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Aim. The aim of this study was a comparative analysis of karyotypes of purebred, inbred, and crossbred cows of the
Ukrainian red-spotted dairy breed in order to detect their degree of chromosomal aberrations. Methods. The cyto-
genetic study involved 156 cows of the Ukrainian red-spotted dairy breed from two research farms of M.V. Zubets
Institute of Animal Breeding and Genetics, the NAAS. Cultures of peripheral lymphocytes, stimulated with phyto-
hemagglutinin (PHA, Difco, USA) were used according to the method of Moorhead et al. (1960). The chromosomal
preparations were stained with 2 % Giemsa solution (Giemsa, Merk) and analyzed under an Axiostar plus (Carl Zeiss,
Germany) light microscope at 1,000 times magnification. Metaphase slides were photographed with a digital camera
Olympus D-460 ZOOM. The biometric processing of the study results was conducted by ANOVA using Microsoft Ex-
cel 2010. Results. Genomic mutations (aneuploidy and polyploidy) and structural aberrations of chromosomes were
found in the karyotypes of the investigated purebred, inbred, and crossbred cows. The total share of aberrant cells var-
ied from 11.4 +0.39 % in_purebred, 11.8 = 0.40 % in inbred to 17.30 = 0.85 % in crossbred cows. In two animals the
Robertson translocation, rob (1 : 29) was found. A statistically significant difference between purebred, inbred, and
crossbred animals was found regarding cells with aneuploidy and structural chromosomal aberrations. Conclusions.
The karyological analysis yielded data showing changes in genetic structure that can have an influence on fertility and
production in different breeding programs.
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INTRODUCTION

Regardless of the rapid development of new molecu-
lar methods in the studies of the genome of agricul-
tural species of animals (matrix platforms, sequencing,
FISH), the routine metaphase analysis of chromosomes
following Giemsa staining and G-banding remain cru-
cial procedures in the screening of aberrations in cy-
togenetic laboratories (Basrur and Stranzinger, 2008;
Raudsepp and Chowdhary, 2016; Harshini et al, 2021).
Chromosomal aberrations and their mechanisms in cat-
tle have been studied for many years, as most of them
demonstrate the occurrence of an impaired genetic ap-
paratus, often leading to reduced fertility (infertility
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of carriers, early death of embryos, and severe con-
genital malformations (Bakhoum, 2014; Szczerbal and
Switonski, 2016; Holeckova et al, 2021)

Yet a low (insignificant) level of chromosomal insta-
bility is a natural variation factor and normally does
not impact the organisms functioning. Chromosomal
aberrations, without any obvious deleterious effect,
indeed occur in any generation of genetically healthy
animals due to spontaneous mutagenesis in somatic
cells (Raudsepp, 2016; lannuzzi, 2007). Impact of
ecological, chemical, radiation, and other factors on
karyotypic variability in cattle has been reported over
the years. In particular about the higher level of chro-
mosomal instability in highly performing animals due
to enhanced metabolism on the cellular levels (e.g.,
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Wojcik, Szostek, 2019). Furthermore, there is impact
of breeding methods on the stability of the karyotype,
first studied by Zartman, Fechheimer in 1967, but
still needing further elaboration (e.g., Chauhan et al,
2009).

The aim of this article is to analyze numerical and
structural changes in the karyotype of 156 Ukrai-
nian red-spotted dairy breed, obtained via outbreed-
ing, various stages of inbreeding and crossbreeding.
Our earlier study (Dzitsiuk, 2016) highlighted the
chromosome variability of crossbred cows, obtained
by interbreed mating (cattle X zebu), while creation
of the Southern meat breed was described. A further
study on purebred and inbred cows of Ukrainian red-
spotted dairy breed demonstrated the connection be-
tween chromosomal instability in cows with the im-
paired reproductive function, regardless the degree
of their affinity (Dzitsiuk, Peredriy, 2017a). Finally,
it was established that the difference purebred and
inbred animals in the frequency of chromosomal ab-
errations was not statistically significant (Dzitsiuk,
Peredriy, 2017b). The main focus of this study was to
obtain information about the degree of chromosomal
variability of Ukrainian red-spotted dairy breed, born
due to interbreed mating (Ukrainian red-spotted dairy
breed and Montbeliarde breed).

MATERIALS AND METHODS

The cytogenetic studies were conducted from 2019
to 2021, with Ukrainian red-spotted dairy cows,
bred at the SE Research Farm Nyva of the M.V. Zu-
bets Institute of Animal Breeding and Genetics, the
NAAS, and the SE Research Farm Khrystynivske, the
M.V. Zubets Institute of Animal Breeding and Gene-
tics, the NAAS.

