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Aim. The evaluation of animals for the presence of chromosomal anomalies is one of the main tasks of prac-
tical selection, aimed at detecting undesired chromosomal anomalies in early age, which may have negative
impact on the reproductive and productive capability of cows and lead to considerable economic losses. The
aim of the work is a cytogenetic analysis of the chromosome set in cows of Ukrainian Red-and-Motley dairy
cattle breed, which will allow assuming a decrease in reproductive functions with chromosomal aberrations.
Methods. We examined 53 cows of the Ukrainian Red-and-Motley dairy cattle breed in SE Research Farm
Khrystynivske, IABG named after M. V. Zubets, NAAS. The investigation of chromosomal anomalies involved
72-h cultivation of lymphocytes from the peripheral blood of animals using the common methods. During a
routine analysis the preparations were stained with 2 % Giemsa staining solution. The induction of G-bands for
differential staining of chromosomes was conducted using 0.25 % solution of trypsin. The processing of study
results was performed with Microsoft Excel software package. Results. The investigations in the aberration
spectrum detected aneuploid and polyploid cells, breaks and fragments of chromosomes, premature chromo-
some disjunction in mitosis and translocation. The total number of aberrant cells in cows with decreased fertil-
ity was 14.69 + 0.56 %, the number of aberrations per one investigated cell was 0.144, which was almost twice
reliably (P <0.999) exceeding the values of similar features for cows which did not have problems with repro-
duction. GTG-banding method was used to detect a new RT 13/23 Robertsonian translocation. Conclusions.
The cytogenetic analysis of chromosome set of Ukrainian Red-and-Motley dairy breed cows allows assuming
the connection between a decrease in the fertility of cows and chromosomal instability. A routine screening of
dairy cows allows both evaluating the karyotype saturation with undesired chromosomal aberrations and using
the obtained results to forecast the reproductive ability of an animal in the early age.
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INTRODUCTION undesired genetic burden of the population and lead to

Species, breed, linear and familial features of animals economic losses [1].

are passed from generation to generation due to mate-
rial inheritance media — chromosomes. The diploid set
of somatic cells contains a complete, stable and specific
volume of information, remarkable for the species, and
ensures a full-fledged functioning of the systems of the
animal organism.

However, factors of different nature in the structure
or in the number of karyotype chromosomes may trig-
ger changes, leading to the disruption of gene function-
ing and formation of hereditary defects which compose
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Over 50 years ago, Professor Ingemar Gustavsson, a
pioneer of veterinary cytogenetics, presented evidenc-
es of the negative impact of karyotype anomalies on the
development and functioning of organism systems in
domestic animals, in a renowned scientific journal Na-
ture [2]. Later studies allowed identifying chromosom-
al aberrations in animals, which lead to the decrease in
fertility, structure and functions of the phenotype, and
the stability of their gene fund in general [3-5].

Cytogenetic studies, conducted by different investi-
gators in different countries using different equipment,
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confirm that the decrease in fertility of cows oc-
curred after the start of instability of chromosomal
apparatus [6, 7]. At present, over 10 different types
of chromosomal anomalies have been detected in an-
imals of different cattle breeds which result in up to
45 % loss of progeny (embryonic, fetal, perinatal)
[8]. While chromosomal anomalies are in heterozy-
gous state in the karyotype, they may not be mani-
fested in the phenotype of a host animal, but may
present the threat to spreading undesired genetic
burden in the population [9-11].

Severe requirements have been put forward to he-
reditary features of breeding bulls for a long time, as
it is related to the possibility of obtaining hundreds
and thousands more calves from one bull via artifi-
cial fertilization, compared to one cow. Currently,
the value of some cows, especially highly productive
ones, increases considerably with the distribution of
biotechnological methods in reproduction (transplan-
tation of embryos, etc.). Thus, more attention is paid
to thorough genetic evaluation of the breeding stock
of pedigree herds.

