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Background. Przewalski’s horse is included in the Red List of the International
Union for Conservation of Nature and the Red Data Book of Ukraine as an endangered
species. To confirm the uniqueness and consolidation of rare animal species, cyto-
genetic and molecular genetic monitoring is necessary. Obtaining biological material
(blood) for genetic research is preceded by immobilization of wild ungulates. The suc-
cessful selection of drugs for the purpose of sedation and analgesia helps to preserve
the life and health of the animal.

Materials and Methods. Przewalski’s wild horse population (10 heads) of the
F. E. Falz-Fein “Askania-Nova” biosphere reserve, immobilization of animals with the
Madison drug and the Reverson antidote, cytogenetic and molecular genetic (ISSR-
fingerprinting) analysis.

Results. The effectiveness indicators of doses of Madison and Reverson were:
in horses m = 200 kg — a dose of Madison 20 mL/head, immobilization after 22 min, in
horses m = 300 kg, a dose of Madison — 25 mL/head, immobilization in 20—22 min. The
Reverson antidote was applied in the following doses: animal m = 200 kg — a dose of
Reverson 5-15 mL/goal, cessation of the sedative effect — 12 min; animal m = 300 kg —
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a dose of Reverson 5-15 mL/goal, cessation of the sedative effect — 18 min. Observation
of the effect of the drugs did not reveal any negative side effects. Cytogenetic analysis
determined the karyotype norm of somatic cells with 2n = 66 chromosomes. Genomic
disorders, aneuploidy, accounted for 6.7%, polyploidy — 1.3 %. Structural violations
(chromosomal and chromatid breaks) were not detected. The results of the micronucleus
test: the share of lymphocytes with a micronucleus — 3.0 %o, binuclear lymphocytes —
2.3 %o, mitotic index — 7.7 %o.. Genetic indicators of the population of Przewalski’s horses
according to ISSR markers: when using (GA),C as a primer, microsatellite repeats of
polymorphic loci were not found, and according to primer (GAG),C — 50 % of polymor-
phic loci. The main indicators of genetic diversity, with the help of ISSR markers: the
share of polymorphic loci was 25 %, the average gene diversity per locus — 0.39, the
Shannon—Wiener information index — 2.5.

Conclusions. No negative side effects occur when Madison and Reverson drugs
are used to immobilize Przewalski’s horses. According to the results of cytogenetic
analysis, the stability of the karyotype of the studied animals was established. The
study of genetic polymorphism of the horse population by ISSR markers (AG)9C and
(GAG)6C indicates a high degree of genetic consolidation. All tested animals are rela-
tively safe according to the revealed intra-population genetic diversity.

Keywords: Przewalski’'s horse, immobilization of horses, cytogenetic analysis,
ISSR markers, intra-population diversity

INTRODUCTION

The last species of wild horses has survived to this day in the Dhungar desert of
Central Asia. Here, in 1879, a wild horse was found and described by the famous trave-
ler Mykola Przewalskii, and because of that, the Dzungarian wild horse has the scientific
name of Przewalski’'s horse (Equus przewalskii) (Vasyliuk et al., 2020a).

