
and endomembrane system restructuralization
(Wisniewski, Ashworth, 1986). Photoprotective
strategies in evergreen conifers involve seasonal
chloroplast movement and thylakoid system
reorganization decreasing damage by photoinhibition
(Chabot, Chabot, 1975; Martin, Oquist, 1979;
Miroslavov, Koteyeva, 2002; Ovsyannikov, Koteyeva,
2020). Seasonal chloroplast relocation was shown
for Picea (Senser et al., 1975; Soikkeli, 1978), Pinus
(Martin, Oquist, 1979; Soikkeli, 1980; Koteyeva,
2002), Abies balsamea (Chabot, Chabot, 1975), and
Taxus (Miroslavov, Koteyeva, 2002; Tanaka, 2007).
Specific winter arrangement of organelles differs
significantly depending on species.

Most studies of plant cells are based on two-
dimensional (2D) imaging, which provides in-
complete or sometimes misleading information
about the shape and position of organelles. This is
especially important for cells that have an irregular
shape. Pinus species have so-called lobed (also called
armed or plicate) mesophyll cells; the function of
lobes is thought to increase the surface area of the
mesophyll and therefore facilitate the conduction
of CO, to the chloroplasts (Wiebe, Al-Saadi, 1976).
Only three-dimensional (3D) imaging can provide
complete information on chloroplast distribution
throughout the volume of a cell with a complex shape.
This information is crucial for understanding of CO,
and H,O exchange that is limited by 3D network
of resistance within leaf (Earles et al., 2019). In
particular, spatial position of chloroplasts in relation
to airspaces affects the mesophyll conductance and
consequently CO, assimilation efficiency (Evans,
2021). Additionally, relocation of chloroplasts is
a known photoprotective strategy documented as
a reaction to high light (Kagawa, Wada, 1999) or
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cold acclimation (Ovsyannikov, Koteyeva, 2020).
The shape of chloroplasts is also subject to change
including stromule formation and divisions that
cannot be studied using 2D images (Yamane et
al., 2020). This led us to investigate and reconsider
dynamics of the pine chloroplast positioning, shape
and ultrastructure using 3D methodologies.

In current study, a comparison was made on
young Scotch pine plants grown out- and indoors
under natural light and photoperiod to exclude the
effect of low temperature. This allowed us to identify
a main factor that contributes to structural responses
of mesophyll cells during cold acclimation. The
serial block-face scanning electron microscopy (SBF
SEM) was applied to reveal the specific organelle
positioning and their shape change at the three-
dimensional level.

MATERIALS AND METHODS

8-year-old Pinus sylvestris L. plants were grown in
the arboretum and greenhouse of Komarov Botanical
Institute, St. Petersburg, Russia (59°94'51" N,
30°37'17" W, 1-5 m above sea level). For each
accession, 50 individual plants were grown in soil
outdoor and in 4 L pots with the same soil indoor.
Greenhouse plants were watered every 2—3 days.
Plants were grown during one year, with ~25/18°C
day/night temperatures and a maximum mid-day
PPFD of 1000 umol photosynthetic quanta m2 s
at sunny days. Material was collected monthly from
February 1996 to February 1998, additionally
samples were fixed during 2015—-2017, 2021-2022
growth cycles from outdoors plants.

For light microscopy (LM) and transmission
electron microscopy (TEM) middle parts of current-
and 1-year-old needles (6 samples from 5 different
plants per date) were fixed at 4°C in 2.5% (v/v)
glutaraldehyde and 2% (v/v) paraformaldehyde in
0.1 M potassium phosphate buffer (pH 7.2) and
post fixed in 2% (w/v) OsO, at 4°C overnight. After
dehydration in ethanol and acetone series samples
were gradually infiltrated by a mixture of Araldite-
Epon epoxy resins (Fluka, Buchs, Switzerland).
Cross-sections were made using a Leica EM UC7
(Germany) ultramicrotome. For LM, semi-thin leaf
sections (I um thick) were stained with 1% (w/v)
Toluidine blue O in 1% (w/v) Na,B,0;, and studied
under the light microscope AxioScop.Al (Zeiss,
Germany). For TEM, ultrathin sections (~70 nm)
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Fig. 1. General anatomy of Pinus sylvestris needles on cross (A) and longitudinal (B) sections, August. En — endodermis;
Ep — epidermis; H — hypodermis; IAS — intercellular airspace; M — mesophyll; St — stomata; VB — vascular bundle. Scales:

A, B, 150 um.

were stained with 2% (w/v) uranyl acetate followed
by 2% (w/v) lead citrate. Zeiss Libra 120 transmission
electron microscope (Oberkochen, Germany) was
used for observation and photography.

For serial block-face scanning electron microscopy
(SBF SEM) middle parts of needles were fixed at 4°C
in 2.5% (v/v) glutaraldehyde in 150 mM Cacodylate
buffer (pH 7.2) and post fixed in 2% (w/v) OsO,
containing 1.5% potassium ferrocyanide (w/v) in
150 mM cacodylate buffer for 1 h on ice, followed by
1% thiocarbohydrazide solution in water for 20 min
at room temperature (RT), then in 2% OsO, for 30
min at RT, after it in 1% uranyl acetate overnight at
4°C, and Walton’s lead aspartate solution for 30 min
at 60°C. After each step, the samples were rinsed in
buffer or water 3 times for 5 min at RT. The samples
were then dehydrated with graded series of ethanol
and acetone, and were embedded in Epon epoxy
resin (hard modification). Embedded samples were
trimmed and mounted on aluminum specimen
pin stubs using carbon tape and silver conductive
epoxy resin H20E Epo-Tek, then, the samples
were sputtered with 20 nm thick layer of gold or
platinum. Samples were sectioned (100 nm thick)
and imaged under a scanning electron microscope
Volumescope2 (ThermoFisher, the Netherlands) with
an accelerating voltage of 2.49 kV. Serial sections
and image arrays for subsequent 3D reconstruction
were acquired using Maps 3.9 and Amira 2020 3.1
software (ThermoFisher, The Netherlands). To
specify the details of the position and shape of
chloroplasts, each chloroplast was highlighted
BOTAHUYECKUN XXYPHAJ
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with a different color during reconstruction. The
methodology required pick out the outline of each
chloroplast on each serial section using about
500 sections, each 100 nm thick. The curved lines
in the images represent the outline of one section,
giving them a stepped appearance.

RESULTS

General mesophyll anatomy

The mesophyll of P. sylvestris needles consists of
two to three layers of chlorenchymatous cells when
viewed in two-dimensional (2D) cross sections
(Fig. 1, A). Mesophyll cells are usually lobed at the
proximal and distal ends with deeper invaginations
at the distal end; lateral sides of the cells are less
invaginated. On longitudinal sections mesophyll
cells often have a palisade-like outline with rare lobes
(Fig. 1, B), suggesting that the lobes are oriented
preferentially in one direction, perpendicular to
the central axis of the needle (oriented radially
to epidermis). Intercellular airspaces are well
developed, but mesophyll cells are packed more
loosely on longitudinal section creating files of
cells (Fig. 1, A, B). The 3D reconstruction and
longitudinal sections show that the cells are more
irregularly shaped in the longitudinal plane than
could be expected from the cross sections. Some
single mesophyll cells extend from the hypodermis
to the endodermis, indicating that the mesophyll
is not strictly bilayered (Fig. 2). Such cells are bent
in a tangential plane so that in cross sections only
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Fig. 2. Serial cross sections through mesophyll of Pinus sylvestris showing mesophyll cell extended from hypodermis to
endodermis (labelled by red asterisk). The total number of sections is 351. The serial number of individual section is in
the right corner of the image. En — endodermis; H — hypodermis; IAS — intercellular airspace; M — mesophyll cell; St —

stomata. Scale: 50 um.

a part of the cell is visible. This is especially true for
mesophyll cells around the substomatal cavity.

Mesophyll cell structure during growing season

In St. Petersburg, growing season lasts from April
to November. At that time, 2D and 3D images show
that mesophyll cells contain a large central vacuole
with cytoplasm located parietally and nucleus
located in central part of the cell inside of cytosolic
strand (Fig. 3, 4). Vacuole contains lipid droplets

and globular deposits (tannins). Chloroplasts are
positioned along the cell walls covering the inner
wall areas faced to airspaces more densely than those
adjacent to other neighboring cells or folds of the cell
wall. 3D images visualize chloroplasts as arranged
tightly and having classical flatten-lens shape without
protrusions (Fig. 4, B—D). Chloroplasts have well
developed thylakoid system consisting of big grana
and stromal thylakoids (Fig. 3, C). Mitochondria
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Fig. 3. Transmission electron microscopy of mesophyll cells in outdoor- (A—C, F) and indoor-grown (D, E) Pinus sylvestris.
A, B, D. Cross sections in the midplane of a mesophyll cell in July (A) and February (B, D). C, E, F. Cross sections of
chloroplasts in July (C) and February (E, F). Ch — chloroplasts; CW — cell wall; DT — doubled thylakoids; G — grana; N —
nucleus; T — tannins; V — vacuole. Scales: A, B, D, 10 um; C, E, 1 um; F, 0.5 um.

usually but not necessarily are associated with in the orientation of chloroplasts and their movement

chloroplasts. Mesophyll cell ultrastructure is similar  towards the distal and proximal ends of cells along
in plants grown out- and indoors. the cell walls.

Mesophyll cell structure during winter The typical “winter” cellular structure is observed
Outdoors, the transition period of structural in November-December and continues until March-
changes begins in October-November with a change April, depending on weather conditions. At this time,
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Fig. 4. 3D reconstruction of mesophyll cells of Pinus sylvestris during vegetation (May—October) period. A. Cross section in
the midplane of the cell. B—D. 3D reconstruction of chloroplasts located along the cell wall showing “summer” positioning
(cell wall is not presented on the reconstruction), view from the lateral side of the cell (B) and view from the hypodermis (C)
showing absence of chloroplasts along the adjacent cell walls (arrows) (D). Ch — chloroplasts; CW — cell wall; N — nucleus;

V — vacuole. Scales: A—D, 10 um.

the central vacuole decreases in size with increase
of cytoplasm volume (Fig. 3, B, 5, A). The cisterns
of rough endoplasmic reticulum disappear, but
tubular elements of smooth endoplasmic reticulum
appear. The number and size of lipid droplets
located in the cytosol along the plasma membrane
and in the vacuole increase (not shown). The general
topography of organelles in the cell changes; they
are randomly grouped in folds formed by cell wall
invaginations (lobes) (Fig. 3, B, 5, A). Chloroplasts

are usually clumped close to each other contacting
by envelopes. The volume of chloroplasts increase
due to the increase of stroma. The thylakoid system
maintains its integrity while it is reorganized
with drastic reduction in the size of grana up to
2—3 thylakoids per grana (Fig. 3, F). Analysis of
serial sections showed that doubled thylakoids have
a large diameter (often extending through the entire
chloroplast) and can be recognized as a round plates
lying parallel to each other. Starch disappears.
BOTAHUYECKUM XYPHA
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On 2D sections, the chloroplasts are swollen with
slightly undulated envelope. Some chloroplasts
have thylakoid-free protrusions filled with stroma
containing plastoglobuli. Roundish bodies, com-
parable in size to mitochondria and surrounded by
a double-membrane envelope, are cross sections of
these protrusions. 3D reconstructions confirm that
most chloroplasts have extremely irregular shape
with short (up to 3 um) protrusions measuring
0.3—0.6 um in diameter (Fig. 5, B—D). Outgrowths
have similar diameter and usually tightly contacts
with neighboring chloroplasts. Additionally, 3D view
shows that mitochondria are not associated with
individual chloroplasts and grouped together near
the chloroplast conglomerates or in chloroplasts-free
areas of cells (often near the nucleus).

In April, the restoration of the summer structure
of mesophyll cells begins and the cells acquire a
structure characteristic to the growing season to the
end of May.

Indoors, no reorganization of mesophyll cell
ultrastructure is detected. The general topography
of the organelles in the cell remains unchanged:
chloroplasts do not move into the folds formed
by the outgrowths of the cell wall (Fig. 3, D). The
endoplasmic reticulum is of a granular type. In
contrast to natural conditions, the granal structure
of chloroplasts remains practically unchanged, and
starch grains do not disappear completely (Fig. 3, E).

DISCUSSION

Induction of seasonal structural changes

A comparative analysis of mesophyll cell structure
in pine trees growing out- and indoors showed that
low temperatures stimulate structural reorganization
during autumn cold acclimation. It is low tem-
perature that triggers a decrease in the volume of
central vacuole, the development of tubular smooth
endoplasmic reticulum, the reorganization of
chloroplast thylakoid system, and the relocation of
chloroplasts into the cell lobes. All changes in the
structure are reversible and the summer structure
is restored by the next growing season together
with the increase of outdoor temperature. Using
different experimental models, the contribution of
temperatures to structural reorganization was shown
for Taxus cuspidata mesophyll cells (Miroslavov,
Koteyeva, 2002; Tanaka, 2007).
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Low temperatures and short photoperiod with
light quality shift are the main environmental
signals that induce cold acclimation and cold
hardiness including a range of physiological,
structural and molecular responses (Oquist, Huner,
2003; Welling, Palva, 2006; Chang et al., 2021).
However, cold acclimation events vary in timing,
suggesting different contributions of climatic factors.
It is believed that the short day characteristic to
early autumn leads to cessation of growth and
induces an initial dormancy, which is controlled by
internal factors (Lloyd et al., 1996; Lee et al., 2017).
The annual regularity in the day length change
makes photoperiod the most reliable for initiating
dormancy among the abiotic factors. In contrast,
downregulation of photosynthesis, characteristic of
evergreen trees, occurs later in autumn and is caused
primarily by low temperatures. It was shown that
onset of low temperatures triggers the decrease of
the fluidity of the thylakoid membrane, inactivation
of PSII reaction centers, reorganization of light
harvesting complexes, inhibition of the regeneration
of ribulose bisphosphate and decreasing the
efficiency of Rubisco carboxylation (Ottander et al.,
1995; Vogg et al., 1998; Savitch et al., 2002; Crosatti
et al., 2013; Brunkard et al., 2015; Fréchette et al.,
2016). Here, we show that low temperatures induce
structural reorganization of chloroplasts that are
closely associated with decrease of photosynthetic
activity and photoprotection.

Of course, the photosynthetic apparatus responds
to seasonal changes in light intensity and decrease in
day length (Fréchette et al., 2016). In particular, the
pigment system is reorganized under short day (Vogg
et al., 1998). However, retained chlorophyll captures
light throughout the winter due to the structural
rearrangements that increase the assimilative
capacity of each photosynthetic unit (Vogg et al.,
1998; Ensminger et al., 2006). The photosynthetic
capacity is maintained even under low temperatures
(Vogg et al., 1998). Maintaining the functioning of
the energy donor tissues and continue photosynthesis
to maximize the carbon gain over the longer period
(as long as the temperature is favorable) seems to be
beneficial for evergreen species in temperate zone.

Spatial structural organization of mesophyll cells
and cold acclimation

Significant inaccuracy in 2D studies causes mis-
understanding of organelle arrangement, especially
when irregularly shaped chloroplasts overlap during
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Fig. 5. 3D reconstruction of chloroplasts in mesophyll cells of Pinus sylvestris during winter (November—April). A. Cross
section in the midplane of the cell. B, C. 3D reconstruction of chloroplasts grouped in one of the mesophyll cell lobe (cell
wall is not presented on the reconstruction), view from the lateral side of the cell (B) and view from the hypodermis (C).
D. 3D reconstruction of a single chloroplast viewed from different sides showing irregular shape and several protrusions.
Ch — chloroplasts; CW — cell wall; N — nucleus; V — vacuole. Scales: A—C, 10 um; D, 5 um.

aggregations (Yamakawa et al., 2023) or there is special
selective pattern of cellular organization (Ovsyannikov,
Koteyeva, 2020). For example, in mesophyll cells
of Picea species chloroplasts are located along two
opposite radial cell walls facing the airspaces and are
almost absent on the lateral sides. This mesophyll
architecture results in the visual appearance of only a
few chloroplasts in 2D cross section. Study of seasonal
changes in mesophyll on 2D plane showed that
chloroplasts are grouped together during winter (Senser

etal., 1975; Soikkeli, 1978). However, 3D reconstruction
using light microscopic (LM) serial sections revealed
more complex pattern of mesophyll winter structure
in Picea species (Ovsyannikov, Koteyeva, 2020). The
chloroplasts during cold acclimation moved towards
the newly formed cytoplasmic strand that penetrated
through the central vacuole in P. pungens or was
attached to the radial cell wall in P. obovata, connecting
two opposite sides of the cell. 3D view allowed also to
reveal multiple vesicles involved in strand construction.
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However, the cellular machinery of targeted chloroplast
movement is still unknown.

To overcome the limitations of 2D TEM imaging,
we applied SBF SEM techniques for 3D reconstruction
of the pine mesophyll cell. In contrast to serial LM
sections, SBF SEM allows to reveal intracellular
organization at the ultrastructural level. Compared to
basic TEM, sample preparation protocol for the SBF
SEM includes additional heavy metal impregnation
to increase the contrast of cell components. Conifers
are considered difficult for sample preparation, even
for TEM, due to high levels of tannins and thick cell
walls (Soikkeli, 1980; Ebel et al., 1990). Protocol for
the SBF SEM used in current study showed excellent
conservation of the intracellular structure of pine
mesophyll.

In general chloroplasts have a conservative lens-
shaped shape, which is the most effective for light
absorption, and this is exactly the shape that is
characteristic of pine mesophyll in summer. 3D
reconstructions of chloroplasts using SBF SEM
revealed for the first time the complex shape
with outgrowths of chloroplast envelope during
winter time. Irregular plastid shape was described
previously for the leucoplasts and was related to the
synthesis and transport of secondary metabolites
(Muravnik, 2021). It was suggested that the increase
of surface area facilitates transmembrane exchange
through the plastid envelope. For chloroplasts, as
for most other types of plastids, dynamic stroma-
filled tubular protrusions have been described
(Hanson, Conklin, 2020). Chloroplast protrusions
called stromules vary in length (up to 20 um) and
width (0.3—0.8 um), and change their frequency
in response to internal (Brunkard et al., 2015) and
external signals including temperature (Holzinger
et al., 2007). The exact function of stromules is
unclear but it is suggested that they may be involved
in transmitting signals from the chloroplast to other
subcellular compartments (Brunkard et al., 2015).
Since stromules were defined as stroma-filled tubes
lIess than 0.8 um in diameter to distinguish them
from irregularly shaped plastids (Kohler, Hanson,
2000), chloroplast protrusions in P. sylvestris during
the winter can be identified as stromules.

There are several reports of stromule involvement
in chloroplast clustering around the nucleus, where
chloroplast movement is directed by stromule/
microtubule interactions (Hanson, Conklin, 2020).
In the present study, chloroplast movement is
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accompanied by change in shape, but multiple pro-
trusions develop only after chloroplast aggregation is
complete, and they have close contacts with neigh-
boring chloroplasts, anchoring them to each other.
It has also been shown in tobacco that stromules do
not affect plastid motility (Kwok, Hanson, 2003).
Although our results suggest the involvement of
stromules in chloroplast interactions but not in
chloroplast movement, further research is needed on
the function of stromules in cold acclimation.

The architecture of thylakoid membranes is a
highly dynamic system that quickly responds to
changes in the environment, especially the light
intensity (Kirchhoff, 2019). The combination of
low temperature and high irradiation causes pho-
toinhibition leading to the damage of photosynthetic
machinery in winter (Oquist, Huner, 2003). Re-
organization of thylakoid system with drastic decrea-
se of the number of appressed membranes in grana
found in pine chloroplasts during winter is related
to the photoprotective strategy. Unstacking of granal
thylakoids reduces photosystem II (PSII) that is
located in grana, is more sensitive to photodamage
(Andersson, Anderson, 1980) and facilitates protein
turnover and photoprotective thermal dissipation
(Oquist, Huner, 2003; Demmig-Adams et al., 2015).
However, remaining PSIIs are photochemically
active during the winter (Ottander et al., 1995)
and can also dissipate absorbed energy, which may
be important during unexpected winter thawing
(Oquist, Huner, 2003). Thus, reorganization of chlo-
roplast ultrastructure contributes to the protection
and to the maintenance of the functional integrity of
photosynthetic machinery during winter.

Chloroplast movement is a well known light-
dependent reaction that provides more effective
light absorption or protection from photodamage
(Wada et al., 2003). Temperature-dependent chlo-
roplast movement differs by the intracellular pattern
of organelle arrangement during movement and
after aggregation, as well as by reduction of leaf
photosynthetic capacity (Ovsyannikov, Koteyeva,
2020). Seasonal change of chloroplast position has
been reported for evergreen conifers suggesting
similar photoprotective strategy of winter survival
(Chabot, Chabot, 1975; Senser et al., 1975; Soikkeli,
1978; Martin, Oquist, 1979; Soikkeli, 1980; Koteyeva,
2002; Miroslavov, Koteyeva, 2002; Tanaka, 2007).
Using chloroplast unusual positioning 1 (chupl)
mutant of Arabidopsis thaliana it was shown that
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chloroplast positioning is crucial for photosynthetic
and metabolic acclimation to low temperature
during cold acclimation (Kitashova et al., 2021). It
was suggested that chloroplast grouping minimizes
photooxidation by limiting light energy absorption
(Tanaka, 2007). However, the precise physiological
role of chloroplast aggregation in winter remains
unclear and requires further experimental studies.

In summary, we provide the first 3D reconstruc-
tion of conifer mesophyll cell to show chloroplast
shape and relocation during change of seasons
using SBF SEM. We have shown that aggregation
of chloroplasts is accompanied by the formation
of protrusions of envelopes (stromules) involved in
chloroplast interactions and anchoring them to each
other. We definitely confirm that low temperature,
rather than short photoperiod, is the trigger for
chloroplast relocation and shape modification in
mesophyll cells of P. sylvestris.
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IIUTHY10 peakiuio. OqHako ¢akTop, BbI3bIBAIOLINI CTPYKTYPHbIE UBMEHEHU I, 10 CUX MOP OCTAeTCs
HenzyuyeHHbIM. C 1LeJIblo BBISIBJIEHUSI OCOOEHHOCTEI pacIoIOKEHU S XJI0POIIacTOB B T€YEHUE TOI0-
BOTO LIMKJIa U BJIMSTHUS TeEMIIEpATypbl Ha UX JABUXKEHUE ObLJIO N3YYEHO CTPOEHHE KJIETOK Me3oduiiia
Pinus sylvestris, BblpalliliBaeMbIX B OTKPBITOM U 3aKpbITOM I'pyHTe. CepuiiHas 6J104uHasi CKaHUpYIoIlast
aieKTpoHHast Mukpockonus (SBF SEM) ucnosib3oBaach Ajsi TpeXMEPHOI pEKOHCTPYKIIMU KJIETOK
Me3o¢uIa, YTOObI MOKa3aTh NPOCTPAHCTBEHHOE MOJOXEHNWE U U3MeHEeHUe (hOPMbI XJIOPOIMJIACTOB.
BhbisiBjIEHO, UTO B T€UeHUE BETETALIMOHHOIO MepHo/ia XJIOPOIMJIACThl UMEIOT XOPOILIO Pa3BUTYIO TUJIA-
KOMJHYIO CUCTEMY, pacrnojaraloTcs BAOJAb KJIETOYHOM CTEHKHW U 3aHUMAIOT NPEUMYIIECTBEHHO TY
4acTb KJETOYHOI CTEHKM, KOTopasl obpallieHa K MeXKJIeTHUKaM. JIBUKeHHe XJI0POIlJIacTOB Hauu-
HaeTcsl B OKTsI0pe-HOosI0pe, a 3MMOI OHU TPYIITMPYIOTCS B CKJIaAKax KJaeToK Me3oduiia. B aTto Bpe-
MsI TUJIAKOWIHAsI CUCTEMA MEPECTParuBaETCsl U COCTOUT MPEMMYILECTBEHHO U3 AJMHHBIX CIBOEHHBIX
TUIAKOUJOB U MEJKUX rpaH. 3D-peKOHCTPYKLMS MOKAa3bIBAET, YTO XJIOPOMJIACTHI OPUEHTUPOBAHBI
B CJIyyaifHOM TOpsIKe, YBEJINYHUBAIOT 00bEM CTPOMBI U 00pa3y0T MHOXKECTBEHHBIE BbIMSIYMBAHU S,
3aMO0JIHEHHBIE CTPOMOIi, KOTOPBIE MOXKHO PAcIlo3HaTh KaK CTPOMYJIbL. Y pacTeHUIi, BbIpallleHHBIX B yC-
JIOBUSIX OpaHXXepeu, CE30HHasl peopraHu3alusl yabTpacTpyKTypbl Me30(uJiIa He MPOUCXOAUT, UTO
MO3BOJISIET MPEATIOJI0XKNUTh, YTO UMEHHO HU3KHE TeMIepaTypbl, HO He (h)OTONEpUO U Ka4eCTBO CBETA,
WHAYLUPYIOT CE30HHOE IBUXKEHUE XJIOPOIJIACTOB B Me3oduiiie P. sylvestris. Mbl moaTBepXaaeM, 4YTO
3D-peKOHCTPYKIUS SIBJISIETCSI MOLIHBIM MHCTPYMEHTOM B M3YUY€HUU U3MEHEHUI MoJIoKeHUs U ¢op-
MBI XJIOPOILJIaCTOB, BbI3BAHHBIX HU3KOM TEMIIEpaTypoil.

Kuatouessie cioBa: Pinus sylvestris, Me30(pUILI, IBUXEHUE XJTOPOIJIACTOB, CE30HHBIC U3BMEHEHMSI, HU3-
Kue TeMIiepaTypbl, 3D-peKOHCTpYKIMS
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[IpuBeneHs CBeICHUS O pacIpocTpaHeHNN B MaramaHCKOM 001acTh, (GUTOIEHOTUYECKOM IIPUY-
POYECHHOCTH M HEKOTOPHEIX 0COOCHHOCTX omonoruu Magadania olaénsis (Gorovoi et N.S. Pavlova)
Pimenov et Lavrova — penkoro Buma, BKIo4eHHOro B KpacHyio kHury P®, mpencTtaBUTE IS OJUTO-
TUIHOrO pona Magadania, sHmeMu4yHOTrO 15 ceBepa JambHero Boctoka Poccun. BrisiBiaeHa 1mo-
HIaab apeaja BUIA, COCTABISIOMAas 0Koo 390 KM?, TOATOTOBJIEHA KapTa ero paclipoCTpaHEHU,
IlaHa OlLIEHKA YMCICHHOCTH (IIpUMepHO 4—8.5 THIC. 9K3eMILISIPOB). OxapaKTepHU30BaHEI OMOJIOTUS 1
CE30HHBII pUTM pPa3BUTUS M. olaénsis — MHOTOJICTHETO MOHOKAPITMKA, IIJIsI KOTOPOT'o XapaKTepHa
HecTaOMIIbHAsI CeMEeHHas MPOAYKTUBHOCTh. CeMeHa MpopacTaroT TOJIBKO MOCIe IINTEIbHON cTpa-
Tudunkanun. OnmucaHbl MECTOOOUTAHUS 1 OCHOBHEIEC PACTUTEIbHBIC COOOIIECTBA, B KOTOPBIX BUI
mpouspacTaet. JJaHbl peKOMEHIAIllMK 110 MepaM oxXpaHbl M. olaénsis.

KiroueBbie cjoBa: oxpaHsIeMbIil BUI, 9HIEMUYHBIN pon, Magadania olaénsis, IMCICHHOCTD MOMYJIsI-
Luii, apeaj, MaramgaHckast o6iactb, lanpHuit Bocrok Poccun, KpacHast kuura P®

DOI: 10.31857/S0006813624010032, EDN: FBRBVJ

Magadania olaénsis (Gorovoi et N.S. Pavlova) Pi-
menov et Lavrova — penkuit SHIEMUYHBIN BUI, 3a-
HeceHHBIN B KpacHyro kHury Poccuiickoit MDene-
pauuu', a Takxe B pernoHanbHble KpacHble Knuru
MaragaHckoi obysactu 1 XabapoBCKOTO Kpas
(Krasnaya..., 2019a, b). PaHee Ob1)1 BKJIIOUEH B Mep-
Boe n3nanue KpacHoii kauru Poccuiickoii Menepa-
nuu (Krasnaya..., 2008b) n Kpacuyro kaury PCOCP
(Krasnaya..., 1988).

M. olaénsis 6b11 onucan Kak Cnidium olaénse
Gorovoi et N.S. Pavlova cpaBHUTEJTLHO HEIaBHO,
o coopam 1970 1. (Gorovoy, Pavlova, 1972). OtoT
BUJI — IIPEICTaBUTENb OJIMTOTUITHOTO pona Maga-
dania, 3HAEMIUYIHOTO 1151 POCcCHU, KOTOPBIA COCTOUT
13 2 BUIOB, paHee OTHOCHBIIMXCS K JOBOJIBHO Yaa-
JneHHbIM ponam Cnidium v Conioselinum (C. victoris

! TIpuka3 MuUHKUCTEPCTBA IPUPOIHBIX PECYPCOB U 3KOJIOTUU
P® Ne 320 or 23.05.2023 “O6 yrBepxaeHuu IlepeuyHs o0b-
€KTOB PaCTUTEILHOTO MUpa, 3aHEeCEHHBIX B KpacHylo KHUTY
Poccuiickoit ®enepanyun”.
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Schischk. = Magadania victoris (Schischk.) M. Pimen.
et Lavrova). Cratyc pona Magadania n 61130CTh
2 BXOISIIIMX B HErO BUJIOB OBIJIM MOITBEPKICHBI
KaK MOp@dOJOruyecku, Tak M pesyJbTaTaMUu MO-
JIEKYJISIPHBIX KUCCeIOBaHUIN (CEKBEHUPOBAHUS
nrDNAITS) (Valiejo-Roman et al., 2006). Ha3sa-
Hue pona Magadania naHo Ucxonsl U3 reorpacpuye-
CKOI1 crieli(MKH BUOOB, 3TO eAMHCTBEHHBIN pox
30HTUYHBIX, SHJAeMUYHbIH 1151 Poccuu (Pimenov,
Ostroumova, 2012).

Pon Magadania c nByMs BUgaMu MpUHAIJIEKUT
K OXOTOMOPCKOM reorpaguieckoil rpymnre 3He-
MUKOB, T€HE31C KOTOPOI CBSI3aH C OXOTCKUM CEK-
TopoM poccuiickoro JlanbHero Boctoka (PIB).
OXOTCKM1 IEHTp SHAEMMU3Ma — OIMH U3 HanuboJee
MOIIIHBIX U Xopollo odopMuBiiuxcs. Creuudpu-
YECKOM €ro 0COOEHHOCTHIO CIIYXHT IIPUCYTCTBHUE
€IMHCTBEHHOI0 3HaAeMUuYHoro as JlanbHero Boc-
ToKa pona Magadania, inpo OopMUPYIOT SHAEMU-
KM U3 TAyUCKO-TUXUTUHCKON U TayMUCKO-YICKOMN
noarpyiit. Ponbl Magadania, a takxe Microbiota n
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Puc. 1. ®ororpacdus TunoBoro obpasua Magadania olaénsis u3 Tepoapuss ®HIL BuopasHoobpasus (VLA00000678).
Fig. 1. Photo of the type specimen of Magadania olaénsis from the Herbarium of Federal Scientific Center of the East Asia

Terrestrial Biodiversity (VLA00000678).

Acelidanthus oTHeCceHBI K 4Mcy HanboJiee TPeBHUX
3HAeMUYHBbIX ponoB ¢uopsl PIB (Kozhevnikov,
2007).

CucremaTrka 1 0COOEHHOCTU MOP(OIOTUM BUIA
1 polia moapoOHO oxapakTepu3oBaHbl (Gorovoy,
Pavlova, 1972; Pimenov, Lavrova, 1985; Pimenov,
Ostroumova, 2012). M3yyena MmukpomMopdoorus
monoB Magadania olaénsis u M. victoris: K HOBBIM
OVMAarHOCTUYECKUM IpU3HAKaM ISl TJIOJOB 3TO-
ro polia OTHECEHBI KPYIHbIE BHIMYKJIbIE KIETKU

BOTAHUYECKHWM XKYPHAJT Tom 109 Nel 2024

ak3okapma (Ostroumova, 2018). Hamu BBISIBJIEHBI
HOBbIe MecTOHaxoxaeHus M. olaénsis (Mochalova
et al., 2022). OnHako ony0JIuMKOBaHHbIE JaHHbIE
O pacIipocTpaHeHUU U 3Koaorum M. olaénsis mo-
CTAaTOYHO CKYIOHBI, a COBpeMeHHast ”HpopMaus
MIPUBOAMUTCS TOJBKO B perMoHaabHbIX KpacHBIX
kHurax (Krasnaya..., 2008a, c; 2019a, b). B cBs3u
C MOATOTOBKOI HOBOIo u3naHus KpacHoil KHUTH
P® MBI mpuBOINM aKTyaJIbHYIO MHPOPMAIIAIO
0 pacrnpocTpaHEeHUU, OUOJIOTMHU, (PUTOLIEHOTUYE-
CKOM MPpUYPOYEHHOCTU, YUCJIEHHOCTH MOy I I
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Magadania olaénsis Ha TeppuTopuu MaragaHCKOMI
o6JacTu.

MATEPUAJIBI 1 METObI

PaiioH uccieqoBaHMil pacloJIoOXKEH B IOXHOM
yacTu MaramaHcKoii obOmactu Mexay 59°10' u
60°45' c.i1. B OnbckoMm, TeHBKMHCKOM U XAacCBIH-
CKOM aJIMMHUCTPATUBHBIX paiioHax. bonbiias
yacTh TeppuTopuu HaxoauTcss Ha Oxorcko-Ko-
JILIMCKOM Bojopasieje B 0acceitHe BEepXHETo Te-
yeHU p. OJbI, MEHBIIIAasA — Ha CEBepO-3aIlafHOM
nobepexbe U ocTpoBax TayiicKoii ryObl.

ITo ¢pyopucTruyeckomMy paiioHMpoOBaHUIO 00Ja-
ctu (Flora.., 2010) TeppuTopusI BXOOUT B COCTaB
Oxotcko-KombiMckoro 1 OXoTcKOTo (JIOpUCTU-
YEeCKUX PaliOHOB.

B reonmormyeckoM OTHOIIEHHU PaiioH HCCIIE-
MIOBaHM S pacHojoXeH B Ipeneiax IIprmoxorckoro
cexTopa OxoTrcko-YyKOTCKOTo BYJKaHUYECKO-
ro nosica. B paitone mbicoB Kup n Xapous (6113
ATapraHCKOI KOCBI) CKJIOHBI CJIOKE€HBI BYJIKaHO-
T€HHBIMU 1 BYJIKAHOT€HHO-0CAI0YHBIMU OTJIOXE-
HusMU. [1o OeperoBbIM OOHAXKEHUSM TIPEACTaBIIE-
HBI CyOBYJKaHUYECKHE 00pa30BaHUs U3 0a3aJIbTOB
C IPOCIOSIMU aHIE3UTOB, TY(GOB, IOPOA PaHHEME-
JIOBOI Mena3KcKoi Toaimu. bonbinast yacts Tep-
putopun OIbCKOIo MJIATO MpeacTaBiieHa 0a3alib-
TaM¥ MBITIBIKUTCKOM CBUTHI U aHIe310a3albTaMu,
3aMOJIHAIOIIUMU KPYIIHYIO BYJIKAHO-TEKTOHU-
YEeCKYI0 CTPYKTYpy ILIOWIAAbI0 OKOJO 600 KMm?
(Ivanov, Malakhova, 2014; Geologicheskie..., 2021).

Kanmat OnbcKoro 1miaTo B IuTepaType He oxa-
paKTepu30BaH, IIO3TOMY IIpUBEAEM OTaHHBIE IS
KOHTUHEHTaJbHOM yacTu XachIHCKOTO paiioHa
no naHHbeIM I'MC “Tanas”. 3To TeppUTOpUSI C MO-
PO3HOM 3UMOI1, TEMJIBLIM JIETOM W 3HAYMTECIbHBIM
KOJIMYECTBOM OcanKoB. CpedHsIsI TOIOBAsT TEMIIE-
paTtypa Bo3ayxa coctaBisieT —11.4°C, cpenHsas me-
csyHasg TeMmnepaTtypa sHBaps — —34.3°C, uwonsa —
+13.5°C. TonoBoe KOau4ecTBO 0CaaKoB — 449 MM,
cpemHee KOJIMYEeCTBO OCAaAKOB B STHBape — 32 MM,
B Uioje — 79 MM. be3aMopo3HbIil nepuoa NpoaoJ-
>KaeTcs B cpeaHeM 48 nHeil, a MaKCUMyM — 74 THSL.
[lepBEIit 3aMOPO30K B BO3AYXE IIPUXOIUTCS B Cpell-
HeM Ha 10 aBrycra, TmociaenfHWI — Ha 22 WIOHS.
CHeXHBIN MMOKPOB HEpaBHOMEPHBIN, cpeaHss
rojoBasi BbICOTa CHEXXHOro MOKpOBa COCTaBJIS-
eT 69 CM, CHer cXoOuT OObIYHO K Hayajly UIOHS
(Klukin, 1970). Ha OabsckoMm IjgaTo ropasmo

MOYAIJIOBA u np.

paHblIIe, YeM Ha OJM3JIeXalluX TEPPUTOPUSIX, BbI-
ImajgaeT CHET, a CHJIa BeTpa 3HAYMTEILHO BHIIIIEC.

Knumat nobepexns: Tayiickoii ryobl MOpCKOt
1 YMEPEHHO KOHTHMHEHTAJIbHBIN, IJISI TEPPUTOPUN
CBOMCTBEHHBI N30BITOYHOE YBJIAaXXKHEHUE, XOJI0THOE
JIETO, CHexXXHasl 3uMa. [IpoaoaXuTeabHOCTh 3UM-
HEro nepuroa OKoJIo 5 Mecsd1eB (HOsIOpb — MapT), a
JIETHETO Iepuona — He 6ojee 3 mecsieB. CpemHss
TeMIlepaTypa BO3ayXa CaMOro TeIlJIOTO Mecslia —
ntonsg — +10...+12°C, nns Jieta xapakTepHbl ya-
CThIe TYMaHBbl, CyMMa OCaJKOB 3a JETHUM Mepuo
280—330 MM. 3UMBI CHEXXHBIE, CpPEIHI S TeMIlepa-
Typa ssHBapsa — —22...—26°C, cHeXHBbIl TOKPOB He-
paBHOMEPHEI1 M3-3a BETPOBOTO IIepepacipeaese-
Hus. I'ogoBoe KonnyecTBo ocaakoB — 400—500 MM,
CpenHss BbICOTa CHEXXHOro mokposa — 60—70 cm
(Klukin, 1970; Zamoshch, 2006).

Ilo arpoxknumaTtueckomy paitonnpoanuio (Khly-
novskaya, 1981) u Onbckoe 11aTo, 1 ATapraH OTHe-
CEHBI K JIECOTYHAPOBEIM JlaHAIIadTaM ¢ CyMMOi1
temmepatyp 1000—800°C 3a mepuon co cpeaHecy-
TOUYHOM TemnepaTypoii Bo3ayxa Boeiie +5°C. IIpu
3TOM CyMMa TeMIIepaTyp Ha CKJIOHAX IOXHOI 9KC-
no3unuu coctaBasgeT 1000—1200°C, a Ha cKIJIOHAX
ceBepHoOit — 600—800°C.

TToneBrie pa®OTHI C LIeJIbI0O U3YUEHUS apeaia,
yCJIOBUI TTpou3pacTaHusl, eHOJTOrMYeCKUX aAaT
MMPOBOAUINCH MAapPLIPYTHBIM METOIOM, TaKXKe OIH-
CBIBAJIaCh PaCTUTEIBHOCTh HA Y9aCTKaX C BEICOKOI
YyCcJAeHHOCThIO Buga. PaboTsl Ha OnbCKOM I1JIATO
nposoauauck B 2010, 2011, 2017, 2019, 2020 rr. B Te-
yeHue 1—2 Hedenb 3a Ce30H, B OKPECTHOCTSIX ATap-
raHckoit kocel — B 2012, 2013, 2016, 2017 1 2020 .
B TedeHHMe 1—2 KpaTKOBpPEMEHHBIX MMOE3I0K 3a ce-
30H. DKCITEANIIMY Ha OCTPOBa MPEeIITPUHNMAJINCh
B 2009, 2010 1 2013 rr. Kpome Toro, B 2019—2022 rr.
0o0cien0BaauCh CXOMHBIE 110 Te0JIOTUYECKUM TTOpO-
JaM ygacTku OxoTcko-KoasMcKoro Bogopasaena
C LIeJIbIO OMCKA HOBBIX MECTOHAXOXIECHUI BUIA.