Repeat breeding of animals, miscarriages, birth of
deformities, dead, inviable litter are reasons for cy-
togenetic analysis. The evaluation of animals for the
presence of chromosomal anomalies is one of the main
tasks of practical selection with the purpose of detect-
ing undesired chromosomal anomalies in early age,
which may have negative impact on the reproductive
and productive capability of cows.

The aim of our study was to analyze a spontaneous
level of chromosomal aberrations in animals with dif-
ferent manifestations of the reproductive function.

MATERIALS AND METHODS

The object of the study was a breeding stock of Ukrai-
nian Red-and-Motley dairy breed cows, bred in SE Re-
search Farm Khrystynivske of the Institute of Animal
Breeding and Genetics n.a. M.V. Zubets, NAAS. The
materials of zootechnic registration of the computer in-
formation management system /ntese! Orsek for dairy
farming were used to select cows with reproductive
impairments (23 animals) and cows with normal repro-
ductive function (30 animals).

The material for investigation was peripheral blood,
taken from the caudal vein of cows into sterile syring-
es with the heparin solution. The procedure of blood
sampling was conducted with thorough compliance
with sterility requirements, sterilizing the skin surface
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of animals with 70 % of ethyl alcohol at the place of
injection prior to sampling. Blood samples were trans-
ported in the insulated container at 24 °C.

The cytogenetic analysis was conducted in the Labo-
ratory for Genetics, the Institute of Animal Breeding
and Genetics n.a. M. V. Zubets, NAAS.

Obtaining chromosome preparations was performed
using the culture of lymphocytes (1 ml), cultivated
in the cultural medium RPMI 1640 with L-glutamine
(Sigma, USA) (5 ml) with the addition of phytohemag-
glutinin R (PHA-R, Sigma, USA) (0.015 ml) and em-
bryonic calf serum (1 ml) for 72 h in the thermostat at
37 °C. Two hours prior to the end of cultivation, each
vial was added colchicine to stop the division of cells
at the metaphase stage (Sigma, USA) in the concentra-
tion of 0.05 pg/ml. It allowed analyzing the cells of the
first mitosis mostly. After the cultivation, the content of
vials was poured into centrifuge tubes and centrifuged
for 15 min at 1.000 rpm. Hypotonic treatment of cells
was conducted with the obtained ex tempore and heat-
ed to 38 °C 0.075 M potassium chloride solution for
20 min. After hypotony, the suspension of cells was
centrifuged to remove the potassium chloride solution.
The supernatant solution was carefully removed with
the 1 ml measuring flask, the cell pellet was fixed with
the freshly made cooled mixture of ethanol (or metha-
nol) and icy acetic acid in the 3 : 1 ratio. The treat-
ment with the fixative was conducted 3—4 times with
intermediate resuspending and centrifuging until com-
plete discoloration of the mixture. The obtained fixed
cell pellets were kept in the freezer up to the moment
of preparing metaphase chromosome preparations. To
prepare the latter, a cell mixture was dissolved with
a small amount of the fixative to achieve the desired
density, resuspended carefully and several drops were
applied to a cold wet specimen slide. Then the glass
slide was quickly passed through the flame of alcohol
burner to blaze away the fixative which promoted the
improvement in preparation quality.

Giemsa staining involved the use of 2 % solution
with phosphate buffer for 10-15 min. To achieve dif-
ferential GTG-banding, the preparations of metaphase
chromosomes were placed for 10—-15 sec in 0.25 %
trypsin solution, dissolved in 0.25 % Hanks’ solution
at room temperature and stained with the solution of
azure eosin.

The slides with no overlapping layers of chromo-
somes were used for the analysis which allowed count-
ing the total number and identifying them. The inter-
mediate count of sex chromosomes, each of which
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corresponded to one haploid set, was used to count
polyploid cells.

Metaphase slides were photographed with a digital
camera Olympus D-460 ZOOM.