In Ukraine, the first refuge of Przewalski’s horse was the Askania-Nova Biosphere
Reserve. These animals occupy a special place in the history of the formation of the ani-
mal collection in the Zoological Park “Askania-Nova”. The former owner of “Chapel” —
the old Ukrainian name of the state reserve of geographical origin (Vasyliuk et al.,
2020b), “Faltz-Fein organized special expeditions to Dzungaria, spent a lot of money
on this, used all kinds of measures until he was lucky enough to get live Dzungarians
horses and settle them in Chaply” (Vasyliuk et al., 2020b). It was for the first time in the
world that these wild horses were introduced to Europe, namely to Askania-Nova. The
Przewalski’s horse is included in the Red List of the International Union for Conservation
of Nature (IUCN) as an endangered species, category: IUCN Red List of Endangered
Species (EN) (King et al., 2015). At the beginning of the 90s of the previous century,
Przewalski’s horses were released into the Ukrainian exclusion zone of the Chernobyl
nuclear power plant as an experiment, where they began to actively reproduce. Now,
there are about 120—140 of these animals, specifically three herds, in this area. The core
of these herds consists of 28 horses taken from the Askania-Nova reserve and released
into the wild as part of the “Fauna” program conducted by the Institute of Zoology of the
National Academy of Sciences of Ukraine (Akimov, 2009; Gashchak, 2018). Due to this,
in 2009, the wild horse was included in the Red Data Book of Ukraine. Preservation of
the only wild horse species on our planet, the Przewalski’s horse, requires scientists to
conduct further studies and restore the gene pool of these animals.
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The purpose of our work was to study the effect of Madison drugs and the Reverson
antidote on the body of horses when used to immobilize them during the collection of bio-
logical material and to study the genetic variability of the population of wild Przewalski’s
horses using molecular genetic and cytogenetic methods.

MATERIALS AND METHODS

Immobilization of horses. To study the genetic variability of the population of wild
horses of Przewalski (10 heads) of the biosphere reserve “Askania-Nova’ named after
F. E. Falz-Fein, for the first time immobilization of wild ungulates was carried out with
the help of Madison drugs and the Reverson antidote, which is a type of live trapping
method (Fig. 1). Horses from the steppe selected for research and manipulation were
driven into a large enclosure and kept without food for 12 hours. A few hours before
the start of immobilization, the water supply was also stopped. One animal at a time
was driven from a large enclosure into a small enclosure. To immobilize the horses,
a solution for injections was applied — Madison (Medison, 2017), using a plastic syringe
that resembles an arrow, 15 cm long, with a volume of 2 mL. The syringe was filled with
a solution from the side of the needle, and air was injected from the side of the shank
through the valve. So, the piston was under pressure. The filled syringe was inserted
into a plastic tube. For an aimed shot, the tube was brought to the lips and during an
energetic exhalation, the syringe hit the thigh of the animal. The liquid got into the
muscle tissue, the injection was gentle, the animal was not injured. After the administra-
tion of the drug, horses were initially partially immobilized. To prevent a sharp fall of the
animal, which could lead to injury, a string was put around the horse’s neck and the ani-
mal was brought to a sufficiently soft litter prepared in advance so that it could lie down
there. A completely immobilized animal was approached quietly, without noise, then its
head was raised and covered with a dark blanket to reduce the effect of external stimuli.
During the complete immobilization of the animal, which lasted 20-30 min, marking,
biometric studies, cleaning of hooves and collection of biological material for genetic
studies (blood from the jugular vein, hair from the mane and tail) were carried out. After
all planned work was carried out promptly, the Reverson antidote was administered to
the animal (Reverson, 2020) to stop the sedative effect of Madison. The owner of the
registration certificate and the manufacturer of the finished products of the Madison
drug and the Reverson antidote is LLC “Brovafarma” of Brovary, Kyiv region.

To carry out cytogenetic and molecular genetic studies of Przewalski's horses,
peripheral blood was collected from the jugular vein.