Ha mapuipyrax KapTupoBajuch MECTOHAXOX-
neHust Magadania olaénsis ¢ ucolb30BaHUEM
GPS-HaBuraropa, a Takxxe MecTa KOHLEHTpalluu
3TOro Bujga. YucjaeHHOCTh MOIYJISILIMM OlleHUBa-
Jlach TyTeM mnojcueTa ocobeil B MecTaX KOHILEH-
TPALMU C MOCJEAYIOLIMM IIEPECUYETOM Ha IJI0IIa b
nmoaxonsimux Mectrooouranuii. [lockoabKy pacTe-
HUS IIpOU3pacTaloT OOBIYHO MOOJMHOYKE, IJIO-
LIAJIKU He 3aKJ1aJbIBaJIMCh, OLIEHMBAJIaCh IJIOLIAb,
MpuXxonsascs B cpeaiHeM Ha ogHo pacreHue. Oc-
HOBHBIE MCCJIENOBaHUSI MPOBOAUINUCH Ha ONbCKOM

BOTAHUYECKHWM XYPHAJT Ttom 109 Nel 2024
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IJ1aTO, TOe pacmoiaraerca 95% miomanu apeajia
(XacerHCKM 1 TeHBKMHCKUM pailoHBI), a TaKXKe
Ha nobepexbe Tayiickoii ryonl B 7—20 KM BOCTOY-
Hee noc. Oyla — OKpPECTHOCTU ATapraHCKON KOCHI U
MbicoB Kup u Xap6us (Onbckuii paiioH).

s onpeneieHUSI CEMEHHOM ITPOTYKTUBHOCTH
Ha KJIIOYEBOM y4acTKe Ha CKJIOHE I0ro-3araaHoit
9KCITO3UIIMU B OCHOBAaHUU ATapraHCKOI KOCHI CO-
Oupalluch co3peBlIne cemMeHa B ceHTs0pe 2012 1.
(15 pacrenmnii) u 2016 r. (15 pacteHuii), a Takxe
B aBrycte 2020 1. (10 pactenwuii). ITocne moacuera
CEMEHHOM ITPONYKTUBHOCTHY AMACIIOPHI BO3BpaIla-
Juch B mpupoay. B 2017 r. Ha 3TOM y4yacTKe He ObLIO
OTMEUEHO LBETYIIUX U TIOJOHOCSIINX PACTEHUIA,
HECMOTPSI Ha lieJieHallpaBieHHbIe moucku. CeMeH-
Hasl IPOAYKTUBHOCTD OLIEHMBaJach MO METONMKE,
npeanoxeHHoil E.A. Xonauek (Khodachek, 1996):
onpenensinuch yciioBHo-peanbpHas (Y PCIIT) — 06-
IIee KOJIMIECTBO CEMSTH, BKII04asl HECO3PEBIIINE,
IIYIIJIbIE W TOBPEXKACHHBIC, B CpeaAHEeM Ha OTHO
pactenue (y M. olaénsis 3T0, KaK IpaBujIo, OAHO
COILJIONNE C BBI3PEBIINMMHU CEMEHAMHM) — U peajlb-
Hasl ceMeHHas nmpoaykKTuBHocTh (PCIT) — xonuye-
CTBO BBI3PEBIIMX CEMSH, a TakKxXe KO3(h UIIUEHT
CO3peBaHUSI KakK IIPOLEHT BhI3peBIINX ceMsiH. Ce-
MeHa IJisl onpelesieHUusI BCXOXECTU ObIIU coOpa-
HBI Ha Onbekom marto 31.08.2011, 3aTeMm, mocie 3
u 8.5 mecsina xpaHeHus npu +18...+20°C npopa-
IIMBAJIVCh Ha GUILTPOBAJIbHOM OyMare B yallkax
IleTpu B yeThIpex MOBTOPHOCTSIX MO 25 MITYK B
pa3HbIX BapuaHTax: 1) mocne 3 Mecsi1ieB XpaHeHUST
ceMeHa npopamuBanauchk npu +18...+20°C B Teue-
Hue 5 Mecs1es; 2) ipu +5°C B TeueHHNe 5 MecsI1IeB,
3areM nipu +18...+20°C B Teuenue 3.5 mecdia, npn
+5°C B TeueHue 4 mecs1ieB u 3aTeM npu +18...+20°C
B TeueHHe 1 Mecsua. Bropoii BapuaHT ObLI MpU-
MEHEH Tocjie TOro, Kak ceMeHa He TIPOpOCIu IMpu
+18...+20°C, a nmocie cTpaTuduKaluu B TeUECHUE
5 MecaneB npu +5°C BcXoxecTh Obljla HU3KOI.
CraructTnyeckass o00paboTKa TaHHBIX TPOBOAMIIACH
B mporpammMe Microsoft Excel 2010.

HazBaHusa BUOOB COCYAMCTBIX PAaCTCHUI MpPU-
BeaeHEI o IPNI (International Plant Name Index).

PE3VJIBTATbBI

Homenkaarypa, TunoBbie o0pa3subl. Magadania
olaénsis (Gorovoi et N.S. Pavlova) Pimenov et Lav-
rova, 1985, bor. xxypH. 70(4): 532; [ImmeHoB, 1987,
Cocyu. pact. coB. JaabH. BocT. 2: 246; ®di1. 1 pacr.
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Maran. o6i., 2010: 194; ITumenoB, OcTpoyMoOBa,
2012, 3outuunsle (Umbeliferac) Poccum: 240. —
Cnidium olaénse Gorovoi et N.S. Pavlova, 1972,
bron. I'n. 6oran. cana AH CCCP, 85: 47. — Ochotia
olaénsis (Gorovoi et N.S. Pavlova) A.P. Khokhr.
1985, di. MaragaH. o6:1.: 264, 348, nom. superfl.

Tun Bo BnaguBoctoke: MaragaHckast 06.1., Xa-
CBIHCKMI p-H, noc. A6aoHeBbii (150 kM o Marana-
Ha), Ha XpeOTe TIPUOIN3NTEIILHO B 3 KM CEBEPO-BOC-
TOYHee mocelika, B 5—6 KM 1oxHee I. KBapueBas,
Ha meoHucTeix yyactkax, 10 VIII 1970, I1.T. To-
posoii, T.I1. TopoBas (VLA00000678, puc. 1). Or-
MeTHuM, 4To B iepBoonucanum C. olaense (Gorovoy,
Pavlova, 1972) He NOJIHOCTBIO ITPOLIMTUPOBAaHA ITHU-
KeTka: «Tum: MaramaHckast 06J1., XachIHCKUi p-H,
noc. “150-i1 kM” Ha Tpacce MaragaH — SlrogHoe,
y BEPLIMHBI XpedTa B 5—6 KM 1oxxHee ropsl KBap-
LeBas, Ha 1eOHUCThIX yyacTKkax, 10 VIII 1970. uBs.
u 1. I1.T. TopoBoii u T.I1. T'opoBas». Tam xe nipu-
BeACHHI ABa Maparuna: “MaragaHckas oou., 150-it
KM oT MaragaHa o tpacce K 1oc. SlromHoe, y Bep-
muHEB Xxpebta, 6 VIII 1969, H.C. I1aBioBa. Mara-
naHckas o61., Onbckoe miiaTto, B 180 KM ceBepHee
Maramana, 5 I1X 1970, B.A. FOpues u A.Il. Xoxps-
koB. B Mockse, 'bC”. Ilo3muee (Pimenov, Lavrova,
1985) mpu onmcaHum HOBOTO poma Magadania
OBLIM TIepednCIIeHBI 12 MccliemoBaHHBIX 00pa3IioB
(specimena examinata), KOTOpbIe OBIIM U3yYEHBI
Bo VLA, MW, MAG. B moHorpadun “30HTUIHEIE
Poccun” (Pimenov, Ostroumova, 2012) omn60o4HO,
XOTS U C BOIIPOCOM, YKa3aHO, UTO FOJIOTUI XpaHUT-
ca B MHA.

YhnoMmsgaHyThle B IpoTojaore mapatumnsl B MHA
He HaligeHsl (C.A. TTonyskToB n H.FO. Crermano-
Ba, ycTHoe coobmeHue). B MHA xpanutcsa npy-
roit coop Bb.A. FOpuena n A.Il. XoxpsskoBa: “Ma-
rajgaHckas o6.., XacblHCKUI p-H, KAHbOH MCTOKOB
Onel, y Kpasg nOIMMWHBI, 6a3anbTel, 4 1X 19707
(MHAO0324806). B I'epbapun MI'Y ¢ noMmeTKamMu
“TonmoTuI” M “specimen authenticum” HaxomuTCs
obpaszerr MWO0118856: “Maranganckast 06i1., 150 km
KonwsiMckoit Tpacchl 1moc. SI6J0HEBBI, MTpaBbIid
oeper p. Onbl, EOHUCTHIN CKJIOH C pa3peKeHHBIM
ctmanukom 10 VIII 1978, A.I1. Xoxpsikos, O.A. Ty-
30B”. DTHKETKA 3TOro odpaslia OMUCHIBAeT reorpa-
(pryeckoe mosoXeHUe MPUMEPHO TOTO Xe MecTa,
rae OblJ1 coOOpaH roJ0TUI, TaK YTO MOXET OBbITh TO-
IMOTUIIOM, OMHAKO 00pa3ell He SIBJISeTCs specimen
authenticum, T.K. HUKaK1X IIOMETOK WJIX OIIpee-
JINTEJIbHBIX 3TUKETOK aBTOPOB TAKCOHA HA HEM HET.
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Hpyrue cooper 1970-x IT. XpaHsaTcs, kpome MAG,
B MHA u VLA (MHA0324807, MHAO0324808,
MHAO0324809, MHA0324810, VLA: Ne 219579,
Ne 219582, Ne 219580, Ne 219581). B BUH PAH
(LE) o6pa310B HerT.

O0pa3usl ¢ xpeoTa JIxyraxyp B AgsHo-MaiickoM
p-He XabapoBckoro kpas Bo VLA: “10XHoe mjiedo
r. Tonko, 18 VIII 1977, A. bobpos, B. Bacunbes”
(Ne 219578), “npuBeplIMHHA 4acTh Oro-3amaj-
Horo miieva T. Torko (1906 m), 21 VIII 1977, A. bo-
6poB” (Ne 219576, No 219577).

OcHoBHBIE TepbapHble coopbl M. olaénsis xpa-
HATCI B repbapun MHCTUTYTAa OMOJOTUYECKUX
mpobsem Cesepa IBO PAH (MAG) — 38 nmucToB
(mpuJj.) U mpeacTaBiAeHbl B BUPTYaJbHbBIX repda-
pusix https://herbarium.ibpn.ru/ n https://plant.
depo.msu.ru/. U3 Hux 4 MOryT paccMaTpuBaTh-
ca kak tonotunsl: MAG0013307, MAG0013305,
MAGO0013306, MAG0014324. Ha noprane Global
Biodiversity International Facility (GBIF) — 58 me-
CTOHAXOXIEHM: 3To repdbapHbie oOpa3usl MAG
(36), MW (1), 4 — naHHbIE U3 TUTEPATYPHBIX UCTOY-
HHMKOB TI0 JJOKaJbHBIM (iiopaM (2 B XabapOBCKOM
Kpae u 2 B MaragaHcKoii 061acTu — Ha 0. 3aBbs-
JnoBa 1 OabCKOM IJIaTO), a Takxe 17 potorpaduii
(HabJIONeHUI MccIea0BaTeIbCKOrO YPOBHS), 3a-
rpy>keHHBIX HamMu Ha caiiT iNaturalist (GBIF, 2023).

Mopdoiornueckoe onucanue Magadania olaénsis
(Buma M pona) cOoCTaBJCHBI OYEHBb ITOAPOOHO
(Gorovoy, Pavlova, 1972; Pimenov, Lavrova, 1985;
Pimenov, Ostroumova, 2012). JonoJHUM Onyoau-
KOBaHHbIE TaHHBIE TEM, YTO OOKOBBIX BETBEI, OT-
XOISIIIMX OT TeHEepaTUBHOTO mo6era, o0bIYHo 1—2
(penxo 3—5). Cyng o repbapHBIM coopaM B MAG,
MHA, MW u VLA (68 pacreHuil), mnpuMepHO
C OIMHAKOBOI 4acTOTON BCTpeyaloTcsl ocodu
¢ npocThIM cTebsieM (15) U ¢ OHHUM HOTOJHUTE b-
HBIM colBeTHeM (16), HECKOJILKO Yallle — C IBYMsI
OOKOBBIMU COLIBETUSAMM (22), 3HAYUTETHHO peKe —
c TpeMs (9), yeTbipbMs (4) U NATHIO (2) OOKOBBI-
MU COLBETUSIMU. [IlMaMeTp 30HTUKOB Ha OOKOBBIX
BETBSIX BCErIa MEHbIlIe, YeM LieHTpajabHoro. 1iu-
Ha OOKOBBIX BETBEI MOXET OBITh KaK OoJible (4TO
yka3zano I1.I. T'oposeim 1 H.C. I1aBmoBoit (Gorovoy,
Pavlova, 1972), Tak u MeHbllle TJIaBHOTO CcTeO4.
JnuHa 3peabIX MJIOLOB, IO HAIIMM JaHHBIM, CO-
cTaBuja oT 3 10 6.5 MM, IUpUHaA — OT 2.5 1o
4.5 MM (cpemHMe JaHHEBIe TIPeACTaBICHEI B Ta0I. 1).

ComaTHnyecKoe 4HCJ0 XxpoMocoM Magadania
olaénsis ompenensiioch U3 ABYX OCHOBHBIX

MOYAIJIOBA u np.

MECTOHAXOXAEHUM — U3 OKpecTHOCTell ATapraH-
ckoit kochl (Volkova, Gorovoy, 2011; Volkova, 2015)
n ¢ Onsckoro miato (Andriyanova, Mochalova,
2016). Bo Bcex caydasx omnpeneeHo TUTIIONIHOE
YUCJIO XPOMOCOM 2n = 22,

PacnpocTpaneHue U OlleHKA YHCJIEHHOCTH MOMY-
asumit. Magadania olaénsis — sHIEMUK POCCUICKO-
ro JlanrHero Boctoka (MaragaHckoit 061acTu u
XabapoBCcKOro kpasi), onucaHHbiii ¢ OJbCKOro Iia-
TO U3 OKpECTHOCTeM noc. SI0IoHeBbI# (3a0polIeH-
Horo B HayaJje 2000-x IT.), OCHOBHAasI 4acThb apeaJjia
KOTOPOro pacnojioxxeHa B MaragaHcKoi 06J1acTu.
M3BecTHO TaKXKe N30JIMPOBAHHOE MECTOHAXOXIE-
Hue B AsgHo-MaiickoM p-He XabapoBCKOTO Kpasi
Ha xp. Axyrmxyp, r. Tornko, 57°06' N, 137°24"' E,
KoTopoe HaxoauTcs B 730—950 KM K 1oro-zamany
OT MaraJaHCKUX MOMyJsSIUil. Apeas Bula UMeeT
IU3BIOHKTUBHBIN PEJIMKTOBEIM XapaKTep.

B MaranaHckoit 001acTl BCTpedaeTcsl B IBYX
rpyImax MecToHaxoxXaeHMi: Ha OXoTcko-KorbiMm-
CKOM BOJOpa3aesie U Ha Mobepexkbe U OCTPOBaX
Tayiickoii ryonl (puc. 2). boabiias yacTes apeaja
M. olaénsis pactonoxerna Ha OxoTcko-Koabim-
CKOM Bonopasaene, Ha OJbCKOM I1J1aTO, KOTOPOE
IpencTaBisieT cO00M MacCUBHOE TOPHOE MOMTHSI-
THe ¢ a0COMIOTHBIMU OTMeTKamMu oT 1000 1o 1662 m
HaJ yp. M. ¥ Iiomaabio 6osee 600 km2. I riaaTo
XapaKTepeH CIIaXXKeHHBIN CpeIHETrOpHBIN pelbed,
0oJIbllIasl ero YacTh CJIOXeHa MI0CKOo3ajeraonm-
MU TpeTHYHBIMHU 6a3anbTamu (Ivanov, Malakhova,
2014). Onbckoe 1aaTo Ha (poHe OKPYXKaIOLIMUX MOd-
HsITu# KoJIBIMCKOTO Haropbs IIpeacTaBIIsIeT CBOe-
00pa3HbIi (IOPUCTUYECKUIT 0a3UC, MECTO KOH-
LIEHTpaluu peauKToBbIX pacTeHUil (Khokhryakov,
Yurtsev, 1974; Yurtsev, Khokhryakov, 1975). ®nopa
TOBOJIBHO XOPOIIO M3y4eHa, BHIACISIETCS CBOE-
oOpa3ueM U OOraTcTBOM, BeCbMa I'e€TE€pPOreHHa
10 CBOEMY COCTaBY U reorpamuuecKuM CBSI3SIM.

I'epbapubIie cOOpBI M. olaénsis MeIOTCsT ¢ OOJb-
el yactu tepputopuun Oabckoro 1miaarto (puc. 2),
OIHAKO HauOOJIbIIee YMCIO M3BECTHBIX MECTOHA-
XOXIEHHUI COCPEelOTOYEHO B bacceifHe BepXHETo
tedeHUus p. Oabl. DTO MOXET OBITH 00YCIOBICHO
KaK JIy4YIllIei U3yYEeHHOCThIO 3TOM TEPPUTOPUH, TAK
U 6oJiee pa3HOOOpa3HBIM JaHAIIA(GTOM C KPYThIMU
ckioHaMu U ckantamu (p. Ona B MCTOKaX U ee MeJl-
KHe IIPUTOKM MIPOTEKAIOT B ITYOOKOI JOJIMHE C OT-
HocuTeNIbHOI pa3Hulieit BeIcoT B 500—700 m). Kpae-
BbIe MECTOHAXOXICHUS BUIA: T. JleOenmHast, oTporu
I. Hyx, nctoku pex Xypeundg m Manran (puc. 2,

BOTAHUYECKHWM XYPHAJT Ttom 109 Nel 2024
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Puc. 2. Apean Magadania olaénsis B MaranaHckoii ooiactu. Ha Bpeske — pparmeHT apeaia Ha OJabcKoM miaTo Ha OXoT-

cko-KoJsibiMcKOM Bonopasjene.

O6o3HaueHus: | — MyHKTHI repbapHBIX cOOPOB; 2 — MYHKTHI HabmoneHunit; 3 — locus classicus.
Fig. 2. Range of Magadania olaénsis in the Magadan Region. Inset: a fragment of the range at the Ola Plateau on the

Okhotsk-Kolyma watershed.

Designations: 1 — points of herbarium collections; 2 — points of observation; 3 — locus classicus.

Bpe3Ka), OHM OTHOCSITCS KaK K OXOTOMOPCKOMY, TaK
U K KOJILIMCKOMY BOIOCOOPHBIM OacceiiHaM (ITpuJL.).

TumoBoe MecToHaxoXaeHUe — OKp. I. KBapiie-
Basi, HO Ha COBPEMEHHBIX KapTax 3TO Ha3BaHUE
OTCYTCTBYET, a MECTO cOopa LIUTUPYETCS MO-pa3-
HOMY, IIOTOMY HET TOYHOI reonpua3ku. Cormac-
HO HauboJiee MOAPOOHOMY OITMCAHUIO C STUKETKU
rogoruna (VLA00000678) cuurtaeM, uto locus
classicus HaxXomUTCS B TOPHOM MaCCHBE CeBEpHEe
py4. Heopuan (60°28'33" N, 151°28'49" E) unu xe
I03KHee 9TOro pyubs (60°27'45" N, 151°29'18" E), rne
HaMH1 OTMeYeHBI eNMHUYHBIEC pacTeHus M. olaénsis.
Co6opsl 13 a3Toro Mecta rosropeHsl (MAG0014324).

MBI HEOTHOKpaTHO 00CIenoBav BepXxoBbs p. Ona
Ha JieBoOepexxbe oT p. TaTblHIbIUaH U SI0710HEBOTO
repesajia 1o Bogopaszaeia ¢ p. b. Xas, a Ha mipa-
BoOepexbe — Boillle p. bynyMm mo Bomopasnmena
¢ p. Hun — tepputopuio miomanbo okojao 80—
100 xkm?. 1o pe3yabpraraM MapLIPyTHOTO KapTH-
pPOBaHMS HAXOOOK MaragaHNM OJbCKOI BBHISIBJICHO

BOTAHUYECKHM XYPHAJT Ttom 109 Nel 2024

4 HeOOJBbIIMX YyYacTKa, Ha KOTOPbIX 00I1asl MJ0-
Laab MOAXOASIINX 115 Mpou3pacTtanus M. olaénsis
MECTOOOMTAaHUN C OTHOCUTEIHLHO BBICOKOM (2.5—
3 TBIC. Ha KM?) TJIOTHOCTBIO COCTAaBJIAET He BoJiee
1.5 km?. Ha ocTaibHO# TeppUTOPUN BU BCTPEYa-
eTCs CIIOpaJarvHO, B MaJIOM KOJIMUECTBE. YUacTKHU
HanOOIbIIIell KOHLIIEHTPAlM HaXOMOK IIepeUncie-
HbI HUKE B TIOPSIIKE YOBIBAHUST YMCIEHHOCTH.

1. FOxHbIe ckJoHBI T. CKU() MEXTY BOCTOYHBIMU
UCTOKaMU pyd. [MuHUCTOrOo U pyd. 3aMKHYTOI'O
Ha BeicoTax 950—450 M Haxm yp. M. ¢ LIEHTPaJIbHOMI
toukoii 60°37'40" N, 151°22'41" E. CK/IOH 10XXHOI
9KCITO3UIIMHU C pa3HOTPaBHBIMHU, OCOKOBO-XBOIIIE-
BO-Pa3HOTPABHBIMU, CYXHMU Pa3HOTPABHO-0OCOY-
KOBBIMMU JIy>KaliKaMu, IEeOHUCTON KyCTapHUYKO-
BOI TYHIAPOI M KaMEHUCTBIMM OCHIISIMU. 3AeCh
MarajgaHus IIpou3pacTaeT He TOJbKO B TYHIApPE U
Ha JIyrax, HO ¥ B COOOIIIeCTBax C MpeodiagaHueM
KaparaHbl rpuBactoii. Ha yyactke 1.3 X 0.8 kM
(~1 xM?) B MOAXOAAIUX MECTOOOUTAHUAX, HA KO-
TOpEBIE IIPUXOAUTCS He 00Jiee MOJIOBUHBI ILIOIIAIN,
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mpouspactaeT B cpenHeM 1 (2) sk3eMIuisgpa Ha 250—
300 M2, T.e. YMCIEHHOCTh BUJA COCTABJISAET OKOJIO
1600—2000 pacTeHMIA.

2. FOxHbie ckaoHbl I. CKkug 3anagHee npaBoro
ncroka pyd. I'muaucroro Ha BeicoTe 900—1300 M
Haj yp. M., 60°37'46" N, 151°20'05" E. KpyToii
CKJIOH IOKHOM 3KCHO3UILUU C IIEOHUCTON KycC-
TapHUYKOBOM, APHAJOBO-KYCTApPHUIKOBOUN TyH-
IpOM, CYXMMU Jy>KaliKaMu, KAMEHUCTBIMM OCHI-
MMM U CKaJIbHBIMU ocTaHuamMu. Ha Tepputopuu
0.3 x 1.3 kM (~0.4 kM?) Ha MOIXOASIIME YYACT-
ku npuxonutcsa 40% mnsomiaau, mpou3pacra-
eT 1 (2) sksemmaapa Ha 400—500 M2, T.e. OKOJIO
300—400 pacTeHuUii.

3. IOxnble npearopbd r. Ckug B 5—6 KM Ha 1or
oT ero BepiiMHbI. CKJIOHBI I0XKHOM U 3aIagHoin
SKCMO3ULIMHA HEOOIBIINX BEPIIUH MEXIAY KOPOTKH-
MU IIpUTOKaMu pyd. [muuucroro, 750—950 M Han
yp. M., 60°35'33" N, 151°21'33" E. CoueTaHue pen-
KOCTOITHOT'O KeIPOBOTr0 CTIIAHMUKA C TYHIpPaMU Ky-
CTapHMYKOBBIMU, pa3HOTPaBHO-KYCTAPHUYKOBBEIMU
U PONOAEHAPOBO-KYycTapHUUKOBbIMU. Ha yyacTke
~0.7 KM? B IOIXOISIINX MECTOOOUTAHUSX, HA KOTO-
pble mpuxoauTcs okoio 30—40% mnomanu, Ipous-
pacraer 1 (2) sksemmuiapa Ha 250 M2, YUCIEHHOCTD
cocTaBiseT okoso 800—1100 pacTeHuUiA.

4. FOxHbIle ckIoHHbI T. 1410 M Ha mpaBoM Oepe-
ry p. Ona, pacrnojioxXeHHOi HanpoTuB I. CKudg,
1100—1300 m Haxg yp. M., 60°37'50" N, 151°14'29" E.
Ilomormit CKJIOH ¢ COMKHYTOI IpuamoBO-pa3-
HOTPaBHO-MOXOBO-JTUITAWHUKOBOU TYHIPOU NI
KaCCHOMOBO-Pa3HOTPaBHO-MOXOBO-THIIIAfHUKOBOM
TYHIPOU ¢ eTMHUYHBIMU CTEIIOIIMMUCS JIMCTBEH-
HUIIAMHU U PSIKUM KEIPOBBIM CTJIaHUKOM. MecTa-
MU B paCTUTEIBLHOM IIOKPOBE IIPe00IagaioT UBEI
(Salix glauca L., S. reticulata 1..) unu Rhododendron
redowskianum Maxim. Ha yuyactke 0.4 X 1.8 kM
(~0.7 xM?) MecTOOOMTAaHUSA MaragaHUU OJIb-
cKoil 3aHnMaloT okojo 60%, 1 (2) sk3emmispa
npouspacTaeT Ha rouanau okoo 400 m2. OkoJio
1000 pacTteHuit.

Eme B n1ByX MeCTOHaXOXAEHUSIX IJ0IIAIbIO
0.2—0.3 kM?> M. olaénsis 6oee pemroK, HO 3TO
He eIUHUYHBIE PACTEHUSI — OJHO MU HECKOJIBKO
Ha 500 Mm% 1) ceBepHble orporu r. Ckud, B mpa-
BbIX UCTOKAaX p. XypeHAs, MOJOoTue CKJIOHBbI 3a-
nagHoit sakcno3uuuu ¢ Beicoramu 1000—1200 m
Hana yp. M. 60°40'35" N, 151°16'24" E; 2) 3anan-
Hee UcTokoB p. Ona, Bogopasaen pyd. Kapkuii
(mputok p. bynmym) u pyu. Ileon (mputok p. Hun),

MOYAIJIOBA u np.

BOIOpa3nelbHBIN yyacTok Ha 1200 M Hax yp. M.,
60°38'37" N, 151°10'55" E. 3gecp mpouspacraer
opueHTUupoBouHO 500 pacTeHUIA.

YuciieHHOCTh MarajgaHuy oJbckoit Ha OXOTCKO-
KonbiMckoM Bomopaszaeie MOXXHO OLIEHUTh B IIpeJe-
nax He MeHee 3500 1 He 6onee 7500 pacTeHMIA.

Ha ocranbsHoit TeppuTopuu ONbCKOIO IJIaTO U
obcrenoBaHHBIX TeppuTOpUsIX OXoTcKO-KoabiM-
CKOTO Bomopaszaesia M. olaénsis BcTpedaeTcs pel-
KO: €eMUHUYHBIE UJTU HEMHOTOUUCTEHHBIE (2—4)
9K3EeMIUISIpbl MPOU3pACTAIOT HAa ydyacTKax IJIO-
aabio 0koJio 50 M2, pacloNoXeHHbIX Ha PACCTO-
saauun ot 0.5 no 10 kM apyr ot npyra. B cpennem
Ha MaplIIpyTe MPOTIKEHHOCTBIO 5 KM, IIPOXOA -
1IEeM TI0 MOAXOAS UM MECTOOOUTAHU M (10K HbBIE
CKJIOHBI U BOAOPA3Aesbl C KYCTAPHUYKOBOM TYH-
Ipoii, nyxkalikaMu), MOKHO BCTPETUTH TOJILKO
OIHO MJIV HECKOJIBKO (IPYIITIOi 1o 3—5) pacTeHMiA.
OTMeTuM, 94TO B MecTaxX KoHIleHTpauuu Ha Onb-
CKOM I1J1aTO MarajaHus oJibcKasi pou3pacraeT
MPEUMYIIECTBEHHO B COOOIIECTBAX COMKHYTO-
cthio 70—90%, a Ha KAMEHUCTHIX He3aJdepHOBaH-
HBIX OCBHITISIX ¥ POCCHIIISIX, PACIIOIOKEHHBIX PSIOM
C OOIIMPHBIMY YYACTKAMM TYHIPOBBIX COOOIIIECTB,
BUJ BCTpeUYaeTcsl OUeHb PEaKo.

Kpome Onbckoro miaato, npumMepHo B 120 kM
K IOTY M3BECTHA TOIYJISILIMS B CeBepO-3aIagHoM
yactu Tayiickoit ryos1 OXOTCKOTO MOpsI, B OKPECT-
HOCTSIX ATapraHcKoi Kochl, MbicoB Kup 1 Xapous,
Ha y4JacTKe Imooepexsbs ot 59°32'57" N 151°30'08" E
10 59°30'25" N 151°33'51" E (puc. 2). Tepputopusi, Ha
KOTOpO# B TaHHOM MECTOHaXOXICHUM Mpou3pac-
taeT M. olaénsis, coBcem HebOomnpiass. Ha yuactke
IIPUMOPCKOTO XpebTa BEICOTOM 10 450 M Ham yp. M.
U IIPOTSKEHHOCTBIO 7 KM OHA pacTeT B BepxHeli ua-
CTU CKJIOHOB M €AMHUYHO I10 TPeOHI0 Ha BHICOTAX
50—-350 (400) M Hax yp. M. B IOJIOCE IITUPUHOI OKO-
10 0.2—0.5 kM (4—5 xkm?). Ha nmonxonsiue Mecro-
o0UTaHUS NpUXoauTCcs 0KoJio 30% miomaau, 3To
B OCHOBHOM KPYThI€ CKJIOHBI 3aITaJHBIX 1 I0XKHBIX
SKCITO3UIIMN C JTy>KaliKaMu, HU3KOPOCIBIMHU peji-
KOCTOMHBIMU KaMEHHOOepe3HsIKaMU U pa3HOTpaB-
HO-KYCTapHMYKOBBIMU TYHApaMHU. 3AeCh MPOU3-
pacrtaer 1 (2) pacrenue Ha 200 M?, YMCIEHHOCTD
cocraBisieT 600—900 pactennii (menee 1000).

B ocTanpHBIX MECTOHAXOXIeHUSIX B Mara-
JaHCKoOM obnactu M. olaénsis BcTpedyaeTcsl peaKo
U ¢ Hu3koit yucieHHocThio. Ha Oxorcko-Ko-
JILIMCKOM Bogopasaene BHe OJbCKOro IjiaTo
ImpouspacTaeT Ha HeOOJIbIIOM APMaHCKOM IIJIaTO,
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CIIOXKEHHOM, KaK 1 OJbCKOE MJIaTO, MBITABIKHUT-
CKMMHU 0a3ajJbTaMMU U PACIOJOXEHHOM B OKp.
r. 1253 M Hag yp. M. (MecTHOe Ha3BaHMe I. ba3anb-
ToBas) Ha Bojgopaszaene pydy. Kpoxans (bacceitH
p. Apmann) u pyd. Tuxwmii (6acceitn p. XakaHas).
ITpouspacTaeT B AByX TOYKAX, MEXIY KOTOPHIMU
0.7 xM, Ha BbicoTe 1150—1200 M Hazg yp. M.: OKOJIO
OCTaHIIOB B KaCCHOIOBO-KYCTAapHUUYKOBOI TYH-
npe, 60°17'07" N, 150°29'33" E (MAG0015602), u
Ha I0)KHOM CKJIOHE TpeOHS Tropbl Ha CyXOi pa3s-
HOTpaBHOM nyxalike ¢ yuactuem Caragana jubata
(Pall.) Poir. u Pedicularis ochotensis A.P. Khokhr.,
60°17'09" N, 150°30'13" E (MAGO0011715), o He-
CKOJIBKO pacTeHUWI B Kaxaoi Touke (Mochalova,
2023). Kpome toro, M. olaénsis HaliieH MEXIy
OnbCKUM M ApMaHCKMM ILJIaTO B BEPXOBBSIX JIEBO-
ro mpuToKa pyd. AraH (mputok p. Heknanns, 6ac-
CeiiH p. XachblH), ceBepHee I. Tpor, CKJIOHBI I. 1644 M
Han yp. M., 60°22'24" N, 150°50'02" E, 1000 m Haxg
yp. M. [Ipouspacraet Ha MEJKOILIEOHMUCTOM CKJIOHE
IO>KHOI 9KCITO3UIIUH, B ITOJIOCE C HECOMKHYTOM KYy-
CTapHUYKOBO-MOXOBOI TYHIpOIi B 3amaauHe. Haii-
JIEHO HECKOJIBKO pacTeHMii Ha romany ~10 m2.

B Tayiickoii rybe BcTpeuaeTcss Ha OBYX KpYyII-
HBIX ocTpoBax (puc. 2). Ha o. 3aBbsii0Ba B OYeHB
pemoK, Mpou3pacTaeT Ha KAMEHUCTHIX CKJIOHAX
B CEBEpPHOII 4YaCTHU OCTPOBA, M3BECTEH IIO ABYM
c6opam: 23 VIII 1976, C.B. Epmosa, A.I1. Xox-
psixos; 15 VIII 2009, M.I. XopeBa. Ha o. Criacha-
pbeBa HeOOJIbIIas MOIYJISLMS, HaCYUMThIBaKoIIas
10—15 pacteHuit, oOHapyXXeHa HAaMU Ha IPUMODP-
CKOM CKJIOHEe cpeau pa3dHoTpaBbsd B 2013 1. D10
caMoe I0)KHO€ MeCTOHaXOXIeHWe B MarajgaHCcKoi
obaactu. O61as naowaib “oCTPOBHBIX” MECTOHA-
xoxaeHuit He npesbiiaetr 0.1—0.5 kM2, a ynciaeH-
HOCTh MOXHO OLIEHUTh IIpUMepHO B 50 pacTeHUid.

BrigBiaenHas mromans apeana M. olaénsis B Ma-
ragjaHckoil o6j. cocraBisgeT nopaaka 380 km?
Ha Oxotcko-KoabIMcKoM Bomnopaszaeie, 4—5 Km?
Ha mmobepexXbe (OKPECTHOCTU ATapraHCKOi KOCHI
u M. Xap6us) u 0.1-0.5 km? Ha ocTtpoBax Tayii-
ckoii ryonl. Ha aToit TeppuToprun MecTOOOUTAHUSI,
MOAXOAsIIWe A Ipou3pactaHus M. olaénsis, 3a-
HuMatT npuMepHo 20—30%. OcHoOBHas 4acThb
MECTOHaXOXJIeHUI cBsI3aHa ¢ 6a3ajibTaMu — TOp-
HBIMHU TIOPOJaMU OCHOBHOTO COCTaBa HOpMaJib-
HOTO psAja IejJoYHoCcTU. Bo3MOXHBIM MecTo-
oOMTaHMEeM MaragaHWM, KaK U IPYTUX PEeIKUX
BUIOB, MOXET ObITh SIHCKOE 6a3aJIbTOBOE MJIATO
B BepxoBbsX p. IIpaBoit SIHEI, C10XXEeHHOE TAKUMH
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XKe mopomamu, Kak Oibckoe 1 ApMaHCKOE TIJIATO
(Ivanov, Malakhova, 2014). Dta Tepputopus 6orta-
HUKaMU He MOoCcellaach.

DuToneHoTHYECKAS NPUYPOYEHHOCTb. XapaKTe-
pucTHKa MecTooduTanmii. Magadania olaénsis — me-
300uUT, reanoduT. PacTeT 0ObIYHO HA OTKPBITHIX
MecTax BbIIIIe BepXHeil TpaHUIILI KeApPOBOCTIIa-
HUKOBBIX 3apocCjeil, pexXe cpelu pa3peXeHHBIX
CTJIaHMKOB Ha Boaopasjese U HU3KOPOCIBIX
PEAKOCTOMHBIX KAMEHHOOEpe3HsIKOB Ha Mmobepe-
Kbe. Ha 0XOTCKO-KOJIIBIMCKOM BOJOpasfesie BCTpe-
yaeTcs Ha BeicoTax 6osee (750) 900 u no 1300 M
HaJ yp. M., a Ha mobepexbe — HauuHasA oT 50 M u
1o 850 M Hag yp. M. EfuHuYHOe pacTeHue ObIIO
OTMEUYEHO Ha Koce ATapraH, Ha BbICOTe 0KoJIO 10 M
Hag yp. M. OGBIYHO ITpOM3pacTacT Ha CKJIOHAX
IOXHBIX U 3alladHBIX 3KCIIO3UIINI, pexkKe Ha BHI-
MMOJIOXXEHHBIX TPEOH X, CEIJIOBUHAX M CEBEPHBIX
CKJIOHAX, Ie Yallle BCTpedaeTcs OKOJIO OCTaH-
moB. OTMeTuM, 4TO Ha Xp. JIXyTroxyp BUI cooOpaH
Ha BbIcOTe 0KoJIo 1900 M Haxm yp. M.

3uMmHue HaOmoneHus Ha Araprate (22.03.2018)
IoKas3ajau, YTO MecTa IpOoU3pacTaHUs MaragaHuu
OJILCKOM TOKPHITHI CHEIOM, XOTSI OJIM3JIeXalne
y4aCTKU Ha OEperoBbIX CKJOHAX JIUIIEHBI CHEX-
HOTO MOKPOBA M3-3a BeTpa. DTU MECTOOOUTAHU S
0CBOOOXJAIOTCS OT CHEXXHOT'O IMOKPOBa MPUMEPHO
B cepearHe anpes.

Ha OnbckoM mnato M. olaénsis mpouspacTtaet
B pa3HOTPaBHO-KYCTAPHUUYKOBBIX, KyCTapHUY-
KOBBIX TYHApaX, Ha MeOHUCTHIX pa3HOTPABHBIX
JIyXaiikax, pexe Ha cj1a0o 3aJepHOBaHHBIX IIe0-
HUCTBIX POCCHIMSIX M B OCOKOBO-KYCTapHUYKOBBIX
TyHapax. Hu B omHOM 13 COOOGIIECTB €ro MpoeK-
THBHOE MOKPbITUE He IpeBbiaeT 1%. Kparko oxa-
pakTepu3yeM OCHOBHBIEC COOOIIECTBA, IIe IIPOuU3-
pacTtaeT MaragaHus oJbckasg (0OMJIME yKa3aHO
no mkane bpayn-branke).

1. Cyxas agpualoBO-KyCTapHUYKOBas TyHIpAa,
OIlI1 80%. Dryas punctata Juz. 2, D. ajanensis Juz. 1
(npuansl — 60%), Rhododendron aureum Georgi +,
Scorzonera radiata Fisch. ex Ledeb. +, Hierochloé
alpina (Sw.) Roem. et Schult. +, Artemisia arctica
Less. r, Hedysarum hedysaroides (L.) Schinz et
Thell. r, Tilingia ajanensis Regel et Tiling r.

2. KycTtapHuukoBo-nuliaiiHUKoOBas TyHApA,
OI1I1 90%. Dryas punctata 1, D. ajanensis 1, Vaccinium
uliginosum L. 1, Rhododendron aureum +, Cassiope
ericoides (Pall.) D. Don +, Hierochloé alpina +,


https://ru.wikipedia.org/wiki/%D0%9E%D1%81%D0%BD%D0%BE%D0%B2%D0%BD%D1%8B%D0%B5_%D0%BC%D0%B0%D0%B3%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D0%B3%D0%BE%D1%80%D0%BD%D1%8B%D0%B5_%D0%BF%D0%BE%D1%80%D0%BE%D0%B4%D1%8B
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Ta6auna 1. CeMeHHas NpOAYKTUBHOCTh OMHOTO pacTeHus Magadania olaénsis (ATapraH)
Table 1. Seed productivity of one plant of Magadania olaénsis (Atargan)

Ton Min Min Max Hnuna | upuHa
cbopa PCII PCIl Max PCIT| YPCII YPQH YPCIT KC, % CeMSH CeMSH
Collec— RSP Min RSP Max RSP | CRSP Min Max CR, % Seed Sfeed

tion year CRSP CRSP length width

2012 146 + 42 0 462 338 + 46 37 601 43 47+0.2 | 3.310.1

2016 326 &+ 43 101 694 459 + 50 121 819 71 4.7 £ 0.1 —

2017 0 — — 0 — — 0 — —

2020 168 + 41 0 413 462 + 52 59 539 36 42+0.2]3.6%0.1

IIpumevanue. PCIT — peanbHast ceMeHHasi IPONYKTHUBHOCTb, T.€. KOJTMYECTBO BBHIMOJIHEHHBIX 3pEJIbIX HETTOBPEXK IEHHBIX
cemsH, YPCII — ycioBHO-peabHasi cCeMeHHasI MPONYKTUBHOCTD, T.€. KOJIMYECTBO BCEX CEMSIH, BKJIIOUas HEBBI3PEB-
e 1 noBpexaeHHbie HaceKoMbiMu, KC — xoadduimenT co3peBanus, otHomeHne PCII x YPCII. llupuna cemsn

B 2016 rony He U3MepSIIaCh.

Note. RSP — real seed productivity, the number of fully ripened intact seeds, CRSP — conditional real seed productivity,
total number of seeds, including the unripened and damaged by insects, CR — coefficient of ripening, RSP to CRSP ratio.

Seed width was not measured in 2016.

Hedysarum hedysaroides +, Carex vanheurckii
Muell. Arg. r, Salix sphenophylla A.K. Skvortsov r,
Chamaepericlymenum suecicum (L.) Aschers. et
Graebn. 1, TUIIAHUKA 2.

3. HecomkHyTas auIIaiiHUKOBO-Pa3HOTPaBHO-
KycTapHU4YKoOBag 1ebHucras TyHuapa, OITIT 30%.
Dryas punctata +, Scorzonera radiata +, Pulsatilla
ajanensis Regel et Tiling r, Tilingia ajanensis r, Silene
stenophylla Ledeb. r, Bupleurum triradialum Adam.
ex Hoffm. r, Saxtfraga punctata L. r, Potentilla nivea
L. r, Gorodkovia jacutica Botsch. et Karav. r, nuinaii-
HUKH 1.

