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Abstract: Saving biodiversity and assessment of the genetic diversity of local breeds of domestic animals as priority
subjects of protection in agrobiocenoses is one of the global challenges facing humanity in the 21st century. Hutsul horse
is one of the oldest horse breeds in Ukraine, which according to the gene pool subject of horses in Ukraine belongs to the
group “Local (mountain and ponies)” of the I category, which is already on the verge of extinction, and according to the
FAO classification it is considered to be a subject of the gene pool threatened with extinction. Since the breeding chromo-
somal polymorphism of horses is insufficiently studied, it is timely to carry out a cytogenetic analysis of the characteristics
of spontaneous mutagenesis in Hutsul horses. Karyotypic variability of Hutsul breed horses was determined using the
methods of cytogenetic analysis and micronucleus test. The paper presents the results of cytogenetic analysis and micro-
nucleus test of karyotypic variability of Hutsul breed horses. Asynchronous divergence of centromere regions of chromo-
somes occurs as a result of premature replication of centromere regions of heterochromatin associated with centromere
activity. In the studied Hutsul horses, the magnitude of this variability corresponds to the spontaneous level for horses as
a whole (2.2-9.1 %). No structural chromosomal abnormalities (chromosomal breaks) were revealed in Hutsul breed horses
at Krai Neba LLC, and in the animals of the Hutsulshchina National Nature Park, the percentage of metaphase plates with
chromosomal breaks was low (1.1 %), which indicates the stability of the karyotype of the studied animals. The results of
the micronucleus test showed that the proportion of lymphocytes with micronuclei in the animals at the both farms was
practically the same - 4.0-4.2. It can be concluded based on the data obtained that the animals under study were in ecologi-
cally clean conditions relative to the level of radionuclide contamination and were characterized by karyotype stability and
reduced sensitivity to mutagenic factors of various nature.
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OCOBEHHOCTH KAPUOTHUITA YKPAUHCKOI ABOPUTEHHOM I'YI[YJIbCKOM IMMOPO/JIbI JIOIIA TEN