The frequency of aberrant metaphases and the spec-
trum of chromosomal aberrations were defined as pa-
rameters of chromosomal instability in all the studies.
The cells were deemed to be aberrant if they had at least
one structural or quantitative impairment of karyotype.
Chromosomal aberrations were counted in at least 30
metaphases. The analysis of preparations of metaphase
cells included the following indices: frequency of an-
euploid and polyploid cells, frequency of cells with
structural aberrations of chromosomes (chromosome
breaks, fragments of chromosomes, premature centro-
mere division of mitotic chromosomes — (PCDMC)).

The organization of sampling considered typicality,
objectivity, and homogeneity of primary materials of
pedigree records. At least 30 metaphase slides were
analyzed for each animal in both groups.

Student’s t-test was used to estimate the results with
three levels of reliability values (P > 0.95, P > 0.99,
P > 0.999). The processing of study results was per-
formed with Microsoft Excel software package.

RESULTS OF STUDIES

Two groups of cows were formed with the consid-
eration of functional impairments of the reproduction
system: group [ — animals with frequent stillborn calves
and spontaneous miscarriages during the usage period
(n=23); group II — cows with no decrease in the repro-
ductive function (n = 30).

The frequency of aberrations in the karyotype of cows with
different reproductive ability

Group 1 II

Animals 23 30
Investigated metaphases 678 882
Total aberrant cells, % 14.69+0.56 | 7.10+1.0
Frequency of genomic aberra-
tions, %

aneuploid cells 2.33+£0.64 | 1.39+£0.31

polyploid cells 1.92+0.23 | 1.38+0.31
Frequency of structural aber-
rations of chromosomes, %

breaks 2.70+0.47 | 0.75+0.39

fragments 1.69+£0.41 | 1.27+0.28

translocations 1.34+£0.03

PCDMC 2.66+0.71 | 0.37+0.30
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The analysis of chromosome preparations demon-
strated that the spectrum of aberrant metaphases had
aneuploid and polyploid cells, chromosomes with
breaks, paired and single fragments of chromosomes,
translocations and premature centromere division of
mitotic chromosomes (PCDMC). Aberrant cells had
one-three aberrations.

Cytogenetic analysis of 678 investigated metaphases
in 23 cows with the decrease of the reproductive func-
tion demonstrated 98 aberrant cells (14.69 + 0.56 %).
Among them, there were 4.25 % heteroploid cells, the
main share of which (2.33 %) consisted of aneuploidy
and 1.92 % — polyploidy (Table). Structural aberrations
of chromosomes had the frequency of 4.70 %, with the
highest frequency for cells with chromosome breaks —
2.70 £ 0.47.

The analysis of 882 metaphase slides from 30 cows
with normal reproductive ability revealed 63 aberrant
cells, which demonstrated the frequency of 5.16 %.
The cumulative mean level of heteroploidy was
2.77 %, including almost equal frequencies of aneu-
ploid and polyploid cells of 1.39 % and 1.38 % re-
spectively. The cells with chromosome breaks had the
frequency of 1.75 %, the ones with fragments of chromo-
somes — 1.27 %, which formed the total for the group
of structural aberrations of chromosomes of 2.02 %.

The number of aberrations per one investigated cell
of cows with normal reproductive function was 0.071,
and that of cows with impaired function — 0.144.

The cumulative frequency of aberrant cells in cows
with impaired reproductive function was 14.69 =+
+ 0.56 %, which was almost twice reliably (P < 0.999)
exceeding the value of a similar feature in cows with
normal reproduction.

In particular, the level of numerical aberrations (an-
euploidy and polyploidy) in the cells of cow’s blood
with impaired reproductive ability was reliably ex-
ceeding (P < 0.999) similar indices for cows, which
did not have miscarriages and stillborn calves. It was
also determined that there was a reliably higher fre-
quency of polyploid cells in cows with prolonged
service-periods.

The comparison of metaphase frequencies and chro-
mosome breaks allowed detecting statistically higher
(P > 0.99) mean value of this feature in animals with
impaired reproductive function.