4. HecomkHyTas 1meOHUCTasT KaCCUOTOBasT TYH-
npa, OINIIl 20%. Cassiope ericoides 1, Saxtfraga
punctata L. +, Pulsatilla ajanensis r, Dryas punctata r,
Eritrichium ochotense (Pall.) D. Don. r, Patrinia
sibirica (L.) Juss. 1.

5. IllebHucTasa pa3zHoTpaBHag ayxaiika, OITIT
80%. Carex ledebouriana C. A. Mey. ex Trev. 1, Dryas
ajanensis +, Festuca rubra L. +, Viola avatschensis
W. Beck. et Hult. +, Hylotelephium cyaneum
(J. Rudolph) H. Ohba r, Pulsatilla ajanensis +,
Rhododendron camtschaticum Pall. +, Erysimum
pallasii (Pursh) Fern. r, Patrinia sibirica (L.) Juss. ,
Potentilla nivea L. r. v np., nuiiaiiHuKu +.

6. KyctapHuYKOBO-pa3HOTPaBHO-IUIIANHUKO-
Basg tyHapa, OIIIl 90%. Dryas punctata 2,
Rhododendron redowskianum 1, Cassiope tetragona 1,
Hedysarum hedysaroides +, Arctous alpina (L.)
Neidenzu +, Bupleurum triradiatum Adams ex
Hoffm. r, Carex vanheurckii r, Pulsatilla ajanensis t.

7. UBoBO-IpragoBO-JINIIAMHUKOBO-MOX0OBas
tynnapa, OIIII 90%. Salix reticulata L. 1, Rhodo-
dendron lapponicum (L.) Wahlenb.+, Vaccinium
uliginosum +, Bistorta elliptica (Willd. ex Spreng.)
Kom. +, Dryas punctata +, Carex sp. +, Vaccinium
vitis-idaea L. +, Hedysarum hedysaroides +,
Equisetum arvense L. r, MX1 2, TUIIaAHWKM T.

8. Tynapa npuagoBO-pa3HOTpaBHASI C YU4acCTH-
eM Caragana jubata, OI1I1 90%. Caragana jubata 1,
Dryas punctata 1, Hedysarum hedysaroides +, Carex
sp. +, Equisetum arvense r, Claytonia acutifolia Pall. ex
Schult. r, Pedicularis alopecuroides Stev. ex Spreng r,
Oxytropis ochotensis Bunge r, Bistorta elliptica t, Salix
glauca r, Potentilla nivea L. r, Valeriana capitata Pall.
ex Link r, numraiitHuku +, MX# I.

Ha ceBepo-3anagHoM yuacTke nobepexnbs Tayii-
CKoM ry0bl (ATapraH — Xap0ous) BU Mpou3pacTaeT
KaK B COMKHYTHIX COOOIIeCTBaX pa3HOOOPa3HOro
BUAOBOTO cocTaBa (pa3HOTPaBHO-KYCTApPHUYKO-
BbI€ TYHIPHI U pa3HOTPaBHBIE JIyTa B OKPYKEHUU
KaMEHHOOEpPe3HSIKOB U C y4acTHEM KaparaHbI
IPUBACTOM), TaK U B pa3peKEHHBIX TPYIITIIMPOBKAX,
IMPOEKTHUBHOE MOKpuITUE Magadania olaénsis Be3ne
MeHbIIe 1% (+).

1. Pa3pexxeHHbII KaMeHHOOEpE3HSIK ¢ Kapa-
raHOW I'pUBACTOM B BEpPXHEN 4YacCTU CKJIOHA
oro-3anagnoit skcnosutmu, OIIIT 100%. Betula
lanata (Regel) V. Vassil. — comkHyTOoCTh 0.1—
0.2; BeicoTa 2.5—3 m; Caragana jubata 2, Salix
sphenophylla A K. Skvortsov 2, Dryas ajanensis 3,
Hierochloé alpina 2, Arctous alpina 1, Rhododendron
camtschaticum 1, Oxytropis evenorum Jurtzev et
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A.P. Khokhr. 1, Vaccinium vulcanorum Kom. 1,
Pulsatilla ajanensis 1, Bistorta vivipara (L.)
Delarbre +, Aconogonon ochreatum (L.) Hara +,
Halenia corniculata (L.) Cornaz +, Myosotis asiatica
(Vestergren) Shischk. et Serg. +, Bupleurum
triradiatum +, Pedicularis alopecuroides +, Oxytropis
ajanensis (Regel et Tiling) Bunge +, Astrocodon
expansus (J. Rudolph) Fed. +, Patrinia sibirica (L.)
Juss. +, Poa sp. +, Trisetum spicatum (L.) K. Richt. +,
Carex sp. +, Coeloglossum viride (L.) C. Hartm. r,
JIUMIAHUKY 1, MxH# 2.

2. Pa3HoTpaBHBII JYyT ¢ KaparaHoi TpUBacTOM
B BEpXHEM YaCTU CKJIOHA I0XKHOI 3KCIO3UILIUU,
OIl1I1 60%. Caragana jubata 2, Astragalus tugarinovii
Basil. 1, Bistorta vivipara 1, Corydalis magadanica
A.P. Khokhr. 1, Dryas ajanensis 1, Erigeron kora-
ginensis (Kom.) Botsch. 1, Festuca rubra 1, Hierochloé
alpina 1, Lychnis ajanensis (Regel et Tiling) Regel 1,
Oxytropis evenorum 1, Patrinia sibirica 1, Primula
mazurenkoae A.P. Khokhr. 1, Pulsatilla multifida
(G. Pritz.) Juz. 1, Tephroseris integrifolia (L.) Holub 1,
Trisetum spicatum 1, Viola biflora L. 1, Aconogonon
ochreatum 1, Androsace capitata Willd. ex Roem. et
Schult. +, Bupleurum atargense Gorovoi +, Lloydia
serotina (L.) Reichenb.+, Potentilla nivea L. +,
Scorzonera radiata +, Adoxa moschatellina L. +, nu-
IIAaWHWKYA 2, MXH 3.

3. KameHucTasT OCBIITb B CpeaHeil 4acTu CKJIO0-
Ha 1oXHoi 3kcrosuuuu, OITI 10%. Caragana
Jjubata 1, Saxifraga derbekii Sipl. 1, Woodsia ilvensis
(L.) R. Br. +, Hierochloé alpina +, Bistorta elliptica +,
Pedicularis alopecuroides +, Oxytropis evenorum +,
Aconogonon ochreatum +, Potentilla arenosa (Turcz.)
Juz. +, Artemisia lagopus Fisch. ex Bess. +, mxu +.

Ha o. 3aBbsaoBa MaragaHus oJibCKasi BCTpeda-
eTCS UCKJIIOUMTEIbHO PEAKO OJIM3 BEPIIUHEI I. 3a-
BbsiIoBa, Ha BeicoTe O6osee 700—800 M Haxm yp. M.,
Ha KaMeHUCTHIX ckJioHax (OITIT 20%), B maTHax
KYCTapHUYKOBO-IUIIAMHUKOBOM TyHApsl, OITII
90%., Rhododendron camtschaticum 4, Salix arctica 3,
Pinus pumila 1, numaiinuku 3, mxu 1.

Ha o. CnadgapbeBa npouspacTtaeTr rpymra
u3 10—15 pacteHuit, HaXoOSIIMXCSI HA PACCTOSIHUM
2—5 M OIHO OT APYroro, Ha pa3HOTPABHOM JIYTY
C y4acTHEM MOXKXKEBEJIbHMKA W UBbI KJIWMHOJIUCT-
HOI1 Ha IPUMOPCKOM CKJIOHE I0XKHOI SKCIIO3UIINH,
Ha BbeIcoTe okoJto 80 M Hax yp. M. OITII 100%. Salix
sphenophylla A.K. Skvortsov 2, Juniperus sibirica
Burgsd. 2, Anemonastrum sibiricum (L.) Holub 2,
Geranium erianthum DC. +, Fritillaria camschatcensis

BOTAHUYECKHM XYPHAJT Ttom 109 Nel 2024

53

(L.) Ker-Gawl. +, Bistorta elliptica +, B. vivipara
(L.) Gray +, Angelica gmelinii (DC.) M. Pimen. +,
Tilingia ajanensis +, Erigeron thunbergii A. Gray +,
Festuca rubra +, Poa sp. +, numaitHuku +.

I[IpumeuareabHO, YTO TTOYTU BO BCEX MECTOHA-
xoxxaeHuax (Onbckoe MmaaTo: CKJIoHbI I. CKudo,
ApmMmanHckoe 11aTto, ATapraH — Xapom3s, o. 3aBbsI-
JoBa) Magadania olaénsis cocencTBYeT C peIUKTO-
BBIM LIEHTpaJibHOA3uaTcKMM Murpantom Caragana
jubata. Kpome Toro, Ha AtapraHe, B JIYTOBBIX CO-
ob1recTBaX Ha NPUMOPCKUX CKJOHAX, BMECTE
¢ Magadania olaénsis npou3pacTaroT Y3KOJI0Kadb-
Hble TpuoxoTckue auaemuku Corydalis magadanica,
Primula mazurenkoae n Bupleurum atargense.

buogorus u ce3onHblii puT™ pa3sutua. Magadania
olaénsis — MHOTOJIETHEE MOHOKAPITMYECKOE pacTe-
HME, pa3MHOXEHUE TOJIbKO ceMeHHoe. FOBeHUIIb-
HBIe 1 UMMaTypHBbIE pacTeHUSI B IPUPOIHBIX yC-
JIOBHUSIX HAM HE BCTPEYAINCh, T.K. MAJIO3aMETHBI
KaK Cpelu pacTUTEJIbHOCTU, TaK U Ha KPYyITHOKa-
MEHUCTBIX OCHITISIX. Y BUPTUHUIIBHBIX, KOTOPHIM
He MeHee 2—3 JIeT, uMeloTcs 2—3 pPO3eTOUHBIX JIU-
cta 1 KopeHb guametrpoMm 0.5—0.8 cM, ocHoBaHUe
KOTOPOTO MOKPHITO 5—9 IIeHYaTBIMU OCTaTKaMU
pacIIMpeHHBIX OCHOBAHUM JTUCTHEB IIPOIIIEIX
net (puc. 3, 4). B mocnenyionie roasl y pacTe-
HUI B UIOHE pa3BUBAETCS po3eTKa U3 2—3 NTUCThEB
Ha KopHe nuameTpoM 6osiece 1 cm (puc. 5). Ilepe-
CYMTATh OCTAaTKM OCHOBAHMI OTMEPIINX JINCTHEB,
10 KOTOPHIM MOXHO CYAMTh O BO3pacTe, CI0XKHO,
T.K. HOpMaJIbHO COXPaHSIOTCS TOJbKO OCHOBa-
HUS JIMCTHEB MPOIJIOTO U IT03alpolIOro roaa.
AAuTenbHOCTh BUPTUHUIBHOTO MEepHoOaa, BEpo-
SITHO, 3aBUCUT KaK OT JIOKaJbHBIX YCIOBUI MecCTa
IIpOM3pacTaHMs, TaK U OT YCIOBUIA BereTallMOHHO-
ro Ce30Ha, IMPEeAIIeCTBYIOIIETO IIBETEHUIO U ILJI0-
noHoureHuo. OeHMBaeM BO3pacT Iepexoaa pac-
TeHUI B reHEpaTUBHYIO a3y IIPOMEXYTKOM OT 5
no 10 mer.

Ilepuon Beretanuu ¢ 5—10 utoHs 1o 1 ceHTSIOps
(~80 mH.) Ha OnbckoM miarto u ¢ (25 mas) 1 uoHs
mo 20 (30) centss6ps (~110—120 mH.) Ha TTOGEpe-
Xxbe. PeHosornyeckme CTaauu B pa3HbIX MECTO-
HaxoXAeHUSIX, ocobeHHo Ha OJIbCKOM IIJIAaTo,
MOTYT pa3nuyarbces Ha 2 (3) Heaesu, 4TO CBI3aHO
C MUKPOKJIMMATUUYECKMMHU YCIOBUSIMU HA Pa3HbIX
y4acTKax CKJIOHOB U Boaopa3szaesoB. [1o naHHbIM
H.N. XabsinoBckoii (Khlynovskaya, 1981), pa3Hu-
11a B cyMMe TeMmrepaTyp Bbiiie +5°C Ha ckjoHax
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Puc. 3. [Ipomnoronuuii cre6ens (A, B) u nBynernee pacrenue (C, D) Magadania olaénsis B IpupoaHoii 00CTaHOBKE
(A, C) u B repbapuu (B, D) (29 utons 2022, MAG0015604).

Fig. 3. The last year's stem (A, B) and biennial plant (C, D) of Magadania olaénsis in nature (A, C) and in herbarium (B, D)
(June 29, 2022, MAG0015604).

CEBEPHOI U I0XXHOM 3KCITO3UIMIA COCTAaBISIET OKO- JeKaaa UoHS — 3 gekama aBrycta (puc. 6). Ce-
7o 200°C. MeHa HauyuHaloT GOPMUPOBATHCS Ha LIEHTPajb-

Hauasio BereTalnu, NosBJIeHUE MEPBbIX TMCThep HPIX 30HTUKAX 8—15 Miofis, caMasi paHHs#AA JlaTa
~(1) 10 uioHs, mpuMepHO Yepes 10—15 nHeil noce 05.07.2020 3apukcupoBaHa Ha IOXHBIX CKJIOHAX
cxoma cHera (puc. 3, 4). Y pacteHnuii B reHepatup- I Ckud. B nepuon o6pasoBaHus CEMsIH Ha II€H-
HOW (pa3e reHepaTUBHBbIE MOOETU MOSBISIOTCS IToy- TPaJbHOM 30HTHUKE OOKOBbIC 30HTUKH IBETYT,
TH OJHOBPEMEHHO C PO3ETKOil JIMCThEB B Hayaye CIYYaeTCs, YTO OHU YyXOIAT B 3UMY B cTaguu Oy-
uIoHs. ByTOHM3alMs HauMHaeTcs BO BTOpoOii mo- TOHU3aluu. OOBIYHO CEMEHA BBI3PEBAIOT TOJIIBKO
JIOBUHE WIOHS C LEHTPAJbHOIO 30HTHKA, IBETeHWe Ha LEHTPAJIbHBIX 30HTUKAX, Ha OOKOBBIX 30HTHU-
— C KOHILIa MIoHS. BOKOBBIE COLBETHS 3al[BeTalOT KaxX ceMeHa (OpPMUPYIOTCH PEIKO U, KaK IpaBu-
MO3Xe LIEHTPaJbHOr0, HEPAaCKPLIThIE OYTOHLI HAa JI0, HE BbI3peBaloT. HaMu oTMevyanuch oTaenbHble
HUX OTMEYAaIOTCsI 10 KoHIIa aBrycrta. liBerenne — 3 ciayvaum (1 Ha 20—30 pacTtenuii) GpopMUpOBaHUSI
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Puc. 4. BuprununsHoe 3 (4)-netHee pactreHue Magadania olaénsis B mpuponHoit o6ctaHoBke (A) u B repbapuun (B)

(18 urons 2021, MAGO0011715).

Fig. 4. Virginal 3(4)-year-old plant of Magadania olaénsis in nature (A) and in herbarium (B) (June 18, 2021, MAGO0011715).

BTOPOI'O COIMJIOAMSI C BBIMIOJHEHHBIMU 3PEJIbIMU
cemenamu (MAGO0013287). IlmogoHomenne — 3-g
Iekama WonsT — KoHell aBrycta. Co3peBaHUe ce-
MsIH — BTOpas MojioBrHa aBrycta. Co3peBaroT ce-
MeHa ¢ HayaJjla aBIycTa 0 HadaJla CeHTSIOps, Koraa
HayWHaIOTCI 3aMOPO3KM, caMasl paHHSS JaTa —
26.07.1981 Ha r. Jlebeaunasg (MAGO0013301). ITo-
cJie co3peBaHKsl CEMEHa Ha LIEHTPaJbHOM 30HTHKE
OCBITIAIOTCS TTIOUTH Ccpa3y, a Ha OOKOBBIX HEBLI3PEB-
II1e CeMeHa MOT'YT COXPaHSThCS IO CIACAYIONIETo
Jneta. B Hauane ceHTSA0ps reHepaTUBHbBIE MTOOETH
3aChIXalOT U COXPaHSIOTCS OOBIYHO JIO CJIEAYIOIIE-
ro yneta (puc. 3). BereratuBHast Hag3eMHas 4acTh
pacTeHuil BUPrUHMUJIBLHOIO MEPUOLa OHTOTEHE3a
OTMUpAET ¢ HadgaJIOM 3aMOPO3KOB.

CeMeHHas MPOAYKTUBHOCTh M3y4Yaslach HAMU
Ha KJIIOUEeBOM ydacTKe B paiioHe ATapraHcKoit
Kochl (59°32'30" N 151°30'10" E) u cymecTBeHHO
BapbMpoOBaJja B pa3Hble roabl (Tadu. 1). s uccrie-
JIOBaHUS U3bIMaJioch okoyio 10% 13 yucia reHepa-
TUBHBIX pacTeHnit (10—15 3K3.) ¢ mocaeayomum
BOTAHUYECKUN XYPHAI

ToMm 109 Nel 2024

BO3BpallleHMEM AUacrop B mpupoay. YucieHHOCTh
reHepaTUBHBIX PACTEHMI Ha KJIIOYEBOM y4yacTKe
MPOTIKEHHOCTHIO 0.8 KM ¢ TIOoIIaabio TTOAXOm -
nux Mectoobutanuii okosno 0.004 kM? GbLIa OTHO-
CUTEJILHO cTadbuabHOM U cocTaBasaa 100—200 s3k3.
BO Bce roabsl HabmoaeHuit (2012, 2016, 2018, 2019,
2020, 2021), kpome 2017 1., Korga HU IBETEHUS, HU
MJIOJOHOIIEH M Ha KJIIOYEBOM y4acTKe He oTMeya-
J10ch. Bo3MoXHAS MpUYMHA — XOJIOTHAS 3aTSKHAS
BecHa B 2017 1.

CemeHHas MPOAYKTUBHOCTb MaralaHUU OJib-
CKOM CYIIIECTBEHHO pa3jinyaeTcs B pa3Hble TOIbI
1y pasHbix pacteHuit. B 2012 u 2020 rr. y 20%
pacTeHuli He ObLI0O BBIIOJHEHHBIX CEMSIH, a IpU
HEHYJIeBbIX 3HAaUEHMSIX MUHMMaJIbHbIE U MaKCHU-
MaJIbHBIC 3HAYCHUS peaJIbHOW CEMEHHOM Mpo-
nyktuBHoctu (PCII) u ycnoBHO-peasibHO# ce-
MeHHol npoaykTuBHocTU (Y PCII) otnuuatorcs B
7—15 pa3 y pa3Hbix pacTeHnil. CpenHue 3HaYeHU ST
PCII u xoadppunuenta coszpeBanus (KC) B pas-
HBI€ TOIBI MOT'YT pa3jinyaThCs B 2 pa3a, CpeaHue
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Puc. 5. Magadania olaénsis B npereHepaTUBHOI1 (ha3e Bo3pacToM Oosiee 5 eT B IpupoaHoit ooctaHoBKe (A, B) (Onbckoe
niato, utojb 1 aBryct 2011 r.) u Ha rep6apHoM aucTe (C) (aBryct 2008 r.).

Fig. 5. Magadania olaénsis at the pregenerative stage over 5 years old in nature (A, B) (Ola Plateau, July and August 2011)

and in herbarium (C) (August, 2008).

sHayeHUus Y PCII 6onee ctabuyibHbl. OTMETUM, YTO
B 2012 rony 6110 ToBpexaeHo 20% ot KonudecTBa
BbInoHeHHBIX ceMstH (PCIT), B 2020 rony — 3%.

IIpopactanue ceMsiH 3aTpyaHeHo. [Ipu KoMHaT-
Holt Temmiepatype (+18...422°C) oHM He ITpopacTa-
10T. ITocne crpatudukauuu nnpu +5°C B TeueHUe
5 MmecsieB mpopocio 11 + 2.6% cemsiH. OHu TIpo-
pacTanu MeIJeHHO, B TeueHue 2 Mecs1eB, mo 1—2
B IcHb C OOJILIIMMU IIePUOAAMU MEXIY IOSIBIIC-
HUEM OTIeJIbHBIX TPOPOCTKOB (0T 2 mo 12 mHen).
Yepes 3.5 Mecsgua ceMeHa CHOBa ObLJIM MOMelle-
HBI B XononuiabHUK Ipyu +5°C Ha 3 Mmecsma. [Ipo-
pacTaHue Hayajoch ele nmpu +5°C, Ob1I0 OoJiee
IPYXXHBIM M IIPOJOJIKAJIOCHh B TeUeHUE Mecslia
npu +18...+22°C. O6masg BCX0OXeCTh COCTaBUIa
84 + 3.7%. KadyecTBO CeMsH Xopollee, HECMOTPs
Ha CTOJb JJIMTECIBHBINA IIEpHOI IPOPaCTaHUSI, 3ar-
HUJIO OYEHBb HeOOJIbIITIOE KOTUIECTBO CEMSIH — BCe-
ro 13%, a 3% He 3arHUIN U HE TIPOPOCIIH.

Cynst mo HeOOIbIIOKH BCXOXKECTU IMOCJe MepBO-
ro nepuoja crpatudukalmm, ceMeHa MaragaHuu
OJIbCKOM HAXOISTCSI B COCTOSIHUU ITOKOSI pa3HOM
r1yOMHBI M, BEPOSITHO, JIUIIb YaCTUYHO MPO-
pacTaloT Ha CcJeNyIol1ii BereTallMOHHbIN CE30H,
a YaCTUYHO IPOpaCTalOT B TEUCHUE HECKOJIbKUNX

rnocjiaenyiomux jeT. B Hamux onbitax 11% cemsH
IIPOPOCIIO Yepe3 rof rmociie cbopa u eme 73% — de-
pe3 2 roga mocie coopa.

Cocrosinne nmonyiasanuii. MeponpusiTusa Mo ox-
pane. Bun Magadania olaénsis panee OBIIT 3aHe-
ceH B KpacHywo kuury Poccuiickoiit @enepauuu
(Krasnaya..., 2008b) ¢ kareropueit 3a: “Penkuii
BuJI, s3HIeMuK Poccuu (XabapoBcKoro kpas u
MarapgaHnckoii o06i1.). [IpencraBuTenb OJTUTOTUTI-
HoTO pona, sHgeMuuyHoro a1 Poccnn”. CormacHo
IMpukasy Munnpuponsl Poccun or 24.05.2020 r.2
BHeceHbl uamMeHeHus B M. 3.7. [lopsiaka BegeHUs
Kpacnoit knuru Poccuiickoii @enepanuu. Tenepb
KaxXIblii 00BbEKT XKMBOTHOIO U PAaCTUTEJIbHOI'O
MUpPa OTHOCUTCS HE TOJIbKO K OJTHOM 13 KaTErOpUit
cTaTyca peIKoCTH, HO TaKXe K OOHOM M3 KaTero-
pHi1 yITPO3BI NCUE3HOBEHMS M K OTHOI M3 KaTero-
puii CTeNIeH! 1 TIEpBOOYEPETHOCTY IIPUHUMAEMBIX
U TUIAHUPYEMBIX K IPUHSITUIO TIPUPOIOOXPAHHBIX
mep. B HoBwIM [lepeyeHb 00BEKTOB paCTUTEIBHOTO

2 Tlpuka3 MuUHMUCTEPCTBA MPUPOAHBIX PECYPCOB U 3KOJIOTUH
P® Ne 161 ot 24.03.2020 “O BHeceHUM U3MEHEHUI B I10-
panok Benenust KpacHoit kuuru Poccuiickoit @enepannn,
yTBEPKIEHHBII ITpuKkazoM Munnpuponsl Poccuu Ne 306
ot 23.03.2016”.

BOTAHUYECKHWM XYPHAJT Tom 109 Nel 2024



PACITIPOCTPAHEHUE U OCOBEHHOCTHW BUOJIOTUU MAGADANIA OLAENSIS (APIACEAE) 57

-
TUTH
AG 0013288 [m]

uz

o
©
i
o
o
=4
=
3
=
>
®

=)
E
N
S
E
S
Y
S
a
S
=)
S
=
=1
=)
S
f
S
=)
S
E
N
S
@
S
=
S

Fep6apui UncturyTa oruveckux npo6nem Cesepa [1BO PAH
Herbarium Instituti biologici Academiae Sc.Rossica

Magadania olaénsis (Gorovoi et N. S. Paviova) M.
Pimen. et Lavrova

{ MarapaHckas obnacts OnbCkuii panoH

©. Cnachapbesa, 0XHbIi Maccus, 61us pene; 59° 6" "
| 148°58'36.02'E B N,

B i MPYMOPCKMIA CKIOH I0XKHOM IKCNOSULMM, PASHOTPABHbI nyr

Data Col. 22.07.2013r.

3 6069 Det. Xopesa M.I".

Puc. 6. Magadania olaénsis B renepatusHoii dasze (22 urons 2017 r., MAG0013288) B mpuponHoit o6cTaHoBKe (A) 1
B repbapuu (B).
Fig. 6. Magadania olaénsis at the generative stage (July 22, 2017, MAG0013288) in nature (A) and in herbarium (B).

MUpa, 3aHeceHHbIX B KpacHylo kHury P@?, Buja ¢ cuibHO (hparMeHTUPOBAHHOM 06/1aCThI0 06UTa-
BKJIIOUEH C KaTeropueii craryca penkoctu 3 (pen- nus. YTo KacaeTcst KaTETOpUU IPUPOIOOXPAHHO-
Kue). Kareropus yrpossl UCYe3HOBeHUsI — Y — ysI3- 1o craTyca, TO JUlSl BUJA 1OCTaTOUHO OBIIUX Mep,
Bumbie (Vu — Vulnerable). CormacHo KaTeropusiM M peqycMOTPEHHBIX HOPMATHBHBIMY TTPABOBBIMHU

kputepusam Kpacnoro cniucka MCOII (Kategorii..., ;xramu PO JUISL COXPAHEHUST O6HEKTOB KMBOTHO-
2001) Bug oTHOCUTCH K KaTeropuu Vulnerable (Vu)

Ha OCHOBaHMM Kputepus B2a: Bua ¢ orpaHMYeH-
HBIM apeajioM, cocTaBiasoluM MeHee 2000 Km?

T'O WJIM PaCTUTEILHOTO MUpa, 3aHeCeHHBIX B Kpac-
Hy1o KHuUry P® (111 npuopurter).

CocrostHUE HOHYJ'IHL[I/Iﬁ B HACTOAIICC BPEMA HE
} [pukas MuHUCTEPCTBA IPUPOTHBIX PECYPCOB M SKOJIOTUM  BHYILIAET ONMACEHUil. PacTEHUS LBETYT U TJIOJOHO-
PD Ne 320 ot 23.05.2023 “O6 yrBepX)xaeHuu IlepeuHss o6b- 6

€KTOB PacCTUTEIILHOTO MU pa, 3aHEeCEHHBIX B KpacHylo KHUTY CAT, KU3HEHHOE COCTOAHUE DOJTBITMHCTBA SK3EM

Poccuiickoit ®enepanun’. MJISIpOB XOpolIee. AHTPOIIOreHHas Harpy3kKa Bo BCex

BOTAHUYECKHWM XKYPHAJT Tom 109 Nel 2024
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M3BECTHBIX MECTOOOUTAHUSIX HU3Kas (BNU30a1de-
CKH€ TyPUCTUUYECKHME MapIIPyThl) UJIU OTCYTCTBY-
eT. JIuMuTupyomuM GakTopoM SIBASETCs y3Kas
9KOJIOrMYecKasi IpuypoYeHHOCTh BUJA K CKJIOHAM
IOXXHBIX 3KCIO3UIIMMI, TOPOJaM OCHOBHOI'O CO-
cTaBa (IpeuMyllIecTBEHHO 0a3ajbTaM), a TaKKe
HEeBbICOKAsI CeEMeHHasl MPOAYKTUBHOCTb Y 3TOT0
MOHOKaprnuueckoro sugaa. K moreHuMalbHbBIM
yrpoxarumuM pakTopaM, B MEPBYIO oyepeab A
MPUOXOTCKUX TOMYASLUIN, MOXXHO OTHECTH JiecC-
Hble TToxapbl. OceHblo 2020 r. oOLIMPHBII TOXAaP
YHUYTOXUJ pacTUTEIBHOCTh Ha CKJIOHAX OJIM3
ATapraHCKOU KOCH B 2—5 KM OT MECTOHAaXO0XIe-
HHMI MaragaHUM OJIbCKOM. PexpeanmmoHHOE BO3-
IEeMCTBHUE BPSA M CTAaHET TMMUTUPYIOIIUM (paKkTO-
poM B bnuxkaiiliee gecsatuiietue. HesHauutenbHast
yacTh nonyasauuil Ha OxoTcko-KoabIMCcKOM BOIO-
pasnelie Mpou3pacTacT B pailoOHE MECTOPOKIACHU I
araToB, OJHAKO UX IIPOMBIIIJIEHHAas pa3padboTKa
He BeneTcs. Yrposa nonyasiuusam M. olaénsis Bo3-
HUKHET B cJIyyae HayaJia IPOMBIIIJIEHHO T0ObIYM
IOBEJIMPHO-MOAEJIOYHBIX KaMHe#. BaxxHo mpose-
JIIEHUE DKOJIOTMYECKON 3KCMEPTU3BI BCEX XO3AM-
CTBEHHBIX MTPOEKTOB, 0COOEHHO JOPOXKHOI'O CTPO-
UTEeJIbCTBA, 3aTparuBamIINX MECTOOOUTAHMS BU 1A
U BIMSIIOIIMX HA UX YUCJTEHHOCTb.

OcHoBHasl Mepa OXpaHbl BUIa — COXpPaHEHUE
cpennbl ooutanusa M. olaénsis v opranmzanus OOIIT
B OCHOBHBIX MecTax ero npouspactanus. Heobxo-
IUMBbl HaOIIOAEHHUS 32 COCTOSIHUEM TOMYISIIUMA,
0COOEHHO YUYMThIBAsl UCKIIOUYUTEIbHO CEMEHHOE
BO300OHOBJIEHUE BUIa. TakxKe HEOOXOAUM IMOUCK
HOBBIX MECTOHAXOXIEHUI, B IEPBYIO O4epelb MPO-
BelicHUEe OOTaHMYECKOM aKcIenuuuy Ha SAdHcKoe
IJ1aTO Ha Ioro-3amnaae MaragaHCKo 001acTu.

B MaragaHckoil obiacTu BUJI mpou3pacTaer
Ha TEPPUTOPUHU PErMOHATBbHBIX MAMSITHUKOB IIPU-
ponbl «OnbCKOE TJIaTO» U «ATapraHCKHMii», Ol-
HAKO peaJbHOM OXpaHbl MOMYISLIXAN 5TOT0 BUIA
OHU He o0ecneunBaloT U3-3a MaJeHbKOM I1JI0IIa-
1u (0.4 u 0.3 kM2 coorBeTcTBeHHO). Heobxonnmo
pacmiupenue miaomaneit atux OOIIT B gecaTku
pa3, a TakXe paclldpeHue TEPPUTOPUU MaMsIT-
HuKa npuponsl «basanbroBeiii» (0.15 km?), ps-
JIOM C TpaHUIIAMUW KOTOPOT'0 MPOU3PACTAET BU/I.
Tak>ke 011 oXpaHbl BUa MEepPCIeKTUBHA OpraHU-
3anus mpupoaHoro mapka Ha OxoTcko-KonabiM-
cKoM Bopopasaeie Ha OnabckoM miato (Andreev,
2013). B XabapoBCKOM Kpae MeCTOHAXOXIEeHUE
M. olaénsis Ha T. TonmKo HaxXomMUTCI O3 TPAHUIILI

MOYAIJIOBA u np.

roCyIapCTBEHHOr0 MPUPOTHOro 3amoBegHUKA
«JXyraxXypckuii»; npeajaraercs I. Tomko npuco-
€AUHUTDH K 3aTIOBEAHUKY WU OOBSIBUTH €€ JaH-
madgTHEIM maMaTHUKOM Tipuponbl (Krasnaya...
2008c, 2019b). OmHaKO B CIMCOK OXpaHsIEMbIX BU-
JIOB COCYIUCTBIX pacTeHU JXyraxXypcKoro 3amno-
BenHUKa M. olaénsis BkmodeH (Gosudarstvenniy...,
2023). OtmetuM, uto B KpacHoit kHure Xabapos-
ckoro kpas (Krasnaya..., 2008c, 2019b) nepenyra-
HBI WJUTIOCTPAIlNY K BUIOBBIM odepKaM M. olaénsis
u M. victoris.

SAK/TIOYEHUNE

I'epbapHbie coopbl Magadania olaénsis npen-
ctaBjeHbl B 4 repbapusix: MAG — 38, VLA — 8,
MHA — 5, MW — 1. TumioBoii oopa3serr (holotypus)
xpaHuTcd Bo VLA, mapatunsl, BEpOsITHO, yTepsi-
Hbl. B 1n¢poBbIX TepbapusiX B OTKPHITOM JOCTYIIE
mpencTtasieHbl 39 oopasuoB (MAG — 38, MW — 1).

OcHoBHasg 4acTb apeana Magadania olaénsis
pacriojioxxeHa B MaramaHckoii obnactu. M3Bect-
HO TaKXe H30JMpPOBAHHOE€ MECTOHAXOXICHUE
Ha xp. Jxyraxyp B XabapoBCKOM Kpae, pacCTOSIHUE
OT KOTOPOTIo JI0 OJMKaNHIINX MECTOHAXOXIEHMU it
B MaranaHckoii obiactu (0. CnagapbeBa) — 730 kK.
BruigBneHHas miomanb apeana M. olaénsis B Mara-
JAHCKOI 061acTH cocTaBisgeT okoso 390 kM2, ero
HauboJiee KpynHas 4acTh (okosio 380 xm?) pac-
nmoioxeHa Ha Oxorcko-KonapIMcKOM Bomopasie-
e Ha OJabCKOM IIJIaTO, TIe MJIOIIAagb MECTOOOM-
TaHUN ¢ HAaMOOJbIIEH MJIOTHOCTBHIO MO
(2.5—3 ThIC. Ha KM?) cOCTaBaSET OKOJIO 1.5 KM?.
Ilnomanb yyacTka apeajia Ha OXOTCKOM mobepe-
XKbe — 4—5 km?, Ha ocTpoBax — 0.1—0.5 km?. O6wmas
YUCJIIEHHOCTD MOIYJISIIINI COCTABIISIET IIPUMEPHO
4—8.5 Teic.: Ha OXx0TcKO0-KOJBIMCKOM BOmopasfe-
Je — 3.5-7.5 Teic., Ha mobepexbe — 0.6—0.9 ThIC. U
okoJio 50 pacTeHMii Ha OCTPOBaXx.

M. olaénsis — MHOTOJIETHUI MOHOKapITUK, hop-
MHUpOBaHUE FreHepaTUBHBIX MOOErOB MPOUCXOAUT
Ha 5—10-it ron. Ha pacteHun B reHepaTUBHOIK
(aze KpoMe LEHTPAIbHOTO COLUBETUS OOBIYHO
(opmupyrorcs 2 60KOBBIX (HE TaK 4aCTO UX MEHb-
1Ie UJaKu O0OJIbIle), HO CeMeHa Ha HUX, aXe eCIU
(dopMuUpylOTCS, peaKO JOCTUTAIOT MOJHOMN 3pe-
JocTU. YHUCIEHHOCTh TeHepaTUBHBIX 0COOEil B
NOMYyASALUMIX MTPUMEPHO OAWHAKOBA B pa3HbIE
roabl, OOHAKO OTMeYaJjCcs Ce30H, KOraa B OOHOM U3

BOTAHUYECKHWM XYPHAJT Ttom 109 Nel 2024
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MOMYJISILMI Ha o0epexkbe TeHepaTUBHBIE pacTe-
HUS OTCYTCTBOBAJIN.

CemenHas nponyktuBHocTh (PCIT) cyecTBeH-
HO pa3jMyaliach B pa3HBIe T'OIbI M COCTaBIIsIIIa
B cpeaHeM oT 146 1o 326 BbI3peBIIMX CEMSIH Ha OHO
pacTeHue, BapbUpysl OT HyIs 10 694 ceMsH.

IIpopacranue ceMsiH 3arpyaHeHo. [Ipu KomHaT-
Hoit Temniepatype (+18...+22°C) oHu He mpopacTa-
10T. [locne aByX nepruoaoB cTpaTuUKaLu oo1Ias
BcxoxecTh cocraBuia 84 + 3.7%. CemeHa mara-
IaHUM OJIBbCKOM HAXOHSITCSI B COCTOSSHUM IOKOSI
pa3HOM TIAYOMHBI M JTUIITH YaCTUYHO ITPOPacTaIoT
B CJICAYIOIIMI BET€TAlMOHHBINA CE30H, a OCTaJIb-
Hble — B TeUeHME HECKOJIbKMX MOCICAYIOLIUX JIET.

M. olaénsis mpouspacTaeT MPEeUMYIIECTBEHHO
B pa3HOTPAaBHO-KYCTApHUYKOBBIX, KyCTapHUY-
KOBBIX TYHIpaX, pexe Ha cj1abo 3aJepHOBaHHBIX
IIEOHUCTBIX POCCHINAX Ha BbicoTax Oosiee 700 u
1o 1300 M Hag yp. M. (Oxotcko-KonbsIMcKUit Bomo-
pasznen, o. 3aBbsJI0Ba) MO0 B COOOIIECTBAX ¢ 00b-
MM YJ4acTHEeM pa3HOTpaBbs Ha BeicoTax 50—350 m
Han yp. M. (AtapraH — Xap6us, o. CrnagapneBa).

OCHOBHBIMM JIMMUTUDPYIOIIUMU (paKTOpaMHU SIB-
JISTIOTCS Y3Kasl dKOoJoTuyecKasi IpuypouYeHHOCTh
BUJA K MTOPOJIaM OCHOBHOTO cocTaBa (Mmpeumylie-
CTBEHHO 0a3ajibTaM), a TaKXe UCKIIOYUTEHHO Cce-
MEHHO€ pa3MHOXEeHUE U HEPABHOMEPHOCTb CEMEH-
HOTO BO30OHOBJIEHU S B Pa3HbIE TOJIbI.

M. olaénsis OTHOCUTCS K peAKUM BUAaM (KaTe-
ropus 3), 11 mpuopuTeT MpUPOIOOXPAaHHBIX MED.
CornacHo KateropusiM u Kkputepusm KpacHoro
cinrcka MCOII gBaseTcd yI3BUMBIM — Vulnerable.
K »Toit KaTeropuu oH OTHECEH Ha OCHOBaHUM
Kputepus B2a: Bug ¢ orpaHMYEHHBIM apeajioM,
cocTaBisoninm MeHee 2000 kM? ¢ cuIbHO (par-
MEHTHUPOBaAHHOI obyacThio obutanusd. Cyie-
ctBytomme OOIIT — pernoHalbHBIE TAMSITHUKYT
npupoabl B MaragaHckoit o6jlacTu — He obecrie-
YMBAIOT OXpaHbl MaragaHUU o0JbcKoii. CoBpeMeH-
HBle TaHHBIE O MIPOU3PACTAHUM HAa TEPPUTOPUU
3anoBegHMKa «/I>KyTIXypCcKuii» IpOTUBOPEUYU BbI
1 HYXJAIOTCS B YTOYHEHUU.

BJIATOOJAPHOCTH

WUccnenoBaHus mpoBoauauch B pamkax tem HUP
nadopatopum 6otannku MBIIC JIBO PAH AAAA-
A17-117122590002-0, 1022040500936-0, yacTUYHO MOA-
nepxaHnbl rpaHTamu Rufford Small Grants Foundation,
UK, (2010—2011 rr. — mpoexT 8284-1 m 2012—-2013
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IT. — 1poekT 11690-2) The research and conservation of
rare and threatened plants and its habitats in the Magadan
Region (Northern Far East Asia, Russia), kommniekc-
HbIe dKCNEeIUIINY Ha o-Ba 3aBbsaioBa u CradapbeBa
noanepxanbl rpantamu JIBO PAH (09-111-/1-06-305,
10-111-4-06-022, 13-111-1-06-020). ABTOpPHI TIpH3HAa-
teabHbl C. 0. IlIBenony, B.I1. I'apTBUKy, E.C. u JI.B. Tu-
MOIIIEHKO 3a IMOMOIIb B TIPOBEACHUU MOJIEBBIX PaboT;
B.B. fky6oBy (PHII Bropa3nooobpasuss JBO PAH)
3a otorpaduu o6pasuos u3 VLA, H.}O. CrenaHo-
Boit u C.A. IlonyskrtoBy (I'BC PAH) 3a koHcyabTa-
uuu u pororpaduu repdbapHoro marepuaia 8 MHA,
M.B. Jleruenko (BUH PAH) 3a monTrBep:XIeHHE OTCYT-
ctBUs coopoB B LE.
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DISTRIBUTION AND PECULIARITIES OF BIOLOGY OF MAGADANIA
OLAENSIS (APIACEAE)

O. A. Mochalova®“*, M. G. Khoreva®*#, E. A. Andriyanova“

“[nstitute of Biological Problems of the North FEB RAS
Portovaya Str., 18, Magadan, 685000, Russia
*e-mail: mochalova@inbox.ru
#e-mail: mkhoreva@ibpn.ru

Magadania olaénsis (Gorovoi et N.S. Pavlova) Pimenov et Lavrova is a species of the oligotypic genus
Magadania, endemic to North-Eastern Asian Russia, included in the Red Data Book of the Russian
Federation. Information on its distribution in the Magadan Region, phytocenotic confinement and

some features of biology is given.

