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Aim. Investigation of intraspecies and somaclonal variability of G. acaulis, G. cruciata and G. punctata.
Methods. Random  amplified polymorphic ~DNA-polymerase chain reaction (RAPD-PCR),
gel-electrophoresis. Results. It was established a species specificity for indicators of gentians genetic
heterogeneity — the proportion of polymorphic amplicons and genetic distances. A level of intraspecies
variation decreased in the direction of G. acaulis > G. punctata > G. cruciata. Changes in gentians tissue
culture by the proportion of polymorphic amplicons were shown to vary within the range of 10-15 % and
failed to extend beyond the intraspecies variation. Conclusions. Genome variation of G. acaulis, G.
cruciata and G. punctata was studied through the use of RAPD-PCR. The gentians were found to be
characterized by different variability in both nature and culture in vitro. In the tissue culture there were
discovered considerably smaller number changes as compared to intraspecies variation.
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Introduction. Gentiana L. species are valuable
medicinal and decorative plants; growing in Ukraine
mainly in the Carpathian Mountains. The diminishing
of natural habitats of these species, decrease in their
amount and violation of structure of their natural
populations due to anthropogenic impact are the
reasons of including many of them into the Red Data
Book of Ukraine [1]. In its turn, it limits their usage as
raw material for pharmaceutics. The provision of
efficient protection of gentians requires not only
thorough study of these species (including their gene
pool), but also the application of novel
biotechnologies, in particular, obtaining their cell,
tissue and organ cultures in vitro [2—4].
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A complex genetic investigation of gentians
allowed us to determine their interspecies
polymorphism by the chromosome numbers, size of
ribosomal DNA repeats, and RAPD-spectra [5-8].
G. lutea demonstrated the intraspecies variability of
458 rRNA genes [9].

Besides, we evaluated somaclonal variation of
tissue cultures of different Gentiana species by
cytogenetic analysis and blot-hybridization [9-12].
The results of molecular and genetic research revealed
the changes in the Gentian genome in vitro which are in
the range of intraspecies variability [9]. In many cases
the variability in vitro is not revealed at the DNA level,
but is detected while studying karyotype [6, 10—12].

The aim of current work is further study on
intraspecies and somaclonal variability of G. acaulis,
G. cruciata and G. punctata by RAPD-PCR that will
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extend our knowledge of the peculiarities of Gentian
genome variability in both nature and culture in vitro.

Materials and Methods. The plants from natural
populations were used as material for investigation:
G. acaulis (mountains Turkul, Rebra, Brebeneskul, all
in Chornogora Ridge, Ukrainian Carpathians),
G. cruciata (Krenychi village, Kyiv region and
reservation  “Medobory”,  Ternopil’  region),
G. punctata (mountains Pozhyzhevska and Breskul,
Chornogora Ridge, mountain Troyaska, Svydovets
Ridge, Ukrainian Carpathians), we also used plants of
these species grown in sterile conditions (aseptic
plants). Genetic variability of gentians in nature was
estimated analysing of eight samples of G. acaulis from
three populations (four plants — Rebra populations, two
— Turkul population, and two — Brebeneskul
population), six samples of G. cruciata (three plants
from each of two populations — Medobory and
Krenychi) and six samples of G. punctata from three
populations (three plants from Breskul, two — from
Troyaska and one — from Pozhyzhevska). Besides the
plants, we used tissue culture of root origin: G. acaulis
(Turkul mountain) at 7" 30" and 72" passages,
G. cruciata (Krenychi village) at 9" passage,
G. cruciata (reservation “Medobory”) at 8"
G. punctata (Troyaska mountain) at 10" and
G. punctata (Pozhyzhevska mountain) at 15" passages
of growth, obtained from aseptic plants. One passage of
all calluses lasted for four weeks. The conditions of
obtaining and growing calluses of the gentians
investigated are described in the works [2, 3]. The
variability of tissue culture of these species was
compared with a donor plant, which was also used for
the analysis of intraspecies polymorphism.

DNA isolation and gel-electrophoresis of
amplification products were performed by the methods
previously chosen [10]. The conditions of polymerase
chain reaction with the random amplified polymorphic
DNA and nucleotide sequences of the primers are
described in [8].