Cytogenetic studies. Somatic cell culture samples (blood) were used to analyze
karyotype disorders. The culture was carried out in sterile vials, packed with RPMI-1640
medium (Sigma, USA) of approximately 5 mL per vial, 1 mL of bovine blood serum
(preferably embryonic), an antibiotic at the rate of 0.001 mL of gentamicin per 1 mL of
medium, 0,5 ml of whole blood, mitogen phytohemagglutinin — a substance that stimu-
lates the mitotic division of lymphocytes in culture, type P in a dose of 0.02 mL per
10 mL of culture mixture. The mixture was cultivated in a thermostat at a temperature
of +37 °C for 48 hours, the vials being periodically shaken. Two hours before fixation,
a colchicine solution heated to 37 °C was injected into the culture at a final concentra-
tion of 0.3-0.5 pyg/mL of the culture medium. A freshly prepared 0.55 % potassium chlo-
ride solution was used for hypotonization. Hypotonization was carried out for 20 min in
a thermostat at a temperature of +37 °C. After the end of hypotonization, the culture was
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centrifuged, the supernatant liquid was poured off, and a fixing liquid cooled to +4 °C
was added to the sediment, mixing one part of glacial acetic acid with three parts of
methyl alcohol. After that, the sediment was resuspended and centrifuged, this opera-
tion was repeated 2-3 times. The cell suspension was applied to clean, cooled glass
slides using an automatic dispenser. The glass was dried in the air. The obtained prepa-
rations, after being stained with a ready-made Giemsa dye, were analyzed for chro-
mosomal variability under the immersion magnification of an Axiostar plus microscope
(Carl Zeiss, Germany) by 1000 times and photographed (Burkat, 2005).

Fig. 1. Immobilization of Przewalski’s horses: A — population of wild horses of Przewalski Biosphere Reserve
“Askania-Nova” named after F. E. Falz-Fein; B — administration of the Madison drug to immobilize the
animal; C — prevention of a sharp fall of a horse; D — complete immobilization of the animal

The number of binuclear lymphocytes, mononuclear lymphocytes with micronu-
clei, and the mitotic index were counted on the same preparations. The frequency of
binucleated lymphocytes, lymphocytes with a micronucleus, and the mitotic index were
calculated in parts per million (%), the number per 1000 cells.

Molecular genetic studies. To confirm the uniqueness and consolidation of the
population of Przewalski’'s horses, the genetic polymorphism of the studied horses
was evaluated using molecular diagnostics (ISSR-fingerprinting). ISSR-PCR labeling
is effectively used for interspecies genetic variability, for taxonomic and phylogenetic
comparisons and as a means of mapping a wide range of organisms.

To study DNA polymorphism of horses using ISSR markers, optimization of the
temperature regimes for the polymerase chain reaction was carried out (Table 1).
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Table 1. Primer sequences and annealing temperature regimes used in the study

Primer Nucleotide sequence (5'-3") Amplification conditions

94 °C — 7min;

94 °C — 30 sec, 58 °C, 72 °C — 2 min,
32 cycles;

72 °C -7 min

94 °C — 7min;

94 °C - 30 sec, 60 °C, 72 °C — 2 min,
32 cycles;

72 °C -7 min

(AG),C AGAGAGAGAGAGAGAGAGC

(GAG),C GAGGAGGAGGAGGAGGAGC

Polymerase chain reaction (PCR) was run in a Thermal Cycler amplifier (Applied
Biosystems, USA). A PCR cocktail consisted of 2 pL of buffer for DNA polymerase,
1 L of triphosphate mixture (Amplisens), 0.8 pL of the appropriate primer, 0.2 yL of
DNA polymerase (Fermentas, Lithuania). Genomic DNA was added in the amount of
1.2 pL (25 ng). The total volume of the PCR mixture was adjusted to 10 pL of ddH,O
(Zietkiewicz et al., 1994; Mokhnachova, 2022).

After that PCR fragments were analyzed by electrophoresis on 2 % agarose/1X TBE
gel stained with ethidium bromide. Differentiation of amplicons by size was carried out
with the help of a molecular size marker of Gene Ruler 1 kb Plus DNA Ladder (Thermo
Scientific™). The bands were visualized under UV light and the gels were photographed
using Camera.

Each spectrum amplicon was considered as one DNA locus. The polymorphism of
such a locus (P) was assessed by the presence or absence of an amplicon of the corre-
sponding length in the spectra. Parameters of genetic diversity were determined using
the Microsoft Excel computer program.