The herbarium specimens of M. olaénsis are kept in 4 herbaria: MAG — 38, VLA — 8, MHA — 5,
MW — 1. The type specimen (holotypus) is deposited in VLA, the paratypes are probably lost. There
are 39 specimens in digital Herbaria (MAG — 38, MW — 1).

The main part of the range of M. olaénsis is located in the Magadan Region. An isolated locality
on the Dzhugdzhur Ridge in the Khabarovsk Territory is also known, 730 km away from the nearest
localities in the Magadan Region (Island Spafaryev). The identified area of the range of M. olaénsis
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in the Magadan Region is about 390 km?. The largest part of the range (about 380 km?) is located
on the Okhotsk—Kolyma watershed on the Ola Plateau, where the area of habitats with the highest
population density (2500—3000 per km?) is about 1.5 km?. Habitats on the coast of the Sea of Okhotsk
take 4—5 km?, and on the islands — 0.1—0.5 km?. The total number of populations is approximately
4000—8500: 3500—7500 on the Okhotsk—Kolyma watershed, 600—900 on the coast, and about 50 plants
on the islands.

M. olaénsis is a perennial monocarpic plant. The formation of generative shoots occurs at the age of
5—10 years. The number of generative plants in the populations is approximately the same in different
years. However, there was the season when generative plants were missing in the populations on the
coast. In a plant at the generative stage, in addition to the central inflorescence, 2 lateral inflorescences
are usually formed (somewhat less often none or one, rarely 3—5 lateral inflorescences), but the seeds
on them, even if formed, rarely reach full maturity. Real seed productivity varies significantly from year
to year from 0 to 694, and averages from 146 to 326 mature seeds per plant. Seeds do not germinate
at temperature +18...+22°C. The total germination percentage after two periods of stratification was
84+3.7%. Seeds of M. olaénsis are in dormancy of different depths and probably only partially germinate
in the next growing season, while the rest germinate over the next few years.

M. olaénsis grows mainly in herb-shrub or shrub tundra, less often on open gravel screes at altitudes
from over 700 to 1300 m a. s. 1. (Okhotsk—Kolyma watershed, Zavyalov Island), or in communities with
a large participation of forbs at 50—350 m a. s. 1. (Atargan-Kharbiz coast, Spafaryev Island).

The main limiting factors are a strict ecological confinement of the species to basic rocks (mostly
basalts), as well as exclusively seed reproduction and irregular seed renewal in different years.

Magadania olaénsis is a rare species (category 3), with III priority of conservation measures.
According to the categories and criteria of the IUCN Red List the species is vulnerable (Vu). It is
assigned to this category on the base of criterion B2a: a species with a limited range less than 2000 km?
with a highly fragmented habitat area. Existing local protected areas in the Magadan Region do not
provide protection of the species. Current data on its presence at the territory of the Dzhugdzhur Nature
Reserve are contradictory and need to be clarified.

Keywords: protected species, endemic genus, Magadania olaénsis, population size, range, Magadan
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IIpunoxenue. Crircok o6pas3noB Magadania olaénsis u3 MaragaHckoii o61acTu, XxpaHgmuxcsa B MAG
Appendix. List of herbarium specimens of Magadania olaénsis from Magadan Region deposited in MAG

Howmep KoopnuHatsl Paiion MecTto cbopa DKonorus Jara CoOpan Ornpenennn
obpasia MecTta coopa
District Locality Habitat Date Collected by | Identified by
Barcode Coordinates
MAG 59°32'40.78" N, | Oabckuii OKpECTHOCTU | BEPXHsIS YacTh 08.06.2020 | Xopesa M.I. | Xopesa M.T.
0005404 151°30'10.76"E | paiton ATapraHckoil | 10.-3al. 3Kc.,
KOCBI, XpebeT | pa3peskeHHBI
B OCHOBAaHUHU | KAMEHHOOEPE3HSIK
KOCBI C KaparaHom
rpuBacTOi
MAG 59°32'42.07" N, | Ombckuit mmoc. ATapraH |JIyroBoit 28.07.1983 | MasypeH- MasypeH-
0013278 151°30'16.38"E | paiton MPUMOPCKUI ko M.T. ko M.T.
cKJ10H, h-500 M
MAG 59°32'42.07"N, | Onbckuit noc. AtapraH |JyroBoii 28.07.1983 | MasypeH- MaszypeH-
0013280 151°30'16.38"E | paiton TIPUMOPCKHIA ko M.T. ko M.T.
ckJtoH, h-500 M
MAG 59°30'30.05"N, | Oabckuit noc. ATapraH, | OCTEITHEHHBI 09.06.1979 | MasypeH- Xoxpsi-
0013281 151°31'19.27"E | paiioH h-400 M, 10X~ | CKIIOH ko M.T., koB A.II.
Has 9KCMo- Epmiosa C.B.,
3UIMS MbICa Xoxpsi-
Xapbuc koB A.II.
MAG 59°32'34.12"N, | Oabckuii noc. AtTapraH, | KyCTapHAYKOBast 10.09.1979 | MagypeH- Xoxpsi-
0013282 151°30'18.25"E | paitoH h-600 m TyHIpa ko M.T., koB A.I1.
Epmiosa C.B.,
Xoxpsi-
koB A.II.
MAG 59°33'2.45"N, | Onbckuit noc. AtapraH, | IIeOHUCTBINA 02.08.1978 | UkoHHU- Xoxpsi-
0013283 151°29'52.91"E | paitoH B pacrmajke CKJIOH CeBEepHOI koBa O.A., koB A.TI.
pyubs SKCITO3ULINA Tysos O.A.
MAG 59°33'2.45"N, | Onbckuit rmoc. AtapraH, | IIeOHUCTBIN 02.08.1978 | UkoHHU- Xoxps-
0013284 151°29'52.91"E | paiton B pacnanke CKJIOH CEBEPHOM koBa O.A., koB A.TI.
pyubs 9KCIMO3ULINU Tyzos O.A.
MAG 59°5'46.72"N, | Onbckuit 0. 3aBpsIOBA | KAMEHUCTBI 23.08.1976 | EpmioBa C.B., | Xoxpsi-
0013285 150°43'38.34"E | paiton CKJIOH Xoxpsi- koB A.Il.
koB A.I1.
MAG 59°5'46.72"N, | Onbckuit 0. 3aBbsIOBA | KAMEHUCTHIA 23.08.1976 | EpmioBa C.B., | Xoxpsi-
0013286 150°43'38.34"E | paiton CKJIOH Xoxpsi- koB A.I1.
koB A.II.
MAG 59°6'22.86"N, | Onabckuit 0. 3aBbsIIOBA, | KAMEHUCTBIM 15.08.2009 | Xopesa M.I. | XopeBa M.T.
0013287 150°43'36.07"E | paiion ceBepHast KYCTapHUYKOBO-
YacTh, OKOJIO | JIMIIAWHUKOBBINA
850 M H.y.M. |CKJIOH CeBEpHOI
SKCIO3ULIMK
MAG 59°6'52.96"N, | Onbckumit o. Cmacbapb- | MpUMOpPCKUIA 22.07.2013 | XopeBa M.I. | XopeBa M.T.
0013288 148°58'35.94"E | paiton €Ba, IOXHBIM | CKJIOH F0XXHOM
MaccuB, 0113 | 9KCITO3ULIVH,
pernepa pa3HOTpPaBHBIN JIyT
MAG 60°35'43.44"N, | XacsiHckuit | Onbekoe KyCTapHUYKOBO- 05.08.2011 | Mowao- Mouaio-
0013289 151°21'3L1"E paiioH IIaTo, Pa3HOTPaBHBIi Ba O.A. Ba O.A.
I. Ckud, JIy>KOK
I0XKHbBIE
CKJIOHBI
B OKD. pyY.
Imunuctoro
BOTAHUYECKUM XKYPHAJTT Ttom 109 Nel 2024



64 MOYAJIOBA u ap.

MAG 60°38'36.82"N, | XacblHckwmii | Onbckoe Pa3HOTPaBHO- 04.08.2011 | Mouaro- Mouaro-
0013290 151°10'54.66"E | paiion 1aro, KyCTapHUYKOBAast Ba O.A. Ba O.A.

BEPXOBbS TYHZpa IO CKJIOHY

Ognbl. Bono-

pasznen by-

snyma u Huna
MAG 60°41'9.46"N, XaceiHckMit | Onbekoe KyCTapHUYKOBas 03.08.2011 | Mouaso- Mouajo-
0013291 151°12'45.83"E | paiion IU1aTo, TYHIpA Ha IJIATO Ba O.A. Ba O.A.

BEPXOBbS

Osnbl. Bono-

paszen

pp. Onbl 1

XypeHau
MAG 60°35'43.44"N, | XacbiHckuit | Onbckoe KyCTapHUYKOBBIE 05.08.2011 | Mouaio- Movuaso-
0013292 151°21'31.1"E paiioH I1aro, 3apociu Ba O.A. Ba O.A.

BepxoBbs OJIbL, | OJEXOBHUMKA CO

JIEBBIA UCTOK | CTIIAHMKOM 10

(“ycur”) CKJIOHY
MAG 60°35'43.44"N, | XacelHckmii | Onbckoe KYCTapHUUYKOBHIE 05.08.2011 | Mouaso- Mouaro-
0013293 151°21'31.1"E paiioH 1aro, TYHIpPbI, 0ObIYHA Ba O.A. Ba O.A.

I. Ckud,

I0XKHBIE

CKJIOHBI

B OKp. pyu.

InmuHucroro
MAG 60°37'7.14"N, XaceiHckuit | Onbekoe JOXKHBIE CKJIOHBI 31.08.2011 | Moyano- Movuaro-
0013294 151°14'21.01"E paitoH TIaTo, Ba O.A. Ba O.A.

r. Ckud,

B OKp. pyuY.

BazansroBoro
MAG 60°39'25.31"N, | XacblHCKHUil | BEPXOBbS TYHIpa 04.08.2001 | Annpus- AHnpusi-
0013295 151°13'24.14"E paiioH p. OB, TIaTO | TMINAHUKOBO- HoBa E.A. HoBa E.A.

Hald IIpaBbIM | KYCTapHUKOBO-

CKJIOHOM pa3HOTpaBHAs

KaHboHa OJTbI
MAG 60°37'54.86"N, | XachlHCKMi1 | McTOKM IIeGHUCTHIHI 04.09.1970 | Xoxps- Xoxpsi-
0013296 | 151°33'59.49"E | paiioH Masrana CKJIOH, 6a3aJIbT koB A.TI. koB A.II.
MAG 60°37'43.5"N, XachbIHCKUI | UCTOKU LIeGHUCTBIHI 04.09.1970 | Xoxps- Xoxpsi-
0013297 | 151°34'26.08"'E | paiton Masrana CKJIOH, 6a3aJIbT koB A.TI. koB A.II.
MAG 60°27'15.98"N, | XacbiHckuii | 150 km 1eGHUCTHII 10.08.1978 | Ty3oB O.A., | Xoxpsi-
0013305* | 151°22'58.4"E paitoH KosbIMCKO#1 | CKJIOH B Xoxps- koB A.II.

Tpacchl, Pa3pexeHHOM koB A.Il.

noc. SI6aoHe- | KeApoBOM

BBIiA, IPaBbIl | CTIaHUKE

oeper p. Onbl
MAG 60°27'15.98"N, | XacbiHckuii | 150 km LeGHUCTDII 10.08.1978 | TysoB O.A., | Xoxpsi-
0013306* | 151°22'58.4"E paitoH KonbIMCKOi | CKIIOH B Xoxps- koB A.I1.

TPacchl, paspekeHHOM koB A.II.

noc. S161oHe- | KenpoBOM

BBIl, IPaBbIA | CTUIAHUKE

6eper p. Onbl
MAG 60°28'58.58"N, | XacbiHckuii | 150 kM MoJiorue 20.08.1972 | Xoxps- Xoxpst-
0013307* | 151°28'33.82"E | paiion Tpacchl KAMEHUCTBIE koB A.TIL. KoB A.II.

CKAJIbI
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MAG 60°27'45.58"N, | XacblHCKuil | pyu. OKOJI0 OCTAHLIOB 04.06.2019 | Mouao- Mouajo-
0014324* | 151°29'24.04"E | paiion Heopuan B HAa CKJIOHE COITKM Ba O.A. Ba O.A.
HECKOJIbKUX | K PY4YbIO
KM CEBEPHEE
BEPXHETO
Onbekoro
MocCTa
MAG 60°27'25.6"N, | XachIHCKMIA | CEOBMHA HA | MOXOBO-KYCTap- 04.06.2019 | Mouaro- Mouaro-
0014328 | 151°30'57.82"E | paiion MCTOKAX Pyd. | HUYKOBbIiA yua- Ba O.A. Ba O.A.
3BenHoro CTOK Ha CKJIOHE
Y TIPUTOKA PAZIOM C CemLIo-
Heopuana BUHOI
(HanpoTuB
moc.
S1610HEBBIIT)
MAG 60°22'24.08"N, | XacbIHCKHUIT | BEpXOBbsI MCTOKM pydeiika, 18.06.2021 | Mouaro- Mouano-
0011715 150°50'01.82"E paiioH p. Aran, CTEKAIOILIETO Ba O.A. Ba O.A.
CKJIOHBI TODBI | C TOMNBI
ceBepHee
r. Tpor
MAG 60°17'07.41"N, | XacbIHCKHMii | 1eBOGEpEXbE | OKOJIO OCTAHLIOB 29.06.2022 | Moyaio- Mouaro-
0015602 150°29'32.54"E | paiioH cperHei B IIPUBEPILIUHHOM Ba O.A. Ba O.A.
ApmaHu, 4acTu
BOIOpA3EN
pyu. Kpoxans
u Tuxoro.
I 1253 m
(bazanbroBast)
MAG 60°17'07.50"N, | XachIHCKMIi | IeBOOGEpeXbe | OKOJIO OCTAHLIOB 29.06.2022 | Moyano- Mouaro-
0015604 | 150°29'32.47"E | paiion cpenHeit B IPUBEPIIMHHOMN Ba O.A. Ba O.A.
ApmaHu, 4acTu
BOIOpA3IEN
py4. Kpoxans
u Tuxoro.
I 1253 m
(bazanbrosast)
MAG 60°38'18.67"N, | TeHbKMH- Onbckoe 09.08.1971 | Xoxps- Xoxpsi-
0013308 151°4'5.48"E CKUii paiioH | riaro, Bepx. koB A.IL. koB A.TI.
p. Hun
MAG 60°38'18.67"N, | Tenbkun- | OnbcKoe KyCTapHUKOBast 00.00.1971 | Xoxps- Xoxpsi-
0013309 151°4'5.48"E cKkuii paifon | rulato, Hun | KameHucras koB A.TI. koB A.TI.
TyHIpa
MAG 60°38'18.67"N, | Tenbkun- | Onbckoe KyCTapHUKOBast 00.00.1971 | Xoxps- Xoxpsi-
0013310 151°4'5.48"E cKuii paifon | rulato, Hun | kKameHucras koB A.TI. koB A.TI.
TyHIpa
MAG 60°37'54.86"N, | TeHbKUH- Onbckoe Ha 1e6eHKe 18.08.1971 | Xoxps- Xoxpsi-
0013298 151°33'59.49"E CKUIt paiioH | Tu1aTo koB A.I1. koB A.TI.
MAG 60°38'18.67"N, | TeHbKUH- OJbeKoe 09.08.1971 | Xoxps- Xoxps-
0013299 151°4'5.48"E CKUii palioH | TUTIaToO, BEPX. koB A.I1. koB A.II.
p. Hun
MAG 60°38'18.67'N, | TenbkuH- | Onbckoe 09.08.1971 | Xoxpsi- Xoxpsi-
0013300 151°4'5.48"E CKUii paifoH | miarto, Bepx. koB A.IL. koB A.IL.
p. Hun
BOTAHUYECKUM XKYPHAJTT Ttom 109 Nel 2024



66 MOYAJIOBA u np.

MAG 60°39'8.12"N, | TeHbKUH- Onbckoe TPaBAHUCTHIN 26.07.1981 | MasypeH- Xoxpsi-

0013301 150°54'2.64"E | ckuit paiioH | miaro, CKJIOH ko M.T., koB A.IL
r. Jlenanas Xoxpsikos IT.
(JIebenunast)

MAG 60°39'8.12"N, | TeHbKHH- Onbckoe TPaBAHMCTHIN 26.07.1981 | MasypeH- Xoxps-

0013302 150°54'2.64"E | ckwuii paitoH | maTo, CKJIOH ko M.T., koB A.II.
r. JlensaHas Xoxpsikos I1.
(Jlebenunast)

MAG 60°39'8.12"N, | TeHbKUH- Oinbckoe KyCTapHUYKOBast 26.07.1981 | MasypeH- Xoxps-

0013303 150°54'2.64"E | ckuii paiioH | raro, TYHApa ko M.T., koB A.Il.
r. Jlensnas Xoxpsikos I1.
(JIebenunast)

MAG 60°38'18.67"N, | TeHbkUH- Oinbckoe KyCTapHUKOBas 00.00.1971 | Xoxps- Xoxpsi-

0013304 | 151°4'5.48"E ckuii paifon | rmaro, Hun | KameHucras KoB A.II. koB A.TI.

TyHIpa

IIpumeuanue. 3Be3104KOi (*) oTMEeUEHbl TOMOTUTIBI. 2KUPHBIM HIPUGDTOM BbIAEJEHBI 00pa3ilbl, yIIOMSIHYTbIe KaK
specimina examinata (Pimenov, Lavrova, 1985).

Note. Topotypes are marked with an asterisk*. The specimens referred to as “specimina examinata” (Pimenov, Lavrova,
1985) are highlighted in bold.
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COOBIIEHN A

MMOJIMMOP®M3M TEHOMHOW JTHK MYRICA GALE (MYRICACEAE)
HA TEPPUTOPUU T'OCYIAPCTBEHHOI'O MPUPOJHOIO
3AKA3HUKA “JIEBAXKWIN” (IO KHOE MOBEPEXBLE ®UHCKOTO
3AJIVBA)

©2024r. O.A. Cemnuena'?, V. A. T'anaktuonosal?, B. H. Boabmakos!, A. D. Pomanosuy?,
M. I0. Tuxoaeesa?, O. H. Tuxonees?*

1000 “Beza” TK “Aaxop Buo”
Kenesznodopoycnutii np., 40a, Cankm-Ilemepbype, 192148, Poccus
2Canxm-Ilemepbypeckuii 2ocy0apcmeennblii yHueepcumem
Yuueepcumemckas na6., 7/9/11, Canxkm-Ilemep6ype, 199034, Poccus
*e-mail: tikhodeyev@mail.ru, o.tihodeev@spbu.ru

[Moctynuna B pegakmuio 24.11.2023 r.
[Mocne nopa6orkm 01.12.2023 1.
[MpuHsaTa k nyoaukauuu 05.12.2023 1.

AHanu3z nonumopdusma reHoMHoi JJTHK — onuH U3 MKUPOKO MCHOIb3yeMbIX TTOAXONO0B IIPU U3yye-
HUU TEHETUYECKOM CTPYKTYPHI IPUPOAHBIX MOMYJISLMii. Ero ycrenHo mpuMeHsI 10T K pa3JInYHbIM
BUJaM pacteHuii. Ho MHOrMe BUIBI ITOKa MPaKTUYECKHM HE UCCIeNOBaHbl, YTO B IIEPBYIO oUepelb
CBSI3aHO C METOAMYECKMMMU CJIOXHOCTSIMM TIPU BBIJEICHUM XOPOLIO o4uileHHo# reHoMmHoit JITHK.
OTH CIO0XHOCTH CBSI3aHBI C TEM, UYTO AJISI pacTeHUI XxapaKTEepHbl MHOI'OUMCJIEHHbIE OpTaHUYECKHe
coelHeHUs (Moaucaxapuibl, MOJUGEHOIbI, TMIUAB U T.11.), 3arpsa3Hsiomue JHK v 3HauutenbHO
CHUXaloIue ee KauecTBo. K yuciay Takux BUJOB OTHOCUTCSI BOCKOBHUK OOJIOTHBIH (Myrica gale L.) —
MHOTOJICTHU TTpUaTIaHTUYECKUM KyCTapHUK, Pa3MHOXAIOIIUICS TJIaBHBIM 00pa30M BereTaTuB-
HO (IIPOPOCTKM BOCKOBHMKA BCTPEUYAIOTCS B MPUPOJE OUYEHDb pelKo). Mbl pa3paboTaliu mIpocToit
IIPOTOKOJI BBIJEJIEHU I BBICOKOKaYeCcTBeHHOM reHoMHol JIHK 13 1rcTheB BOCKOBHMKA M TIPOBEJIN
AFLP-ananus 42 pacTeHuit 3TOro BUja U3 Tpex Cyonomnyasiuii Ha TEppUTOPUM IPUPOTHOIO 3aKa3-
Huka “Jledsixuit”. Mcronb3oBaB Tpu Maphl MpaiitMepoB, BeIYJIeHUIN 22 ¢hparMeHTa aMILIU(pUKaLIUH,
8 13 KOTOphIX 0Ka3aJauch MOHOMOp®HBIMU. [To ocTanbHbIM 14 hparmMeHTaM CpeaHUI YPOBEHb UX
nojuMopdusMa OblJT HEBBICOK: B 3aBUCUMOCTHU OT MCCJIENOBAaHHOM CyONOIyJasiIMU OH BapbUpoBas
ot 0.079 no 0.129. Kak noka3za npoBeeHHbIit HAMM aHaJIU3, BCE TPU UCCIIeJOBAHHBIE CyOIOIYJIs-
LIMY BOCKOBHMKA OKa3aJHCh MOJUMOPOHBIMU C IpeodiiagaHnueM AByx oomux AFLP-reHoTunos.
[Mo-BUAMMOMY, COOTBETCTBYIOIIME PACTEHU S SIBJSIIOTCSI BEreTATUBHBIMUY ITOTOMKaMM OCHOBaTeJIeit
JaHHo# nonyasuuu. OoHapyxkeHHble penkue AFLP-reHoTunsl (mpeactaBjieHbl BCEro OAHUM WU
IBYMSI PaCTCHUSIMU; B OOIIEl CIOKHOCTU TAKUX T€HOTUIIOB BBISIBJIEHO 12), BEpOSITHO, BOZHUKJIH
B pe3yJibTaTe MyTallMOHHBIX M PEKOMOUHAIIMOHHBIX MpolieccoB. [losyyeHHbIe JaHHbIE CBUAECTEb-
CTBYIOT O TOM, YTO B BOCIIPOM3BEICHUU U pAcCEIEHUHM BOCKOBHUKA POJIb ITOJIOBOTO Pa3MHOXECHM S
TOXE CYIIECTBEHHA.

Kaiouessie caoBa: KpacHnas kaura P®, Myrica gale L., nepudepuyeckue MOMyasiiinu, TeHOMHast
AHK, AFLP-aHanu3, reHeTU4eCKUii MoJIuMoppusm

DOI: 10.31857/S0006813624010053, EDN: EXQPZP

Mpyrica gale L. (BOCKOBHUK 00J0THBIN) — MHO- B EBpomne Haubonee obuneH Ha bputaHckux
TOJICTHUI IBYOOMHBII JTMCTOMAAHBII KYCTApHUK ocTpoBax U B @eHHockaHauu. Ha Tepputopun
n3 cemeiictBa Myricaceae. [IpuypoueH K cunbHo Poccuiickoit @egepauuu BCTpedyaeTcs: TOIbKO
yBJIaXXHEHHBIM yMepeHHOo-0opeanbHbIM Ipuat- B Kapenuu u JleHuHrpaackoit oomactu (Komarov,
JTaHTU4eckuM 3kotonaMm CeBepHoro noayiuapus. 1936; Ivanter, Kuznetsov, 2007; Volkova et al., 2021),
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9TO caMble BOCTOUHBIC IIOIYJISIIIMK B apealie BUIa.
Kak npaBujio, OHU CpaBHUTEIbHO MAJIOYUCIIEHHBI
(0OBIUHO He OoJiee IBYXCOT-TPEXCOT PACTEHUIA),
MPUYEM HEKOTOPbIE UCITBITHIBAIOT CUJIBHOE aHTPO-
IIOTeHHOE BO3AEHCTBHE, UTO IIPUBOAUT K UX COKpa-
IIEHUIO 1 YTpo3e ncue3HoBeHUs1. COOTBETCTBEHHO,
JaHHBINA BUI pacTeHU BKIII0UeH B KpacHyro KHU-
ry P® (The Red Book..., 2008) co cratrycom “pen-

Kuit” (kateropus 3).

OnHo#t U3 UHTEPECHBIX OMOJIOTMYECKUX OCO-
OeHHOCTell BOCKOBHMKA SIBJISIETCS €r0 IIPeuMy-
IIECTBEHHO BereTaTuBHOe pasMHoxeHue (Poore,
1956; Skene et al., 2000). dejio B TOM, 4TO COOT-
HOIIIEHKE IT0JIOB Y JAHHOTO BUIA PE3KO CABUHYTO
B CTOPOHY MY3KCKHMX PAaCTeHUI: XKEHCKUE OOBIYHO
COCTaBJISIIOT a0COIIOTHOE MEHBIIMHCTBO, a B He-
KOTOPBIX IMIPUPOAHBIX MOMYJIALMUIX HE OTMEUYe-
Hbl BoBce (Ivanter, Kuznetsov, 2007; Volkova et al.,
2021). Kpome Toro, maxke B caMbIX OJIarOIpusITHBIX
YCJIOBUSIX BCXOXECTh CEMSTH BOCKOBHMKA HEBBICO-
Kka (Schwintzer, Ostrofsky, 1989; Skene et al., 2000).
Ero npopocTku BCTpedaroTCs B MPUPOAE PEAKO
(Poore, 1956), a uX XMU3HECITOCOOHOCTh 3aBUCHUT
OT MHOTrUX (paKTOpPOB, B TOM YMCJIE OT CUMOUO-
TUYECKMX OTHOUIEHUMN C a30TPUKCHUPYIOMUMU
akTHHOMMUIIeTaMU U3 poxa Frankia (Bond, 1951;
Schwintzer, Lancelle, 1983; Schwintzer, Ostrofsky,
1989; Crocker, Schwintzer, 1993). CooTBeTCTBEHHO,
MMPUHATO CYUTATh, YTO Y BOCKOBHHMKA POJIb MOJIO-
BOI'0 pa3MHOXeHUs BecbMa HeBenrKka (Poore, 1956;
Skene et al., 2000).

IlepeuncnenHbple (PaKTHI IIO3BOJISIOT IIPEIIIOJIO-
KWUTb, YTO MHOTHE MOMYJISIIIMM BOCKOBHUKA, OCO-
OeHHo nepudepudeckre, UMeIOT Cyryboo KJIoHaJb-
HOE IIPOUCXOXKACHUE, T.€. IPEACTaBICHBI paMeTaMU
OIHOTO U TOro Xe reHorumna. Yroobl MpoOBEPUTH
CIpPaBedJIMBOCTh 3TOI THIIOTE3bl, HEOOXOIMMO
MPOBECTU MOJIEKYJISIPHO-TeHETUYECKU T aHaINU3
pacTeHM BOCKOBHMKA M3 JOCTATOYHO KPYIIHOMN
MOMYJISLIMMU, HAaXOMsIIEeHcsl Ha Kpalo apeaja U
B 3HAUMTEJIbHOI CTeNEHU U30JMPOBAHHON OT Apy-
rux nonynsaunii. OqHaKo TaKMX UCCIIeTOBaHUT He
MPOBOAVIIH.

leHeTHMYecKMX TaHHBIX O BOCKOBHMKE KpaiiHe
Majo. [Ipenmnonaralor, YTo OH SABIISIETCS FeKCAIlI0-
WJOM: IJISI DTOTO BUAA XapaKTepHO 48 XpoMocoM
npu n = 8 aas cemeiicrBa Myricaceae (MacDonald,
1989; Skene et al., 2000). MoaekynasapHO-reHeTHYe-
CKHe TaHHBbIE 0 BOCKOBHHMKE CBOISITCS K pPe3yib-
TaTaM mTpux-KonuposaHus (de Vere et al., 2012;

CEMMYEBA u 1p.

Kuzmina et al., 2017) n oToeNbHBIM T€HOMHBIM
nocienoBateabHOCTIM B GeneBank. B aTux pabo-
TaX OBLIY MCIIOIb30BAaHBI JOPOTOCTOSIIIE METOMbI
Ha OCHOBE 3apy0eXXKHBIX KOMMEpUEeCK1UX HAaOOpPOB
peareHToB (de Vere et al., 2012) uiu aBTOMaTu3u-
poBaHHBIX cucteM 1 BeigeaeHus JHK (Kuzmina
et al., 2017). Haie uccienoBanue TpedoBajo 6oJjiee
JEIIeBbIX MOIXOIO0B.

IIpoGiiema ocIOXHSIETCS TEM, YTO IJISI BOCKOB-
HHMKAa XapaKTEPEH IIUPOKUNA CIIEKTP COCAUHEHUM,
3aTPYIHSIONINX BEHIACIIEHNE BBICOKOKAYECTBEH-
Hoit reHoMHOI JIHK. K 1ogoOHBIM coeguHEHUSIM
B IIEPBYIO Oo4Yepedb OTHOCSTCS MOJIUCAXapUIbI, JIV-
nuasl 1 nonndenonsl (Rogers, Bendich, 1985; 1989;
Dairawan, Shetty, 2020; Ryabushkina et al., 2012;
Aggarwal et al., 2022; Galaktionova et al., 2023).
Mexay TeM BBICOKOTOYHBIE MOJIEKYJISIPHO-T€HETH-
YyeCKH1e METOHBI, B YACTHOCTH IIMPOKO MCIOJb3Y-
embrit AFLP-ananu3 (Amplified Fragment Length
Polymorphism; Vos et al., 1995; Blears et al., 1998;
Mueller, Wolfenbarger, 1999, TpeGyioT xopoiiiero
ypoBHs ounctku JHK.

Iloka3zaHo, 4yTo cTeOan U TucThsa Myrica gale Tio-
KPBITEI MHOTOUMCIIECHHBIMY KeJIE3UCTBIMU TPUXO-
MaMM, BBIISISIOIIUMY ITUPOKU CIIEKTP JTUIIUIOB,
B TOM 4ucJie BOckoB (Svoboda et al., 1998; Popovici
et al., 2008). B skccynaTtax reHepaTUBHbBIX U Bere-
TaTUBHBIX OPraHOB IIPUCYTCTBYIOT pa3HOOOpPa3HbIC
¢aaBoHOU bl U 3upHBIe Macaa (Malterud, 1992;
Popovici et al., 2008; 2010; Rosa et al., 2020). bna-
rojgapsi AecsITKaM BaprMaHTOB IO EHOJIOB BOCKOB-
HUK IIPOSIBJISIET OTYCTIIMBO BEIPAXKEHHYIO JeKap-
CTBEHHYI0, (UTOTOKCHUYECKYIO, PEIeJIEHTHYIO
1 aHTUMUKPOOHYI0 akTUBHOCTH (Blackwell et al.,
2003; Sylvestre et al., 2005; Popovici et al., 2008; 2011;
Silva et al., 2015; Rosa et al., 2020). TakumM obpazom,
BOCKOBHUK SIBJISIETCSI CJIOXKHBIM OOBEKTOM IJISI BBI-
JeJIeHUsl BICOKOKauecTBeHHoM reHoMHoi JTHK.

B HacTos1ei padoTe npeasioxXeH MpoCcToid Mpo-
TOKOJI, TO3BOJISIOIINI BBIACISITh 13 BOCKOBHUKA
reHoMHyto JIHK, nmpurogHyio njs mociaeayolie-
ro AFLP-ananuza. criofib3ys JaHHBIH TPOTOKOII,
MBI MCCJIEIOBAJIN TeHETUUYECKUM ITOTUMOP(PU3M
BOCKOBHMKaA, IMPOMU3PACTAIONIEr0 Ha TEPPUTOPUU
rocyaapCTBEHHOI'O MPUPOAHOro 3akazHuka “Jle-
Os1xnit” (roxxHOe mobdepexxbe @UHCKOTO 3a71Ba).
DTOT JIOKYC BHIOpaH HAMH MO TpeM IIpUUYMHAM.
Bo-nepBpix, MECTHAS MOMYJISIUSI BOCKOBHMKA —
OIHA U3 CaMBIX KPYITHBIX B JIeHWHTpaacKoii o61a-
cT. Bo-BTOpPBIX, OHA HAXOAUTCS HA 3HAYUTEIHBHOM
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MNOJIUMOPOU3M

Puc. 1. 3apociu BOCKOBHUKA B CyOTIOMYJISITTUY A.

Fig. 1. Myrica gale thickets in subpopulation A.

yoaneHuu (0oiee 25 KM) OT IPYTUX U3BECTHBIX
MMOMYJISIIINiT JaHHOTO BUIA, T.€. B JOCTAaTOYHO BHI-
COKOI1 CTEIeH! M30JIMpoBaHa OT HUX. B-TpeThux,
BbIOpAaHHBINM JTOKYC HEOOHOPOAEH, B pe3yabTaTe
4yero UccjieqoBaHHAas HaMU MOMYJIsIIUS pa3aeieHa
Ha Tpu 000COOJIeHHBIE CyONoNnyasiiuu B TPAKTOB-
ke bexknemuineBa (Beklemishev, 2015). Ananu3u-
pys reHeTUYeCKU i MOIUMOp(PHU3M 3TUX CyOIoIy-
JISUUI, MBI IPOBEPSIJIN CITPaBEAJIUBOCTb TUIIOTE3bI
0 TOM, YTO KaxJasl U3 HUX UMEET Cyry0o0 KJIOHAb-
HOE IIPOMCXOXICHME, T.€. IIPEACTaBICHa paMeTaMK
onHoro u Toro xxe AFLP-reHoTumna.
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TEHOMHOW OHK MYRICA GALE (MYRICACEAE)...

MATEPUAIJIBI U METOZbI

MecTto ucciaenoBanusa. PacTuTenbHbIl MaTe-
puaj codbupaau B rocylapcTBEHHOM MNPUPOIHOM
3aKa3HWKE permoHaIbHOTO 3HaUeHUS “JleOskumit”
(JlTomoHocoBckuii p-H, JIeHUuHrpajackas o61.), a
TaK>kKe HEMOCPEACTBEHHO MPUJICTAIOIINX K HEMY
TeppuTopusx. [Jis mTaHHOro 3aKa3HUKa XapaKTep-
HEI 3TaJIOHHBIE IPUMOPCKYE TaHAMAa(TH F0XXKHOTO
6epera @uHckoro 3anuBa. K ux ynciay oTHocCsITCS
MEJIKOBOIHAsI YacTh aKBAaTOPUU U ITPUOpEXKHasI
30Ha, IpeACTaBJIeHHAs BRITSIHYTHIMU BIOJIb Oepera
JNIOHHBIMU MeCYaHbIMU I'PSIAAMU, YEPEIYOIIUMU-
CsI C MEXTPSIIOBBIMY MOHMXKEHUSIMU. ['psaab1 3aHsI-
THI pa3pekeHHBIMU 3€JIEHOMOIIIHBIMY COCHSIKaMU
¢ OpPYCHUKOI, BOpPOHMKOI U BEpEeCKOM. MeXTpsao-
BBbI€ IIOHMXEHUS 3a00J104eHbl. B a3KoTOHAaX 6010T
C COCHSIKaMM c(pOopMUPOBaAIUCh 3aPOCIU YEPHO-
OJIBIIIAHMKOB. MecTHas ITONyIsIIN BOCKOBHAKA
NnpeacTaBlieHa TPeMs CyONonyasilMsIMU, yaaJleH-
HBIMU Ha pa3Hoe paccTossHue oT @UHCKOro 3aJIBa
U OTIEJIEHHBIMHU IPYT OT Ipyra IeCYaHbIMU rpsa-
MU C COCHSIKAMU.

Cyononyasauusa A (puc. 1). Ilpouspacraer
Ha TleCYaHOM y4acTKe, oTaeseHHOM oT DuHckoro
3aJIMBa TMEpBOM y3KOH MIOHHON Tpsamoil u cop-
MUPOBABIIMMMUCS 3a Heil 3apoCasIMU TPOCTHUKA.
[1pu U3MeHEeHU U YPOBHS BOALI B 3aJIMBE U BO Bpe-
Ms BECEHHETO CHETroTasiHbs PEeTYJISIpPHO 3aTOIIS-
eTcsd. McnbIThIBaeT MHTEHCUBHYIO PEeKpealliOH-
HYI0 Harpy3kKy. BockoBHUK Ipou3spacTtaeT y3Koit
MPEePLIBUCTOM ITOJIOCON Ha rpaHUIIE MEXAY 3a-
pOCJISIMU TPOCTHUKA U BTOPOM MMECYAHOM I'psaoit
C COCHSIKOM OPYCHMYHO-BOPOHUYHBIM. B mosioce
TPOCTHUKOBBIX 3apocieil (uupuna 50—60 M) mo-
MuMo Phragmites australis (TIpOEKTUBHOE MMOKPHITHE
80%) npouspacraetr Galium palustre (5%), Carex
acuta (3%), C. elangata (1%), Sium latifolium (1%)
u mxu (10%): Sphagnum squarosum, Sphagnum sp.,
Calliergon cuspidatum. B npeBocTO€ COCHsIKa Opyc-
HUYHO-BOPOHUYHOI0O KpoMme Pinus sylvestris (BbICO-
toit 12—15 M) ormeueHa Sorbus aucuparia (2—4 M), a
Takke efMHUYHbIe ocoou Viburnum opulus (0.6 M)
Aronia melanocarpa (0.7 M). B HamouyBeHHOM ITOKPO-
Be nipeobnanaet Impetrum nigrum (30%), Vaccinium
vitis-idaea (20%), V. myrtillus (3%), Deschampsia
caespitosa (71%), Carex nigra (2%), Fragaria vesca
(5%) u Melica nutans (2%). OT™MeUeHBI eTUHUIHBIC
aKk3eMisApsl Luzula pilosa w Hieracium umbellatum.
M3-3a BEITANTEIBAHUS MOXOBOII IOKPOB ITpak-
THUYECKU OTCYTCTBYeT. B 30He mpouspacTtaHus
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BOCKOBHMKA, JOCTUTAIOIIETO MOKPHITHA 10 60%,
BcTpevaeTcs Alnus glutinosa (10—12 M), Frangula
alnus (1.5-3 m), Salix cinerea (2.5 M) n S. starkeana
(3 M). HanmoyBeHHBI!I TMOKPOB COCTOUT U3
Chamaepericlymenum suecicum (no 15%), Phragmites
australis (10%), Calamagrostis epigeios (3%), Sium
latifolium (2%), Galium palustre (1%), Carex acuta
(1%), C. elangata (1%). DTa cyonomynsuus pa3ou-
Ta Ha ¢parMeHThI, pa3andalolIecs 10 BUTAJIUTE-
Ty pacTeHuii. B HeKOTOpBIX (hparMeHTax BhICOTA
BOCKOBHMKA COCTaBJIsIeT 1.2 M, B APYTUX BOCKOB-
HUK aKTUBHO YCBIXAeT, €ro BbICOTA HE MPEBLIIIAET
0.7 M. OGHapyKeHbI TOJBKO MYKCKUE PACTECHUS.

Cyononyngaius b (puc. 2). [Ipouspacraet B no-
HUXKEHMH 32 BTOPOU TIOHHOI Tpsiaoil B HU3MHHOM
Me30-eBTpodHOM 00JIoTe, 00JeCEHHOM T10 Kpa-
eBbIM KOUYKaM OJIbXOU 4epHOi 1 Oepe30ii MmylIn-
cToii. BOCKOBHUK MPUCYTCTBYET KaK B 00JieCEH-
HOIi, TaK U B OOJIOTHOI 30HE, YACTUYHO 3aXOIs
10 TIeHTpa TrocienHeit. Ha ocBeleHHbIX yuyacTKax
OH JIEMOHCTPUPYET BBICOKUI BUTAIUTET (BHICO-
ta pactenuii 1.0—1.4 M, mokpuitue 40%). Pe3ko
nmpeobamaloT MYXCKHE pacTeHHsI, HO BCTpeda-
I0TCS U eTUHUYHbIe XeHckue. Cpelu TpaBsSTHU-
CTHIX pacTeHU HabIOgaeTCs YyepeaoBaHuUEe IO-
MUHUpoBaHUus Phragmites australis (10—40%) u
Eriophorun vaginatum (5—30%), a takxe Carex
acuta (5—20%), C. elangata (5%), Viola epipsela (5%),
Comarum palustre (5%), Menyanthes trifoliate (2%),
Calla palustris 2%), Naumburgia thyrsifolia (1%) n
np. B odnecennoit vactu — Alnus glutinosa (4—6 m),
Betula pubescens (1o 8 M), Pinus sylvestris (7—8 m)
u Salix cinerea (10 3 Mm). B HanmoYBeHHOM TTOKpPO-
Be TipouspacTtatot Phragmites australis (40%), Carex
rostrata (10%), Carex elangata (10%), Eriophorun
vaginatum (3%), Calla palustris (2%), Agrostis canina
(2%), Dryoptheris cartusiana (2%), Comarum palustre
(1%). 13 mxoB Ha 000MX yJacTKax ImpeodiaamaeT
Sphagnum squarosum w Sphagnum centrale.