The results of processing RAPD-products
electrophoregrams are presented as a binary matrix,
where the presence or absence of similar in size
amplicons is indicated as “1” or “0”, respectively.
Genetic distances were calculated according to Nei and
Li’s model on the basis of composed matrices using
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POPGENE 1.31 programme [13, 14]. The unweighted
pair group method with arithmetic mean (UPGMA)
was applied to build a dendrogram of relations between
investigated objects, using MEGA 3.1 programme
[15]. The ratio of polymorphic amplicons (P) was
determined by the formula

Amount of polymorphic amplicons

P = -100 %.

Total amount of amplicons

Results and Discussion. According to the
RAPD-analysis of Gentiana samples with 21 arbitrary
primers, 957 fragments of 250-3000 b.p. were
obtained. Not all the primers produced clear
amplification products, therefore calculations for
G. cruciata, G. punctata, and G. acaulis were
performed using 21, 19, and 17 primers, respectively.
The total amount of clear restored amplicons for
G. acaulis was 313 (18.4 per primer on average),
G. cruciata — 315 (15 per primer), G. punctata — 329
(17.3 per primer).

Some typical RAPD-spectra for G. acaulis plants
are presented in Fig.1, a. The percent of polymorphic
amplicons (P) in investigated samples out of the total
selection of primers was 63%. RAPD-spectra of the
donor plant (Turkul mountain) and its tissue culture
were similar, but not identical (Fig.1, ). The level of
genetic polymorphism between these samples is not
high consisting only 12%. The highest similarity was
shown for the RAPD-spectra of same callus samples,
isolated at 30" and 72" passages (Fig.1, b).

The results of RAPD-analysis were used to build a
dendrogram of genetic similarity of G. acaulis samples
(Fig.2). The dendrogram shows that the investigated
objects form two clusters. The first cluster consists of
the G. acaulis samples originated from the population
localised on Rebra Mountain, the second - of the
objects from two other populations, namely Turkul and
Brebeneskul. The first cluster contains a subcluster,
formed by wildling plants from Rebra population, and
two separate branches, presented by aseptic plants from
the same population. The second cluster divides clearly
into two subclusters: one —the samples from Turkul
Mountain, the other — plants from Brebeneskul
Mountain. The values of genetic distances between
specific genotypes of these populations are very close.
In their turn, the samples of Turkul population show a
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Fig. 1. RAPD-profiles of different genotypes of G. acaulis: a —
intraspecies polymorphism (/—4 — Rebra population plants; 5—6 —
Turkul population plants; 7—8 — Brebeneskul population plants); b —
variability of DNA samples of Turkul population plants in culture in
vitro (I — donor plant; 2 — tissue culture of 7" passage, obtained
from plant /; 3, 4 — tissue culture of 30™ and 72" passages
respectively). M —marker of molecular masses. The arrows indicate
polymorphic amplicons for all the lines (a) or for lines 7, 2 and 3, 4
respectively (b). The names of primers used are indicated under
electrophoregrams

separate branch, presented by a wildling plant, and two
subclusters, the first of which is formed by a donor
plant and a tissue culture of 7" passage, isolated from it,
and the second one — by the callus of 30" and 72"
passages from another plant, which was not studied in
the current work. The dendrogram shows (Fig.2) — it is
samples of callus, cultivated for a long time that have
the highest level of genetic proximity. The results
presented show a higher genetic proximity of
G. acaulis samples from Turkul and Brebeneskul
populations, which form one cluster of the
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Fig. 2. Dendrogram of genetic similarity of G. acaulis samples,
built using UPGMA method by genetic distances of Nei and Li[14]:
1, 2 — wildling and 3, 4 — aseptic plants; 5 — wildling plant; 6 —
aseptic donor plant; 7 — tissue culture of 7" passage, obtained from
plant 6; 8, 9 — tissue culture of 30" and 72™ passage respectively;
10, 11 —wildling plants

dendrogram, and remoteness of Rebra samples as they
form a separate cluster.

According to Nei and Li the genetic distance
between G. acaulis plants is in the range of
0.170-0.438 (Table 1). These indices are in the range
of values of interspecies variability, previously
obtained by us (the average value of genetic distances
between seven species is 0.54), and genetic distance
between G. acaulis and G. verna (0.532), the closest in
the dendrogram [8]. The level of genetic differences
between the callus of G. acaulis (Turkul Mountain) of
7" passage and the donor plant is 0.122 which is in the
range of genetic distances between the plants of these
species.