Annoramus: CoxpaHeHne OMOPa3HOOOPa3usl U OICHKA TEHETHYECKOTO Pa3HOOOPa3usi MECTHBIX TOPOJI JOMAIITHUX HKH-
BOTHBIX KaK NPHOPUTETHEIX OOBEKTOB 3aIUTHI B arpoOHONEHO3aX — OJHA M3 III00ATBHBIX 3a]ad, CTOSAILINX Iepe] deo-
BeuecTBOM B XXI Beke. ['yiyabckas Jomanbs — OGHA U3 APEBHEHIINX IOpPOA Jomanel B YKpawHe, KOTOpas M0 00BEKTY
reHoona Jomaaeil YKpanHbl OTHOCUTCS K Tpymie «MecTHEIe (TOpHBIe U MOHN)» | KaTeropuu, KOTopas yxe HaXOTUTCS
Ha TpaHU McYe3HOBeHMs, a 10 kinaccudukannn PAO aBisercs 00beKTOM reHO(OH 1A, HAXOASIIUXCS M0]] YTPO30H HCUE3HO-
BeHHs. [I0CKOIBKY TIOPOAHBII XPOMOCOMHBIN NONUMOP(U3M JIOIaAeii HEJOCTATOYHO U3yUeH, MPOBEICHHE [IUTOrCHeTHYe-
CKOTO aHaJn3a 0COOEHHOCTEH CIIOHTAaHHOTO MyTareHesa I'yILyJbCKUX JIOMIAJeH sSBIseTCS cBoeBpeMeHHbIM. KapuoTumnuue-
CKYIO M3MEHUYUBOCTS JIOMIAICH 'Yy IbCbKOI OPOBI OIIPEEIISIIN C UCIIOIb30BaHUEM METOJ0B IUTOI€HETUYECKOT O aHAIU3a
U MHKDOSJICPHOTO TecTa. B cTaThe mpeacTaBieHb! pe3ynbTaThl IUTOr€HEeTHYECKOT0 aHalIn3a 1 MUKPOSIIEPHOTO TecTa Kapu-
OTHUIINYECKOH M3MEHUUBOCTH JIOMIAJeH T'yIyIbChKON MOPOABl. ACHHXPOHHAS AUBEPIeHINs IEHTPOMEPHBIX 00nacTel Xpo-
MOCOM TTPOUCXOAUT B pe3yIbTaTe MPEXKAEBPEMEHHON PETNIMKAIIMN LIEHTPOMEPHBIX 001acTeH reTepoXpoMaTHa, CBsI3aHHOM
C aKTUBHOCTBIO LIGHTPOMED. Y UCCIECAOBAHHBIX I'YIYIbCKUX JIOLIAIEll BeIMUMHA 3TOM U3MEHYHUBOCTH COOTBETCTBYET CIIOH-
TaHHOMY YPOBHIO JJIs Jiomazned B meiaom (2,2-9,1 %). CTpyKTypHBIX XPOMOCOMHBIX aHOMAJIUIl (XPOMOCOMHBIX Pa3pHIBOB)
y momageit OOO «Kpait Heb6a» He BBISBICHO, a y )UBOTHBIX HarmonansHOro mpupogHOro mapka «ymynbmuHay IponeHT
MeTada3HBIX MIACTHHOK C XPOMOCOMHBIMH pa3pbiBaMu ObUT HU3KHM (1,1 %), 9TO cBUAETENbCTBYET O CTAOMIBHOCTH Ka-
PHOTHIIA HCCIIENLYEMBIX KUBOTHBIX. Pe3yabTaThl MUKPOSEPHOTO TECTa MOKAa3alH, YTO JO0MS TUM(OLUTOB C MUKPOSIPOM
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y KUBOTHBIX ABYX XO3SHMCTB ObLIa MPAKTHUYECKU ONUHAKOBOU — 4,0—4,2. 13 moy4eHHBIX JaHHBIX MOKHO C/AEIaTh BBIBOJ,
YTO UCCIIETyeMbIC )KHBOTHBIC HAXOAMIIACH B 9KOJIOTUIECKH YUCTHIX YCIOBUSX OTHOCUTEIHHO YPOBHS PaJIHOHYKIIHIHOTO 3a-
I'PSA3HEHUS M XapaKTePU30BaIUCh CTAOMIBHOCTHIO KAPUOTHIIA M TIOHMIKEHHON 4yBCTBUTEIBHOCTBIO K MyTareHHbIM (DakKTo-
paM pa3IMuHON NPUPOIBI.
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HOCTb KapHOTHIIA, TUM(OIUTHI, XPOMOCOMBI, XPOMOCOMHBIC Pa3PbIBBI, MUTOTHYCCKHIT HHICKC
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Introduction. To solve one of the global problems facing humanity in the XXI century - biodiversi-
tyconservation of our planet, knowledge abpout the structure of the gene pool and assessment of genetic
diversity of local breeds of domestic animals as priority objects of protection in agrobiocenoses [1]. One
of the oldest horse breeds in Ukraine is Hutsul horses. [2], which by the name of the gene pool object of
horses in Ukraine belong to the group “Local (mountain and pony)” of the I-th category (gene pool ob-
ject, which is already on the verge of extinction) of domestic classification and TR-cross-border regional
(FAO classification) of gene pool objects by threats to existence and approaches to storage [1, 3]. One of
the principles of determining the quality of Hutsul horses is genetic monitoring.

Spontaneous cytogenetic variability of horses in comparison with other species of farm animals is
much less studied. In horse breeding, cytogenetic studies are mainly performed in animals in which in-
fertility or other abnormalities are observed [4]. So far, the breed-specific chromosomal polymorphism
of horses remains insufficiently studied. Therefore, the study of cytogenetic features of spontaneous
mutagenesis of Hutsul horses is quite relevant today. The aim of our work was to conduct cytogenetic
control of Hutsul horses to determine genetic specificity at the chromosomal level.