Cyononyaguug B (puc. 3) HanboJee ynajieHa OT
®dunckoro 3anuBa. OtaesieHa oT cyononynsauuu b
IIUPOKOM MeCUYaHOl TpsAaoi ¢ MPOJOXKEHHOU Mo
Hell TOpOoroii, OKpy>KeHHOI 0epe30-COCHSIKOM
BOCKOBHMKOBO-C(arHoBbiM. BOCKOBHUK xapak-
TepU3yeTCsl BEICOKMM BUTAJIMTETOM, BEICOTA pac-
teHuii 1.0—1.2 M. Bce pacTeHus1 MyXcKue, HO Ha
OAHOM 3a(pUKCUPOBAH HEOOJIbIION XXEHCKHUI MOOET.
Hpesoctoiit Hu3koit comkHyTOocTH (0.3—0.4) co-
crout u3 Pinus sylvestris (7—11 M), Betula pubescens
(5—8 M), Alnus glutinosa (4—6 m), Salix cinerea (3 m).

CEMMWYEBA u 1p.

Puc. 2. 3apocau BockoBHMKA B cyononynsauuu b.

Fig. 2. Myrica gale thickets in subpopulation B.

B HamouBeHHOM MOKpPOBE MPUCYTCTBYIOT Carex
rostrata (10%), Carex elangata (10%), Eriophorun
vaginatum (30%), Calla palustris (2%), Comarum
palustre (2%), Naumburgia thyrsifolia (1%) n mxu:
Sphagnum centrale (10%), Sphagnum fallax (10%),
S. squarrosum (30%), Polytrichum commune (1%).

HecMorpst Ha O61M3KOoe pacHoIOXEHUE NPYT
K IPYTY U HECOMHEHHOE OTCYTCTBUE CTPOrOi U30-
TSI (0COOEHHO BO BpeM sl CUJIBHBIX HABOTHEHUIA),
KaxXaasl U3 TpeX MNePeUNCICHHBIX CYOITONmyIsIInii
3aCIy>XKMBAET OTACIBHOTO BHUMAaHMS B CBSI3U C pa3-
HOyIaJeHHOCTBIO 0T DUHCKOro 3aj11Ba.

Coop pacTuTebHOro MaTepuaaa. Marepuall co-
oupanu B Mae — nioHe 2022—2023 rr. Kak nokazanu
2024
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Puc. 3. 3apociu BockoBHUKA B CyOmonynsiiiuu B.

Fig. 3. Myrica gale thickets in subpopulation C.

Haluu npenbiayiue uccaenosanus (Galaktionova
et al., 2023), maxke MoJIoABIe IUCThSI BOCKOBHUKA,
coOpaHHBbIE B IIPUPOAE, MAJOIPUTOAHBI 151 BbI-
JieJIeHUs BbICOKOKadyecTBeHHOI reHoMHoi JTHK
13-3a BEICOKOTO COIEepXKaHUsI BOCKOB (HecIydaii-
HO BUJI MMOJYYUJI TaKoe Ha3BaHue). [ToaToMy MBI
MonuuIMpoBaiu cOOp pacTUTEIbHOIO MaTepu-
ana. BeiOupanau moder ¢ HEMOJHOCTbHIO PaCKpPbI-
THIMU IIOYKaMM, OTPEe3aJd €ro BEpXHIOK 4YacTh
(5—6 mouek), moOMeNladl OTPE3aHHYIO YacTh IO-
Oera B OYTBLJIb C MUTHEBOM BOMOI U BBIACPXKUBATIHN
IIpY KOMHATHOM TeMIlepaType B TCUCHUE HEIEIU.
B aTHX yCIOBUSIX MPOUCXOAUIO MHTEHCUBHOE pac-
KPBITHE BET€TAaTUBHBIX ITOYEK, B pE3YyJbTATE YEro
pa3BUBaJINCh OOMIILHO OOJIUCTBEHHBIE, OBICTPO pa-
CTylIre 00KOBbIe MOOeTn 0e3 3aMeTHBIX IpHU3Ha-
KOB HaKoOIIJIeHHUSI BOCKOB. I1o Mepe dopMupoBaHms
JIMCTOBBIX MJACTUHOK BOCKOBHMKA MBI COOMpaIn
UX B TJIACTUKOBBIE MPOOUPKU M HEMEIJIEHHO 3a-
MopaxkuBaau B xoiaoauiabHuke npu —70°C. Takoit
CBEXE3aMOPOXECHHBIN pacTUTEIbHBIA MaTepural,
MOJIYYEHHBIN U3 JIMCThEB C MaJIbIM COACpPXKaHUEM
BOCKOB (B IaJIbHel1IeM Mbl Ha3bIBa€M €ro “ornTu-
MM3NPOBAHHBIM OMOMaTepHUaIoM BOCKOBHMKA”),
IauTeabHoe BpeMms xopouo coxpaHser JHK u
JIETKO TOMOT€HU3UPYETCS.

Boinenenue renomuoii JIHK u3 onTumMu3upoBaH-
HOTO OMOMaTepuajia BOCKOBHHKA. 32 OCHOBY MBI
B3SIJIM MaKCHUMaJbHO YIIPOIIEHHBIN IIPOTOKOII,
pa3paboTaHHBIN A5 BeIAeeHUsT reHoMHo# JIHK
U3 CBEXXUX JUCTbEB pe3yxoBuaku Tans (Arabidopsis
thaliana (L.) Heynh.) (Kotchoni, Gachomo, 2009).
2024
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Anantupys TaHHBIA MTPOTOKON K ONTUMU3UPO-
BaHHOMY OWoMaTepuay BOCKOBHWKA, Mbl BHEC-
JIM B HETO HECKOJIbKO U3MEHEHU I, UYTO MO3BOJIUIIO
3HAYUTEJIbHO MOBBICUTH KAYECTBO BBIJAEISIEMO
reHomHoit JIHK. MonuduumpoBaHHBII TPOTOKO
BBITJISIIUT CIEAYIOIIUM 00pa3oMm:

20—50 MT ONTUMU3UPOBAHHOIO OMOMaTepuaa
BOCKOBHHUKA OBICTPO IIEPEHOCYIIN B OXJIAXKICHHYIO
Ha Jb0Y MUKPOLECHTPUPYKHYIO ITPOOUPKY 00bE-
MOM 1.5 MJI 4 TIIATE€IbHO TOMOT€HM3MPOBAJIM I1J1a-
CTUKOBBIM MECTUKOM,;

K TTIOJTy4eHHOMY roMoreHaTy noo6aBastau 800 MK
nusupyloiero pactsopa (0.5 M NaCl, 2%-it SDS,
1%-it nonmuBuHuInupponuaod MB 40 K/la), Bop-
TeKcrpoBaian B TeueHme 20 ¢, ”THKyOMpOBaIN C TIe-
peMellMBaHUEeM MPU KOMHATHOM TeMIlepaType
B TedeHue 10 MUH, TTOCJIe Yero OCTaBJISLIN Ha JIbIY
Ha 10 MuH. [Tomy4eHHYIO cMech IIeHTpUGYTUPOBa-
qu npu 13000 06/MUH 4 MUHYTHI TP KOMHATHOM
TeMIlepaType;

HAIO0CaJOYHYIO XHUIKOCTH (0K010 400 MKII) ak-
KYpaTHO MEPEHOCUIN B UUCTYIO MUKPOLUECHTPU-
GyXHYIO TPOOUPKY, J00ABASIN PaBHbI 00beM
XOJIOAHOTO M30TIPONaHoja U aKKypaTHO MepemMe-
IIUBaJii, IepeBopayrBasi MPpoOUPKY B TeUCHUE
2 MmunHyT. [lonyyeHHyI0 cMech LIEHTPUGYTupoBa-
ym ipu 13000 06/MuH, 30 MUHYT IpU KOMHATHOM
TeMIieparype;

aKKypaTHO yAaJISIJIM HAJOCAA0YHYIO XXUIKOCTbD,
K TTOJIy4eHHOMY ocaaKy a106aBiistau 500 MKJI OTMBI-
BogHOTO pacTBopa (I M ryaHuanH M30TUOIIMAHAT,
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Ta6auua 1. HazBaHus 1 1OCJIeI0BaTeIbHOCTH OJIMTOHYKJICOTHUIOB, UCIIOJIb30BAHHBIX B paboTe
Table 1. Names and sequences of the oligonucleotides used

Ha3zBanue ouroHykiaeoTuna
Oligonucleotide name

HyxneotuaHas nocnenoBateabHOCTh (5° — 3°)
Base sequence (5’ - 3’)

AnanTepsl IJIs1 peakluy JUTUPOBaHUS ¢ hparMEHTaMU PECTPUKIINU

Adapters for ligation with the restriction fragments

EcoRI-AF CTCGTAGACTGCGTACC
EcoRI-AR AATTGGTACGCAGTCTAC
Tru9l-AF GACGATGAGTCCTGAG
Tru9l-AR TACTCAGGACTCA
[paiimepsl oSt peakUu IpegaMILIUDUKaL MU

Primers for preamplification

EcoRI-PA GACTGCGTACCAATTC
Tru9l-PA GATGAGTCCTGAGTAA

IMpaitmepsl A7151 peaKLIMU CeNEKTUBHON aMITUDUKALIUYT

Primers for selective amplification

F-EcoRI-CAT FAM-GACTGCGTACCAATTCCAT
F-EcoRI-ATG FAM-GACTGCGTACCAATTCATG
F-EcoRI-AAT FAM-GACTGCGTACCAATTCAAT
Tru9l-CTT GATGAGTCCTGAGTAACTT

IIpumeuanne. FAM — dnyopodop diyopeciienH.
Note. FAM — fluorophore fluorescein.

50%-ii1 u3ornponaHoJI), BOPTEKCUPOBAIU B TEUCHUE
20 ¢ u uHKyOupoBaJiu B meiikepe rmpu 500 06/MuH
5 MUH Npu KoOMHaTHOU Temmeparype. [lonyueH-
HYI0 cMech ieHTpudyrupopanu npu 13000 o6/MuH
10 MUHYT TIpY KOMHATHOI TeMnepaType;

aKKYpaTHO YAAJISIIN HaJoCaAOUHYIO XXKUIKOCTD,
K HNoJlydeHHOMY ocaaky gob6asasan 500 MKJ Xo-
noxHoro 70%-ro 3TaHoJIa, BOPTEKCUPOBAJIM B TeUe-
Hue 30 ¢ ¥ MHKYOMpOBaau 2 MUH PU KOMHATHOM
temneparype. [loly4eHHYI0 cMech LICHTpUDYTU-
poBaiu rmpu 13000 06/mMuH 10 MUHYT IIpY KOMHAT-
HOI1 TeMIIepaType;

aKKypaTHO yIaJsji HaZ0CaTOUHYIO XUIKOCTh,
JIepxKaJu IIPOOUPKY OTKPBITOM A0 IMOJIHOTO MCIIa-
peHus 3TaHoJa, 3ateM gooaBisaau 100 Mk geno-
HU3UPOBAHHOM BOABI U aKKYPAaTHO MepeMeIlNBaIn
0 pacTBOpeHUsA ocanka. [TonydeHHBI pacTBOpP
redomuoit JJHK xpaanmu npn —20°C nis moce-
IVIOIIEro UCIIOIb30BaHUS.

KauecTtBo BhiAeneHHoi JJHK nmpoBepsiin Me-
TOomoM 3yekTpodopesa B 1%-M arapo3HoM Treje
C OKpPacKoil OpOMUCTBIM 3TuUAUEM (B KauyeCTBe
Mapkepa AJUH ¢parMeHTOB HCHOJb30Balu
JAHK-mapkep Sky-High, “buonabMmukc”, Poccus).
KonuuectBo BhiaeneHHoit JIHK onpenensnu Ha

dayopumerpe Qubit-1 (Thermo Fisher Scientific,
CIIA) rnabopom QuDye dsDNA HS Assay Kit
(Lumiprobe, Poccus) corinacHo MHCTPYKLIUSIM
IIPOU3BOJAUTEJIEN.

ITony4yenue ¢ayopecueHTHO MeYEeHHBIX (pparMeH-
ToB IHK nna AFLP-anamm3a. B kauecTBe 0OCHOBEI
MbI UCITOJIb30BaJU MPOTOKOJI, OTTMCAHHBIN B CTa-
The (Blignaut et al., 2013). Mbr onTUMU3NpoOBaIN
JaHHBIN MPOTOKOJI, UCITOJb30BaB B HEM ClIEAYIO-
1I1e peareHThl:

BHJIOHYKJIea3a pecTpukuuu (pectpukTasa) EcoR I
¢ 10x SE-6ydepom EcoRI (OO0 “CnbdH3zaiim”,
Poccus),

pectpukTasa Tru9 I ¢ 10x SE-6ydepom W (OO0
“CubdH3zaiim”, Poccust) — uzommusomep pecTpuk-
Ta3sl Mse 1,

T4 JHK nura3za ¢ 10x Overnight ligation buffer
(“EBporen”, Poccus), mactep-mukc pns ITLP
buoMactep LR HS-ITLIP (2%) (“buonadmukc”, Poccus),

mactep-mukc g I[P buoMactep LR HS-TTIIP
(2%) (“buomadbmuxc”, Poccus).

Bce HeoOXxonuMBble OJIUTOHYKJIEOTUIBI ObLIN 3a-
KazaHbl 1 cuHTe3npoBaHbl B OO0 “Bera” I'K “An-
kop buo” (Poccus). Ha3zBanus m HyKJI€OTUIHBIE

BOTAHUYECKUWH XYPHAJ

Tom 109 Nol 2024
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Ta6auna 2. KoopayrHaTel IpoaHaJIM3UPOBaHHBIX pacTeHuilt Myrica gale

Table 2. Coordinates of the analyzed Myrica gale plants

Cyononyasuus A Cyononynasuus b Cyononynsuus B
Subpopulation A Subpopulation B Subpopulation C
59°95'07.66” 29°56'79.95” 59°95'54.96” 29°55'70.20” 59°95'55.59” 29°55'60.14”
59°95'07.79” 29°56'79.97” 59°95'54.83” 29°55'68.37” 59°95'55.33” 29°55'61.67”
59°94'93.90” 29°57'22.05” 59°95'54.68” 29°55'67.19” 59°95'55.79” 29°55'41.88”
59°94'96.93” 29°57'24.57” 59°95'54.71” 29°55'67.18” 59°95'55.78” 29°55'41.98”
59°94'96.14” 29°57'25.57” 59°95'54.72” 29°55'67.39” 59°95'55.32” 29°55'41.86”
59°94'93.65” 29°57'29.05” 59°95'54.74” 29°55'67.44” 59°95'55.42” 29°55'40.63”
59°94'91.33” 29°57'31.30” 59°95'54.72” 29°55'67.41” 59°95'55.62” 29°55'40.70”
59°94'90.32” 29°57'32.46” 59°95'54.72” 29°55'67.41” 59°95'55.80” 29°55'42.11”
59°94'90.28” 29°57'33.27” 59°95'54.75” 29°55'67.39” 59°95'55.71” 29°55'42.02”
59°95'54.75” 29°55'67.38” 59°95'55.58” 29°55'40.69”
59°95'54.76” 29°55'67.18” 59°95'55.33” 29°55'39.29”
59°95'54.75” 29°55'67.36” 59°95'55.25” 29°55'38.19”
59°95'54.81” 29°55'66.05” 59°95'55.19” 29°55'37.98”

59°95'55.02” 29°55'36.21”
59°95'55.25” 29°55'34.02”
59°95'55.38” 29°55'33.81”
59°95'55.49” 29°55'33.60”
59°95'55.63” 29°55'33.43”
59°95'55.71” 29°55'33.05”
59°95'55.86” 29°55'29.84”

MMOCJIEA0BATEIbHOCTA OJIUTOHYKJICOTUIOB IPHUBE-
IEHEHI B Ta0T. 1.

Peaxnmg ¢ pecrpukrasoif EcoR 1. K 200—300 ur
renomHoi JIHK moGasnsgnu 5 e.a. EcoR I, 1x

SE-oydep W 1 1eMOHU3MPOBAaHHYIO BOAY 10 O0b-
ema 30 mka. Peakuuio nposoauau B ITIP-am-
naugukarope nmpu +37°C B TeueHue 4 yacos. s
OKOHYaHUS peakKlUU pPecTpUKTa3y MHAKTUBHU-
posaiu npu +65°C B Teuenue 20 muH. KadectBo
peakIuy MPOBEPSIIN METOAOM 3JIeKTpodopesa
B 1.5%-M arapo3HoM Trejie ¢ OKpacKoil GpPOMUCTHIM
atuaueM (10 MKJI peakKliiy Ha TOPOXKY).

Peakiiug ¢ pecrpukTasoit Tru9 1. B nmpobup-
Ky ¢ reHomHoit IHK, obpaboranHo#t pecTpuK-

tazoit EcoR 1 (20 mxu), no6asnsiau 5 e.a. Tru9 I,
1 mxna 10x SE-oydepa W u 1eMoHU3MpPOBaAHHYIO
Boay no oobeMa 30 MKJ. Peakiuio mpoBOanIN
B [1IIP-amniudukarope npu +65°C B TeueHue
4 yacos. /1151 OKOHYaHUSI peakKIMM PeCTPUKTA3Y
vnHakTuBUpoBaau npu +80°C B TeueHue 20 MUH.
[lonydyeHHYI0 CMeCh XpaHUJIM IIPU TeMIlepaType
—20°C mo TTpoBeneHUS peaKIINK JUTUPOBAHU .

BOTAHUYECKHM XYPHAJT Ttom 109 Nel 2024

IlonroTroBka aganTepoB K AUTrMpoBaHup. Hemo-
CPEICTBEHHO Mepe peakliueil TMrupoBaHU s agar-

tepel ECORI-AF (5 MxM) n EcoRI-AR (5 MxM)
CMeLIMBaau B mipornopuuu 1 : 1 B npodbupke, MHKY-
ouposanu npu +95°C B TeueHUe 5 MUHYT, a 3aTeM
oxJaxdajau IIpd KOMHATHOI TeMmeparype B Te-
yeHue 10 MuH. AHanornyHo agantepsl Tru9l-AF
(50 MmxM) u Tru9l-AR (50 MxM) cMmemuBaiu
B nponopuuu 1 : 1 B npobupke, UHKYOUpPOBaJIU
npu +95°C B TeueHUe 5 MUH M OXJIaXIaJdu IIPU
KOMHAaTHOI TeMmneparype B TedeHue 10 MuH.

JlurvpoBaHue ajanTepoB ¢ (hparMeHTaAMU pe-
ctpukun. B mpobupky oosemom 0.5 Ma BHO-
CUIM 8§ MKJ PEeCTPUKILIMOHHON cMecH, 2 MKJ 10x
Overnight ligation buffer, 4 mxn agantepa EcoR I,
4 Mk agaritepa Mse I 1 2 MKJT anra3sl (KOHEIHBII
00beM peakuuu 20 MKJ), MHKYOUpOBAJIU TMpHU
temnepatype +14°C B TeueHue 14—16 yacos, mociie
yero XxpaHuJu ipu temmneparype —20°C mo mmpoBe-
JeHU S peaKluy npeaaMIauuKaLuu.

Peakimg npenamMnaudukannu. AJUKBOTY pe-
aKkIMM JTUTUPOBaHUS pa3Boausu B 10 pa3 B neno-
HU3UPOBAaHHOI BOIE U IepeHOCHIn 5 MK B 0.2-M1
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Puc. 4. [Tpumep xpoMaTorpaMMbl ¢ BHIOpaHHBIMY JJIST aHAIU3a aMIIIMPUIIMPpOBaHHBIMU parmMeHTamMu reHomHoii JTHK
Myrica gale. Ucnionb3oBaHa napa npaiiMmepoB F-EcoRI-AAT u Tru9I-CTT. Yucio Haa MMKOM o3HavyaeT pa3Mep BbIOpaH-
Horo ¢parmeHTa (1.H.). @parMeHTHl, COOTBETCTBYIOIIME APYTMM BHICOKMM MUKaM Ha 3TOM XpoMaTorpaMme, He ObIITH
BBIOpAHBI AJI aHAJIM3a, TTOCKOJIBKY He BCeTra BOCIIPOU3BOIMIINCH B HE3aBUCUMBIX TEXHUUECKUX IMTOBTOPHOCTSX. OpaH-

2KEBBLIM LBETOM IMOKa3aHbl MApKEPhI IJINH (I)paFMeHTOB.

Fig. 4. An example of a chromatogram with the amplified of Myrica gale genomic DNA fragments chosen for the analysis.
The used pair of primers is F-EcoRI-AAT and Tru9I-CTT. The number above a peak indicates the size of the selected
fragment (bp). Fragments corresponding to other high peaks in this chromatogram were not selected for analysis because
they were not always reproducible in independent technical replicates. Fragment length markers are shown in orange.

T[T P-ipoonpKy. 3aTeM B TpoObnpKy 1o0asastian S M
npaiiMmepa EcoRI-PA, 5 nM npaiimepa Tru9l-PA,
12.5 mxa Mactep-mukca misg I[P u nemoHusu-
pPOBaHHYI0 Boay 10 25 MKJI. Peakiinio npoBoauIn
B [Tl P-amnndukaTope ¢ HarpeBaeMoit KpbIIITKOH
IO CJIEAYIONIei mporpaMMme;

1 nuki: geHatypanus: +95°C — 5 muH;

25 uukioB: aeHatypauus: +95°C — 20 c¢; oTXur:
+56°C — 35 ¢; smonrauust: +72°C — 30 ¢;

1 uxut: +62°C — 30 MuH.

KagecTBO peaknuy mpoBepsLIM METOIOM BJIeK-
Tpocdopesa B 1.5%-M arapo3HoOM rejie ¢ OKpacKoit
OpPOMMCTBIM 3TUAMEM (5 MKJI peaKLIMK Ha JOPOXKY).
ITpobupky ¢ peaxkimeit xpanuiay mpn —20°C go mpo-
BElIEHU S peaKllMM CeJIEKTUBHOM aMITIU(UKAIIUH.

PC&KQI/IH CEJICKTMBHOM aMHJ’[I/Iﬂ)I/IKaQI/II/I. Anuk-

BOTY peaklMM IMpeaaMIIIuGUuKaIuy pa3BoOIMIN
B 20 pa3 B I1eMOHU3MPOBAHHOI BOIE U NIEPEHOCUIN
no 5 MxJ B Tpu 0.2-mu ITHP-npobupku. B npodup-
KU 100aBJISIIM COOTBETCTBEHHO 5 mM mpaiimepa
F-EcoRI-CAT, nnau 5 nM npaiimepa F-EcoRI-ATG,
uiau 5 nM npaiiMepa F-EcoRI-AAT. B kaxayto npo-
oupky nob6asasgiu 1o 20 nM mpaiimepa Tru9l-CTT,

12.5 Mk mactep-mukca g [P n nemonnsupo-
BaHHYIO BoAy A0 ob0bema 25 Mki. Peaknuu npo-
ponuau B I P-ammindukarope ¢ HarpeBaeMoii
KPHIIIKOM 1O CIIEAYIOLIEH MporpaMMe:

1 nuki: neHatypauus: +95°C — 5 MuH;

30 nmknoB: neHatypauus: +95°C — 20 ¢; oTXur:
+56°C — 35 ¢; sanonranug: +72°C — 30 c;

1 muxi: +62°C — 30 MuH.

KayecTBO peakniuu npoBepsiii METOAOM BJIeK-
Tpodopesa B 1.5%-M arapo3HOM rejie ¢ OKpackoi
OpoMUCTBIM 3THAMEM (5 MKJI peakKIIuu Ha JOPOXK-
KY). [IpoOupku ¢ pe3yabraTaMu peakluy XpaHUJIN
B CBETOHEIIpOHUIIaeMOM KoHTelHepe npu —20°C
IO IpOBeJAeHN S NaTbHENIIIeTo aHaINn3a.

IIpoBenenne dparmeHTHOro ananuza (AFLP).
OIMH MUKPOJIUTP KaxXAOro aHaJIMU3UPyEeMOTO
I P-trponykTa, comepxaiiero GpJyopecleHTHYIO
MeTKY, pa3Boauiu B 10 pa3 B JeMOHU3UPOBAHHOI
Boze. K 1 MKJI pa3BeneHHOro aMIuimgukara 100as-
s 10 mxar Hi-Di dopmammaa (Applied Biosystems,
CIIA) 1 1 MKJI cTaHgapTa MOJIEKYJISIPHOT'O Beca
CD-450 (“Cunton”, Poccus). 3ateM oOpa3ibl
neHatypuposaau npu +95°C B TedyeHHE 5 MUH

BOTAHUYECKHWM XYPHAJT Tom 109 Nel 2024
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Ta6auuna 3. Beiopanusie 111 AFLP-ananuza amnaudunupoBaHHbie ¢hparMeHTh reHomHol JIHK Myrica gale

Table 3. The amplified genomic DNA fragments of Myrica gale chosen for AFLP analysis

Hcnonb3oBaHHBIC Maphbl TpaiiMepoB
Used pairs of primers

Pasmep BoiOpaHHbIX ¢pparmMeHToB JJHK (11.H.)
Size of chosen DNA fragments (bp)

F-EcoRI-CAT u Tru9l-CTT
F-EcoRI-CAT and Tru9l-CTT

103, 117, 133, 303, 306, 437

F-EcoRI-ATG n Tru9l-CTT
F-EcoRI-ATG and Tru9l-CTT

101, 118, 121, 128, 267, 415

F-EcoRI-AAT n Tru9l-CTT
F-EcoRI-AAT and Tru9l-CTT

116, 125, 165, 203, 239, 280, 309, 313, 317, 363

Taboamma 4. AFLP-reHoTUIIBI HCClIeNOBaHHBIX pacTeHUt Myrica gale B 3aka3zHuKe “JleOsKmit”
Table 4. AFLP genotypes of the studied Myrica gale plants in the Lebyazhiy Reserve

Cyornonynsiuus
’:Eig_reHOTHH S):prop}tlllat?on
genotype A B C
Bce pparmeHThI
! All fge)lgments 2 : :
) Bce, xpome 103 m.H. 6 3 9
All fragments except 103 bp
3 Bce, xpome 313 m.H. _ 1 _
All fragments except 313 bp
4 Bce, xpome 101 u 121 n.H. _ | _
All fragments except 101 and 121 bp
5 Bce, xpome 101 u 267 m.H. _ ) _
All fragments except 101 and 267 bp
6 Bce, xpome 103 u 118 m.H. _ 1 _
All fragments except 103 and 118 bp
7 Bce, xpome 103 u 313 m.H. _ ) _
All fragments except 103 and 313 bp
3 Bce, xpome 101, 103 1 267 m.H. _ _ |
All fragments except 101, 103, and 267 bp
9 Bce, xpome 101, 118 1 280 m.H. B B )
All fragments except 101, 118, and 280 bp
10 Bce, xpome 103, 117 u 313 m.H. B B )
All fragments except 103, 117, and 313 bp
1 Bce, kpome 117, 121, 128 u 165 m.H. | B B
All fragments except 117, 121, 128, and 165 bp
12 Bce, xpome 103, 117, 125 u 313 n.H. _ _ 1
All fragments except 103, 117, 125, and 313 bp
13 Bcee, kpome 165, 239, 313, 317 u 363 m.H. _ _ |
All fragments except 165, 239, 313, 317, and 363 bp
14 Bce, kpome 117, 239, 280, 313, 317 u 363 m.H. _ _ |
All fragments except 117, 239, 280, 313, 317, and 363 bp
Bcero / Total 9 13 20

U noMelllany Ha jaeln. DiekTpodope3 odpa3uoB Jljig aHanu3a aMIIUPUUIUPOBAHHBIX (parMeH-
IIPOBOAMIIN C ITIOMOIIBIO T€HETUYSCKOIO aHaJlM- TOB MCIOJbh30BajM IPOrpaMMHOE OoOecleueHue
3aropa ABI3500xL (Applied Biosystems, CIIIA). Genemarker, Version 1.85 (SoftGenetics, LLC, CIIIA).

BOTAHUYECKHM XYPHAJT Ttom 109 Nel 2024
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CrarucTuyeckas oopadoTka pe3yabraTtoB. CooT-
HollleHWe OOBIYHBIX U peaAkux AFLP-renoTunon
B CyOMOMyJISIMSIX CPAaBHUBAIU C UCTIOJb30BaHUEM
meTona xu-kBaapat (Glotov et al., 1982).

PE3VJIBTATbI

Jnsg ananusa nonumopdusma reHomHoi JJTHK
BOCKOBHMKA MBI MCIOJb30BaJl ONTUMU3UPO-
BaHHBII OMoMaTepuaa, MoJydeHHBIH u3 51 mo-
bera, coOpaHHOTO B TOCYyJZapCTBEHHOM NPUPOJ-
HOM 3aka3Huke “JIe0s:skuit”. Y4uThiBasi BBLICOKYIO
CKJIOHHOCTbH BOCKOBHHKA K BET€TaTUBHOMY pa3-
MHOXEHUIO0, Mbl cCOOMpaIun Moderu, oTcTos1Ine
IpYyT OT Apyra Ha paccTostHUe okoJio 5 M. [Tpu aTom
cTapaliiCh paBHOMEPHO OXBAaTUTh BCIO TEPPUTO-
pHUIO, 3aHMMAaEeMYI0 KaXI0l U3 TPeX UCCAEIYyeMBIX
cyononynguuii. B cyononynsuuu A 0bl1u cobpa-
HbI 14 moGeros, B cyononynsauuu b — 15, B cyomno-
nyasgsuuu B — 22.

BoiaenuTs nocTaTOuHOE KOJIMYECTBO BHICOKO-
kauectBeHHOI1 JIHK (He MeHee 1 MKT Ha obpa3zen),
MPUTOIHOM AJig ucroab3oBaHus B AFLP-ananu-
3¢, yraunoch U3 42 o0pa31ioB ONTUMU3NPOBAHHO-
ro 6momarepualia BOCKOBHUKA. B pe3ynbrare Mbl
MpoaHaJU3uPOBAJU 9 pacTeHUI U3 CyOmOIyns-
uuu A, 13 u3z cyononyasuuu b u 20 uz cyoénomny-
nsuuun B. KoopauHaThl 3TUX pacTeHUit IpeacTaB-
JIEHBI B Ta0JI. 2.

ITpu npoBeneHuu AFLP-aHanu3a Mbl UCITOJIb30-
BaJIM Tpn KoMOmHaumu rmpaiiMepoB: F-EcoRI-CAT
u Tru9l-CTT, F-EcoRI-ATG u Tru9I-CTT,
F-EcoRI-AAT u Tru9I-CTT. B kaxaom ciayuyae
MBI BHISIBUJIA IIUPOKHUM CHEKTP aMITIUGUIINPO-
BaHHBIX pparmenToB JJHK pasmepom ot 100 mo
450 n.H. BOoABIIMHCTBO U3 HUX OBIJIU TIJIOXO BHIYJIE-
HsSIeMBI M3-32 MHOXECTBEHHOCTU U OJIM3KOro pac-
MOJIOXEHU S APYT K ApyTry. s KaXxaoi ncnoiab-
30BaHHOM ITaphl IIpaiiMepOB MbI BEIOpAJIM XOPOIIIO
BbIUJICHSIEMbIE, YETKO BbIpakKeHHBbIe (hparMeHThI
(puc. 4), cTabUIBHO BOCIPOU3BOAMMBIE MPU TO-
BTOpHOM aHanu3e. Kaxablit oOpasel] aHaIu3upo-
BaJIM B ABYX TEXHUYECKMX ITOBTOPHOCTAX. B obmIeit
CJIOXXHOCTH BBIOpanu 22 aMIIn(GUIMPOBAHHBIX
¢parmeHnTa (tadi. 3).

ITo Bocbmu dparmentam (116, 133, 203, 303, 306,
309, 415 u 437 n.H.) Bce MpoaHaJM3UPOBaHHBIE
pacTeHMs ObUIM OonMHaKOBBIMU. Ilo ocTanbHBIM
¢parMeHTaM Mbl OOHAPYXUIU MOJTUMOPHU3M,
IIPX 3TOM CPEIHMNI YPOBEHDb UX ITOJIUMOPPHOCTH

CEMMWYEBA u 1p.

coctaBisia 0.079 o cyononynasouu A, 0.088 os
cyononyasuuu b u 0.129 nnsg cyononynsuuu B.

B uccinenoBaHHOI BEIOOpKEe M3 42 pacTeHUt
BOCKOBHUWKA MBI BeIIBUIM 14 pa3Heix AFLP-re-
HOTUMOB (Tabi. 4). IBa M3 HUX NIPUCYTCTBOBAIUN
B KaXJ0UW M3 cyOmomynasiliuii U COCTaBJISAIU 60-
Jiee TOJIOBUHBI MCCIIENOBaHHOI BLIOOPKU (62%).
[lo-BunumoMy, 3TO pe3yIbTaT BereTaTUBHOI'O pa3-
MHOXEHHUSI I1BYX T€HETUUECKHU Pa3HbIX pacTEHU I
BOCKOBHMKA, KOT/Ia-TO MOCIYXUBIINX OCHOBATE-
JISIMU BCEU MOMYJISIIINU.

OcranbHble 00HapyxkeHHble HaMmu AFLP-reHo-
TUIIBI TIpEACTaBJIEHbl B UCCIIEJOBAHHOI BBIOOPKE
SAMHUIHBIMU pacTeHUSIMHU (JILOO BCETO OMHUM,
nu6o aByms). IlpumeuaTenbHO, YTO KaX1bli
U3 3TUX PEAKUX T'€HOTUIIOB OB BBHISIBJIEH TOJb-
KO B OIHOI 13 cyononyasauuit. CymmapHas 10Js
TaKMUX FT€HOTUIIOB B CyOMONyasiuuu A Oblia HUXE,
yeM B cyononynsauugx b u B (11, 54 u 40% coor-
BETCTBEHHO). DTOT BBIBOJ, MOATBEPXKIaeTCSI KpU-
tepueM xu-kBaapat (p < 0.05 npu v = 1). OgHako
Cc yueToM cneuuduku cobopa Matepuaaa U orpa-
HUYEHHOM YMCICHHOCTH BOCKOBHMKA B 00CIen0-
BaHHOM JIOKyCe 00bEeM MCITOJIb30BAaHHOM BEIOOPKM
BeCbMa HEBEJIMK, YTO He TO3BOJIMJIO IMTPOBECTHU JAe-
TaJIbHBIM CTATUCTUYECKUUN aHAJIN3 TEHETUYECKOU
CTPYKTYPHI YKa3aHHBIX cyOmomysauuii. s mpo-
SICHEHHUSI CUTyallu HEOOXOAUMBI TOIOJHUTEIb-
Hble HCCJeIOBaHUS C MCIIOJb30BAHUEM 3HAUU-
TEJIbHO 00Jiee KPYIMHOI BEIOOPKMU.

OBCYXIEHUWE

B Hacrosieit paboTe BIIEpBBIE ITPOBEICH MO-
JEKYISPHO-TEHETUYECKUI aHaJIM3 PacTCHUM
BOCKOBHUKA. [laHHBII B MHOTOKPAaTHO UCIIOJIb-
30BaJii B MOJIEKYJISIPHBIX UCCJIEMOBAHM X JIJIS BbI-
SICHEHUSI CIIEKTPa a30TOUKCUPYIOIINX HIOCUM-
omnonToB (Huguet et al., 2001, 2004; Popovici et al.,
2010, 2011), HO caM BOCKOBHUMK OCTaBaJjiCs ITpakK-
TUUYECKM HeM3yYeHHBIM. [eHeTuuecKue CBEeIeHUSI
00 3TOM 00BEKTE CBOAUIUCH K YUCITY XPOMOCOM
(2n = 48) (MacDonald, 1989; Skene et al., 2000),
pe3yabTraTaM ITpux-KoaupoBaHus (de Vere et al.,
2012), a Takke eIMHUYHBIM TEeHOMHBIM MOCIEI0-
BateabHOCTIM B GeneBank.

MBI pa3paboTaJu NPOCTON M CpaBHUTEIBHO
JeleBblli MPOTOKOJ BBIAEIEHMSI BBICOKOKAaye-
cTBeHHOU reHomHoii JIHK u3 atoro Buga. B3sas
3a OCHOBY MaKCHUMAaJbHO YIIPOIIEHHBIN IPOTOKOI,
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npenyioxkeHHbI Kotchoni 1 Gachomo (2009) nisa
BoiaeneHus JJHK u3 cBexXXux TMCThEB pPe3yXOBU/I -
k1 TaJrst, MBI BHECJIH B HETO PSII MOOU(PUKAIIMIA:

AHK Bblaensiiv u3 onTUMU3UPOBAHHOIO OUO-
MaTepuasa BockoBHuKa (Galaktionova et al., 2023);

yBeanuuau koHueHtpauuio NaCl u SDS B 1u3u-
pytomeM 6ydepe 10 0.5 M 1 2% COOTBETCTBEHHO;

BBEJIU B COCTaB JIM3Upylolero oydepa 1%-ii mo-
muBnHUIMIppoangoH MB 40 K/la;

yBeJIMYUIU 00beM JAu3Upyloliero oydpepa 1o
800 mx1;

YBEIUYUJIN BpeMs NHKYOALINU ¢ IM3UPYIOIIUM
oydepom 1o 10 MuH;

MocJie TU3Kca BBEIY JOMOJHUTEIbHYIO MHKY0a-
uuio Ha nbay 10 MuH;

M3MEHUJIN COCTaB OTMBIBOUHOTO Oydepa, BBeAs
B Hero 1 M ryaHuAWH U30THUOLIMAHAT;

M3MEHWJIN 00beM dTaHoa 1Jid ocaxaeHus JHK
0 KOJIMYECTBa, paBHOIo0 00beMy Haa0CagOYHOMI
KUJIKOCTHU, COOpaHHOI TTocjie HEHTPU(pYTUpOBaHUS.

IlepeuncieHHble MOOUGUKALUU MO3BOJIUIU
HaM OCYIIECTBUTb XOPOUIYIO OUYMCTKY T€HOMHOMK
JHK BOoCKOBHMKA OT MHOTOUYUCJIEHHbIX JTUMUI0B
U TToJIM(EHOJIOB, XapaKTEepHBIX AJISI JAHHOTO BUa
pacTeHUA.

BrigenenHass Hamu reHoMHas JIHK Bockos-
HMKa oKa3ajachb MPUTOAHON IJs1 MpOBEAECHUS
AFLP-ananuza. Ucnonb3ysl Tpu Oapsl IpaiimMme-
poB (F-EcoRI-CAT u Tru9l-CTT, F-EcoRI-ATG
u Tru9l-CTT, F-EcoRI-AAT u Tru9I-CTT), Mmbl
MOJYYUIAU 22 YETKO BBIYJICHSIEMBIX U XOPOIIO
BOCHPOM3BOIMMBIX aMILIN(PUIITPOBAHHBIX par-
MmeHTa. O6bIYyHO Npu npoBeaeHuu AFLP-ananu3za
KOJIMYECTBO BhIYJICHSIEMBIX (PparMeHTOB 3aMETHO
BBIIIE M MOXET UCUUCIISITHCS AaXKe HECKOJbKUMMU
cotHamu (Saunders et al., 2001; Nguyen et al., 2004;
Gil-Vega et al., 2006; Patsias, Bruelheide, 2011;
Leipold et al., 2020). B Haiem ciyyae (pparMeHTHI
TOX€ OBIJIM MHOTOYMCJIEHHBIMU, HO OOJIBIITMHCTBO
U3 HUX HE NOATaBajlOCh YeTKOMY BBIYJICHEHHIO
13-3a OJIM3KOTO pacHoi0oXeHUs APYT K Apyry. Bos-
MOXHO, 3TO CBSI3aHO C MOJUITJIOUIHOM MPUPOIOK
BOCKOBHMKA MPU HAJIWYUU CYIIECTBEHHOTO Me-
KT€HOMHOTO ITOJITUMOpP(U3Ma: KaXKIblil TeHOM JaeT
MHOXeCTBO (pparMeHTOB, HaKJ1aIbIBAIOIINXCS APYT
Ha Ipyra u 3aTpyaHsomux aHaaus. [lomoOHbIe cu-
Tyauuu onucaHbl 1y Lolium spp. (Roldan-Ruiz et
al., 2000). Tem He MeHee make ITPY UCITOJIb30BaAHU U
BOTAHUYECKUN XXYPHAJ No 1
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IBYX IECSITKOB aMIIIN(PUIIMPOBAHHBIX (PparMeH-
TOB MBI OOHAPYXUJIU FeHETUISCKUM MOJIUMOP-
(usm nsyvaemoro Buja.

IIpuHSATO cUUTaTH, YTO B BOCIPOU3BEACHUU
BOCKOBHMKAa OJHO3HAYHO ITpeobiamaeT Berera-
TuBHOe pasMHoxeHue (Poore, 1956; Skene et al.,
2000; Volkova et al., 2021). B cBs13u ¢ 3TUM Ka3a-
JIOCH BITOJIHE JIOTUYHBIM OXMJIATh, YTO 00CIeno-
BaHHAagd HaAMU MONYJISIIUS BOCKOBHHUKA, OyAydn
B JJOCTAaTOYHO BBICOKOM CTEIEHU U30JIUPOBAHHOM,
SIBISIETCS KJIOHOM, BEIYIINM CBOE MTPOMNCXOXKIC-
HHE OT HEKOETO eNMHNUYHOI'0 PaCTEHUSI-OCHOBATe-
1. Ecniu 661 Takoe TIPeAIooXeH e ObIJI0 BEPHBIM,
BCE MJIW MIOUTH BCe MPENCTaBUTENIV TaHHOM MOITy-
JSUUU uMeau Obl onuH U TOT Xe AFLP-reHoTurn.
Mexay TeM uccieqoBaHHas BbIOOpKaA OKa3aach
HoJMMOP(HOIA.