Bioethical norms. Experiments on animals were carried out in compliance with
the requirements of the Law of Ukraine “On the Protection of Animals from Cruelty
Treatment” (Article 230 of 2006), “General Ethical Experiments on Animals”, approved
by the National Congress on Bioethics and agreed with the provisions of the “European
Convention for the Protection of Vertebrate Animals used for Experimental and Other
Scientific Purposes” (Strasbourg, 1986), permission for the study was obtained from
the Commission on the treatment of animals in scientific research Institute of Animal
Breeding and Genetics nd. a. M. V. Zubtsya NAAS (protocol No. 2 of 28 February 2024).

RESULTS AND DISCUSSION

Immobilization of horses. In order to conduct scientific research, especially in
large animals without killing or injuring them, it is important to improve the method of
theirimmobilization. Therefore, for a more effective implementation of the immobilization
process, the Przewalski’s horses under study were divided into two groups, depending
on the animal’s body weight (200 and 300 kg) (Table 2). For sedation and analgesia
during diagnostic manipulations and the collection of biological material (blood) for sci-
entific research of these animals, for the first time in the biosphere reserve “Askania-
Nova” named after F. E. Falz-Fein, the Madison drug, article number 000014808, and
the Reverson antidote, article number 000016832 were used. Madison is a relatively
new drug characterized by a prolonged action.

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e bionoriyni CTygaii / Studia Biologica e 2024 « Tom 18 / N2 4 e C. 49-60



54 Lyubov Starodub, Mykola Porhun, Nataliya Mokhnachova, Andrii Berezovsky, Nataliya Yasinetska, Kyrylo Kopylov

Table 2. Effectiveness indicators of the actual doses of the “Madison” and “Reverson”
drugs applied to Przewalski’s horses using a remote method of administration

Number of Time to visible effect (min)

ATIEl| - AEE] el injections/time DE ET718 1) complete immobilization/ceasing
group gt interval iAo of sedation
Madison
1 within 200 kg 2/5 min 20 mL 22 min
2 within 300 kg 2/5 min 25 mL 20-22 min
Reverson
1 within 200 kg 1 20 mL 12 min
2 within 300 kg 1 25 mL 18 min

During the use of Madison and Reverson, no side effects, such as impaired coordi-
nation of movements, increased sweating, vomiting, slight tremor of individual muscles
or muscle groups, or uncontrolled urination were observed in animals. The expediency
of using Madison and Reverson drugs to immobilize horses is that when using them,
the veterinarian can control the duration of the sedation and analgesia process, and the
effect of this drug is prolonged.

Analysis of the karyotype of the studied horses. One of the principles of estab-
lishing the qualitative uniqueness of rare species of animals and confirming the unique-
ness and consolidation of animal populations as a basis for their inclusion in national
programs for the conservation of biological resources is genetic monitoring. To determine
the genetic specificity at the chromosomal level, the karyotype of animals is analyzed.

An analysis of the karyotype of Przewalski’s horses (n = 10 heads) of the Munich
line, in which there is no admixture of domestic horse blood, was carried out. According
to the results of the study, it was established that the norm of the karyotype of the somatic
cells of these animals is 2n = 66 chromosomes, while domestic horses have 2n = 64
chromosomes. Cytogenetic screening of the studied horses showed the absence of
constitutive abnormalities, in particular, Robertsonian and other autosomal transloca-
tions (Chosh et al., 2020). (Table 3, Fig. 2).

Table 3. Analysis of karyotype variability of the Przewalski horse population

Cytogenetic indicators Aneuploidy (%) Polyploidy (%) Chromosomal breaks (%)