Materials and methods. Cytogenetic control was carried out in horses of Hutsul breed of the Na-
tional Natural Park “Hutsulshchyna” (20 heads) in Kosiv and farms of LLC “Krai neba” (20 heads) in
Kolomyia district. Lisna Slobidka, Ivano-Frankivskregion. Most of the studied animals are listed in the
State Book of Hutsul Breeding Horses (Volume 1I) [2].

Cytogenetic drugs were prepared from peripheral blood lymphocytes taken from the jugular
vein of the animal. Sterile vials were prepared in the laboratory for culturing blood cells; packed
RPMI-1640 medium (Sigma, USA) in a sterile’box of approximately 5 ml in one vial with 15-20 % -
serum of cattle (preferably embryonic). Antibiotics were added to the culture at the rate of 0.001 ml
of gentamicin per 1 ml of medium, 0.5 ml of whole blood, as well as mitogen - a substance that stim-
ulates mitotic division of lymphocytes in culture. Dosage of phytohemagglutinin type P was added at
a dose of 0.02 ml, type M - 0.2 ml per 10 ml of culture mixture. The mixture was cultured in a ther-
mostat at a temperature of + 37.°C for 48-72 hours, periodically shaking the vials. Two hours before
fixation, a solution of colchicine heated to 37 °C at a final concentration of 0.3-0.5 pg/ml of culture
medium was introduced into the culture. For hypotension used freshly prepared 0.55 % solution of po-
tassium chloride. Hypotension was performed for 20 min in a thermostat at a temperature of + 37 °C.
After hypotension, the culture was centrifuged, the supernatant was drained, and cooled to + 4 °C fix-
ing liquid was added to the precipitate carefully along the wall of the tube, mixing one part of glacial
acetic acid with three parts of methyl (or ethyl) alcohol. After that, the precipitate was resuspended
and centrifuged, repeating this operation 2-3 times. The cell suspension was applied to clean cooled
slides from a height of 20-30 cm with an automatic dispenser. The glass was dried in air. The obtained
preparations, after staining with the finished Giemsa dye, were analyzed for chromosomal variability
under immersion magnification of the Axiostar plus microscope (Carl Zeiss, Germany) in 1000 times
and microphotographed [5] (Fig. 1).

In the process of research took into account: quantitative chromosome disorders - aneuploidy (A),
polyploidy (PP), cells with asynchrony of splitting of the centromeric regions of chromosomes (ARCR),
structural aberrations - chromosome breaks (HR). The number of dinuclear lymphocytes (DJ) and
mononuclear lymphocytes with micronuclei (MJ) and mitotic index (MI) were counted on the same
drugs. The frequency of DY, MY, MI was calculated in ppm ((), the number per 1000 cells.

Research results. The results of cytogenetic analysis of the studied horses of Hutsul breed showed
that they are characterized by genomic and structural disorders of chromosomes (Table 1).
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Fig.1. Features of Hutsul horseskaryotype: 1 - Karyotype norm 2n = 64; 2 - Asynchronous divergence of centromeric regions
of chromosomes; 3 - Aneuploidy 2n = 58; 4 - Polyploidy 3n = 96; 5 - Lymphocyte with micronucleus; 6 - Dinuclear lymphocyte
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Table 1. Theresults of the analysis of karyotypic variability of the Hutsul breed
of horses in the National Nature Park “Hutsulshchyna” and LLC “Krai neba” Lisna
Slobidka in Kolomyia district, %

Chromosomal
gaps
National Hutsul Nature Park 11,1+£2,63 1,1+1,04 6,0+£2,15 1,1+£1,04

LLC “Edge of the Sky” 8,8+3,50 2,0+1,81 2,0+1,81 -
M+m 10,8 +2,10 1,4+0,93 39+1,77 0,7+0,59

Farm Aneuploidy Polyploidy ARCRC

Genomic chromosome abnormalities, aneuploidy, were expressed mainly by hypoploid cells (2n = 54-
62), the average of which was 10.8 %, the magnitude of the values of this variability was 8.8-11.1 % in
animals of the farm LLC “Edge of Heaven” and Hutsulshchyna National Nature Park, respectively. How-
ever, the difference in the mean frequencies of aneuploid metaphases in the blood lymphocytes of horses
of the two farms was statistically insignificant. According to this variability, individual polymorphism was
observed in the studied animals. The correlation between age and aneuploidy in the studied Hutsul horses
was weak and unreliable. The number of polyploid cells in horses of the two-farms was in the range of 1.1-
2.0 %, the average value of which was 1.4 % and did not exceed the species of this variability [4].