Mpul BeigBuUIU B Heil 14 AFLP-reHoTumos
(ta6m. 4). IBa u3 Hux (Ne 1 1 2) — camble OOMJIBHBIE
BO BCEX TPeX CYOIMOMyISILIASX: B OOIIEH CIOXKHOCTH
pacTeHusl 3TUX FTeHOTUIIOB cocTaBisiu 6ojee 60%
Bceil BEIOOpKHU. [1o-BUIMMOMY, OHU ITPEACTABISIOT
co0oii 1Ba KJIOHA, BOZHUKIIKNX B Pe3yJIbTAaTe Bere-
TaTUBHOI'O Pa3MHOXEHUS IBYX Pa3HBIX OCHOBaTe-
JIEW JaHHOU MONYyJISLIUU.

OcranbHbie AFLP-reHOTUITbl OTHOCSATCS K pel-
kuM. Kaxxmpiii u3 HUX ONpeacTaBlIeH B UCCIEN0-
BaHHOI BBIOOPKE BCEro JIUIIb OMHUM WJIA ABYMS
pacTeHUsIMU. BO3MOXHO, TaKue pacTeHUS SIB-
JISIIOTCSI MyTaHTaMM, BOSHUKIIMMU Ha OCHOBE
nByX AFLP-reHoTumnoB, Haubojaee OOMIbHBIX
B 00CJI€MIOBAaHHOW HaMu Monyjasiiuu. B yacTHO-
ctu, AFLP-rerotun Ne 3 MmoxeT ObITh MYTAaHTOM
Ha ocHoBe AFLP-reHorunma Ne 1. AHajoru4HO
AFLP-reHotun Ne 6 MoxeT OBITh ITPOM3BOIHBIM
AFLP-renoruma Ne 2.

Pa3znooOpa3ue peakux AFLP-reHotunos
BOCKOBHUKA, ITO-BUINMOMY, CBSI3aHO HE TOJb-
KO C MYTallMOHHBIM MpoleccoM. B moab3y Tako-
ro MPEaNOoJI0XEHUS CBUICTEIBCTBYET OTCYTCTBHE
OIHOI'0 1 TOTO Xe aMIIIuUuIupoBaHHOTrO (par-
MeHTa cpa3y B HecKOJbKUX pa3sHbiX AFLP-reHo-
tunax. Hanpumep, ¢pparmeHT anuHoit 117 m.H. ot-
cyrctByeT B AFLP-renoTnnmax Ne 10, 11, 12 u 14.
MasnoBeposITHO, YTOOBI Takoi 3¢ PeKT ObIT 00y-
CJIOBJICH Y€ THIPhMS HE3aBUCHUMO BO3HHUKIIINMU MY-
TalUSIMHU, TIPUBOISIINMU K OTCYTCTBUIO OMHOI'O U
TOro e ¢parmMeHTa. boyee BeposiTHO, UTO OIHA
M Ta XK€ MyTallusI 0Ka3ajaach B YETHIPEX pasHBIX
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AFLP-reHoTunax B pe3yabTaTe HEKMUX PEKOMOU-
HaIlMOHHBIX IIPOIIECCOB.

OTOT BBIBOJ XOPOUIO COTJACyeTcsd C TeM 00-
CTOSITEIIbCTBOM, YTO HEKOTOPBIE M3 BHISIBJICHHBIX
HaMu AFLP-TreHOTHIIOB MOXHO paccMaTpuBaTh
B KaueCcTBe peKOMOMHaHTHBIX. B yacTHOCTH, 3TO
kacaetcsd AFLP-renotunos Ne 1, 2, 3 u 7: 3mech
HaOJII0gaeTcs OTUYEeTIMBasl peKOMOMHALINS 110 Ha-
JINYNIO/OTCYTCTBUIO ¢pparMeHTOB HianHOM 103 u
313 n.H. [IpuBeneHHble (paKThl YKa3bIBAIOT HA TO,
YTO B BOCIIPOU3BEICHUU 1 PACCEIEHUU BOCKOBHMU-
Ka 3aMETHYIO POJIb UTPAacT HE TOJBKO BEreTaTUB-
HO€, HO U CEMEHHOE (T.€. OJIOBOE) pa3MHOXEHUE.

Hamwu naHHbIe He MO3BOJISIIOT OTBETUTDH Ha BO-
MpocC, Iie UMEHHO IMMPOUCXOAUT ITOJOBOE Pa3MHO-
)KeHUEe BOCKOBHUKA. BO3MOXHO, OHO OCYIIIECT-
BJISIETCS, XOTS Obl U PEeAKO, HEMOCPEACTBEHHO
B MICCJIEIOBAaHHBIX HaMU CyOmonyasnusx. B moms-
3y TaKO TMIIOTE3bl CBUAETEIbCTBYET TOT (DAKT, UTO
Cpelu MpoaHaJM3UpPOBAaHHBIX pacTEeHUIi OBLIO He-
CKOJIBKO XXEHCKUX (3TOT BOMPOC OYAET paCCMOTPEH
B OTAEJbHOU cTaThe). BripoueM, BIIOJTHE BEPOSITHO,
YTO peaKHe 'eHOTHUIIBI IIOCTYNAIOT B 00CIeIOBaH-
HYI0O HAaMU MONYJS IO U3BHE — U3 APYTUX MOITY-
JSIUWNA ¢ UHOM TeHeTU4YeCcKoit cTpykTypoiul. s
OTBETa Ha 3TOT BOMPOC HEOOXOMUMO HUCCIIEI0BATh
KakK MUHUMYM HECKOJbKO Pa3HbIX MOMYISILUA
BOCKOBHHUKA.
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GENOMIC DNA POLYMORPHISM IN MYRICA GALE (MYRICACEAE)
IN THE LEBYAZHIY STATE NATURE RESERVE (THE SOUTHERN
COAST OF THE GULF OF FINLAND)

O. A. Semicheva“?, U. A. Galaktionova®?, V. N. Bolshakov’, A. E. Romanovich?,
M. Yu. Tikhodeeva®, O. N. Tikhodeyev**

Wega Ltd, Alkor Bio Group
Zheleznodorozhny Ave., 40a, St. Petersburg, 192148, Russia
2Saint-Petersburg State University
University Emb., 7/9/11, St. Petersburg, 199034, Russia
#e-mail: tikhodeyev@mail.ru, o.tihodeev@spbu.ru

The analysis of genomic DNA polymorphism is one of widely used approaches for studying the genetic
structure of natural populations. It has been successfully applied to various plants. However, many
species have not yet been studied, which is primarily due to methodological difficulties in isolating
well-purified and non-degraded genomic DNA. These difficulties are due to the fact that plants possess
numerous bioorganic compounds (polysaccharides, polyphenols, lipids, etc.) that contaminate DNA
and significantly reduce its quality. Such species include marsh waxweed (Myrica gale L.), a perennial
sub-Atlantic shrub with presumably vegetative propagation (in nature, waxweed seedlings are quite
rare). We developed a simple protocol for isolation of high-quality genomic DNA from waxweed leaves
and performed AFLP analysis of 42 plants of this species from three subpopulations in the Lebyazhiy
Nature Reserve. Using three primer pairs, we isolated 22 amplification fragments, 8 of which were
monomorphic. For the remaining 14 fragments, the average level of their polymorphism was low:
depending on the subpopulation studied, it varied from 0.079 to 0.129. As shown by our analysis, all
three studied subpopulations are polymorphic with a predominance of two common AFLP-genotypes.
The corresponding plants are apparently the vegetative descendants of the founders. The rare
AFLP-genotypes (represented by just one or two plants; a total of 12 such genotypes were identified) are
likely the result of mutational and recombination processes. Our data give evidence that in the life cycle
and dispersal of waxweed, the role of sexual reproduction is also noticeable.

Keywords: Red Data Book of Russian Federation, Myrica gale, edge populations, genomic DNA,
AFLP-analysis, genetic polymorphism
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B paGore BriepBbIe IPOBEICHO U3YUYEHKE MOP(POTOTMIECKOr0 U TEHETUYECKOro pa3Hoo0pa3us 6 mno-
nynsuuii Corydalis bracteata Pers. s.1., Iipou3pacTalonx B paCTUTEIbHBIX coobIecTBax KpacHo-
sapckoii necoctenu, 3anmagHoro CasiHa, KysHenkoro Anaray, Antasi. B xone Mmopgdoaornueckoro
aHaJIM3a BBISIBJICHO pa3iejicHUEe COBOKYITHOCTY MOMYJISIIMI Ha NBe rpynnbl. Hanuuue KpymHoro
BBITSIHYTOTO JOIOJTHUTEIBHOrO KJIYOeHbKa B a3yXe MPUKOPHEBOM YeLy U, KPYITHbIE pa3Mephl IPH-
IIBETHMKA U 1IIBETKOB, MaKCMMaJibHasl BBICOTA PAaCTEHM I COTMKAIOT OCOOU M3 KPaCHOSIPCKO U 3a-
MagHOCASTHCKOM MOMYJISLMI ¢ HeTaBHO onMcaHHBIM BunoM Corydalis talpina Stepanov — xoxJyiaTKoi
KPOTOBOI. DTHU pe3yIbTaThl MOATBEe P Aal0TCs U IpoBeaeHHBIM ISSR-PCR aHanuzoMm reHeTuveckoit
M3MEHYMBOCTH MOMYJISIIIUI XOXJIaTKU. Beicokue 3HaueHMs1 Ko3bGUIIMEHTa MoApa3aeIeHHOCTH 110~
nynsunit (G, = 37.58%) cBUIETENBCTBYIOT O HAJTMYUU B 001l BbIOOpKE pa3HbIX BUIOB. Pasznerne-
HUE Ha IBE I'PYIIIBI TAKXKE IPOIAEMOHCTPUPOBAHO IIPH IIOCTPOSHUM IEHAPOrpaMMBbl U IIPU KJIACTe-
pM3ally TeHOTUIIOB C UCIIOIb30BaHUEM 0alieCOBCKOTO MOIX0Ia, peaJu30BaHHOIO B TPOTPaMMHOM
obecrieueHun STRUCTURE 2.3.4. CexkBeHUpoBaHUE MOCIEI0BATEIbHOCTENM XJIOPOMJIACTHOTO Ir'eHa
matK u MexrenHoro cneiicepa rpoB-trnC nokaszano, 4yto pactenus u3 nonyiasuuiit CBI u CB2,
BbLAENIsSIEMBbIX HaMu B Bun C. talpina, OTIMYAIOTCS OT AIPYTUX 00pas3loB TpeMs BUAOCITCHIU(bUIHbI-
MU HYKJIeOoTUIHBIMU 3aMeHaMU (SNPs), onHa U3 KOTOpbIX — MUCCeHC-MyTanus. CorlacoBaHHBIE
pe3yabTaThl MOP(MOJIOTMYECKOTIO U FEeHETUYECKOTO aHAJIM30B CBUIETEIbCTBYIOT 0 nuddepeHIina-
LM TIOMYJISIIIMIA KeJTOIBETKOBBIX X0XJIaTOK M3 FOxHoit Cubupu, u3Ha4YaJIbHO OTHOCUMBIX K BUIY
C. bracteata, v yKa3pIBalOT Ha MOP(MOJIOTMYECKYIO U TeHETUUECKY10 060ocobieHHOCTh C. falpina.

KuroueBbie cioBa: Mmopdosiornueckoe pazHooOpa3ue, reHeTuUYecKoe pa3zHooOpa3ue, XxoxJjaTKa
KPYTTHONPUILIBETHUKOBASI, XoxjJaTka KpoToBasi, ISSR-PCR Mmapkepsl, ¢pujioreHeTUUECKUIt aHAIU3,
Corydalis bracteata, C. talpina, Fumarioidae, Papaveraceae

DOI: 10.31857/S0006813624010069, EDN: EWXODA

Pon xoxmarka (Corydalis DC.), otHocsmuiics Poccum» (Malyshev, 2012), pacripocTpaHeHHBIM
K ceMmeiicTBy Papaveraceae, momcemeiictBy Fuma- BumgoM Ha 3Toii Tepputopun sasasercs C. bracteata
rioidae, sIBiIsIeTCS TAKCOHOMMYECKM CIOXHBIM M Pers., oTHocsmuiica Kk cekuuu Pes-gallinaceus
Bkitouaet 546 Bugos (http://www.worldfloraonline. Irmisch. W3 ponctBa C. bracteata ¢ ceBepa Kpac-
org). Ilo naraBEIM «KoHcnekTa (aopsl A3uarckoii Hosipckoro kpass K.®. JlemeOGypom ObIII omucaH
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PABOBA u np.

Puc. 1. Pacnionoxenue nonynsuuii Corydalis bracteata s. 1. (HyMepalusi B COOTBETCTBUU ¢ Ta0. 1).

Fig. 1. Map of the location of Corydalis bracteata s. 1. populations (the numbers correspond to Table 1).

Bun Corydalis gracilis Ledeb. (Ledebour, 1842), a
c tepputopuu [Ipuenuceiickux CasiH HeTaBHO
obLI0 onucaHo eule aBa Buna — Corydalis talpina
Stepanov u Corydalis bombylina Stepanov (Stepanov,
2015). B unocTtpanHoii nutepatype C. bracteata
BxonuT B cekumio Corydalis B cBSI3U C 00beTMHEHN-
eM cexuuii Pes-gallinaceus Irmisch. u Raphanituber
Khokhryakov (Zhang et al., 2008).

C. bracteata s.1. MeeT HEMOPAJIbHYIO IIPUPOY,
SIBJISIETCSA BeCEHHHUM 3¢deMeponaoM. OCHOBHOM
apeall Buja oxBarbeiBaeT FOxHy10 Cubups ¢ SBHBIM
TATOTEHMEM K 3amamHoii ee yacTu. I.A. IlemkoBa
(Peshkova, 1984) ornocut C. bracteata K MOHTaHHO-
MY 3JIEMEHTY (PJIOPHI, MAKCUMAaJIbHYI0 aKTUBHOCTD
BUJ UMEET B IIpeaesiaX YePHEBOIO U MOATAEKHOTO
TOPHBIX MOSICOB, IIPU 3TOM TSITOTEET K MEJIKOJIU-
CTBEHHBIM U CMEIIaHHBIM JIECHBIM COOOIIIECTBAM.
Ilo mpeaBapuTenbHBIM gaHHBIM, C. bracteata s.str.
pacIpocTpaHeH IIPeNMYILIEeCTBEHHO Ha Iore 3aramHoi

Cubupu, a BOCTOYHAsI TPaHMIIa MOXET JOCTUTATh
p. Enuceii. B octanpHbix yactsax apeana C. bra-
cteata 3amelliaeTcs pOACTBEHHBIMU BugaMu. OnuH
n3 Hux — Corydalis talpina — Hanboee penKui,
CBSI3aHHBIM C PEIMKTOBHEIMU YepPHEBHEIMHU COO0-
IecTBaMU B HMXHUX BBICOTHBIX ITosicax I[lpu-
enuceiickux Cagn (Stepanov, 2016). C. bracteata n
C. talpina o61amaioT MOP(MOIOrTIECKUM CXOICTBOM,
omHako y ocobeii C. talpina oTMedeHO (popMUpOBa-
HUE ToYepHero KJayoeHbKa B ma3yxe MpUKOPHEBOIO
mucTa. J1JIs1 BRISIBJICHUSI TAKCOHOMUYECKY 3HAYM-
MBIX MOP(OJOTUYECKUX TPU3HAKOB C UCTTOJIb30Ba-
HHUEM METOJIOB COBPEMEHHOM CTaTUCTUKU U U3yUe-
HUSI TeHeTUUYeCcKoM nuddepeHInaluy HOM YIS
JKEJITOLBETKOBOI XOXJIaTKW HaMU OBIJIM TTPOBEAC-
HbI HACTOSIIIME UCCIEAOBAHUSI.

Llenp nuccaenoBaHmii — cCpaBHUTEIBHEIN MOP(dO-
JIoro-reHeTndecKuii ananus nonyiasouii Corydalis

BOTAHUYECKHWM XYPHAJL Ttom 109 Nel 2024
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Ta6auna 1. Xapaktepuctuka mectooouranuii Corydalis bracteata s.1.
Table 1. Description of habitats of Corydalis bracteata s.1.

Neo CocraB
) JIOMMHUpYIOIIME BUIBI
TTOITYJISTLIH DuTOIEHO3; MECTOMOJIOKEHUE JIPEBOCTOS
. . . TpaBsTHOTO sipyca
Population Phytocoenosis; location Stand .
.. Dominants of the grass cover
number composition
KpacHosipckas necoctens (KpacHosipckuii kpaii) / Krasnoyarsk forest-steppe (Krasnoyarsk Territory)
6B2E2C .
CoCcHOBO-0€epe30BbIil JieCc, pa3HOTpPaBHBI; Betula Corydalis bracteata (15%)
EmenbsiHOBCKMit p-H, oKp. 1. KpyTas pendula — 60% Carex mac.r oura (1.5%)
CBl1 Pine-birch forb forest; Emelyanovsky district, Picea Calamagr osltzs;rundmacea
Krutaya village obovata — 20% (15%) .
N5S6.259061°. E92.452176° Pinus Adoxg moschatellina (10%)
sylvestris — 20% Equisetum pratense (10%)
3ananusiit CasH (KpacHosipckmii kpaii) / Western Sayan (Krasnoyarsk Territory)
YepHEBOIT OCUHHUK ITAITOPOTHUKOBO- 8OCII
pa3HOTpaBHEIN; EpMakoBCKMif p-H, OKP. Po (;tlus Anemone altaica (40%)
CB2 noc. Tauseibeit : lp 30% Matteuccia struthiopteris (40%)
Chern aspen forest with fern and forb cover; Yer-| " em:g.— ° Corydalis bracteata (20%)
makovsky District, Tanzybey village A0S | Corydalis subjenisseensis (109%)
R s sibirica — 20%;
N53.136475°, E92.915468
bepe3oBo-T1MCTBEHUYHBIN JeC pa3HOTPABHO-
OCOYKOBBIN; EpMaKoBCKUI p-H, MPUPOIHBIH 6J14B
napk “Epraku”, kopaoH TanoBka Larix Carex macroura (50%)
CB3 Birch-larch forest, with forb and sedge cover; Yer-|  sibirica — 60% Corydalis bracteata (10%)
makovsky District, Natural Park “Ergaki”, Talov- Betula Anemone jenisseensis (5%)
ka ranger station pendula — 40%
N52.341828°, E93.164233°
Kysuneukuit Anaray (Pecrry6anka Xakacus) / Kuznetsk Alatau (Republic of Khakassia)
4E3B3J1
CMemaHHBIN JIeC pa3HOTPAaBHO-OCOYKOBBIN; Picea 6
IupuHCKUit p-H, oKp. noc. KommyHap obovata — 40% Carex {mzcr oura (60%)
. i RS Corydalis bracteata (20%)
CB4 Mixed forest with forb and sedge cover; Shirinsky Betula i !
district, Kommunar village pendula — 30% Calamagr(()ivgl;l)angsdoryﬁ !
N54.347447°, £89.293087° Larix 0
sibirica — 30%
Kysneukuit Anatay (KemepoBckas obaactb) / Kuznetsk Alatau (Kemerovo Region)
I[TnXTOBO-OCHMHOBHIN JieC KPYITHOTPABHBIH, 70c3I1
okp. T. KemepoBo; 55.470358° c.i., 86.235021° B.I1. Populus Corydalis bracteata (20%)
CB5 Fir-aspen forest, with tall herbs, Kemerovo dis-| fremula — 70% Anemone altaica (10%)
trict, Kemerovo; Abies Erythronium sibiricum (10%)
N55.470358°, E86.235021° sibirica — 30%
Auntait (Antaiickuii Kpaii) / Altai (Altai Territory)
4b3C30c¢
CMellaHHBIN JieC pa3HOTPABHO-OPJISIKOBBII; Betula . .
CMoneHckuit paiioH, okp. I. beiokypuxu pendula — 40% Pteridium pinetorum (70%)
CB6 Mixed forest with forbs and bracken; Smolensky Pinus Carex macrour a (40%)
district, Belokurikha sylvestris — 30% 4 Coryquls brz;cteata .(3?278)7)
egopodium podagraria
N51.916393°, E84.960607° Populus £op podag 0
tremula — 30%
BOTAHUYECKUM XKYPHAJTT Ttom 109 Nel 2024
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bracteata sensu lato, mpon3pacTalolnx B ropax
IOxnHoit Cubnpn.

MATEPUAIJIBI U METObI

COop Mmarepualia IpOBOAUJICS B Mae — HUIOHE
2018—2022 rr. B ipenenax KpacHospcKoit jeco-
crenu (EMenbaIHOBCKUI p-H), CEBEPO-BOCTOU-
Hoit yactu 3anmagHoro CasHa (EpMakoBckuit p-H)
KpacHosipckoro kpasi, B BOCTOUHBIX oTporax Kys-
Heukoro Anaray (IllupuHckuii p-H, Pecnybau-
Ka Xakacusl), B lleHTpajabHoU yacTu Ky3Helkoro
Anaray (okp. I. KeMepoBo), a Tak:ke B IPEATOPbsIX
Antag (okp. . bemokypuxu, Antalickuit Kpait)
(puc. 1). O6beKTaMU1 UCCIEAOBAHUN CAYKUIINA
6 MoNyJISILIMIA XKeJTOLBETKOBOM X0xJ1aTKu (Tad. 1).

H3mepeHnus MopdoMeTpruyecKrX ImapaMeTpoB
DIl OLIEHKW BHYTPU- M MEXKITONYISIIITMOHHON M3-
MEHYMBOCTH NpoBoAuIMCch Ha 30 reHepaTUBHBIX
0c00sX B Kaxoit monyiasiuuu. ns penpe3eHTa-
TUBHOCTH BBHIOOPKM HCIIOJIbL30BAJICS METOH CIy-
yailHOro oTOOpa: Mo BHIOpaHHOI Hayraa JUHUMU,
He MOBTOPSIONIEeH KaKUX-IU0O OIlpencieHHBIX
YCIOBMIA, OTOMPAJIOCH KaXKI0€ CEAbMOE pacTeHHE
(Shmidt, 1984). boapias 4acTh OLIEHMBAEMBIX
HaM# MOp(GOMETPUIECKHUX ITPU3HAKOB ITPUBOIUT-
cs B KaueCcTBe JUArHOCTUUYECKUX [JIST ONIpeaeICHU ST
Bua0B Bo “@nope Cubupu” (Flora..., 1994). U3zme-
pEeHBbI cleaylollre mapaMeTphbl: JJIMHA LIBETOHO-
ca (x1); nnuHa cTebas (x2); KOIUYECTBO 1IBETKOB
(x3); IMHA TPUKOPHEBOI Yemmyu (x4); nauHa (x5),
muprHa (x6), KOAUYECTBO 3yOUMKOB (X7) HUXK-
HeTo MpUIIBETHUKA; JJIWHA OTTuOa (x8), mianHa
mnopua (x9) BeHUYMKa HUXXHEro LiBeTKa; JJIMHa
(x10), mupuHa (x11) k1ydeHbKa B mazyxe MpuKop-
HeBoIf yemyn. Takke BBIYUCISIINCH OTHOCUTEIb-
Hble MPU3HAKU: OTHOIIEHWE TJIMHBI IIBETOHOCA
K nnuHe ctebns (x1/x2); dopMa HUXHEro IIpu-
LIBETHHUKA (X5/X6); OTHOIIEHUE IJIMHBI BEHUUKA
K JauHe miropua (x8/x9); nimHa BeHunka (x8+x9);
pa3Mep KIIyOeHbKa B Ia3yxe IPUKOPHEBOM YeIIyH
(x10*x11).

TecTupoBaHMe TaHHBEIX HA HOPMAJIbHOCTh pac-
npeaeaeHu sl MPU3HAKOB MTPOBOANIN C TOMOIIbIO
Metona Illanupo — Yunka (Shapiro, 1968). I1pu
MaTeMaTUu4eCcKoil 00pabdoTKe JaHHBIX PACCUUTHI-
BaJIU Mpeaebl BapbUpPOBaHUS MpU3HaKa, CpeaHee
apudMeTUYeCKOe U ero ommnobKy, cpeaHee KBa-
IpaTU4YHOE OTKJIOHEHME, KO3(pPUIMEeHT BapHua-
uuu. 1 ycTaHOBJIEHUS TOCTOBEPHBIX pa3Indnii

PABOBA u np.

MEXIy CPEAHUMU 3HAYCHUSIMU U3MEPEHHBIX ITPH-
3HAKOB MCHOJIb30BaJU TeCT ThIOKM, MO3BOJISIO-
WA TPOBOAUTH MOMapHble CPaBHEHUST MEXIY
CpeIHUMHU 3HAYEHUSIMU KaKIOW I'PYIIIIbI, peaau-
3yeMmble B nmakete stats giust RStudio Bepcuu 3.6.2.
(Miller, 1981; Chambers, 1992; Yandell, 1997). Ansa
U3YYEeHUSI CONPSIKEHHO U3MEHYMBOCTH U BhISIB-
JIEHUSI TUAarHOCTUYECKOTO KOMIIJIEKCA KJTIOUEBBIX
WUHAWKATOPHBIX MPU3HAKOB B 001Ieit MopdoJio-
TMYECKOM CTPYKTYpe pacTeHMI ObLI NCIOIb30BaH
METOJ TJIaBHBIX KOMIOHEHT (Principal component
analysis, PCA), peaiu30oBaHHbIA B 0a30BOM IaKETe
stats, ¢ ITOC/IenYIOIIe BU3yaIn3allreii ¢ ITOMOIIBIO
naketa factoextra Bepcust 1.0.7 s R (Kassambara,
Mundt, 2020). Co6¢cTBeHHBIC 3HAYSHN ST 3HAYUMBIX
(hakTOpOB IpeBHIIIAIN €IUHUIY COIVIACHO KPUTE-
puto Kaiizepa (Kaiser, 1960), a coBMeCcTHBII1 BKJ1aI
B 00I1IYIO AUCTIEpCUIO cocTaBiistn oonee 80%.

O6pa3siamu i TeHETUYeCKOro aHaau3a Cly-
xkunu BeiaesieHHble JJHK 5—10 ak3emMnisipoB us
KaXIOoH MOMmyasImuM. DKCTPAKIIUIO TOTAaJIbHOM
JHK npou3zBoauau ¢ MOMOIIbIO KOMMEPUYECKOTO
Habopa DiamondDNA (OOO «HayyHo-pou3BOJI-
cTBeHHas pupma “Antaitbnorex”», bapraayn). s
W3y4YEeHUS TeHEeTUIECKOIl M3MEHYMBOCTU HUCIIOJIb-
3oBajics ISSR-PCR (Inter Simple Sequence Repeats)
MeToa. AMILUIMGUKAIMIO ITpoBoaAuan B 20 MK pe-
aKIIMOHHOI CMeCH ¢ TIOMOIIIbI0 Habopa AJIsI IIpo-
genenus [NUP ¢ HS-Taq (+MgCl,) (OOO “buo-
nabmukc”, HoBocubupck) B ciaeayIoieM cocTaBe
Ha oauH obpaszeu: 7 mxy ddH,O; 4 mxa 5x ITLP
oydep (+MgCl,); 4 Mk 10MM npaiimepa; 0.2 MK
HS-Taq DNA-nmonuMepasbl (5 en. akKT/MKI);
0.4 mxu 50x cmecu ANTP; 2.4 mxan 50MM MgCl,;
2 mxa JIHK.

IIporpamma amnaudpukanuu: 95°C (5 Mun);
13 mukioB: 95°C (20 c¢), 55°C (45 c, noHMXKEeHNE
teMmrnepatypsl Ha 0.7°C B KaXXJI0M MOCJIEAYIOMEM
nukie), 72°C (90 c¢); 25 nukios: 95°C (20 c), 44°C
(30 ¢), 72°C (90 ¢); 72°C (7 mun). IIpenBapuTeb-
Ho Ha 2 obpasuax JIHK Oblnu BeIsSIBJI€HBI TIpaiiMe-
pBI, JalOIIe BOCHPOU3BOAMMBINA MOJTUMOPMHBIA
pesyabraT (Mansour et al., 2009; Paterson et al.,
2009). PazneneHue MpoAyKTOB aMIJIM(pUKALIUA
npousBoauaoch B 1.3%-M arapo3HoM rejie B ropu-
30HTaJIbHOI a1eKTpodope3Hoit Kamepe B TAE-0y-
¢depe npu 220 V ¢ npuMeHeHUEeM OPOMUCTOTO
sTuAns. Bu3yanusannio npoayKToB aMIanduka-
UK IPOBOAMWIIN B mpoxonsiaeM YD-usnydyeHun
C TIOMOIIBIO CUCTEMBI T€JIb-TOKYMEHTUPOBAHMS
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Gel Doc XR (Bio-Rad, USA). Ins onpeneneHus
IUIMHBI aMIIIUPUIIMPOBAHHBIX (ParMeHTOB MC-
nonb3oBann JJHK-mapkepsr (OO0 “brnomabMukc”,
HoBocubupck).

DnaexTpodoperpaMMbl aHAJIU3NUPOBAIH C MO-
Molbio nporpammbl Quantity One 1-D Analysis
Software. IIpy 3TOM yYUTBIBaIN TOJBKO BOCIIPOM3-
BOJIMMBIE B IOBTOPHBIX 3KCIIEpUMEHTaX (pparMeH-
Tbl. O6pabOTKY pe3yabTaTOB aHaJIM3a MPOBOAUIU
¢ oMok nporpaMMbl Popgene versionl.32 (Yeh
et al., 1999) u onpenenassau: NpoOLEHT MOJUMOPP-
HBIX JJOKycoB (P), reHeTmyeckoe pazHooOpasue
Hea (1), nudopmannonHslii unaekc llleHHOHA
(H,), renernyeckue nuctanuuu Hesa (D), mokasa-
TeJb noapasiaeaeHHocTu nonyagauuii (Gy,). eH-
IporpaMma CXOICTBa O0COOEH MOIMyISIIIUNA CTPO-
niachk mpu nomoimu R-makera pvclust (Suzuki,
Shimodaira, 2006) HeB3BellIEHHBIM ITAPHO-T'PYIIIIO-
BeIM MeTomoM (UPGMA — unweighted pair-group
method using arithmeticaverage) nmpu 5000 pernu-
Kauuii OyTcTpamna.

J 151 OlIeHKY TeHEeTUYEeCKON CTPYKTYPHI MOITYy-
nsanuit Ha ocHoBe gaHHBIX ISSR-PCR ananusa
ObLI UcToJIb30BaH OailiecoBckuit moaxon (MCMC:
MapKoBcKkas 1enb MoHTe-Kapno), peaiuszoBaH-
HbI#1 B porpaMMHoM obecriedueHuu STRUCTURE
Bepcuu 2.3.4. (Pritchard et al., 2000). Mcnoab30-
BaJIOCh AJIMTeNbHOE BeiTOpaHue (Burn-In) 100 000
u MCMC 500 000 uuknos. ITpu npoBeaeHU U He-
CKOJIBKHUX IIPOTOHOB Pe3yJIbTaThl ObLIM paBHO3HAY-
HBIMU, YTO TOBOPUT O CTAOMJIBHOCTHU PE3yJIbTATOB.
KonnuectBo Bo3aMoxHbIX KjaacTtepoB (K) mpoBepsi-
Joch oT 2 o 10.

Hnsa npoBeaeHusI (GUIOTEHETUUYECKOTO aHa-
Jin3a CEKBEHUPOBAJIM YYaCTKU XJOPOIJIACTHOM
AHK: ren matK ¢ ucrnoiab3oBaHUEM NpaiiMepoB
IR_KIM (5’-CGT-ACA-GTA-CTT-TTG-TGT-
TTA-CGA-G-3’) u 3F_KIM (5’-CCC-AGT-CCA-
TCT-GGA-AAT-CTT-GGT-TC-3’) (Kim, 2010)
U MeXTeHHBII ydyacTok rpoB-frnC c npaitmepa-
mu rpoBF (5’-CCT-TGA-TCA-ATG-AAC-CTA-
CAA-AAT-C-3’) u trnCR (5’-ATT-TGC-AGT-
CCT-CTG-CCT-TAC-3’) (Miikeda et al., 2006)
npousBoacTa 3A0 “EBporen” (r. MockBa) B IByX
moBTOpHOCTAX. [lonMnMepasHyo LIENHYIO peak-
U0 poBoaMaAM B 50 MKJI peakKIIMOHHON cMecHu
¢ moMollblo Habopa aag nposeaeHus TP buo-
mactep HS-Taq ITLP-Color 2x (OOO “buona6-
mukc”, HoBocubupck) B ciaeaylollieM cocTaBe
Ha oguH obpa3zelr: 25 MKJ roroBoit PCR-cmecn
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(000 “buomabmukc”, HoBocubupck), 21 Mxna
ddH,0, mo 1 Mk 10MM cooTBeTCTBYOLIMX MTpaii-
MepoB (forward u revers), 2 mxia JIHK. ITporpamma
amruindukauuu: 3 MmuH 95°C; 35 nukios: 20 ¢ 95°C,
30 ¢ 57°C, 30 ¢ 72°C; 5 mun 72°C. 111 CeKBEHUPO-
BaHM S UCIIOJb30BaiM Habop peakTuBoOB BigDye
Terminator v. 3.1 (Applied Biosystems, MD, USA).
OmnpenenaeHre HYKJIEOTUIHBIX ITOCAEI0BATEIbHO-
creit Forward nemeit I[1L[P-iponykToB mmpoBOan-
1 MmetogoM CaHrepa Ha cekBeHaTope ABI 3130xl1
Genetic Analyzer (Applied Biosystems, MD, USA)
(IKIT “Tenomuka” CO PAH, r. HoBocubupck).

BripaBHUBaHUE MOCEeI0BATEIbHOCTEN MTPOBO-
ouau ¢ ucnoyibzopaHueM ajroputma MUSCLE
(Edgar, 2004), peaain3oBaHHOTO B MporpaMmme
MEGA X (Kumar et al., 2018). s ¢usioreHeTnye-
CKOI'0 aHaJIM3a MCIIOJb30BAJICSI METOI MAKCUMAaJIb-
Horo npasaomnonoous (maximum likelihood, ML)
co 3HaueHueM mapameTpa oyrctpana 1000. B ana-
JIU3 ObLIY BKJIIOUYEHBI MO 6 MOCIeI0BaTeIbHOCTENM,
BIIEpBble CeKBeHUpOBaHHbIX 01 C. bracteata s.l.
yuacTkoB matK u rpoB-trnC. N3 6a3bl JaHHBIX
GenBank (http://www.ncbi.nlm.nih.gov/nuccore)
ObLIM MO0aBJIeHBl HaMOOJIee MOXO0XME COOTBET-
CTBYIOILIME TIOCIEAOBATEIbHOCTH XOXJIAaTOK CEKIIUHU
Corydalis (Zhang et al., 2008; Xu et al., 2022). B ka-
YecTBe ayTrPYIIIIEI MCIIONb30Banu Bun Fumaria
officinalis L. Ilpn moucke MyTaluii UX IOJIOXeE-
HUE ONpeAelisioch NP BHIpABHUBAHUM CEKBE-
HUPOBAHHBIX HAMU OOpa3llOB HAa COOTBETCTBY-
ouyto nocienosatesibHocTh BK063235 Corydalis
intermedia (L.) Mérat Kak IIprHaIJIeXalyo K Hau-
0oJee OIM3KOPOACTBEHHOMY BUIY M3 UMEIOIIXCS
B 0a3e maHHbBIX GenBank.

PE3YJIBTATbI

Wzyuennsie nonynauuu Corydalis bracteata s.l.
MPOU3PACTAIOT B MOATACXKHBIX CMEIIAHHBIX COCHO-
BO-0epe30BbIX, 0EPE30BO-TMCTBEHHUYHBIX Jiecax,
YEepHEBBIX OCUHHMKAX U MUXTapHuKax (tab. 1).

OLEeHKY MEXMIOMYJISIMOHHON U3MEHYUBOCTHU
MPU3HAKOB XOXJIATOK MPOU3BOAUIU 10 11 Mop-
(doMeTpruUeCKMM NpU3HAKAM U 5 OTHOCUTEIBHBIM
napameTpam (Tabj. 2). B pe3yabrate M3dydyeHuUs
BHYTPUMNONYISLUOHHON M3MEHYMBOCTHU yCTa-
HOBJICHO, YTO OOJILIIMHCTBO BEreTaTUBHBIX MPU-
3HAKOB BUJIA XapaKTePU3YIOTCS BLICOKUM U 0YCHb
BBICOKUM YPOBHSIMU U3MEHUMBOCTU COTJIACHO
mkane C.A. MamaeBa (Mamaev, 1972). Haumenee
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Taoauna 2. CpenHenonyJisiiMOHHbIe 3HaYeHMsI mpu3HakoB Corydalis bracteata s.l.
Table 2. Average population values of Corydalis bracteata s.1.

CBl1

CB2

CB3

CB4

CB5

CB6

x1 — JInuHa uBeTOHOCA, CM
x1 — Peduncle length, cm

411 £0.96

3.57 £ 0.70

2.02+0.39

5.69 £ 0.81

2.74 £0.37

1.70 £ 0.31

x2 — JlnuHa ctebns, cMm
x2 — Stem length, cm

28.06 £ 1.32

27.07 £ 1.35

17.66 £ 1.05

19.89 £ 1.92

9.09 +0.40

12.23 £0.72

x3 — KonnuecTBO LIBETKOB, €.
x3 — Number of flowers, pcs

4.57£0.78

470 £0.72

4.59 £+ 0.65

937+t 1.52

9.74 = 1.09

4.49 £+ 0.60

x4 — JInviHa TPUKOPHEBOM
Yenryu, CM
x4 — Length of scale leaf, cm

1.53 £ 0.11

1.80 £0.17

1.69 £ 0.10

1.52+£0.13

1.65 £ 0.11

1.13 £ 0.09

X5 — InvHa HUXXHEro
MIPUIIBETHUKA, MM
x5 — Length of lowermost bract, mm

2183+ 1.74

22.04 £1.35

18.10 = 1.30

18.69 £ 1.63

15.28 £ 0.77

11.09 £ 0.89

X6 — IllupuHa HUXKHETO
MPULIBETHUKA, MM
x6 — Width of lowermost bract, mm

11.33 £ 0.87

12.35£0.85

10.28 £ 1.06

12.23 £ 1.46

9.66 £ 0.72

6.86 = 0.78

x7 — KonnuecTBo 3yOUMKOB
HUXKHETO MPULIBETHUKA, €]I.

x7 — Number of lowermost bract
teeth, pcs

5.50 £ 0.34

5.13+£0.19

6.21 £0.38

7.27 £ 0.91

5.66 £ 0.28

5.09 £ 0.32

x8 — JInmHa otrnba BeHYnKa
HUXKHETO IBETKA, CM
x8 — Length of corolla limb of
lowermost flower, cm

1.92 +0.10

2.04 £0.07

1.70 £ 0.07

1.60 £ 0.08

1.23 £ 0.08

1.21 £ 0.07

X9 — JInuHa mnopua BeHYrMKa
HUXHETO LIBETKA, CM

x9 — Length of spur of lowermost
flower, cm

1.70 = 0.06

1.71 £ 0.05

1.49 £ 0.08

1.51 £ 0.08

0.77 £ 0.08

1.19 £ 0.07

x10 — InuHa Kn1yOoeHbKa, MM
x10 — Tuber length, mm

5.39+0.90

839+ 1.55

x11 — HlupuHa K1yoeHbKa, MM
x11 — Tuber width, mm

4.25+10.52

4.80 = 0.64

x5/x6 — OTHOILIEHWE IJIUHBI
HUXHETO MPULIBETHUKA K €Tro
UpUHe

x5/x6 — Length to width ratio in
lowermost bract

1.98 £ 0.17

1.82 £ 0.15

1.82+£0.13

1.59 £ 0.12

1.66 = 0.12

1.71 £ 0.16

x8/x9 — OTHOIlIEHNE TTUHBI
OoTruba BEeHYMKa HUKHETO
LIBETKA K JUIMHE IIIopia
x8/x9 — Limb length to spur
length ratio in corolla of lower-
most flower

1.13 £ 0.06

1.20 + 0.04

1.15+0.05

1.07 £ 0.05

1.75 £ 0.15

1.05 = 0.08

x8+x9 — JIyHa 1BeTKa, CM
x8+x9 — Flower length, cm

3.62 £ 0.14

3.75 £0.10

3.18 £0.14

3.11 £0.14

2.00+0.14

240 £0.10

x10*x11 — Pa3mep ki1yOeHbKa
x10*x11 — Tuber size

25.61 £ 6.80

4391 £ 12.18
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Puc. 2. OpauHanus nonyasuuii B miockoctsax 1 u 2 kommnoHeHT (A) u 1 u 3 kommoHeHT (B).

Fig. 2. Ordination of populations in the planes of the 1%t and 2" components (A), and 1* and 3™ components (B).

M3MEHUYUBBIMU SIBJISIIOTCSI IPU3HAKM 1IBETKA: X8
(ko3 PuLMEeHT Bapuallii U3MeHseTcsa oT 9 no
25%), x9 (Cv = 8—37%), x8+x9 (Cv = 7—-26%). BblI-
coKasl CTerneHb U3MEHYMBOCTHU XapaKTepHa sl
nnuHbl HBeToHoca x1 (Cv = 38—65%) u compsi-
SKEHHBIX ¢ HUM mapamMeTpoB Xx1/x2 (Cv = 41—-63%),
(38—48%).