For the investigated G. cruciata plants P equals
30%. The comparison of RAPD-spectra of donor plants
and their tissue cultures, (Fig.3), revealed that the
levels of genetic polymorphism between them are 10%
and 12% for Medobory and Krenychi populations,
respectively.

The results of RAPD-analysis were used to build
the dendrogram of genetic similarity of G. cruciata
samples (Fig.4), which were divided into two clusters
according to the population. The first cluster, presented
by the samples from Krenychi population, has two
separate subclusters, formed by wildling and aseptic
plants respectively, and one more plant from nature and
tissue culture from an aseptic plant. The second cluster
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Table 1
Genetic distances by Nei and Li [14] between G. acaulis samples following RAPD-analysis
Rebra Mountain Turkul Mountain Brcbcncs}(ul
Mountain
Wildlin Asentic Tissue culture of | Tissue culture | Tissue culture
Sample Wildling plant Aseptic plant & P 7th passage from of 30th of 72nd Wildling plant
plant donor plant
plant 6 passage passage
1 2 3 4 5 7 8 9 10 11
1 _
2 0,205 -
3 0,274 0,249 -
4 0,217 0,209 0,229 -
5 0,308 0,282 0,376 0,287 -
6 0,291 0,308 0,357 0,295 0,182
7 0,326 0,335 0,366 0,321 0,205 0,122 -
8 0,295 0,253 0,344 0,274 0,163 0,170 0,148 -
9 0,308 0,300 0,376 0,295 0,182 0,174 0,174 0,083 -
10 0,300 0,326 0,404 0,313 0,174 0,205 0,229 0,186 0,229 -

has samples from Medobory population, distributed in
a different way: two plants belong to one subcluster,
while aseptic plant and its tissue culture form separate
branches. The dendrogram demonstrates that in both
cases the donor plants and their calluses do not belong
to any cluster, which may testify to some changes in the
genome in G. cruciata tissue culture. The highest level
of genetic proximity was demonstrated by two plants
from Medobory population.

According to Nei and Li, the values of genetic
distances between G. cruciata plants (Table 2) are in
the range 0f 0.046 to 0.215, which is in good agreement
with the previously determined index of interspecies
variability of gentians (0.54), as well as genetic
distance to the species, which is the closest in the
dendrogram — G. pneumonanthe (0.498) [8]. The
comparison of the tissue culture and primary plant from
Krenychi and Medobory populations revealed that
genetic distance between them is 0.132 and 0.1,
respectively.

Some typical RAPD-spectra for G. punctata plants
are presented in Fig.5. The percentage of polymorphic
amplicons in investigated G. punctata plants is 39%.
According to this index, the level of genetic
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polymorphism between the primary plant of
Pozhyzhevska and Troyaska populations and their
tissue culture is relatively low, amounting to 11% and
15% respectively.

The results of RAPD-analysis were used to build a
dendrogram of genetic similarity between investigated
G. punctata samples (Fig.6), forming two clusters. The
first one comprises G. punctata objects (Troyaska
Mountain), while the second one has representatives of
two other populations of this species — Breskul and
Pozhyzhevska populations. The second cluster may be
divided into two subclusters: one is formed by three
plants from Breskul Mountain, and the second one
consists of the samples from Pozhyzhevska Mountain.
It means that in the dendrogram of genetic similarity
the division of G. punctata objects corresponds to their
belonging to a specific population. Two plants of
Breskul population demonstrated the highest genetic
proximity.

According to Nei and Li, the genetic distance
between G. punctata plants is in the range of 0.063 to
0.255 (Table 3). These values do not exceed the
average index of interspecies variability (0.54),
previously obtained by us, and the distance between
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Table 2

Genetic distances by Nei and Li [14] between G. cruciata samples following RAPD-analysis

Krenychi village

“Medobory” reservation

S Aseptic donor Tissue culture of 9th - Aseptic donor Tissue culture of 8th
Sample Wildling plant plant passage from plant 3 Wildling plant plant passage from plant 7
1 2 3 4 5 6 7 8
1 —
2 0,125 -
3 0,147 0,066 -
4 0,129 0,132 0,132 -
5 0,177 0,204 0,204 0,132 -
6 0,184 0,196 0,204 0,147 0,046 -
7 0,188 0215 0,215 0,151 0,076 0,076 -
8 0,204 0,264 0,272 0,173 0,111 0,118 0,100 -
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Fig. 3. RAPD-spectra of DNA of investigated G. cruciata samples
from Krenychi village (/, 2 — wildling plants; 3 — aseptic donor
plant; 4 — tissue culture of 8" passage, obtained from plant 3) and
from “Medobory” reservation (5, 6 — wildling plants; 7 — aseptic
donor plant; 8 —tissue culture of 9" passage, obtained from plant 7);
M — marker of molecular masses. The arrows indicate polymorphic
amplicons. The names of primers used are indicated under
electrophoregrams