It was found that asynchronous divergence of centromeric regions of chromosomes occurs as a result
of premature replication of centromeric heterochromatin regions associated with centromere activity [6].
In the Hutsul horses studied, the magnitude of this variability was 2.0-6.0 %, with an average value of
3.9 %, which corresponds to the spontaneous level for horses.in general (2.2-9.1 %) [7].

Structural chromosome abnormalities (chromosomal breaks) in horses of Krai Neba LLC were not
detected, and in animals of Hutsulshchyna National Nature Park the percentage of metaphase plates with
chromosomal breaks was low and was 1.1 % (limit of chromosomal breaks in horses at spontaneous mu-
tagenesis is 1.6-4.7 % [7, 8], which indicates the stability of the karyotype of the studied animals.

The results of the micronucleus test (Table 2) showed that the proportion of lymphocytes with
a micronucleus for animals of the two farms was almost the same. The magnitude of this variability
was 4.0-4.2 %o.

Table 2. Theresults of the micronucleus test of the Hutsul horse breed of
the National Nature Park “Hutsulshchyna” and LLC “Krai neba” Lisna Slobidka,
Kolomyia district, %o

Farm Lym'phocyte W‘ith Dinuclear lymphocyte Mitotic index

micronucleus
Hutsul National Nature Park 4,2+0,76 6,7+1,01 4,7+0,70
Edge of the Sky LLC 4,0£1,15 3,8+0,79 2,8+0,59
M=m 4,1+1,40 6,24+0,94 4,3+0,72

To establish a connection between aneuploidy and lymphocytes with the micronucleus, a correlation
analysis was performed. A direct relationship was found between cells with aneuploidy and lympho-
cytes with a micronucleus (r = 0.9198) with a significant probability of P > 0.95.

The number of dinuclear lymphocytes (6.2 %o) exceeded the mitotic index (4.3 %o). However, the
difference in mean yvalues between the frequency of dinuclear lymphocytes and the level of cell division
- mitotic index, was insignificant. Studies in other animal species have shown that with increasing con-
tamination, in-particular radionuclides, increases the range of individual variability in MI, the frequency
of lymphocytes with a micronucleus and decreases the number of dinuclear lymphocytes [8-10].

Therefore, from the obtained data it can be concluded that the studied animals were in environmen-
tally friendly conditions relative to the level of radionuclide contamination and were characterized by
karyotype stability and reduced sensitivity to mutagenic factors of different nature.

Conclusions. According to the results of cytogenetic analysis, the presence of genomic and struc-
tural disorders of chromosomes in the studied horses of Hutsul breed was established. It was found
that genomic chromosome disorders are represented by aneuploidy, the average value of which was
10.8 %, polyploid cells with an average frequency of 1.4 %, not exceeding the species of this variabil-
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ity. The extent of asynchronous divergence of the centromeric regions of chromosomes (2.0-6.0 %)
with an average value of 3.9 %, which corresponds to the spontaneous level for horses as a whole.
The absence of chromosomal breaks in the animals of Krai Neba LLC and 1.1 % of metaphase plates
with chromosomal breaks in horses of the Hutsulshchyna National Nature Park was revealed, which
testifies to the stability of the karyotype of the studied animals. The proportion of lymphocytes with
a micronucleus for animals of two farms was determined - 4.0-4.2 %o. A direct relationship was found
between cells with aneuploidy and lymphocytes with a micronucleus (r = 0.9198) with a significant
probability of P> 0.95. It was found that the number of dinuclear lymphocytes (6.2 %o) exceeded the
mitotic index (4.3 %o) with an insignificant difference in mean values, which indicates. the stability of
the karyotype of the studied animals.
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