M+m 6.7+1.60 1.3£1.00 -

Genomic disorders of chromosomes, aneuploidy, was expressed mainly by hypo-
ploid cells (2n = 56-65), with the range of this variability from 0 to 10 % (Shilton et al.,
2020). A multiple increase in the number of chromosomes, polyploidy, was within 0-5 %
and did not exceed the level of spontaneous chromosomal variability characteristic of
domestic horses (Starodub, 2023). Structural violations of chromosomes (chromosome
and chromatid breaks) were not detected. The absence of these violations indicates the
stability of the genotype of the studied animals and the absence of genotoxic effects.
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Fig. 2. Karyotypic variability of the Przewalski horse population: A — karyotype norm-2n = 66; B —
aneuploidy-2n = 62; C — polyploidy-2n = 132; magnificationx1000 times
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The micronucleus test is an effective biomarker of diseases and processes associa-
ted with the induction of DNA damage. To establish the course of these processes in the
studied horses, we conducted a micronucleus test. The results obtained showed that
the proportion of lymphocytes with a micronucleus, binucleate lymphocytes, and the
mitotic index did not exceed the spontaneous level of cytogenetic parameters of mam-
malian cells (Table 4, Fig. 3) (Lanovenko, 2020).

Table 4. Results of the micronucleus test of the Przewalskii horse population, Biosphere
Reserve “Askania-Nova” named after F. E. Falz-Fein, for spontaneous mutagenesis

Cytogenetic Lymphocyte with Binuclear lymphocyte (%)  Mitotic index, (%o)
parameters of a micronucleus (%o)
cells 3.0£0.82 2.3+1.12 7.7£3.12

The ratio between the number of binucleated lymphocytes (2.3 %0) and the mitotic
index (7.7 %o) indicates the absence of cytokinetic blocking during cell division. It is
known that there is a high correlation between the state of the immune system and cyto-
genetic status of cells (r = 0.95-0.96) (Lanovenko, 2020; Bonassi & Fenech, 2021). So,
our research confirms the high stability of the immune system of Przewalski’'s horses.

Fig. 3. A — binuclear lymphocyte; B — a lymphocyte with a micronucleus collected x1000 times

Genetic polymorphism of the Przewalski horse population by ISSR markers.
In order to reveal the variability of polymorphism of DNA fragments flanked by inverted
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repeats of microsatellite loci in Przewalski’s horses, studies of polylocus spectra were
conducted (Table 5, Fig. 4).

Table 5. Genetic parameters of the population of Przewalski’s horses according to ISSR

markers
Index of
. Number Range_of Polymorphic polymorphic Percentage & .
Primers : nucleotide . - : polymorphic loci
of loci . loci information o
pairs content )
(GA),C 4 300-590 0 0 0
(GAG),C 6 300-1050 3 0.19 50
> 10 300-1050 3 0.09 25

In the spectrum of amplification products using dinucleotide microsatellite repeats
with anchor nucleotides (GA),C as a primer, the following results were obtained: 4 loci
were detected with complete absence of polymorphism of amplification products.
The length limits of these loci were 300-310, 380-400, 500-520, 0-590 nucleotide
pairs (bp).

When using the trinucleotide (GAG),C ISSR-PCR marker, 6 loci were found, three
of which were polymorphic. The length limits of conservative loci were 380—400, 500—
520, 680-710 bp; of polymorphic ones — 300-310, 820-870, 1000—1050 bp. The poly-
morphic information content (PIC) index was 0.19, and the percentage of polymorphic
loci was 50 %.

Therefore, when microsatellite repeats were used as a primer (GA),C, no poly-
morphic loci were found, while with (GAG),C primer — 50 % of polymorphic loci were
detected.

Fig. 4. Spectra of fragments of DNA amplification of Przewalski’s horses using (GAG),C and (GA),C as
primers. Notations: M — marker of molecular masses; 1-5 DNA amplification products; K is a control
sample

To identify the main indicators of genetic diversity, the proportion of polymorphic
loci was calculated using ISSR markers, average gene diversity per locus, which deter-
mines heterozygosity at all loci, and Shannon’s information index, which characterizes
the chaotic distribution of the frequency spectrum of loci (Table 6).
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Table 6. Main indicators of genetic diversity of the Przewalski horse population

Subspecies Percentage of Average gene Shannon—-Wiener
P polymorphic loci (%) diversity per locus information index
Przhevalsky’s horse 25 0.39 2.50