G. punctata and the genetically closest G. lutea (0.351)
[8]. The genetic distance between a donor plant and
tissue culture of G. punctata (Troyaska Mountain) is
0.158. This index is somewhat lower (0.113) for the
samples of Pozhyzhevska population.

The comparison of results of RAPD-analysis of
G. acaulis, G. cruciata, and G. punctata shows that
they are characterized by a different level of variability

built using UPGMA method by genetic distances of Neiand Li [14]:
1, 2 — wildling plants; 3 — aseptic donor plant; 4 — tissue culture of
8" passage, obtained from plant 3; 5, 6 — wildling plants; 7 — aseptic
donor plant; 8 — tissue culture of 9" passage, obtained from plant 7

in both nature and culture in vitro. The amount of
polymorphic amplicons for three species was relatively
high: G. acaulis — 63%, G. punctata — 39% and
G. cruciata —30%. The level of genetic polymorphism
of a species is believed to depend on a number of
factors, the most significant of them being biological
peculiarities of a species (for instance, ecologic
flexibility, a way of reproduction, etc.), sizes of
populations, geographic location, etc. [16—18].
RAPD-PCR study on genetic variability of different in
size populations of a rare species, Gentianellla
germanica L., a representative of Gentianella Moench
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Table 3

Genetic distances by Nei and Li [14] between G. punctata samples following RAPD-analysis

Troyaska Mountain

Breskul Mountain

Pozhyzhevska Mountain

Sample | Aseptic donor plant p;si::“geecﬁgl:s ;ﬁ;ﬁ: | | Wildling plant Wildling plant W;Ez:g Tislssl:he;;lsl:rgee of

1 2 3 4 5 6 7 8

1 _

2 0,158 -

3 0,161 0,147 -

4 0,243 0,198 0,224 -

5 0,224 0,201 0,228 0,113 -

6 0,255 0,216 0,235 0,126 0,063 —

7 0,239 0,201 0,213 0,228 0,158 0,137 -

8 0,228 0,213 0,224 0,255 0,183 0,190 0,113 —
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X 16 b.p.
Ej, ﬂ:“" 5 -_
ié_ﬁpq-\—,15 155
S8S8 | B
? - 10
""'"‘:!—'E_og 08—
d ot ottt 1 S
== " - - 05—
-— -t _ ()5
S~ -
A04 A0S

Fig. 5. Products of DNA amplification of G. punctata samples from
Troyaska Mountain (/ — aseptic donor plant; 2 — tissue culture of
10" passage, obtained from plant /; 3 — wildling plant), from
Breskul Mountain (4, 5, 6 - wildling plants) and from
Pozhyzhevska Mountain (7 — wildling plant; § — tissue culture of
15" passage); M — marker of molecular masses. The arrows indicate
polymorphic amplicons. The names of primers used are indicated
under electrophoregrams

genus, close to Gentiana, revealed positive correlation
between genome variability and sizes of populations
[19]. There is an assumption that growth in extreme
conditions may cause increase in genetic heterogeneity
which ensures survival of a species [16]. In particular,
the authors explain high level of genome
polymorphism in Ungernia victoris Vved. Ex
Artjushenko by growth in severe conditions and
narrow areal of this endemic species [20].
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Fig. 6. Dendrogram of genetic similarity of G. punctata samples,
built using UPGMA method by genetic distances of Neiand Li[14]:
1 — aseptic donor plant; 2 — tissue culture of 10" passage, obtained
from plant 7; 3 — wildling plant; 4-6 — wildling plants; 7 — wildling
plant; 8 — tissue culture of 15™ passage

Literature data on the impact of geographic
location of a species on the level of genetic variability
are ambiguous. For instance, the level of genome
variability of populations of Orobanche gracilis Sm.
(var. gracilis) depends on their location and is higher in
the northern regions of Spain comparing to the
southern ones [18]. However, RAPD-analysis of
polymorphism of representatives of Lemnaceae family
did not reveal any connection between intraspecies
differentiation and geographic location of samples. The
authors explain this fact by the absence of territorial
isolation of specific populations [21].