MaxkcumanbHbIe pa3Mepbl OCEBBIX OpraHoB (X1,
X2) HabIOHAI0TCS Y 0co0eit KpacHOSPCKOM IOy~
nauuu xoxJatku CB1, niavHa iBeTOHOCA U CTEOJIs
KOTOPBIX BapbupyeT oT 1.5 10 9.2 cM u oT 22.9 no
39.3 cM coOTBeTCTBEHHO. TakxXe BBICOKME MOKa-
3aTeIu AJINHBI CTeOJIsI XapaKTepHHBI OIS 3aI1aaHo-
castHckoit CB2 (21.2—34.6 cMm), a AJAUHHBIE LIBETO-
HOCBI OTMEUEHHBI AJIs1 Xakacckoi monynsiuu CB4
(1-9.9 cm). I'eHepaTUBHBIC OpraHbl HAMJYYIINM 00-
pa3oM pa3BUTHI y ocoOeit monynasuunit u3 Kysneiko-
ro Anatay CB4 u CB3, rae yuciio IBETKOB COCTaB-
nsieT 6—21 u 3—17 cooTBeTCTBeHHO. MUHMMAaJIbHAS
IJIMHA IIIoplia XapakKTepHa IJs KeMepOBCKOM
CBS5 u anraiickoit CB6 momynsinuii 1 cocTaBisi-
eT 4—15 mM. CaMmble KpyniHbIe BEHUUMKH HaOJI0-
JarTcs y ocobeit monyngauuit CB1 (2.6—4.1 cm)
u CB2 (3.3—4.2 cM). MuHuMaTIOpHbBIE TPULIBETHU-
KU xapakTepHbl aJig CB5 (anuua 10—-21 MM, mu-
puHa 6—17 mm) u CB6 (nnuHa 7—17 MM, IIMpHrHa
3—16 Mm).

CrnenyeT OTMETUTD, UTO BCE IIPEACTaBUTENH T10-
nynsuuit CB1 u CB2 cogepxanu noyepHUit (1o-
MOJIHUTENbHBIN) KIIyOoeHeK 3—17 MM OJIUHON 1
3—8 MM IIMPUHON B Ia3yXe IIPUKOPHEBOII YEIIYH,
BOTAHUYECKUN XYPHAI
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torga Kak y ocob6eil monyasiunii CB3—CB6 oH
OTCYTCTBOBAJ.

JJ1s1 BEISIBJICHU ST TOCTOBEPHBIX PA3IUINI MEXIY
HUCCIIeAyeMbIMHY MIPU3HAKAMHU IIPOBeaeH TecT Thio-
Ku. B Ta61. 3 yKazaHO KOJTMYECTBO JOCTOBEPHBIX
pa3IMIUii IIPU IIOITAapHOM CpaBHEHUY ITOMYJISIINIA.
Tak, kpacHosipckag nonyasuusa CBl u 3anmagHo-
casiHckass CB2 geMOHCTpUPYIOT MaKCUMaJbHBIE
otimuns oT xakacckoit CB4 n kemeposckoii CBS.
MopdosornyeckuM CXOACTBOM OOJagalOT MOMy-
nsuuu CB1 u CB2, a Tak:ke 3amagHocasHcKas
CB3 u xakacckas CB4.

BBuny cinaboit nHGOPMAaTUBHOCTH, CBI3aHHOMN
C HU3KUM YPOBHEM BHYTPH- U MEKITONYISIIIMOH-
HOM M3MEHYMBOCTH, U3 TaJIbHEHIIero aHajam3a
ObLIY yIaJIeH bl CIeIyIolIe MpU3HaKku: x4, X6, x5/x6,
x8/x9. B pe3ynpraTe U3y4eHUST CONMPSIKEHHON 13-
MEHUYUBOCTUA MOP(POMETPUIECKUX IIPU3HAKOB XOX-
JIaTOK ¢ ucrojb3oBaHueM PCA-MeToma BBISIBJICHO,
YTO IEPBbIe TPU KOMIIOHEHTHI SIBJISIOTCS 3HAYU-
MbIMU. UX cOOCTBEHHBIE 3HAUEHUSI MTPEBLILIAIOT 1,
a CyMMapHBIi BKJIaJ B OOIIYIO JUCIIEPCHUIO PaBEeH
84.07%. IlepBas rraBHast KOMIIOHEHTa Hauboiee
TECHO CBSI3aHA CUJIBHOM IOJIOXUTEIBHOM CBI3BIO
C IpU3HAKaMM OCEBBIX OPTaHOB, pa3MEPOM IIBET-
Ka 1 KJIyOeHbKa B Ma3yxe IMPUKOPHEBOI Yelyun
(x2, x5, x8, x9, x8+x9, x10, x11, x10*x11). Bropas
KOMIIOHEHTa OMKCHIBAeT NMPU3HAKU KOJINYECTBa
LIBETKOB M IMapaMeTphl LiBeToHoca (x1, x1/x2, x3),
TPEThs IIPEACTABISIET IPU3HAKHU KOJIMYECTBA 3y0-
YMKOB MpUIIBETHUKA (X7).
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Ta6auna 3. Ko1nuuecTBO TOCTOBEPHBIX pa3IUUYNil MOPGHOMETPUUECKUX MMPU3HAKOB MEX Y MOMYISLUSIMU (TECT

¥;$§ I;) The number of significant differences in morphometric characteristics between populations (Tukey’s test)
CBI CB2 CB3 CB4 CB5
CB2 3
CB3 9 10
CB4 12 12 4
CB5 13 12 9
CB6 11 11 11 9

OpaouHauums oco0eil MOy B IIJIOCKOCTSIX
IIEPBOM M BTOPOM KOMIIOHEHT 000COOJISIET MOITy-
nsguuu CBI1 u CB2, uMmeronine IiIMHHbBIE CTEOIU
U IPpUIBETHUKH, KPYITHBIC IIBETKH, a IJIaBHOE —
KPYITHBII BBITIHYTBIM KJIyOEHEK B ma3yxe Mpu-
KOpHeBoro aucta (puc. 2). Apyrue nonyassuuu
He UMEIOT KJIyOeHbKa U 00pa3yloT BTOPYIO COBO-
KyITHOCTh. I'pynna u3 4 momyasanuii Takxe aud-
depeHupoBaHa. Ocodou kemeponckoit (CBS) u an-
taiickoii (CB6) nonynsuuii, XxapakTepusyonmecs
KOPOTKUMM CTEOISIMU, MEJIKUMHU LIBETKAMU U
NPULUBETHUKAMU, HECKOJBKO 000COOISIOTCS
ot nonynguuit CB3 nu CB4, 3anumarommnx npome-
XKyTouHOe TonoxeHne. Oo6pairaetr Ha ce0sT BHU-
MaHHWe pacipeneaeHrue MOyl OTHOCUTEIBHO
BTOpoii KomnoHeHThI: CB3 u CB6 xapakTepusyoor-
¢ KopoTKnMu 1iBeToHocamu, a CB4 n CB5 mnnH-
HBIMU IIBETOHOCAMHU C OOJIBIINM KOJIHYECTBOM
IBeTKOB. TakKe pa3meneHue HaOII0OaeTCI B I1JIO-
CKOCTSIX TepBoil U TpeTbeit KomnoHeHT: CB1, CB2,
CBS5, CB6 xapaktepusyitorcst MaabiM, a CB3, CB4 —
OOJIBIIINM KOJIMYECTBOM 3yOUMKOB HUKHETO IIPH-
HBeTHUKA. TakuM oO6pa3oM, Mbl BUAMM YETKOE
pazaesieHue MOMyASIuii To MOP(POJTOTUYECKUM
npu3HakaM Ha naBe rpynmbl. I[lepBas mpencraB-
neHa kpacHosipckoit (CBI) u 3amagHocassHCKOI
(CB2) nonyasiiusiMu, KOTOpPbIE XapaKTePU3YIOTCS
IJIVMHHBIMU CTE€OJSIMU, KPYIHBIMU MPUIIBETHU-
kaMu. OMHAKO MX TJIaBHOE OTIMYME — KPYIHBIN
BBITSHYTBII KJ1yOeHEeK B Ma3yxe NpUKOPHEBOM 4e-
yu. AHaJOTMYHbIe PU3HAKY XapaKTEePHBI IJIs
HemaBHO onucaHHoro Buna C. falpina — XOXJaTKHN
KPOTOBOM.

Bropas rpynna nomnyasiuii o0benMHsIeT MHO-
TrOLIBETKOBBIE PACTEHM S, HE UMEIOIINE KIyOeHb-
Ka B Ma3yXe NPUKOPHEBOM YelIyHr: 3aIlaqHOCAasIH-
ckyio CB3, xakacckyio CB4, kemepoBckyo CBS5 u
anraiickyio CB6. B ta6u. 4 npuBogum Haubosee

CB2

CB1

CB3

CB6

CB4

CB5

5 4 3

Puc. 3. lenaporpamMmma cxoncta oopasuoB Corydalis
bracteata s.1. Ha ocHoBe ISSR-PCR ananu3za.

Fig. 3. Dendrogram of similarity of Corydalis bracteata s.1.
samples based on ISSR-PCR analysis.

nH(popMaTUBHBIE MOP(POJIOrNUEeCKHe IIPU3HAKH,
pasIelsTIoNIe HAIlY IMOMYJISIIAY Ha IBE TPYIIIIHL.

l'eneTnyeckuii moauMopdU3M 6 monmyasd i
n3ydeH ¢ moMonisio ISSR-PCR MeTonma. B ananu-
3¢ ucnoJjib3oBaHbl ISSR-paiiMepsl, gawliue Boc-
MPOU3BOAMMBIN MOTUMOP@HBIH pe3ynbrar: HB12,
HBI14, ISSR17, ISSR23 (Zietkiewicz et al., 1994).
Boisisnieno 89 ¢parmenToB JIHK, cymMapHbiii mo-
JuMopdu3M Kotopbix coctapiseT 100% (taba. 5).

Yucno aMmnanpuuupoBaHHBIX (parMeHTOB
JAHK, B 3aBUCMMOCTHU OT Ipaiimepa, BapbupoBa-
jo ot 19 (HB12 1 ISSR23) no 29 (ISSR17). 'enHoE
pasHooOpasue Hesa (H,) B cymmapHoii BBIOOpKe
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Ta6auna 4. 3Ha4yMMble TMAarHOCTUYECKKE MTPU3HAKU XOXJaTOK U3 poactBa Corydalis bracteata s.1.
Table 4. Significant diagnostic features of Corydalis affined to C. bracteata s.1.

Tonynsuus CBI CB2 CB3 CB4 CB5 CB6
Population
Kpacosipckas 3ananHblit 3anaaHbIi Ky3Heukmnit Ky3Heukuit
JlecocTenb .
(KpacHospekuii CasH CasiH Anaray Anaray Anraii
MecTtomno- p < aﬁp)) (Kpacnosipckuii | (KpacHosipckuii | (Pecny6iuka (KemepoBckas (AnTaitckmit
JIOXKEHUE KI’aSII)1 ovarsk Kpaif) Kpaii) Xaxkacus) 001aCTh) Kpaii)
Location Y Western Sayan | Western Sayan | Kuznetsk Alatau | Kuznetsk Alatau Altai (Altai
forest-steppe . .
(Krasnoyarsk (Krasnoyarsk (Republic of (Kemerovo Territory)
(Krasnoyarsk Territory) Territory) Khakassia) Region)
Territory) y y g
BHH C. talpina C. bracteata
Species
Crebenb HNnuunble (21-39 cm) Cpenneit nnuns (10—29 cm) KopoTtkue (6—16¢cm)
Stem Long (21-39 cm) Medium length (10—29 cm) Short (6—16 cm)
2—-16
KonuuectBo
JTWHHBIE IIBETOHOCHI
IIBETKOB !
2-9 OTHOCHUTEJIBHO cTeOeit 2-9
Number of 16
flowers Long peduncles relative to stems
KonunyectBo
3y0YUKOB
MPULIBETHUKA 4—6 5—-10 3-6
Number of
bract teeth
Jnuna
MPUIIBETHUKA,
MM 15-28 12-26 7-20
Bract length,
mm
BoiTsHYTHII
BeitgnyTheIil | dnuHa 2—17 MM
2—9 MM 171 Iupuna
Knybenek 3—6 MM 1IHMp. 2—7 MM Her Her Her Hert
Tuber Elongated Elongated None None None None
2—9 mm long Length 2—17
3—6 mm wide mm
Width 2—7 mm
Jnuna
mmopia, MM B B _
Spur length, 15-20 11-19 4-15
mm

coctaBuiio 0.3331, unpekc Illennona (1) — 0.4991.
YpoBeHb BBISBIASIEMOTO BHYTPUMIOMYJASLUOH-
HOTO TeHEeTHMYEeCKOTO pa3HOOOpa3us CpemHuid
(47.19—65.17%). Iloka3zaTtean TeHETUYECKOIO I10-
nmuMopdu3Ma MaKCUMAaJIbHBI Ui 3alagHOCasH-
ckux nonynsuuit CB2 (P = 65.17%; H, = 0.2337,
I, = 0.3495) u CB3 (P = 61.80%; H, = 0.2187;
I, = 0.3289). MuHUMaIbHBIE 3HAYEHU S OTMEYEHBI
BOTAHUYECKUN XXYPHAJ

ToMm 109 Nel 2024

nys kemepockoit CBS (P = 47.19%; H, = 0.1888;
I, = 0.2769) n anraiickoit CB6 (P = 53.93%;
H,. = 0.1854; I, = 0.2808) nonynauuii. Koadduuu-
EHT noapasnaesieHHocTu nonyassunii (Gg) coctaB-
et 0.3758. TakuM o6pa3zoM, Ha JOTIO MEXKIIOITY-
JISLIMOHHOrO pa3zHooGpasus npuxonurcd 37%, a
W3YYECHHBIE MOMYJISIIUU IEMOHCTPUPYIOT OYEHb
BBICOKYIO CTeleHb quddepeHInaluu COrJIacHO
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N |
I m____HERNEE_.

CB1 I CB2 I CB3 I CB4 | CB5I CB6

Puc. 4. AtioctepruopHasi BeposITHOCTb oTHeceHUs1 o0pasnoB Corydalis bracteata s.]. K TeHETMYECKUM KJIacTepaM Ha OC-
HoBe aHasiu3a ISSR-PCR.

Fig. 4. Posterior probability of assigning Corydalis bracteata s.1. samples to genetic clusters based on ISSR-PCR analysis.

OR538563 CB4
OR538565 CB6
1001 OR538562 CB3
- OR538564 CB5
99 OR538560 CB1
9_4| OR538561 CB2
BK063234 Corydalis solida
80 L———— BKO063235 Corydalis intermedia
100 | NC 072183 Corydalis remota
! NC 072197 Corydalis humilis
87 — NC 066117 Corydalis caudata
NC 065384 Corydalis yanhusuo
NC 072185 Corydalis turtschaninovii
NC 072182 Fumaria officinalis

99

0.010

Puc. 5. ®uyioreHeTnveckoe ApeBo BUIoB cekiiuu Corydalis, TOCTpoeHHOE Ha TOCENOBATEILHOCTSIX TeHa matK n Mex-
reHHoro cneiicepa rpoB-trnC xnmoporutactoit JHK MeTomoM makcnManbHOro mipaBaonogoous (ML). Lludppamu o60-
3Ha4YeHbI 3HaUYEHUs OyTCcTpama. JInHa BeTBe MPOMopLUMOHaIbHA KOJIUYECTBY 3aMEH.

Fig. 5. Phylogenetic tree of the species of the Corydalis section, built based on sequences of the matK gene and the intergenic
spacer rpoB-trnC of chloroplast DNA by the maximum likelihood (ML) method. The numbers indicate bootstrap values.
The length of the branches is proportional to the number of substitutions.

knaccupukanuu C. Paiita (Wright, 1978), uto mo- CBS5 (D = 0.2098—0.2799). CiienyeT OTMETUTD, YTO

KT yKa3blBaTh Ha MPUCYTCTBUE B UCCIACAYEMOM anraiickas nonynauus CB6 o6HapyxXuBaeT re-

BEIOOPKE MPEICTABUTEICH Pa3HBIX BUIOB. HETUYECKOE CXOIACTBO ¢ 3amagHocasHckoit CB3
HawnbGonbiuee 3HayeHMe reHeTuyeckux auctad- (D = 0.1743).

uuit Hes (Nei, 1972) (D) HabmiomaeTcss MeXIy

eHJporpaMma CXoJcTBa ocobeit monmyasiuii
nonynassuusaMu CB2 u CBS5 u cocraBiset 0.2799 Hennporp ISSR P%R ’
(Tabi1. 6). MUHUMAaJbHbBIE TeHeTHYecKre pasnu- 1OCTPOCHHA Ha OCHOBE NaHHBIX - aHa-

YUs OTMedeHbI MeX Iy onyisnusavu CBl u CB2 /1133, TIPeICTaBjeHa Ha puC. 3. Ocobu pa3HBIX
(D = 0.1428). T'eHeTHUYECKYIO 000COOIEHHOCTh OT MONYJIALNA GOPMUPYIOT 060COOIEHHBIE TPYTI-
IPYTUX JIEMOHCTPUPYET KeMEPOBCKasl MOMYISILUsT IIhl. [eHeTu4eCcKoe CXOACTBO AEMOHCTPUPYIOT

BOTAHUYECKHWM XYPHAJL Ttom 109 Nel 2024
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Ta6amuna 5. [TomumopdrsM MexxMUKpocaTe/UTMTHBRIX pparmeHToB JHK, ammmnunuposanubix ISSR-PCR MeTonom
Table 5. Polymorphism of intermicrosatellite DNA fragments amplified by ISSR-PCR method

O061ee yuciao
¢dparMeHTOB Yucno nonumopdubix pparmentos JJHK (%)
ISSR- TlocnenosareabHOCTD Total number of Number of polymorphic DNA fragments (%)
mpuiep | Scavenee fragments
Beero | Tlommmopdubix | gy | cpy | cp3 | cB4 | CBS | CB6
Total Polymorphic
11 13 13 11 8 11
HB12 (CAC),GC) 19 19 57%) | (68%) | (68%) | (57%) | @2%) | (57%)
13 13 11 11 8 7
HBI4 (CTO),GC) 22 22 (59%) | (59%) | (50%) | (50%) | (36%) | (31%)
6 11 14 11 12 13
ISSR23 (AC)TA) 19 19 (32%) | (58%) | (14%) | (58%) | (63%) | (68%)
19 21 17 20 14 17
ISSRI7 (GACA), 2 29 ©6%) | (12%) | (59%) | 69%) | (48%) | (59%)
Bcero 89 89 49 58 55 53 42 48
Total (55%) | (65%) | (62%) | (60%) | (47%) | (54%)
Ta6auna 6. l'eHeTndeckue nuctanumu M. Hes (1972) na ocHoBe ISSR-PCR
Table 6. Nei’s genetic identity (1972) based on ISSR-PCR
CB1 CB2 CB3 CB4 CB5
CB2 0.1428
CB3 0.2072 0.1944
CB4 0.2068 0.1879 0.1612
CB5 0.2243 0.2799 0.2314 0.2098
CB6 0.241 0.2696 0.1743 0.2431 0.2048

nonyasiuuu CB1 u CB2, uMeroliye 10MOJHUTETb-
HbII KJIyOEHEK.

AHanu3 CTPYKTYpPHI pacupeneeHus TeHOTUIIOB
ocob6eit B mporpamme STRUCTURE moxka3ssiBaer,
4TO HCClienyeMble 00pa3ibl MAKCUMAaJIbHO MOXK-
HO pa3deiuTh Ha MSITh TEHETUUYECKUX KJIACTEPOB
(puc. 4). OCHOBBIBaSICh HAa TUAarpaMMe BEpOSITHO-
CTell OTHECEHMS KaxXAoro odpasiia K IISITH KJjia-
cTepaM, MOXHO IOCTOBEPHO OOBEIMHUTD ITOIYJIsI-
uuu CB1 u CB2. O6pa3oBaHue 3TOM YCTOMUYNBOU
IPYIIEI CBUAECTEIBCTBYET O JaBHEM OTHOCUTEIBHO
IPYTHUX OIS TeHeTUIECKOM 000CO0ICHUN.
OcraBiuecs oopas3ubl JudGepeHIUPYIOTCS B CO-
OTBETCTBUU C IMIPUHAAJIECKHOCTBIO K MOITYJISIIN M
npu K = 5.

Hns pnmoreHeTM4ecKoro aHajamn3a HaM# OBIJIO
O0TOOpaHO MO OJHOMY 00pa3ly U3 UCCIeayeMbIX
nmonyasuuii. [Ipy aHanuse mociaemoBaTeIbHO-
cTeil Ha y4yacTke reHa matK, gnunoit 761 m.H.

BOTAHUYECKHM XYPHAJT Ttom 109 Nel 2024

obOHapy:KeHa TpaHCBepCUS B ToJoXkeHUun 532 — xa-
PaKTepHBIN IJIST BCEX IOCEA0BATEIbHOCTEM X0X~-
JIaTOK aJIcCHWH 3aMEHMUJICS Ha LIUTO3UH Y 00pas31IoB,
BbiaenasieMblx HaMu B BuA C. falpina (CB1 u CB2).
DTa MUCCEHC-MYTallus IIPUBOIUT K 3aMeHE aMU-
HOKMCJIOTHI TPEOHWHA Ha MPOJIMH B MOJUNIEHTH-
ne matypasbl K. Y 3amagHocassHCKoro oopasua us3
CB3 o0OHapy:KeHbl I1pyrue 3aMeHbl: TpaHCBEPCUS
C Ha A B nojoxeHuu 551, mpuBoAsas K 3aMeHe
cepuHa Ha TUPO3WH U TpaH3unus G Ha A B oj0-
>keHnHU 813 (CMHOHMMWYHAS MyTalus).

B MexrenHol ob6nactu rpoB-frnC nmunHOU
732 .H. y ocobeit monynsuuii CB1 u CB2 HaiineHa
nBoitHas 3ameHa AC Ha TA (mmonoxeHus 643—644),
a keMepoBcKkuit obpasen CB5 otnnuaercs ot npea-
CTaBUTEJIEH OPYTUX IMONYISHIUNA OQHOHYKIIEOTH I -
HOI 3aMEHO LIMTO31MHA Ha TAMUH B ITOJIOXEHUH 63.

IIpu ocTpoeHNN (PUITOTEHETUUECKIX JePEBbEB
Ha OCHOBe aHajau3a nocijegoBareabHocTeil JJHK
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reHa matK u cneiicepa rpoB-frnC BBISIBIEHA CXOI-
Has Tonojorus. Ha puc. 5 mpuBeaeHO KOHCEH-
CYCHOE IepeBO, IOCTPOCHHOE Ha OCHOBE aHaJIn3a
9TUX ABYX y4yacTkoB xJioponjactHoi JHK. ITpen-
cTaBUTENN cubupckux nonynsauuii C. bracteata
C BBICOKOI CTEINEeHbIO BEPOSITHOCTU (POPMUPYIOT
OTHEIbHYIO KJIaAy, 3aHUMAIOIIYIO TepPMUHAJIBHOE
nonoxeHue. [Tpruuem ocodbu u3 nonyaauuii CBI
n CB2 naunbomee o060cobieHbl. CeCTpMHCKYIO
C HUMHU KJaay oOpa3yloT eBpoleiicKrue BUIBI
Corydalis intermedia n Corydalis solida (L.) Clairv.,
uMewne ¢GproJeToBO-po30Bbie IBETKU. OTAeIb-
HBIE KJIagbl 00pa3yIoT a3nuaTcKue (IaJbHEBOCTOY-
Hble, KUTalicKue, KopeicKue) BUAbl XOXJIaTOK, OT-
JIMYAIONIMecs APYT OT Ipyra IIBETOM M pa3MepaMu
BEHUYMKa, (GOPMOIi IJIOMOB U CTPOCHUEM HEKTap-
Huka. CornacHo Kiraccupukanuu M. JIngeHa, Bce
MPUBEACHHBIE BUABI XOXJIATOK OTHOCSITCS K CeK-
uun Corydalis (Liden, Zetterlund, 1997).

CrnenyeT OTMETUTbh, UTO IOCJEAOBATEIbHO-
CTH BUAOB, POPMUPYIOIINX 000COOJIEHHBIE KIa-
Ibl, uMeloT oT 0 1o 16 BapuabeabHBIX CAaiTOB IS
yuactka matK u ot 0 mo 13 — s rpoB-trnC. Takum
00pa3oM, MEeXY OTAEIbHBIMU U XOPOIIIO pa3janyva-
IOIUMKCS BunaMu, TakuMmu kak Corydalis remota
Fisch. u Corydalis humilis B.U. Oh et Y.S. Kim, mo-
I'yT OTCYTCTBOBATh Pa3IM4Ms B U3yIaeMBbIX MOCJIe-
noBatenbHocTax JHK.

OBCYXIEHUWE

B xone mopdonoruueckoro ananusa Corydalis
bracteata s.1. na repputopun FOxnoit Cudbupu Obl10
BBISIBJICHO pa3AeeHue U3YYEeHHBIX MOMYIsILUi Ha
nBe rpynnbl. Ocobu kpacHosipckoit (CB1) u 3anan-
HocassHcKoM (CB2) monynsumit xapakKTepu3yoTcs
IUIMHHBIMU CTEOJSIMU, KPYITHBIMU TIPUIIBETHH-
KaMu ¥ uBeTKaMu. OJHAKO OCHOBHBIM OTJIMUMEM,
COMMKAIOIINM MpeaCcTaBUTENe JaHHBIX MOMYJs-
L1 ¢ HegaBHO onmucaHHBIM BuaoM C. falpina (Xox-
JIaTKO# KpOTOBOIA), SIBASIETCSl HAJIMUUE KPYITHOTO
BBITSIHYTOI'O KJIyOe€HbKA B ITa3yXe IPUKOPHEBOI'O
qucTta. [TomobHoe siBAeHUe HAaOMI0AaeTCa U y ApY-
rux BugoB pona. Tak, T.A. be3nenena (Bezdeleva,
2010) npuBOAUT ABE XKM3HEHHBbIE (POPMBI IJ151 BUIA
C. remota: XnyoHeBOI reoduT 0e3 KIIyOeHbKa B
na3yxe MpPUKOPHEBOTO JIUCTA C KOPOTKUM CTOJIO-
HOM M CTOJIOHHO-KJIYOHEBOI Te0(UT C IIMHHBIM
OPTOTPOIHBIM CTOJIOHOM 1 00pa3yIoIIMCs 104Yep-
HUM KJ1yOHEM.

PABOBA u np.

OnHako pe3yabTaThl, IOJIYYEHHBIE B XO/Ie MOJie-
KYJSIPHO-T€HETUYECKUX UCCENOBAHM I, TAKXKE MO-
Ka3bIBaIOT pa3iMure KpacHOSPCKOM 1 3aIagHoca-
STHCKOM MOMYJISILIUI OT OCTAaJIbHOI COBOKYITHOCTH.
B vactHocTH, npu nnpoBeneHuun ISSR-PCR ananu-
3a BBISIBJICHO HaJIW4Me B 00Ieil BbIOOpKE ocobeii,
KOTOpHIE TOJIKHBI OBITh OTHECEHBI K Pa3HBIM BU-
JlaM, O YeM CBUAETEJbCTBYIOT BLICOKHME 3HAYEHU S
K03 duIIMeHTa NoApa3aeJeHHOCTH MOMYJIS LUK
(G, = 0.3758). AHanus nocnenoBarensHocTeit JJHK
TakK>Xe 0OOHapy>KWJI OTIMUME B BUJE TPEX HYKJIEO-
TUAHBIX 3aMeH y ocobeit kpacHosipckoit (CB1) n
3anagHocassHckoi (CB2) nonyasauuii He TOJbKO
MO0 CPaBHEHUIO C MPEACTaBUTEIIMU U3y4aeMbIX
MOMYJISALUMMA, HO U C APYTUMU KJIYOHEBBIMU XOX-
natkaMu, nociaegoBateabHocT JHK KoTOpbhIx
pa3MelieHbl B 6a3e naHHbIX GenBank. Takum 00-
pa3oM, TIPOBEICHHBIN MOP(POTOTNUYECKU U TeHe-
TUYECKM I aHAJIU3bl YKa3bIBAIOT HA TEHETUUECKYIO
000Cc00IEHHOCTh X0XJIaTOK 13 nonyasauuit CB1 u
CB2, xoTophle, KaK MHI IIojIaraeM, CJIeAyeT OTHO-
cuTh K Buny C. talpina. IlonyyeHHbIE HAMU B XOJIE
(buoreHeTMYECKOro aHajJau3a AeHIpOTrpaMMBbl He
IIpOTHBOpeYaT padboTaM I10 (PUIOTCHUHU CeMeMCTBa
Fumariaceae.

CrenyeTr OTMETUTh, UYTO CEKBEHUPOBaHUE yJacT-
koB xJyopornactHoil [IHK (ren matK, cneiicep
rpoB-trnC) C. bracteata GbI710 IPOBEAEHO HAMU
BriepBble. Hapsiny ¢ maHHBIMU ITOCIeA0BaTEIbHO-
ctamu nis ¢punorenuun pona Corydalis npyrumu
aBTOpaMU UCIOAb3YIOTCS T'eHbl rbcl, trnG u Mex-
reHHble cneicepsl: trul-trnF, psbA-trnH (Ren et
al., 2019; Peng et al., 2023). HecMoTpst Ha TO 4TO
yuacTok ITS Bo MHOIMX MCCIeIOBAHUSIX SIBIISIETCS
3TaJIOHHBIM MapKepoOM U 3a4acTyIO MCIIOJb3yeTCs
MLl YTOUHEHU KJaaccu(pUKaAIIUA CEMEHHBIX pac-
TeHuit, nas poaa Corydalis oH GopMUpPYET IPOTU-
BOpEUYUBYI0 (PMJIOTCHUIO BBUAY CBOE MYJIBTUKO-
nuitnoctu (Jiang et al., 2018).

SAK/TIOYEHUNE

B xome Mopdosornyeckoro aHanusa 6 morry-
nsuuit Corydalis bracteata s.1. BbISIBIeHA BbICOKas
BHYTPUIIONYJISLIMOHHAS U3MEHUYMBOCTh IpU3HA-
KOB IJIMHBI IIBETOHOCA M KOJIMYECTBA IIBETKOB, a
Tak>kKe HU3Kash U3MEHYUBOCTb TeHEPATUBHBIX MPU-
3HAKOB. /IMarHOCTUYECKMMU MpPU3HAKAMU, TI03BO-
JISTIOIIAMMY Pa3faeInTh XOXJATKW Ha TPYIIIbI, IBJIS-
I0TCS: KOJIMUYECTBO LIBETKOB, KOJIUYECTBO 3yOUMKOB
MPUIBETHUKA U €ro pa3Mephl, IJMHA IIIopia

BOTAHUYECKUWN XYPHAJ No 1
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IIBeTKa, HaJIn4Me KJIyOeHbKa B Ma3yxe IIPUKOpPHE-
BOTO JIACTA.

B xome ISSR-PCR ananu3a momynssouii Xox-
JIaTOK OBLIIO NMOKa3aHO BBICOKOE 3HAaYeHUE KO-
s¢pdunreHTa moapa3aeeHHOCTH IOy
(Gst = 0.3758). YpoBeHb BHYTPUNOMYASILMOH-
HOI'0 T€HETUUYECKOTO pa3HOOOpa3us — CpemHUuin
(47.19—65.17%). IlokazaTenu reHeTUYECKOTO MO~
Mop®du3Ma MaKCUMaJIbHbI IJIs 3al1aHOCASTHCKHUX
MONYASI LU, MAHUMaJIbHBIC 3HAYEHUSI OTMEUYEHBI
JIJIS1 KEMEPOBCKOM M aJITAMCKON MONYJISIINIA.

HaubGonbumiue 3HayeHUsI T€HETUYECKUX OUC-
tanuuit Hesa (1972) HabmomamTCsI MEXIy IIOMY-
msiuusgaymu CB2 u CB5, CB2 u CB6 u cocTaBisgioT
D =0.2799 u D = 0.2696 cOOTBETCTBEHHO. DTU
pe3yJbTaThl COTJIACYIOTCS ¢ MOP(MOJOrMYeCKUM
aHanu3oM nonyasuuii. Haudonsune Mopdosoru-
YecKue pa3iMuyMs TaKXKe BbISIBJCHBI MEXIY 9TUMU
ImapaMu IOMYJasanuii. MUHUMalbHbIE T€HETUYE-
cKre 1 MOpGhOJIOrnYecKre pa3inins OTMEYCHEI
Mexay kpacHosspckoil CB1 u 3amagHocassHCKO
CB2 nonynsguugamu (D = 0.1428), ocobu KOTOpbIX
00pa3yloT JoYepHU il KI1yOeHeK.

B xone aHasiu3a nociaeaoBaTebHOCTEM XJIOPO-
njgacTHoro reHa Matypasnl K (mafK) u mexren-
Horo cneiicepa rpoB-trnC obHapyKeHbI 3 HyKJIe-
OTUIHBIE 3aMEHBI, oTInYalolue ocodeii u3 CBI u
CB2 ot npyrux nonyasuuii C. bracteata, mpuyeM
OIHA U3 HUX IIPUBOIUT K 3aMeHE aMUHOKHUCIOTHL.
[lepeuncneHHbIe MyTallUM OTCYTCTBYIOT KaK B IIO-
CJIeAOBaTEeIbHOCTSIX IPYTUX BUIOB, TaK Uy 0cobeit
OJU3KOPOACTBEHHBbIX onyasuuii. Takxke odHapy-
KeHBI IBE MYTAIlMM B MOCJIENOBATEILHOCTY TeHa
matypa3sbl K y 3amagHocasiHckoro obopasua CB3
(CMHOHMMMWYHASI U MUCCEHC-MYTallUsl), a KEeMEpPOB-
cknit obpazer; CBS otnmmyaeTcs OMHOHYKIICOTU -
HOI1 3aMEHOM B IIOCJIEAIOBATEIBHOCTY MEXICHHOTO
criericepa.

duioreHeTHYECKNE ASPEBbsI, IIOCTPOCHHBIC Ha
OCHOBe aHanau3a yyactkoB matK u rpoB-trnC, 06-
JIagaloT CXOAHOM TOIIOJOTUEN, a MPEACTABUTENN
M3ydaeMbIX HAMU MTONYJSIIUi GOPMUPYIOT XOPO-
1110 000COOJIEHHYIO KJ1aay.

Takum ob6pa3zoM, corjiacoBaHHbIE Pe3yJIbTaThl
MOpPGOJIOTMYECKOr0 U TeHETUYECKOTO aHAJIU30B
CBUJETEILCTBYIOT O AP depeHINALINY TTOM YIS
KEeJITOLBETKOBBIX XoxJiaToK 13 KOxxHoit Cubupn,
M3HaYaJbHO OTHOCUMBIX K Buny Corydalis bracteata

BOTAHUYECKHM XYPHAJT Ttom 109 Nel 2024

1 YKa3bIBalOT Ha MOP(MOJOTUYECKYIO U TeHeTHYe-
cKyI0 obocobaeHHocTh Corydalis talpina.
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This article presents the results of the first study of the morphological and genetic diversity of
6 populations of Corydalis bracteata Pers. s. 1., growing in plant communities of the Krasnoyarsk forest-
steppe, Western Sayan, Kuznetsk Alatau, Altai. The morphological analysis shows the division of the
populations into two groups. A large elongated tuber near basal scales, large bracts and flowers, a large
height of the plants unites the from the Krasnoyarsk and Western Sayan populations with a recently
described species C. falpina Stepanov. These results are also confirmed by the ISSR-PCR analysis of the
genetic variability of Corydalis populations. A high subdivision coefficient (Gst = 37.58%) indicates the
presence of different species in the total sample. The division into two groups is also demonstrated when
clustering the genotypes using the Bayesian approach implemented in the STRUCTURE 2.3.4 software.
Phylogenetic analysis based on comparison of the nucleotide polymorphism of the marK chloroplast
gene sequences and the rpoB-trnC intergenic spacer also has revealed differences in three nucleotides
in the plant with an additional tuber. These substitutions are absent in the sequenced plants without
nodules and in sequences of other species with tufts of tubers published in GenBank. Similar results of
morphological and genetic analyzes prove the differentiation of populations of yellow-flowered Corydalis
in South Siberia, originally assigned to the species C. bracteata, and indicate the morphological and
genetic isolation of C. talpina.

Keywords: morphological diversity, genetic diversity, Corydalis bracteata Pers., Corydalis talpina
Stepanov, ISSR-PCR markers, phylogenetic analysis, Papaveraceae, Fumarioidae
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Bnepsreie Bo ¢irope Azepbaitmxkana (bonpmoit KaBka3s 3amamubiii, Manerii KaBka3 ceBepHHIii,
JlenkopaHCKast HUI3BMEHHOCTD U ATIIIIEPOH) BEISIBJICH HOBBI MHBAa3UBHBIN BUI Artemisia verlotiorum
Lamotte. [IpuBeneHbI CBeIeHUSI OTHOCUTEIEHO 0OHAPYKEHHBIX ITOITYIS U BUAA, UX YUCICHHOCTH,
3aHMMAaeMOM IJIOIIAIH, a TAKKe KpaTKoe ONrcaHue (DMTOLIEHO30B B MECTaX IIPON3PaCTaHUSI.

KutoueBbie ciioBa: Artemisia verlotiorum, MTHBa3UBHBIN BUI, paclipocTpaHeHue, A3epoaiinkaH, boib-
ot KaBka3s 3ananHbliit, Manbiii KaBkas ceBepHbIii, JIeHKoOpaHCKast HUBMEHHOCTbD, ATIILIEPOH

DOI: 10.31857/S0006813624010079, EDN: EWIWQW

Artemisia verlotiorum Lamotte (ITOJBIHb KUTa-
cKasl, MoJIbIHb Bepyio) — MHOTOJIeTHEEe pacTeHue
ceMeiicTBa Asteraceae Dumort. ¢ BocTouHOa3Mar-
CKMM HaTMBHBIM apeajioM, BIIEPBbIC ObIT OMUCAH
u3 Esponbl (Verlot, 1876). C.JI. MocsaKkuH ¢ co-
aBropamu (Mosyakin et al., 2019) yka3biBaioT Ha
cxonctBo A. verlotiorum c A. vulgaris L., A. umbrosa
(Turcz. ex Besser) Turcz. ex A.DC. u A. argyi H.Lév.
et Vaniot, BclieAcTBHE Yero MHOTHE MCCIieaoBaTe-
JIV TIPU TIEPBUYHON UACHTUDUKALIUMN YACTO TIPU-
HUMaJW OOWH BUI 3a npyroil. OmHAaKO B OTIWYME
oT A. vulgaris nns1 A. verlotiorum xapakKTepHO HaJIU-
qyye 6oJiee MUPOKUX, CBETIbIX U TJIOTHBIX JTUCTHEB,
00pa3zoBaHUeE CTOJIOHOB 1 MPUCYTCTBUE CUIIBLHOTO
MPUSITHOTO 3aTaxa.

B Hacrosiiee BpeMsa BUI HATypaJIM30BaCs
Bo MHorux peruoHax mupa (EBpona, CeBepHas u
Oxnasg Adpuka, 3anagHas A3us, IOxnHas AMe-
puka, ABctpanusi, HoBag 3e1anans) co ctaTycoM
3aHOCHOTO0, COpHOTO pacteHus (Pampanini, 1923;
Brenan, 1950; Esler, 1987; Webb et al., 1988; Ling
et al., 2006; Sanchez, Verloove, 2013; Espinar, 1997,
Mosyakin et al., 2019 u np.). [lonaraem, 9To cmo-
COOHOCTh 3TOrO BUJA KaK K BEr€TaTUBHOMY, TakK 1
K CEMEHHOMY Pa3MHOXEHMIO, a TAKKe HEIPUXOT-
JIMBOCTD K IIPUPOIHBIM YCIOBUSIM IIPOU3PACTAHUS
(TUIIBI TOYB, KJIMMAT, BEICOTHBIE MOSICA U T.II.) U

ABIAIOTCA HpPI‘{I/IHOﬁ €ro JO0CTaTO4YHO IINPOKOIro
paciipoCTpaHCHHA BHEC €CCTCCTBCHHOI'O apcaJja.

B bpasunuu, Utanuu, MaBpuKuu U Ipyrux
cTpaHax Bun A. verlotiorum M3maBHA UCIIONb30-
BaJICSI B HAPOMAHOM MeAWIIMHE MPH HAPyLICHUSIX
KpoBOOOpaleHusI, 3a001eBaHUSIX OPTaHOB MU-
IIeBapeHU s U MOYEIIOJIOBOM CUCTEMBI, ITOYSUHOMN
HEIOCTaTOYHOCTH, a TaKXKe IIPU TUICPTOHUH, JIU-
xopajke, rpumnie u ncopuase (Gurib-Fakim, 1996;
Martinotti et al., 1997; Mootoosamy, Mahomoodally,
2014). B nmocnenHue rogsl Shanoo Suroowan ¢ co-
aBTopamu (Suroowan et al., 2019) B pe3yabraTe u3-
y4eHU ST (papMaKOJIOTUYECKUX CBOMCTB 9KCTPAKTOB
A. verlotiorum BBISIBleHa aHTUOKCUJIAHTHAs, aH-
TudepMEeHTAaTUBHAS U IIUTOTOKCUYECKas] aKTUB-
HOCTb, YTO IO3BOJIMJIO aBTOpPaM cliejiaTh BBIBOI
0 TOM, YTO BUJ 3aCJIy>KMBaeT BHUMaHUS JIJISI IIPO-
BeACHUS NAJIbHEUIINX NUCCIeNOBAHWI, YIYUTHIBAS
ero MOTEeHIIMAJ TIPU JICUeHU U pa3IMIHBIX XPOHU-
YyeCKUX 3a00JIeBaHUM.

o HepaBHEro BpeMeHU CUMUTAI0Ch, UYTO U3 Iepe-
YUCJEHHBIX BbllIe 3 BUIOB Ha TeppUTOPUU A3ep-
OaiigxkaHa BCTpedaeTcsl TOJbKO Artemisia vulgaris
(Polyakov, 1961; Asgerov, 2016).