Indicators such as the percentage of polymorphic loci (less than 30 %), the ave-
rage genetic diversity per locus (less than 0.044), the Shannon information index (less
than 0.063) may imply inbreeding depression in the population or its strict isolation (Nei,
1972, 1987). Analysis of the parameters of genetic diversity according to the ISSR mar-
kers of Przewalski’'s horses indicates that all the tested animals are relatively healthy
in terms of the intra-population genetic diversity, with the exception of the value of the
parameters of the percentage of polymorphic loci (25 %) (Suprun & Kurylenko, 2014).

CONCLUSION

According to the results of cytogenetic analysis, it was established that the studied
Przewalski’s horses were in ecologically clean conditions and were characterized by
karyotype stability.

The study of genetic polymorphism of the studied horse populations by ISSR
markers (AG),C and (GAG),C showed a low value of the share of polymorphic loci
(P = 0.25) and the index PIC = 0.09, which indicates a high degree of genetic consoli-
dation. All tested animals are relatively safe according to the revealed intra-population
genetic diversity.
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FEHETUYHA CTPYKTYPA NonNynaAuli KOHA NPXEBAJIbCbKOIo
(EQUUS PRZEWALSKII) 3A ULWTOFEHETUYHUMU TA ISSR-MAPKEPAMU

Jlro60e Cmapody6', Mukona MopxyH', Hamaniss MoxHavyoea',

AHOpili Bepe3soeckkuli’, Hamanis SlcuHeybka®, Kupuno Konunoe'

' IHecmumym po3seedeHHsi i 2eHemuku meapuH imeHi M. B. 3y6us HAAH

c. YybuHcbke, syn. MNozepebHsika, 1, bopucninbcbkull p-H, Kuiscbka 06n1. 08321, YkpaiHa

2 TOB “Bposaghapma”, 6yrnbe. HesanexHocmi, 18-a, Bposapu, Kuiscbka 061. 07400, YkpaiHa

3 BiocghepHuli 3aroeioHuUK “AckaHisi-Hoea” imeHi @. E. ®anby-®eliHa HAAH
syn. lNapkosa, 1, cenuwe AckaHisi-Hoea, Kaxoecbkul p-H, XepcoHcbka 06s1. 7230, YkpaiHa

O6r'pyHTyBaHHSA. KiHb NpxeBanbcbkoro BHeceHun Jo YepBoHoi Knurn MixxHapoga-
HOrO CO3Y OXOPOHU NpUpoaM Ta 4o YepBOHOI KHUMM YKpaiHu ik BUA, Lo nepebysae nig
3arpo30t0 3HUKHEHHS. [ns NigTBePAXEeHHs YHIKanbHOCTI 1 KOHCOMIAOBaHOCTI PiAKICHNX
BWAiB TBApVH HeOOXigHEe MPOBEAEHHST LMTOreHETUYHOTO Ta MOMEKYNSPHO-FreHETUYHOIO
MoHiTopuHry. OgepxaHHto GionoriyHoro matepiany (KpoBi) AN FeHETUYHUX JOCHigKEHb
nepenye 3HEPYXOMIEHHSI OMKUX KOMWUTHWUX. Bpanwii nigbip nikapcbkux npenapartis
3 MEeTO0 cefaulii Ta aHanbresii cnpusie 36epeXXeHHI0 XNTTS | 340POB’S TBAPUHN.

MeTtoau Ta matepianu. lNonynsuia ankmux koHen lMpxeBanbcbkoro (10 ron.) Gio-
cthbepHoro 3anoBigHuka “AckaHis-Hoea” imeHi ®. E. ®anbu-PelriHa, iMmobinisauis Tea-
puvH npenapatom MegaicoH i aHTMAoTOM PeBepCoH, LIMTOrEHETUYHUI Ta MOMNEKYNAPHO-
reHeTn4yHUN (ISSR—diHrepnpuHTUHI) aHanis.