Generally, the grouping of investigated objects on
dendrograms of genetic similarity corresponds to their
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belonging to a specific population. At the same time,
noteworthy are the results of investigation of G. acaulis
and G. punctata plants from three populations, located
at different distance from each other. Clusterization of
G. punctata samples from three populations on the
dendrogram reflects geographic location of these
populations. The objects from Pozhyzhevska and
Breskul mountains (two neighbouring peaks of
Chornogora Ridge) are distributed on the dendrogram
of genetic similarity in the boundaries of one cluster,
whereas the samples from Troyaska population, which
is much farther from two former ones (Svydovets
Ridge), form a separate cluster. However, it is not
possible to explain the data on G. acaulis, by
geographic location only.

The results demonstrate high level of genetic
similarity between the species of Turkul and
Brebeneskul populations, which form one cluster on
the dendrogram, while the Rebra samples, forming a
separate cluster, are much farther from them, though
Turkul Mountain is geographically closer to Rebra
Mountain than to Brebeneskul Mountain. It is likely
conditioned by genetic isolation of the mentioned
populations, maybe due to the biological
specificities of G. acaulis , which has the highest
capability of vegetative reproduction among the
investigated species [22]. The similar regularity was
revealed while studying these plants from other
mountain ridges of Europe , in different parts of the
Alps and the Pyrenees [23]. In particular, G. acaulis
samples from the same mountain ridge, the Maritime

Alps, are located in different clades of the
dendrogram according to the results of
RAPD-analysis. The authors also revealed
considerable genetic distance between the

populations of G. clusii, one more representative of
Ciminalis section, a species, which is very close by
its biological properties to G. acaulis .

Taking into account our own and literature data we
assume that the biological specificities of G. acaulis are
a genuine reason of partial genetic distinguishing of the
investigated populations and certain genotypes in the
boundaries of one locality.

The level of somaclonal variation by P for all the
investigated species is 2-5 times lower than
intraspecies polymorphism and fluctuates in the range

of 10-15%. The same tendency was revealed while
studying the genome variability of U. victoris tissue
culture: the authors found out that it is much lower in
tissue culture than intraspecies variability [24, 25]. The
level of somaclonal variability was in the range of
intraspecies variability in the investigation of tissue
culture and intact plants of some /ris L. genus plants
[26]. However, it is known that in vitro cultivation may
cause considerable genome rearrangements, the scope
of which in Rauwolfia serpentina is comparable with
the interspecies rearrangements [27] and in Panax
ginseng — with intraspecies rearrangements [28].

The selection of G. acaulis objects demonstrated
the highest level of genetic proximity for the callus
samples, isolated at 30" and 72" passages of
cultivation. It may testify to relative genetic stability of
the mentioned callus during the third—sixth years of in
vitro cultivation. This assumption seems to be proven
by the results of cytogenetic investigations which
demonstrated that with age the ratio of polyploid cells
in this tissue culture increases, but the level of
aneuploid cells in six-year-old callus does not change
significantly in comparison with one-year-old one [29].
Preservation of relative genetic stability during
long-term cultivation was also revealed in the study on
45S rDNA in the tissue culture of 23"-50" passages
(2-5 years of in vitro cultivation) of another Gentian
species — G. lutea [9].

Conclusions. RAPD-PCR method was applied to
study genome variability of G. acaulis, G. punctata and
G. cruciata. It was shown that gentians are notable for
different level of genetic heterogeneity in both nature
and culture in vitro. The content of polymorphic
amplicons, characterizing the level of intraspecies
variability, is as follows: G. acaulis — 63%, G. punctata
—39% and G. cruciata — 30%. Clusterization of the
objects on dendrograms corresponds to their belonging
to a specific population which testifies to relative
genetic isolation of populations (localities). The level
of somaclonal variation by P for all the investigated
species is 2-5 times lower than that of intraspecies
polymorphism, and is in the range of 10—15%.