PCDMC is a feature, demonstrating the instability of
chromosome set of the animal. The frequency of cells
with this feature was almost 7-fold statistically reliably
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higher (P > 0.999) in animals with impaired reproduc-
tive function.

The analysis of the spectrum of karyotype aberra-
tions in the examined animals demonstrated structural
reconstructions of chromosomes, formed as a combi-
nation of two acrocentric non-homologous chromo-
somes with centromere areas with the formation of one
metacentric chromosome, qualified as Robertsonian
type (RT) translocations. When balanced, they do not
have any visible impact on the organism, as the genetic
material, present in the fusion area, is the same as in
two separate chromosomes. However, other research-
ers [12] report that they are rather dangerous due to the
fact that their carriers are phenotypically normal, but in
breeding age they often have decrease in the fertility,
and in some cases — sterility.

The analysis of routinely stained preparations dem-
onstrated Robertsonian translocations in three animals
with the frequency of 0.31+£0.03 %. One of them was
identified as RT 1/29 (Fig. 1). This translocation was
detected with the frequency of 0.063 % in cows with
impaired reproductive system.

RT 1/29 — the centric fusion of the largest and small-
est chromosomes — is the most common for cattle. This
translocation was registered in 30 bovine cattle breeds
with the frequency from 0.1 to 32 %. If an animal
karyotype has RT 1/29, the chromosome set consists of
59 chromosomes (27 = 59) and routine staining allows
identifying a large submetacentric chromosome on the
preparation, in addition to sex chromosomes. Different
authors described over 50 types of Robertsonian trans-
locations in bovine cattle with different autosomes, but
with more frequent involvement of chromosomes from
pairs 1, 9, 14, 16, 21, 27, and 29 into structural trans-
formations [13—15].

It was demonstrated that Robertsonian translocations
often occur spontaneously in the progeny of parents
with normal karyotype. Although current mechanisms
of forming Robertsonian translocations have not been
determined completely, the study results of cytogene-
cists indicate that they may occur due to reparation er-
rors, which conditions inaccurate coupling of breaks
via non-homologous recombination [16].

Most types of centric fusion in dairy cattle, including
RT 1/29, condition the decrease in fertility [17]. Re-
gardless of the fact that the carriers do not have devia-
tions in the phenotype, the translocations lead to their
formation of chromosome-unbalanced gametes, which
are a reason of early embryonic death after fertilization
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Fig. 1. Metaphase slide of a cow with translocation RT 1/29.
Magnification: vol. X100; cir. x10
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Fig. 2. Metaphase slide of Ukrainian Red-and-Motley dairy
breed cows with RT 13/23 and the relevant karyogram

[18]. The karyotype of bovine cattle is notable for the
presence of only autosomes of acrocentric type in their
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set and it is almost impossible to distinguish their larger
part using routine staining. Still, it is possible to iden-
tify RT 1/29 with high probability on the preparations
with routine staining, as the translocation involves the
largest and smallest chromosomes of the set. Limited
possibilities of routine staining make it doubtful to
identify translocations with the participation of other
chromosomes. Only the application of the methods of
differential staining, G-banding in particular, allows
determining which chromosomes are involved in the
translocation.

Our analysis of differentially stained preparations of
chromosomes revealed a cow (inventory number 6040)
with the set of chromosomes 27 = 59 and the chromo-
some transformation — Robertsonian translocation.
GTG-banding of preparations of the chromosome set
of the animal demonstrated that this translocation was
formed out of two non-homologous acrocentric chro-
mosomes from pairs 13 and 23 and identified as Rob-
ertsonian translocation RT 13/23 (Fig. 2). The presence
of large blocks of centromeric heterochromatin in the
translocated chromosome allows for the assumption
that the translocation was formed de novo.