Pesynbratn gocnimkeHb. [okasHuKM edpeKTUBHOCTI 403 npenapaTty MegicoH Ta
PeBepcoH cTtaHoBunu: y koHert m = 200 kr go3a MegicoHy 20 Mn/ron., 3HEPYXOMIIEHHS
yepes 22 xB, Yy koHern m = 300 kr nosa MegicoHy — 25 Mn/ron., 3HepPyXOMIEHHs Yyepes
20-22 xB. 3acTtocyBaHHSA aHTUOOTY PeBepcoH y Takmx gosax: TeBapuHa m = 200 kr gosa
PeBepcoHy 5—15 mn/ron, NnpunuHeHHs1 cegaTtmBHOI aii — 12 xB; TBapuHa m = 300 kr fosa
PeBepcoHy 5—15 mn/ron, npunuHeHHs cegatueHoi Aii — 18 xB. CNocTepexeHHst 3a Aieto
npenapatiB He BUSIBUNO MOBIYHMX HeraTuBHMX edekTiB. LiuToreHeTuyHum aHanizom
BM3HAYEHO HOPMY KapioTuny COMaTUYHUX KMiTUH 2n = 66 XpomocoMm. eHOMHi nopy-
LWeHHs1, aHeynnoigisa ctaHoBuna 6,7 %, noninnoigia — 1,3 %. CTPYKTYpHi nopyLleHHS
(XpoMOCOMHI Ta XpoMaTugHi po3puBK) BUSBMNEHi He bynu. Pedynsrati MikposioepHOro
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TecTy: yacTka nimdouunTis i3 mikposgpom — 3,0 %o, ABOSAOEpHMX NiMGounTiB — 2,3 %o,
MITOTUYHWI iHOEKC — 7,7 %o. TEHETUYHI NOKa3HMKKM NONynsAuii KoHel MpXXeBanbCcbkoro 3a
ISSR-mapkepamu: y pasi BUKOpUCTaHHA sk npavimepa (GA),C mikpocaTeniTHMX noBTo-
piB noniMopgHUX NOKYCIB He 3HanAeHo, a 3a npanmepom (GAG),C — 50 % nonimopd-
Hux nokyciB. OCHOBHi MOKa3HUKM FEHETUYHOro Pi3HOMAaHITTHA, 3a Aornomorot ISSR-
MapKepiB: 4YacTka noniMmopHux nokycis ctaHoBuna 25 %, cepedHe Ha NOKYC reHHe
pisHomaHiTTs — 0,39, iHdbopmauinHmi ingeke LeHHoHa—BiHepa — 2,5.

BucHoBkM. [ig yac BnkopuctaHHa npenapartis MegicoH i PeBepcoH ang iMmo0ini-
3auii KoHel NMpxeBanbCbKoOro He BUHMKAE HeraTMBHMX NobivHMX Ain. 3a pesynsratamu
LMTOrEHETUYHOrO aHanidy BCTAHOBMEHO CTabifbHICTb KapioTuny OOCrigKyBaHUX TBa-
pUH. BmBYeHHs1 reHeTMyHoro nonimopdiamy nonynsauiii KoHel 3a ISSR-mapkepamu
(AG),C Ta (GAG),C cBiguMTb NpO BUCOKWI CTYMiHb FrEHETUYHOI KOHCoMidauii. Yci npo-
TECTOBaHi TBAPMHU BiAHOCHO GrarononyyHi 3a BUMSBNEHMM BHYTPILLHbOMOMYMASALIAHAM
reHETUYHMUM PiI3BHOMAHITTAM.

Knroyoei cnoga: kiHb [p)XeBarnbCbkoro, iMMo0inisauisi KOHeW, UUTOreHETUYHUINA
aHanis, ISSR-mapkepu, BHYTPILLHLOMONYIALINHE PI3HOMaHITTA
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