The authors would like to express their sincere
gratitude to I. O. Andreev, K. V. Spiridonova, and
O. M. Bublyk for their help and consultations while
obtaining and analyzing the results.
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Pesome

Mema. Jlocnioumu 6HYympiuiHb08U008Y Md COMAKIOHATbHY
minausicms Gentiana acaulis, G. cruciata ma G. punctata. Memo-

ou. Ilonimepasna naunyrozosa peakyis 3 npatmepamu O08LIbHOL

nocnioognocmi (RAPD- I1JIP), cenv-enexkmpoghopes. Pezynsmamu.
Buseneno sudocneyughiunicmos nokasHukie cenemuynoi 2cemepozen-
HOCMI MUpaAuyie — 6i0COMKA NOAIMOPGHUX AMNIIKOHIE | ceHemuy-
Hux  giocmaweu. Pigenb  6HympiwHb06U00601  MIHAUBOCHI
smenwyemocs y Hanpamky G. acaulis > G. punctata > G. cruciata.
Iloxazano, wo 3minu 68 KYyIbmypi MKAHUH MUPIUYIE 3d 8MICTOM
noaimop@Hux amniikonis nexcame y oianazoni 10— 15 % i ne suxo-
0ame 30 Medxci 6HymMpIiuHbO68UO0601 6apiabenrvHocmi. Bucnoeku.
Memoodom  RAPD-IIJIP  Oocniddceno  ceHOMHY — MIiHAUBICHb
G. acaulis, G. cruciata ma G. punctata. Bcmanosneno, wo mupaudi
Xapakmepuzyrombcsi pisHow 8apiabenbHicmio iK' y npupooi, max i 6
Kyaemypi in vitro. ¥V Ky1bmypi mKaHul 6Us61eHo 3Milu, sIKI 3HAYHO
MeHWI NOPIBHAHO 3 GHYMPIUHbOBUOOBOK MIHAUBICIIO.

Kntouosi cnosa: eeHomHa MmiHaugicmes, 6uou pody Tupiuu
(Gentiana L.), kynomypa mkanun pociun, 6HYm piiHb08U0084a i co-
MaxnonanvHa eapiabenvrnicmo, RAPD-ITJIP.

M. O. Teapoosckas, H. M. /[pobuik, B. H. Menvnuxk,
U. U. Konsaniok, B. A. Kynax

I'eHOMHast ©3MEHYMBOCTH HEKOTOPBIX BUJI0B pona Gentiana L.

B IPUPOJIC U B KYJIbTYpe in vitro: RAPD-ananu3

Pesrome

Llens. Hccneoosamsb 8Hympuguoo8y10 u COMAKIOHANbHYIO USMEHYU-
socmb Gentiana acaulis, G. cruciata u G. punctata. Memoowt. I1o-
JUMEPA3HASL YenHas pearkyusi ¢ NpatmMepamu nPoU3B0IbHOU NOci1e006d-
menvrocmu (RAPD-IILP), cenv-anexmpoghopes. Pesynomamot. O6-
Hapyscena 8UOOCneyupuUIHOCMy noKazamenel 2eHemuyeckol ee-
mepo2eHHOCMU 20Pe4agoK — NPOYEeHMa NOAUMOPPHBIX AMNIUKOHOE
U 2eHemuYeckux paccmoanull. Ypoeeno Hympueuoo6ou usmeryu-
socmu ymenvuiaemces 6 paoy G. acaulis > G. punctata > G. cru-
ciata. [loxazano, ymo usmeHenus 6 Kyibmype mrKaneli 20peiagox no
CO0ePAHCAHUIO NOTUMOPPHBIX AMNIUKOHOE Nledicam 6 ouanazoHe 10—
15 % u ne 6bIx00AmM 3a 2paAHUYbL 6HYMPUBUOOGOU 8APUAOETLHOCTIU.
Buv1600vt. Memooom RAPD-IILP uccredosana cenomnas uzmeHyu-
socmb G. acaulis, G. cruciata u G. punctata. Yemanoeneno, umo
20peyasKu XapaKxmepuszylomces pasiuitol 6apuadeibHocmvio Kax 6
npupode, max u @ Kyavmype in vitro. B kynemype mxaneii oonapy-
JICenbl 3HAYUMENbHO MEeHbUUE USMEHEHUS N0 CPDABHEHUIO C 6HYMPU-
610060 UZMEHUUBOCTBIO.

Kurouegvie cnosa: cenommnas usmeHuusocms, 6uovl pooa I ope-
yaeka (Gentiana L.), kyiomypa mrxaneii pacmeHutl, GHympuuoosds
u comakioHanvHas eapuabeivnocms, RAPD-ITI]P.
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