During the period of staying at a holding, this cow
gave a phenotypically healthy calf (heifer), the milk
yield for the first lactation was 6.787 kg, service-period
after the first calving was 188 days, and the calving
interval was 470 days. The second calving was ended
with a miscarriage.

It is known that animals with translocation in the
heterozygous state form sex cells with excessive or in-
sufficient chromosomes in the meiosis along with full-
fledged gametes. The presence of a chain or a ring of
quadrivalents in diakinesis of meiosis leads to uneven
disjunction which results in the formation of sex cells
with unbalanced set of chromosomes at the stage of
metaphase II of meiosis. Thus, the phenotypic mani-
festation of this type of chromosomal aberrations is
manifested in increased embryonic morbidity [19].

We have not found any communications in the sci-
entific literature about any translocation with chromo-
some 13 and 23 in bovine cattle. Obviously, RT 13/23,
detected by us, is a poorly investigated or not investi-
gated translocation.

The data of cytogenetic studies, collected up till
now, indicate that Robertsonian translocations of chro-
mosomes are sporadic in many genetically unrelated
breeds of bovine cattle, thus, it is probable that this
translocation 13/23 could occur de novo due to sponta-
neous mutation processes.
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CONCLUSIONS

The cytogenetic analysis of chromosome set of
Ukrainian Red-and-Motley dairy breed cows allows
assuming the connection between a decrease in the
fertility of cows and chromosomal instability. It was
determined that the frequency of chromosomal aberra-
tions in animals which had miscarriages and stillborn
calves were higher compared to cows with normal re-
productive function. Translocation RT 1/29 was found
to have the frequency of 0.063 %. A new Robertsonian
translocation — RT 13/23 — was found and identified. It
is reasonable to have regular cytogenetic monitoring to
increase the productivity of dairy cattle and maintain
its reproductive health.