Jpyroit n3 ykasaHHBIX BUIOB, Artemisia verlo-
tiorum, BooOIlle B KaBKa3CKOM peruoHe BIEpBbIE
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3apeructpupoBaH Ha CeBepHoM KaBka3se, B oKkpecT-
HocTsax I. barymu (Dubovik, Mosyakin, 1991), u 3a-
TeM Ha IOxHoMm KaBkaze B ApMeHUU, B OKPECTHO-
ctax I. EpeBana (Gabrielian, Xirau, 1996).

B xone moseBbIX ucciaenoBaHUli, IMpOBeIeH-
HBIX HaMU B pa3IMYHBLIX paliloHaX pecIyOInuKu
B 2019—-2023 r1., A. verlotiorum OBIT OOHApPYyXEH
TakxXe W B AzepbaiimxaHe, B 4 60TaHUKO-reorpa-
¢uueckux paitonax — bonbioit KaBka3s 3amagHblit
(3aratanbsckuii paiioH), Manbiit KaBkas ceBep-
HbIi (I'a3axckuii paiioH), JIeHKOopaHCKast HU3MEH-
HOCTh (JIeHKOpaHCKU 1 ACTaApUHCKUN paioOHBI)
n AnmepoH (1. Hosxansl u Kems). JInsa Azep-
baiigxxaHa A. verlotiorum B MEeCTHBIX JIUTEpaTyp-
HBIX U PETMOHAJBbHBIX (PIOPUCTUUECKUX MCTOY-
HHMKAaX 10 HACTOSIIEro BpeMeHU He yKa3bIBaJICSI
(Polyakov, 1961; rep6apnbie ¢ponasl BAK u LE),
YTO JaeT HaM OCHOBaHUe cuuTath A. verlotiorum
HOBBIM BUJIOM 1Js1 (hJiopbl A3epbaitaxkaHa. Mox-
HO JOIIYCTUTH, 9YTO A. verlotiorum 3aHECEH B MECT-
HYI0 (pJOpy JaBHO, HO UASHTUDUIIMPOBAJICS KaK
uMetoluiicsa Bo giaope AzepbaiiaxaHa A. vulgaris
1 TIO3TOMY YK€ Ha CTaJuy MOJEBBIX MCCIeN0Ba-
HHI ocTaBalicst 0e3 BHUMaHUA. OgHAKO peaKas
BCTPEYaeMOCTh 1 He3HAUYUTEIbHEIE IJIOIIAIM, 3a-
HUMaeMble pacTeHHUEM, BCe XK€ yKa3blBalOT Ha €ro
HeJlaBHEe BHEAPEHUE.

A. verlotiorum BcTpedaeTcs oT —24 M HUAKE yp. M.
o 426 M Haja yp. M. B pa3JIMUYHBIX LIEHO3aX: KYJIb-
TypHBIE HacaxXIeHUs, npubpexHas dacTh Ka-
CIUIICKOTO MOpPS, O0OOYMHBI apBIKOB, 3a0POIICH-
HBIC YYaCTKU CBeAeHHOro Jieca. Huxe nmpuBogum
KpaTKoe OITicaHue MecTooouTanumt A. verlotiorum
B pa3JIMYHBIX palioHaX.

3araTaibcKuii paiioH (41°39'24.4" c.air. 46°33'25.8" B.1L):

B oKkp. ¢. [lap3uBaH Ha BiaxHoIi mouse, B 50 M
OT MaXOTHOIO MOJIsI, YMCIEHHOCThIO OT 5 10 15 re-
HEPATUBHBIX 0cobeit Ha 1 M?, oOwas miounanb
rpynnbl 5 X 5 M. B 11eHO3€e 3aperucTpupoBaHbl
Amaranthus retroflexus L., Polygonum aviculare L.,
Convolvulus arvensis L., Rumex crispus L., Mentha
longifolia (L.) Huds., M. aquatica L., Sambucus
ebulus L., Conium maculatum L., Trifolium repens L.,
Daucus carota L., Erigeron canadensis L.;

Tazaxckuii paiton (41°05'57.76" c.i1. 45°23'26.04" B.11.):

B OKp. c. [lar KacamaHniu Ha cyxoii ToYBe omy1i-
KU JIeca HaCYUTHIBAJIOCh S—7 T€HEPAaTUBHBIX OCO-
6eit Ha 1 M2, B uenose ormeueHnsl Juglans regia L.,

MEXTHUEBA u np.

Corylus avellana L., Prunus cerasifera Ehrh., Erigeron
canadensis L. n op.;

AcrapuHckuii paiton (38°27'30.8" c.uur. 48°52'41.6" B.11.):

Ha mobepexnbe Kacnmiickoro mops (r. Acra-
pa, ropoAcKoii 6ynabBap), BOIM3U OeperoBoii BOJI-
HBl Ha MPUMOPCKUX MEeCYaHbIX MECTax cpeau Oe-
TOHHBIX BOJTHOPE30B, e Ha mpoTsxeHuu 200 m
BCTpeYaeTCs B BUIe HEOOIBIINX I'PYIIIT, BKJIIOYAIO-
mux 6—12 reHepaTUBHBIX 0cobeil. 3 conmyTCcTBY-
IOLIMX BUIOB 31eCh OTMEUYEHBI Solanum persicum
Willd. ex Roem. et Schult., Erigeron canadensis L.,
Phragmites australis (Cav.) Trin. ex Steud., Lythrum
virgatum L., Atriplex prostrata subsp. calotheca (Rafn)
M.A. Gust. u 1p.;

JlenkopaHckuii paitoH (38°45'15.8" c.in. 48°51'20.4" B.1.):

BIIOJIb apDHIKOB B COPHBIX I'PYIIIIUPOBKAX, B UUCIIE
6—8 nmpereHepaTuBHBIX 0cobeii Ha 1 M? okoJo JIeH-
KOPaHCKOI'o 061aCTHOTO HAyYHOTro LIEHTPa;

AnIiepoH:

a) okp. moc. Hosxausl (40°34'26.1" c.m.
49°45'59.1" B.1.; 40°34'27.7" c.m. 49°57'6.0" B.1.),
Ha IUISIKe B 30HE OTAbIXa CPpely MocaaoK KyIbTyp-
HBIX pacTeHUi, TaKux Kak Euonymus fortune (Turcz.)
Hand. Mazz., Cupressus sempervirens L., Nerium
oleander L., Rosa sp., Calendula officinalis L., a Takkxe
CcOpHBIX — Medicago caerulea Less. et Ledeb., Erigeron
canadensis L., Chondrilla juncea L., Plantago major L.
n Portulaca oleracea L. AamMu OBITM OOHAPYKEHBI
npereHepaTUBHbIE 0coOU A. verlotiorum;

0) okp. noc. Kemng (40°23'69.3" .. 49°53'65.9" B.11.):

Ha caJioBO-OrOPOJTHOM YYacTKe KaK COPHBIN BIJ
B BUJI€ HEOOIBIION KOJOHUU IJIOLIAABIO 2 X 2 M,
pacTeHHe MPOoU3pacTaeT CKy4eHHO, HeOOIbIIMMU
rpynmnamMu, 4To o0bICHSIETCS BETE€TATUBHBIM TH-
TIOM pa3MHOXEHUSI.

VY u3bsATON U3 ecTeCTBEHHBIX ycaoBuii (3ara-
TaJlbCKUM paiioH) U MOCAXXEHHOUW Ha OMBITHOM
yyactke MHcTUTyTa 60TAaHUKU TeHepaTUBHOI
ocobu A. verlotiorum Ha BTOpPO rom HaOII0IaI0Ch
MOsIBJIEHUE MOJIOABIX MTOOEroB OT KOPHEBUIL, Ma-
TepUHCKON ocobu. OmHaKo 3a 3-JIETHUM TepUon
HaOJIlIoAeHU S MepecaxeHHO 0co0u He ObLIO OT-
MEYEHO LIBETEHUE U MJIOJOHOLIECHUE.

IIpoBemeHHbIe HAMU MOHUTOPHHTIOBEIE HCCIIE-
JTOBaHUS YKa3bIBalOT Ha HepaBHBIC agallTalliOH-
Hbl€ BO3MOXHOCTU A. verlotiorum B yKa3aHHBIX
BBHIIIIE paiioHaX PeCcIyOJMKH, U KU3HEHHOCTH
pacTeHH s, CKOpee BCEro, 3aBUCHUT OT YCIOBUIA
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IIPOU3pacTaHUs — KJIMMaTHIECKMX OCOOCHHOCTEH,
KauyecTBa ITOYBBI, peXXKMMa YBJIaXXKHEHUS U 1.
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For the first time, a new invasive species Artemisia verlotiorum Lamotte has been identified in the flora
of Azerbaijan (western Greater Caucasus, Lankaran Lowland, Absheron and northern Lesser Caucasus).
Information is provided regarding discovered populations of the species, their number, occupied area,
as well as a brief description of the phytocenoses in the places where they occur.

BOTAHUYECKHM XYPHAJT Ttom 109 Nel 2024


https://doi.org/10.1080/0028825X.1987.10410085
https://ukrbotj.co.ua/archive/76/1/3%5d%C2%A0

102

MEXTHUEBA u np.

Keywords: Artemisia verlotiorum, invasive species, distribution, Azerbaijan, Greater Caucasus western,
Lesser Caucasus northern, Lankaran Lowland, Absheron

ACKNOWLEDGEMENTS

The authors express their deep gratitude to 1.V. Tatanov,
a researcher at the V.L. Komarov Botanical Institute of
the Russian Academy of Sciences, for information on
herbarium material of Artemisia species of the Caucasus
in the Herbarium LE.

REFERENCES

Asgerov A.M. 2016. The plant world of Azerbaijan. Baku.
444 p. (In Azer.).

Brenan J.P.M. 1950. Artemisia verlotiorum Lamotte and
its occurrence in Britain. — Watsonia. 1 (4): 209—223.

Dubovik O.N., Mosyakin S.L. 1991. Artemisia verlotiorum
(Asteraceae) — a new adventitious species of the flora of
the North Caucasus. — Bot. Zhurn. 76 (10): 1408—1411
(In Russ.).

Esler A.E. 1987. The naturalisation of plants in urban
Auckland, New Zealand 3. Catalogue of naturalised
species. — N. Z. J. Bot. 25: 539—558.
https://doi.org/10.1080/0028825X.1987.10410085

Espinar A.L. 1997. Anthemideae. — In: Flora fanero-

gamica Argentina. Fasc. 46: Asteraceae, pt. 7. Cérdoba,
Argentina: Programa ProFlora (CONICET). 33 p.

Gabrielian E., Xirau Vallés J. 1996. New data about
the genus Artemisia L. (Asteraceae) in Armenia. —
Willdenowia. 26: 245—250.

Gurib-Fakim A. 1996. Volatile constituents of the leaf
oil of Artemisia verlotiorum Lamotte and Ambrosia
tenuifolia Sprengel (Syn.: Artemisia psilostachya auct.
non L.). — J. Essent. Oil Res. 8: 559—-561.

Ling Y.R., Humphries C.J., Shultz L. 2006. Artemisia. —
In: Flora of China. (Asteraceae). Beijing, St. Louis.
Vol. 20-21. P. 694, 699.

Martinotti E., Calderone V., Breschi M.C., Bandini P.,
Cioni P.L. 1997. Pharmacological action of aqueous

crude extracts of Artemisia verlotiorum Lamotte
(Compositae). — Phytother. Res. 11: 612—614.

Mootoosamy A., Mahomoodally M.F. 2014. Ethno-
medicinal application of native remedies used against
diabetes and related complications in Mauritius. —
J. Ethnopharmacol. 151: 413—444.

Mosyakin S.L., Boiko G.V. Glukhova S.A. 2019. Arfemisia
verlotiorum (Asteraceae) in the continental part of
Ukraine: now in Kyiv. — Ukrainian Botanical Journal.
76 (1): 3—8. https://ukrbotj.co.ua/archive/76/1/3
(Accessed 12.10.2023).

Pampanini R. 1923. Contributo alla conoscenza dell’
Artemisia verlotiorum Lamotte. — Bullettino della
Societa Botanica Italiana. 1-2: 76—90.

Polyakov P.P. 1961. Genus Artemisia L.. — wormwood. —
In: Flora of Azerbaijan. Vol. 8. Baku. P. 308—324 (In
Russ.).

Sanchez Gulléon E., Verloove F. 2013. New records of
interesting vascular plants (mainly xerophytes) in the
Iberian Peninsula. — I'V. Fol. Bot. Extremaurensis. 7:
29-34.

Suroowan S., Pynee K., Mahomoodally M. 2019. A
comprehensive review of ethnopharmacologically
important medicinal plant species from Mauritius. —
S. Afr. J. Bot. 122: 189-213.

Verlot J.B. 1876. Artemisia umbrosa Turcz. [Note ex-
traite du Catalogue des graines du Jardin botanique
de Grenoble, 1875, par M. J.-B. Verlot]. P. 73 in:
[Anonymous]. Notes sur quelques especes distribuées
cette année [1876]. — Bulletin de la Société Dau-
phinoise pour I’Echange des Plantes [Premiére série
de 1874 a 1889]. 3: 69—84.

Webb C.J., Sykes W.R., Garnock-Jones P.J. 1988. Flora of
New Zealand. Vol. 4. Christchurch: Botany Division,
Department of Scientific and Industrial Research
(DSIR), Ixviii + 1365 p.

BOTAHUYECKHWM XYPHAJT Ttom 109 Nel 2024


https://doi.org/10.1080/0028825X.1987.10410085

BOTAHHYECKHH KYPHAJI, 2024, mom 109, Ne I, c. 103—106

XPOHUKA

III BCEPOCCUMICKASI KOH®EPEHIIMA C MEXJIYHAPOJIHBIM
YYACTUEM “CUCTEMATUYECKUE U ®JOPUCTUYECKUE
VICCJEJOBAHWS CEBEPHOI EBPA3ZUN”

(K 95-JIETUIO CO AHA POXIAEHUA ITPODPECCOPA
A. I. EJIEHEBCKOI'O) (MOCKBA, 19-21 okTta0ps 2023 r.)
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B nepuon ¢ 19 mo 21 okts16psa 2023 1. Ha Oa3e Ka-
deapsl 60TaHUKU MOCKOBCKOTO NeJarornuyeckoro
rocynapctBeHHoro yuusepcutera (MIIT'Y) cocto-
anacsk II1 Becepoccniickast KoHpepeHIINs ¢ MEXTy-
HapoIHBIM y4yacTueM “CucreMaTrnyeckue u @io-
puctudeckue ucciaengopanus CesepHoit EBpaznn”,
IMOCBSIIIIEHHAS 95-JIeTHUIO CO THS POXIEeHUS IIpod.
Annpest ['eoprueBnya EjleHEBCKOTO — IIMPOKO U3-
BecTHOTro B Poccuu 60TaHMKa, BHECILETO OTPOM-
HBIH BKJIaJ B pa3BUTHE OTEUECTBEHHOU cucTemMa-
tuku u paopuctuku (Viktorov et al., 2014, 2018).

Jwvana3zoH Hay4YHO-MCCIEA0BATEIbCKON U yueo-
Ho-MeToauyeckoit nesitenbHocTu A.I. EneHeBckoro
MHOTOTpaHeH U oTpaxeH B 6ojiee yeM 200 my6iu-
KallMsX pa3HOTO YPOBHS. DTO KPyMNHBIE MOHO-
rpadun, yueOHUKHU 1 KOJUIEKTUBHEIC “Dopel” 1

“Onpenenutenn” O OTASIbHBIX pernoHOB Poc-
CHH, CO3MaHHBIC IO €r0 PyKOBOIACTBOM, TEOPETH-
YeCKHe CTaThbM, 3aMEeTKH O PEAKUX U KPUTUIECKUX
BUJaX paCTeHMIi, y4eOHO-MEeTONMYECKHE TOCOOH S,
paboOTHI, MOCBSIIEHHBIC ITaMSITH BBIIAIOIIMXCS
0OTAaHUKOB, PElEH3NN Ha KHUTHU, CIIOBapy U Ip.
A.T. EneHeBckKoro mHTepecoBaau IMpodJeMbl CU-
CTEeMaTUKH W QUJIOTeHUU, reorpaduu pacTeHUN,
¢aopucTuKu U paoporeHesa, BHyTPUBUIOBON 13-
MEHUYMBOCTY M KOHIIEIIIIMY BUIa 1 BUI0OOpa3oBa-
Husg u ap. Ocobag 3acinyra AHapest I'eopruesnua
COCTOUT B HaIlMCaHUU BY30BCKHUX M IIKOJbHBIX
yueOHuKOB. Ilog ero pyKoBoICTBOM ITOATOTOBJICHBI

¥ 3alIAIICHBI 18 KaHIMIaTCKNX U 4 JOKTOPCKUE
IHUCCepTaIlNU.

B pabote koHDepeHIMU NPUHSIIN yU4acTHUe 0KO-
710 100 yuenbIx u3 Mockssl u 18 permonoB Poccum,
a TaKXe MHOCTPAHHBIC CIICLMATUCThI U3 YEThIPEX
cTpaH. MaTepuaibl KOHQEpPEeHIIUU ONMyOIMKOBAHbI
Ha pyCcCKOM sI3bIKe (Systematic..., 2023).

OTkpblyia coBellaHue aupekTop MHcTUTyTa
ouosnoruu u xumuu MIITY C.K. Iaryaunna. Ona
MOJeINIach CBOUMU BOCTIOMUHAHUSIMU 00 AH-
npee [eoprueBnye, OTMETHUIIA €TO OTPOMHBIN BKJIAT
B CTAHOBJIEHME TAKCOHOMMYECKOTO HaMpaBIeHU
Ha Kadenpe 6otanuku MIITY u noxenana ycneni-
HOIi pabOTHI yyacTHUKaM KOH(MEpEeHIINU.

Ha mepBoM miieHapHOM 3acemaHMM C JOKJIa-
noMm o HayyHoil mkoJje A.I. EneneBckoro “Peruo-
HaJbHbIE (JIOPHI U OMOJOrMYecKoe pa3zHooOpas3ue
takcoHoB” BeicTynua B.II. Bukropos (MIITY,
MockBa). OH OTMETUJI OCHOBHbIE BEXW B TBOpUE-
ckoit nesiteabHocTu A.I. EjneHeBcKoro, moaeamni-
Cs1 BOCIOMMHAHUSIMU O COBMECTHOI paboTe Kak
B J1aOOpaTOPHBIX, TaK U B MOJEBBIX YCI0BUIX. o-
knan A.II. Cepermna (MI'Y um. M.B. JlomoHoCOBa,
MockBa) ObLT OCBsIIEH pe3yabraTam 20-JIeTHero
MOHUTOPUHTA U3MEHEHUSI (bJIOPHI HAIIMOHAJIBHOTO
napka “Memepa” (Bragumupckast obmacts). C no-
KJIaZoM 00 omepekalomumX TeMIlaX pocTa OMOJIOr -
yecKux nHBa3uii BeicTynuia F0.K. Bunorpamosa
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(I'bC um. H.B. Imunna PAH, Mocksa). E.B. Yep-
HsieBa (MIII'Y, MockBa) mocBsITHJIAa CBOM TOKJIA
COCTaBY 9K30MeTabOJIMTOB U CTPOEHUIO KeJle3U-
CTBIX TPUXOM pacTeHUi B (YHKIIMOHAJIbHOM U
MpUKJIaTHOM acrekTax. O TaKCOHOMMUYECKOM CO-
CcTaBe KOJJIEKIIMU TUITOBLIX 00pa3lioB repbapus
ToMcKkoro rocynapcTBEHHOTO YHUBEPCUTETA BHI-
crynuna .. T'ypeesa (TTY, Tomck). U.M. Ka-
JunudeHko (MI'Y um. M.B. JlomoHocoBa, MockBa)
MOCBSITUJIAa CBOU AOKJIaJd UCTOPMHU IIPEINogaBaHusI
6oTaHUKU B MOCKOBCKOM YHUBEPCUTETE B IIepPBOE
ero naruaecsatuiaetTue. O CTpyKType dK30KapIus
B pone Polygonum L. s.str. Beictynunu A.I. Jle-
BatoB u O.B. I0puesa (MI'Y um. M.B. JlomoHo-
coBa, Mocksa). C.B. ®@enopoBa (KDY, KazaHb)
Imokasaja, KaK MOXHO HCIIOJIb30BaTh KHUXXHYIO
ceputo “Hacnegne 6otanukoB B KazanckoM yHM-
BepcUTeTe” IJIS MAaTPUOTUICCKOTO BOCTIMTAHUS
crynentoB. U.B. Beasesa (Royal Botanic Gardens
Kew, Richmond, United Kingdom) nogenuiacse pe-
3yJbTaTaMU MeXJIYHApOIHOIo MpoeKkTa “3aragka
JepeBa XXKM3HU~ KakK NMpuMepa peaausaniui IIpo-
eKTHOM IesITeIbHOCTU IMKOJIBHUKOB Y COTPYIHM-
YecTBa C HAYYHO-UCCIEA0BATEIbCKUMU 1LIEHTpa-
mu. H.I. Yaanosa (MI'Y uMm. M.B. JlomoHOCOBa,
MockBa) B cBOEM AOKJIaJie MPoJeMOHCTpUpoBalia
OCHOBHBIE TPEeHAbl TMHAMUKM OMOJIOTrMYECKOTO
pa3HOO00pa3us IMOCje IPUPOIHBIX U aHTPOIIOTeH-
HBIX “KaTacTpod” B eJIbHMKAaX €BpONENCKO YacTh
Poccuu. I1nenapusniii noksan A.A. Horosa (TBI'Y,
TBepb) ObII MOCBSAIIEH pa3IUUYUSIM B CTPYKTYP-
HO-(PYHKIIMOHAJIbHOM OpraHu3aliy MOIYJIbHBIX
KMBOTHBIX, BEICIIMX TPUOOB U pACTCHMIA.

Ha 3acenanuu cexuuu “CucremaTuka u Mopgo-
JIOTHS BBICIIMX pacTennii” IpuHsm yyactue 30 uc-
canepoBatesieii u3 MockBbl, CankT-IleTepOypra,
HoBocubupcka, Abakana, Huxnero HoBropona
U IIpencTaBjeHo 14 MOKJaaoB, MOCBSIIEHHBIX pa3-
JIMYHBIM aclieKTaM CUCTEeMAaTUKU U PUMEHEHUIO
011OMOP(OIOTMYECKUX ITPU3HAKOB B TAKCOHOMMUU.
B noknane T.A. OctpoymoBoii 1 E.A. 3axaposoii
(MTY um. M.B. JloMmoHOCOBa, MocKBa) OTpakeHbI
pe3yJIbTaThl UCCIEA0BAHUS CTPYKTYPhl KpUCTAJI-
JIOB B IJIOJaX HEKOTOPHIX BUAOB Kyanabl Careae u
knanel Pyramidoptereae (Apiaceae). 'oMmonorus n
aHaJIOTUS COIBETUII Ha IIpUMEpe MpeacTaBUTe-
Jieit cemelictB Brassicaceae u Ranunculaceae 6b11n
paccMoTpeHbl B nokigane B.E. Xapuenko (JITAY
uM. K.E. Bopomunosa, JIlyranck). BoamoxHocTn
1 3HauYeHHE T€HEeTHMYEeCKOIo aHajlu3a pacTeHUM
B 9KCIIEpTHOM ACSITEIBHOCTH OTPaXXEeHBI B TOKJIAIE

BUKTOPOB u ap.

M.B. PabyxuHoii (DKCIIepTHO-KpUMUHAIUCTUYE-
ckuii uentp MBJI Poccuu, Mocksa) u K.B. Kpy-
ToBckoro (MOIl'en PAH, MockBa). bosnbiiias yacte
JIOKJ1aJI0B 3TOM CEKIIUU OBIJIM IMOCBSIIEHBI CTPYK-
TYPHOI opraHM3allui KYCTapHUKOBBIX M TOJY-
KYCTapHUKOBBIX XU3HeHHBIX popm (M.B. Ko-
cruna, H.C. Bapaodanmukosa, MIII'Y, MockBa),
W3YYEHUIO JIUCTOBOM MOBEPXHOCTH JepeBa Ha OC-
HOBE MEPapXUUYECKOI0 CTPOEHUS MOOETOBBIX CH-
creM (M.C. Teaesunosa, 1.C. Antonoa, CIIOI'Y,
Canxkrt-IletepOypr), mopdomoruu Scolochloa festu-
cacea (E.A. beaskos, UbBB nm. A.Jl. [lananuna
PAH, bopok), cTpyKType LeHOTIONYAsILUN BU-
noB pona Scutellaria L. (A.A. TI'ycesa, LICBC CO
PAH, HoBocubupck) u Dracocephalum origanoides
(I.P. Jlenncona, B.A. Yepemymkuna, A.}O. Acra-
menkoB, [ICBC CO PAH, HoBocubupck), oco-
OEHHOCTSIM apXUTEeKTYpPhl KpOHBI Quercus robur L.
B Ioro-BoctouHoit yactu apeana (M.H. CrameHos,
HT'ITY um. K. Mununa, Huxuuii HoBropon),
BO3pPAaCTHBIM U3MEHEHUSIM B KOPHSIX pacTeHU
pona Iris (A.I. JesaroB, MT'Y um. M.B. Jlomo-
HocoBa, MockBa, H.IO. I'ynkoBa, E.}JO. ba6aena,
IO.M. Munsazesa, BUJIAP, MockBa) u T.1.

Ha 3acemanum cexuu “@aopuctuka u ¢aopore-
HeTHKa” OBLIIO 3aciyIlIaHo 7 HoKJIagoB. daopuctu-
YeCKUe NOKJIAaAbl, BHIIIOJIHEHHBIE B TPaIULIMOHHOM
cTuJjie, OBLIN TIOCBSIIEHBI JOTIOJHEHUSIM K (ope
naMsITHUKA IIPUPOAbI PETMOHAJIBHOIO 3HAYEHU ST
«Jlecomapk “3aromenckuii” (O.I. BopoHosa,
E.B. IlatpakeeBa, TioMI'Y, TiomeHb), pa3HOOOpa-
3110 BBICIIUX COCYAUCTHIX PACTEHU I LIEHTPpaJIbHOMI
yactu xpedTta Xamap-Jadan (H.C. I'amoBa, MI'Y
umMm. M.B. JlomoHocoBa, MockBa), KOHCIIEKTY Be-
CeHHell (PIoPhl COCYAUCTHIX PACTEHUM OKPECTHO-
creit o3epa OnbroH (U.A. Casunos, PTAY-MCXA
M. K.A. TumupsizeBa, MockBa), XOpOJOrn4eCcKo-
My aHaJIu3y (QJIOPE aMypCcKOro ydyactka TpaHc-
CUOMPCKON XeJe3HOMOPOXHON MarucTpaiu
(O.B. Korenko, Amypckuii ¢unuan boranmue-
CKOTIO cala-uHCTUTYTa, biaroBemieHckK), peIKuM 1
HOBBIM BuIaM (iopsl ypouuina KaMeHHEBIN X0aM
u okpectHocTel (I.A. Kypoukun, H.I. Kypanoga,
MIITY, MockBa) u ap.

Ha 3acepanuu cexuuu “I'epdapHoe aeno” ObII0O
caenano 4 moknana. I.C. Aurununa u B.M. Anapo-
cosa (IIT'Y, ITeTpo3aBOACK) BHICTYITMJIM C TOKJIAA0M
«Herbarium Flora Ingrica» — Hay4HBIN repbapuii
Ilerpo3aBoackoro yausepcurtera. F0.W. Bynanslii
u E.A. Hiomenko (CHUI'Y, CapaToB) paccka3ann

BOTAHUYECKHWM XYPHAJT Ttom 109 Nel 2024



111 BCEPOCCUMCKAS KOH®EPEHLIMUA C MEXJIYHAPOAHbBIM YUYACTUEM...

0 KOJIJIEKTOpax M KoyuieKuu iopsl CapaToBCKOM
obsactu B repb6apusix Poccuu. M.B. Kyiaukoa
(I'bM um. K.A. Tumupsseba, MockBa) cooOlimia
00 yAUBUTENIBHBIX HaxoaKax B repbapuu buoso-
rudeckoro my3ses. I'epbapuio LlenTpanbHo-Jlec-
HOro 6uocgepHOro 3arnoBeAHUKA ObLJI TTOCBSIIEH
nmoknan E.A. Iyiickoit (LlenTpanbHo-JIecHoit
rocyIapCTBEHHEBIN 3allOBeAHUK, TBepcKast 00J1.) u
I.JO. Koneunoii (bMUH PAH um. B.JI. Komapoga,
Cankr-IlerepOypr).

Ha 3acenanuu cexuuu “I'eoboTanuka u ¢u-
TOIEHOJOTHA” OBIJIM MpPEACTaBICHBI 7 TOKIAIO0B,
IMOCBSIIIIEHHBIX COO0IIIeCTBAM OMHOJETHECOJISIH-
KOBBIX (popMalMii B MyCTLIHHOI 30HE ceBepo-3a-
nagHoro Ilpukacnusa (U.A. Topsaes, BUH PAH
um. B.JI. KomapoBa, Cankr-IletepOypr), cMmeHe
pPaCcTUTEIBHOIO MOKPOBa TyraeB Kak MHAMKATO-
pa Tmpoliecca ONMyCTBHIHMBAHUS HU30BbeB AMY-
mapeu (H.K. MamyrtoB, Kapakajinakckuii roc.
yHuBepcuteT uM. bepaaxa, Hykyc, Y3b6ekucraH,
Y.2K. VYrenusasosa, Hykycckuii roc. mnea. MH-T
M. AxuHugsa, Hykyc, Y3bekucrTaH), TMHAMMU-
Ke BUJOBOIO COCTaBa HAIOYBECHHOTO IIOKpOBa
B Pineta sylvestris composita (Nemoro-Boroherbosa)
Ha Tepputopun IIpmokcko-TeppacHoro 3amoBen-
nuka (U.B. IIpunyruuna, E.B. 3yokosa, M.B. An-
apeesa, MOXubI1Il PAH, IIymuno, B.A. I'pa6os-
ckuid, LIDI1JI PAH, MockBa), ponu CTEITHOTO CypKa
(Marmota bobak) B monmepxaHuum ¢GpJIopucTuye-
CKOTro pa3Hoo0pa3us OCTEIMHEHHBIX JYToB bpsH-
ckoro mnojechs (A.B. Topuos, O.A. EBcTuruees,
E.A. Taspumok, [I1DI1J1 PAH, MockBa) u ap.

Ha 3acemanuu cexuuu “CoxpaHeHne OHOpPa3HO-
0o0pa3ug” OBLIM 3acaylIaHBl 7 TOKJIagoB. B 60ib-
IIMHCTBE MOKJIAIOB IIPEACTaBICHBI PEe3yJIbTaThl
BBISIBJICHUSI OCOOCHHOCTEIl OMOJIOTUM PEeIKUX U
OXpaHSsIeMBIX BUIOB: OlIeHKA COCTOSIHMS HanboJiee
PeIKMX OXpaHSIeMbIX BUIOB COCYIUCTHIX PAaCTECHUM
CTaBpOIIOJIBLCKOTO Kpasl M0 KaTeropusIM U KpUTe-
pusiM kpacHoro criucka MCOII (JI.H. Apyrionosa,
BWH PAH um. B.JI. Komaposa, Cankt-IletepOypr),
COCTOSIHME PEMHTPOAYKIIMOHHBIX MOMYJSIINMN
Trapa natans (Trapaceae) B pekax Xomnep u Boire
Ha Tepputopuun CapaTtoBckoii obiactu (A.B. Bo-
rocjoB, A.C. Kamun, .B. IIluaosa, A.C. Ilapxo-
Menko, JI.B. I'pedeniok, A.O. Konagparsena, CI'Y
um. H.I. YepHrimeBckoro, CapaTtoB), UTOTU UH-
TPOAYKILIUY BUIOB CeMEiCTBa JaHIbIIIeBbIe Poc-
cutickoro JlanwsHero Boctoka B Mockse (A.A. Ep-
moBa, ' bC um. H.B. lunuaa PAH, Mocksa) u ap.
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Ha 3acengannu cexnuu “boranmyeckoe oopa-
30BaHMe” YYACTHUKU KOH(EPEHIIUU C OOJTBIIUM
MHTEPECOM II03HAKOMMJINCHh C IOKJaJZaMH, I10-
CBSIIIIEHHBIMU 00pa30BaTeJbHOI NEeITEIbHOCTH.
H.M. KawuynukoBa u C.K. Ilsaryamna (MIITY,
MockBa) pacckazanan 00 0COOEHHOCTSIX MPOBee-
HUS TTPOMEXYTOUYHON aTTEeCTAllUU CTYAEHTOB MO
o6oranuke B MIIT'Y. U.M. Ileckosa u K.IO. Opu-
Henko (MIIT'Y, MockBa) nmoaeanauch TPyAHOCTS-
MU IpH IperoJaBaHUU MUKOJIOTUU B BEICIICH U
cpenHeii mkoie. B noknane A.®D. MeiicypoBoii,
A.A. Horoga, JI.B. 3yeBoii, A.A. KoJioHTaeBoif,
A.P. ITuropesoii, M.E. Bberukosoii, U.. Kpsi-
aacosa, B.P. Beaskosa (TBI'Y, TBepn) Obl10 pac-
cka3aHo o mpakTtuke Ha CeBepHoM KaBkaze Kak
cpencTBe OoJiee JeTalbHOTO aHaJIM3a OXPaHSIEMOIo
KoMTIoHeHTa (piopsl TBepckoii obmacTn. 3uMHe-
MY cally B XK€HCKOIi TMMHa31Mu1 KaK OCHOBE 3CTe-
TUYECKOT'0 BOCITUTAHUS OB TOCBSIIEH JOKJIA
C.B. ®enoposoii (KDY, KazaHn).

Ha BTOpOoM meHapHOM 3acedaHUM C JOKJIAI0M
0 reHeTHUYecKoi nuddepeHnal U MOy U
Colchicum bulbocodium Ker Gawl. (Colchicaceae) eB-
pomneiickoit yactu Poccun Beictynunu T.A. Kpun-
kag u A.C. Kamun (CT'Y um. H.I. YepHbileBcKo-
ro, CaparoB). H.IO. CrenanoBa, A.B. ®@enoposa u
N.A. IManuep (I'bC um. H.B. lluunna PAH, Mo-
CKBa) IpUBEIN JaHHEIE IO (uioreorpapuIecKomy
ucciaenoBaHuo Eversmannia subspinosa o Bcemy ee
apeajy C NCTOJIb30BaHUEM YeThIpeX TJIACTUIHBIX
MapKepPOB.

Ha nocTtepHoii ceccuu ObLJIO MPOBEAEHO 00CYXK-
JIeHWEe TIPeACTaBJIEHHbBIX CTEHIOBBIX JOKJIAIOB.

YyacTHMKaMHU OTMEYEH BHICOKMI YPOBEHb Opra-
HU3AlMU U YCTIEIITHOE MPOBeaeHNEe KOH(bEepEHIIUN
¥ OompeAesieHbl HalpaBJIeHUS IJISI JaJIbHENIINX
HUCCJIeNOBAaHU . YUUTBIBAasl BPea YYKEePOIHBIX NH-
Ba3UOHHBIX BUJOB IJI51 €CTECTBEHHBIX OMOCUCTEM,
9KOHOMUKM M 300POBbSI YeJOBEKa, HEOOXONMMO
YCUJIUTD MPOCBETUTEIbCKYIO AESITEIbHOCTh Cpeau
HaceJIeHMsI BCeX KaTeropuii M1 BO3pacTOB U MHUIIY-
WpOBaTh NPUHSTUE HA rOCYIapCTBEHHOM yPOBHE
3aKOHa 00 OTBETCTBEHHOCTH 3a PacIIpoOCTpPaHEHUE
Jy>XepOAHBIX BUJOB U pacllMpPeHUEe MX apeayoB.
ITpoBOIUTH QJIOPUCTUUECKUE UCCICIOBAHUS, UME-
I0IIMEe BBICOKYIO 3HAYMMOCTb AJIsI 000CHOBaHUSI
CO3IaHUS 0CO0O0 OXpaHSIEMBIX TPUPOIHBIX TEPPU-
TOpU pernoHoB. BecTu paboTy no co3gaHUIo pe-
TMOHAJIbHBIX OMOJIOTUYECKUX (DJIOp ¢ YKa3aHUEM
OCHOBHBIX TAKCOHOMHYECKUX, apeaIOTUICCKMX,
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onomMopdoiornuecknx, ononorndeckux u 3koiao- T.U. CepebpsikoBoii, A.A. YpanoBa n A.I. EneneB-
TMYEeCKHMX XapaKTepUCTUK BUAOB. CunTaTh repbap- CKOro) B OyayImeM INpOBOIUTH peryiaspHEIe (pa3 B
HBIe KOJUIEKIINY, BHE 3aBUCUMOCTH OT MX 00beMa S JIeT) 00beMMHEHHbIE HAyYHbIE KOHDEPEHIINHU MO
1 MECTOHAXOXIEHW s, HAllMOHAJbHBIM JOCTOSIHUEM Ha3BaHuMeM “HayuHble 1Kol Kadeapbl 00TaHUKHU
1 ocHoBoOM 111 co3ganug “®Dmopel Poccun”; mpu- MIITY”. B 2024 rony npoBectu X1 Beepoccuiickyio
3HATh HEOOXOAMMOCTh HEOTJIOXKHBIX MEp IO Bbl- KOH(MEPEHIUIO C MEXIYHAPOAHBIM YYaCTUEM MO
JEJIEHUIO Y PacCLIMPEHMNIO TIOMEILIEHU repbapreB, 3KOJOTUYECKONW MOPGOJIOTUU PACTEHUM, MOCBS-
OCHAILIEHUIO UX COBpEMEHHBIM o0opynoBaHueM n  1eHHYto namstu U.T. u T.U. CepeOpsKoBbIX.
mTaTaMu (He0OXOAUMOCTbh OLIM(POBKU TepOapHBIX

00pasloB, co3aaHus 0a3 JaHHBIX MO TepOapHBIM CIIACOK JJUTEPATYPHI
KOJIJICKIIUSIM). BBIJI0 OTMEUEeHO CHUXKEHNE YPOBHS

[Systematic...] Cuctemarndeckue u GJIOPUCTUYECKUE
boTtaHMYecKkoro oopazoBaHus B Poccuu 1 Heo6xo-

ncciaegoBanusg CeBepHoil EBpasuu: Matepuansl

AUMOCTD IIPUHATUA pPEaIbHBIX MED IJIs1 PCHICHU A 111 Becepoccuiickoit KOHQEpEHIMU ¢ MEXIYHapOI-
npo0OyieMbl: 1) coBepIIeHCTBOBAaHME YUSOHBIX TIJIa- HBIM yuyacTueM (K 95-1eTio co mHS pOXISHUS MPo-
HOB BY30B C BKJIIOUEHUEM CIIELIAATU3UPOBAHHBIX deccopa A.I. Enenesckoro). 2023. M. 411 c.

https://doi.org/10.31862/9785426312890

[Viktorov et al.] Buxtopos B.I1., Tonun B.H., [1aTyHu-
Ha C.K., Kypanosa H.I'., IllyctoB M.B. 2014. Mex-
nyHaponHas KoHpepeHuusa “CucrteMaTuyecKkue u

y4eOHBIX TUCLIUIIIAH 10 0OTaHUKE, B TOM YMCIIE
HOMEHKJIATypbl PACTeHUIA; 2) OpraHu3alus Kyp-
COB TOBBIIICHN S KBATU(PUKALIUU, TPEHUHIOB JJIsI

Hay4YHbIX pabOTHUKOB, MpernogasBareseii By30s, dnopuctueckue uccienosanusi CesepHoit EBpasun
acCMpPaHTOB II0 COBPEMEHHBIM MpobiemMaM OoTa- (x 85-nmetuto co mHs poxaeHus npod. A.I. Erenes-
HUKU; 3) 06paTUTh 0CO00E€ BHUMAHKME Ha CHUXe-  €Koro)”. — bot. xypH. 99 (7): 837—840.

HUE YPOBHS 3HAHUI IIKOJBHUKOB o 0oTaHuke U [ Viktorov et al.] Buktopos B.I1., Tonun B.H., Kintounu-
HeoOXonMMocTb (popMupoBaHus y HUX nenoctHoro  KoBa H.M., Kypanosa H.I', Kypuenko E.W., IlsaTy-
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npbel 6otanuku (mpodeccopoB U.I. CepebpsskoBa u 329-334. https://doi.org/10.1134/S0006813619020108
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REFERENCES “Systematics and floristic research of Northern Eurasia”

Sistematicheskie i floristicheskie issledovaniya Severnoy (85-year anniversary of prof. A.G. Elenevsky). — Bot.
Evrazii: materialy III Vserossiyskoy konferentsii s Zhurn. 99 (7): 837—840 (In Russ.).
mezhdunarodnym uchastiem (k 90-letiyu so dnya viktorov V.P., Godin V.N., Klyuchnikova N.M., Kura-

rozhdeniya professora A.G. Elenevskogo. 2023. [Sy- . )
stematic and floristic research of Northern Eurasia nova N.G., Kurchenko E.L, Pyatunina 5.K. 2018. In

(95-year anniversary of professor A.G. Elenevsky]. Moscow. ternational conference “Systematics and ﬂoristic re-
411 p. (In Russ.). https://doi.org/10.31862/9785426312890 search of Northern Eurasia” (85-year anniversary of
Viktorov V.P., Godin V.N., Pyatunina S.K., Kurano-  prof. A.G. Elenevsky). — Bot. Zhurn. 104 (2): 329-334
va N.G., Shustov M.V. 2014. International conference (In Russ.). https://doi.org/10.1134/S0006813619020108
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