This article does not relate to any studies using hu-
mans and animals as investigation subjects.
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Merta. O1iHKa TBapHH Ha HASBHICTh Y HUX XPOMOCOMHHX
aHOMAJIil € ONHIEID 13 BAXJIMBHUX 3aJ1a4 MPAKTUYHOI ce-
JIeKIii 3 METOI0 BMSBJICHHS y PaHHbOMY Billl HeOakaHHX
XPOMOCOMHHX aHOMallil, SKi MOXXyTb HETaTHBHO ITO3HAYH-
THCS Ha BIITBOPIOBANIBHIHN 1 IPOJYKTUBHIH 3]aTHOCTI KOPiB
Ta MPU3BECTH JI0 3HAYHUX EKOHOMIYHUX BTpar. MeToro po-
00TH € NUTOTEHETHYHUHN aHalli3 XPOMOCOMHOTO Habopy y
KOpiB YKpaTHCHKOI Ye€pPBOHO-Ps00i MOJIOYHOI ITOPOIH, SIKHH
Jla€ 3MOTY IPUIYCTHTH HasBHICTb 3B 513Ky IOPYIIEHb pe-
NpoAyKTHBHOI (yHKLIT i3 abepauismu xpomocom. MeTtoam.
Hocmimkeni 53 kopoBH yKpaiHCBKOi YEpBOHO-psO0i MoO-
nounoi mopoan JAIT «AI" «Xpuctuniseske» IPI'T im. M. B.
3yous» HAAH. Jlist qocmipkeHHsT XpOMOCOMHUX aHOMaJTif
BUKOPUCTOBYBAJIM 72-TOIMHHE KYJbTUBYBaHHs JIM(OIUTIB
3 iepuepiifHOT KPOB TBApUH 32 3araJbHONPHHHATUMH Me-
ToaukamH. [Ipu pyTHHHOMY aHami3i npenapartu GapOyBaiu
2%-auM pozunHoM [im3a. IunykyBanust G-cMmyr st au-
(epeHtiitHOTO 320apBICHHS XPOMOCOM BHUKOHYBAJH 3 BH-
xopuctanHsaM 0,25%-Horo pos3umHy Tpuncuay. OOpoOKy
PE3yNIBTaTIB TOCIIKCHD IPOBOIUIIN 32 TOTIOMOI'OK TAKETY
mporpam Microsoft Excel. PesyasTarun. B pesynsrati mo-
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CIIDKEHb y CHEKTpi abepamii BUSBWIM aHEYIUIOIMHI Ta
MOJIIUIOIAHI KIIITHHM, PO3PUBH 1 (parMEeHTH XpOMOCOM,
MepeuacHe PO3XO/PKEHHS XPOMOCOM Yy MITO31 Ta TpaHC-
mokarii). Y KopiB 3 MOPyHMICHHSIMH PEIPONTyKTHBHOI (PyHK-
mii 3arajpHa YacToTa abepaHTHHX KIITHH ckiana 14,69 +
+ 0,56 %, uncno abepauiii Ha OAHY JMOCIIJDKEHY KIITH-
Hy — 0,144, mo wmaibke BaBiui BiporimHo (P < 0,999)
mepeBakae 3HAYCHHS AHAJOTIYHUX O3HAKy Y KOpiB, SKi
HE MalTh NpOoOJeM 13 PEenpoAyKIi€l0. 3 BHKOPHCTAHHSIM
metony GTG-banding BuSABIEHO HOBY pPOOEPTCOHIBCHKY
tpanciokaiiro RT 13/23. BucHoBkm. lluToreHernynmii
aHaJi3 XpOMOCOMHOTO HabOpy KOpiB yKpaiHCHKOI YepPBOHO-
psi601 MOJIOYHOI TOPOAM Ja€ 3MOTY IPHITYCTUTH 3B 30K
MOPYILEHb PETPOAYKTHBHOI (PYHKIIIT KOPIB 3 XPOMOCOMHOIO
HecTaOimbHICTIO. PYyTHHHWI CKpHWHIHT KapioTHIy KOpiB
MOJIOYHOTO HArpsMy MPOAYKTHBHOCTI JI03BOJISIE HE JIHIIE
OLIIHUTH HACHYCHICTh KapioTUITy HeOakaHUMHU abepalisMu
XpOMOCOM, a TaKOX Jda€ 3MOTy BHKOPUCTATH OTPUMaHi
pe3yabTaTy Jyist IPOrHO3yBaHHs B PAHHBOMY Billi TBAPUHH 11
CTaH PeNpoOyKTUBHOI 31aTHOCTI.

Kuarouosi ciioBa: kapiorur, adepaiiii, ykpaiHChKa YepBOHO-
ps6a MoOJI0YHA TTIOPO/Ia, BiATBOPHA 3AATHICTE.
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Heanb. OneHka ’KUBOTHBIX HA HAINYNE B HUX XPOMOCOMHBIX
aHOMaJIuil SIBISIeTCS OJHOM M3 BaXKHBIX 3ajjad MpaKTHYecC-
KOW CEJeKIMH C IENbI0 BBIIBICHUS B PaHHEM BO3pacTe
HE)KENNaTeIbHBIX XPOMOCOMHBIX aHOMANWH, KOTOPBIE MO-
IYyT HETraTMBHO CKa3aTbCsl Ha BOCIPOM3BOJACTBEHHBIH U
MIPOAYKTHBHONW CIIOCOOHOCTH KOPOB M TPHUBECTH K 3HA-
YUTENBbHBIM SKOHOMHUYECKUM IoTepsM. Llenbio paboTsl sB-
JISIeTCSl MUTOTEHETHYECKUH aHalIM3 XPOMOCOMHOTO Habopa
Yy KOPOB YKPaUHCKOH KPAaCHO-IIECTPOl MOJIOYHOW IOPOABI,
YTO MO3BOJSIET MNPEANONOKUTh HAJIMYUE CBA3M Hapylle-
HUH PerpoayKTHBHON (DYHKIMHU C abeppanusiMi XpOMOCOM.
Metoabl. MccnenoBanbl 53 KOpOBBI YKPAaMHCKOH KpacHO-
nectpoil Monounoil mopoxas! I'Tl «OX «XpuctuHoBckoe»
HUPIK um. M. B. 3ybma» HAAH. [Ina uccrnenoBaHus
XPOMOCOMHBIX aHOMAJIH HCITIONB30BAIN 72-4acOBOE Kyib-
THUBHPOBAHUS JIMM(OIUTOB U3 NepH(epuIecKoil KPOBH KH-
BOTHBIX O OOWIENPUHATHIM MeToaukam. Ilpum pyTHHHOM
aHaJIu3e Mpenaparsl okpamnBaiu 2%-HbIM pacTBOPoM [ M-
3a. UaaynupoBanne G-nonoc mist auddepeHnanbsHol OK-
PacKé XpOMOCOM BBITIONHSIM C ucrnonb3oBaHueM 0,25%-
HOro pacTtBopa TpurcuHa. OOpaboOTKy pe3ynbTaToB HcCie-
JIOBAaHMH TPOBOAWJIM C TIOMONIBIO IAKETa IPOTPAMM

AGRICULTURAL SCIENCE AND PRACTICE Vol.6 No.1 2019

Microsoft Excel. Pesyabrarnl. B pesymbrare mcciemoBa-
HUW B criekTpe adepparuii oOHapyXWJIM aHEYIUIOMIHBIE U
TTOJTMTUTONIHBIX KJIETKH, Pa3pbIBEI U parMeHThl XpOMOCOM,
MIPEXKICBPEMEHHOE PACXOXKICHHUS XPOMOCOM B MHTO3€ H
TPaHCIOKAIMU. Y KOPOB C HapyIIEHUSIMU PEIPOJYKTUBHON
¢$yHKIMN 00mIast yacToTa abeppaHTHHIX KIETOK COCTaBHIIA
14,69 £+ 0,56 %, uncno abeppanuii Ha OHY HCCIIEOBAH-
Hyto kietky — 0,144, uto moutu B ABa pa3a JOCTOBEPHO
(P <0,999) npeobnanaer 3HauCHNE aHATOTUYHBIX TPU3HAKOB
y KOpOB, HE MMEIOUIMX MpodiieM ¢ penpoxaykiuei. C uc-
nosip3oBanneM Mmerona GTG-banding oOnapykeHa HoBas
pobeprconoBckast Tpanciokarus RT 13/23. BeiBoasbl. L{u-
TOTEHETUYECKUI aHaln3 XPOMOCOMHOro Habopa KOpoB
YKPAaMHCKOI KpacHO-NECTPOl MOJIOYHOH MOpOoABI IMO3BO-
JISIeT TPEIIONIOKHUTh CBS3b HapyILICHUH DPENpORyKTHBHOMN
(YHKIIMM KOPOB C XPOMOCOMHOW HecTaOWIBHOCTBIO. Py-
TUHHBIA CKPUHMHT KapHOTHIIA KOPOB MOJIOYHOTO HarpaB-
JIeHUs] TPOAYKTUBHOCTH TIO3BOJISIET HE TOJBKO OLIEHUTH
HaCBINEHHOCTh KapUOTHIA HEXeJIATeIbHBIMU albepparius-
MU XpOMOCOM, a TaKXe I03BOJSET HCHOJIb30BaTh IOIY-
YEeHHBIC PE3YNbTAThl JUIsi IPOTHO3MPOBAHUS B PAaHHEM BO3-
pacTte XMBOTHBIE €€ COCTOSIHHE PEIPOIYKTHBHOW CIIOCOO-
HOCTH.

KioueBble cJjioBa: KapuoTHll, abeppaiuu, yKpauHCKas
KpacHO-TIecTpasi MOJIOYHAsI IOPO/Ia, BOCIIPOU3BOAUTEIbHAS
CITOCOOHOCTE.
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