The material of the study was peripheral blood of
156 first lactation cows of the Ukrainian red-spotted
dairy breed, obtained by a different selection of pater-
nal pairs — purebred pairs and the ones with a differ-
ent degree of inbreeding (close, moderate, and remote)
as well as crossbred ones, bred by crossing Ukrainian
red-spotted cows with Montbeliarde bulls. The degree
of inbreeding was determined according to the Pusha-
Shaporuzh classification (Basovsriy et al, 2001): clo-
se — the ancestor is found in I-1II, ITI-1, I-II, II-I rows
of the pedigree; moderate — in III-IV, IV-III, TI-III,
-1, TI-11; distant — IV-V, V=V, V-1V, IV-1V.

The blood of cows was taken from the caudal vein
into sterile syringes with the heparin solution. The
short-term cultivation of lymphocytes was conducted
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by the method of Moorhead PS et al (Moorhead, 1960)
for 72 h in the thermostat at 37 °C in the culture me-
dium RPMI 1640 with L-glutamine (Sigma, USA) and
with mitogen PHA (phytohemagglutinin, 0.1 ml/ml)
(Difco, USA) with the addition of 100 pg/ml antibiotic
gentamicin (gentamicin sulfate, Darnytsia, Ukraine)
and 15 % fetal calf serum. Two hours before the end
of cultivation, 0.5 pg/ml colchicine (Sigma, USA) was
added to the culture. Then the cell suspension was pre-
cipitated by centrifugation (at 500x g), 10 min) and
incubated in a hypotonic KCI solution (0.56 %) for
20 min and fixed in three changes of ethanol with gla-
cial acetic acid (3 : 1 ratio). After fixation, drops of the
cell suspension on clean, cooled specimen slides. The
preparations were stained with 2 % Giemsa solution
(Giemsa, Merk) and analyzed under an Axio-star plus
(Carl Zeiss, Germany) light microscope at 1,000 times
magnification. Metaphase slides were photographed
with a digital camera Olympus D-460 ZOOM.

Chromosomal aberrations were counted in at least 50
metaphases per animal. The data obtained were ana-
lyzed using one-way ANOVA in MS Excel 2010. Sta-
tistical significance was determined at p < 0.05.

RESULTS

The chromosomal sets of the investigated purebred,
inbred, and crossbred cows showed both numerical
(euploid) changes and structural aberrations.

The changes in the (normal) euploid karyotype were
present as aneuploidy and polyploidy (Fig. 1)

The amount of aberrant cells detected was lowest
(11.4 = 0.39 %) in pure cows, intermediate c.13 %
for inbred cows (although varying from c¢ 12.0 % in
moderate and distant, to 16.2 = 0.60 in closely in-
bred cows), and highest in crossbred cows (17.30 +
+ 0.85 %) (Table).

Aneuploid cells (missing or having an excess of chro-
mosomes) were the most common chromosomal aber-
rations found, lowest (2.7 %) in purebred and highest
(5.5 %) in crossbred cows. The number of aneuploid
cells is statistically significantly between those from
purebred, close inbred and crossbred animals. Aneu-
ploidy was not statistically significant between moder-
ate and distant inbred animals.

A higher aneuploidy in cells may have been caused
by the cultural and chromosome preparative meth-
ods. But since in our study, both hypoploid and hy-
perploid cells within aneuploid ones occurred with
approximately the same frequency it is assumed that
the observed aneuploidy is real. Hypoploidy (loss
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Fig. 1. Metaphase plates from peripheral blood lymphocytes of the Ukrainian red-spotted dairy cattle breed with an aneuploid
set of chromosomes: a —2n=57; b — 2n=59; ¢ — 2n = 61. Magnification 1000x under the microscope. Giemsa stain

The karyotypic aberrations detected in purebred, inbred, and crossbred cows (in % of the total number of analyzed meta-

phases)

Karyotype abnormalities Purebreeding Inbrecding Crossbreeditllg
close moderate distant URSDxM "
Number of cows 49 17 18 40 32
Total % of cells with aberrations | 11.4+0.39 * 16.2 +£0.60 11.8+£0.40 12.0+0.71 17.30 £ 0.85 *
Aneuploid 2.70£0.66 * | 4.90+0.60 * 3.40+0.70 3.0+0.55 5.50+0.70 *
Polyploid 0.79 £ 0.44 0.70 £0.08 0.67+0.27 0.66 £0.71 0.40£0.11
Chromosome with breakage 2.40£0.18 *** 1 460+ 0.57 *** |  225+0.20 2.75 +0.60 3.16+£0.12
Chromosome fragments 2.35+0.70 * 3.90+0.94 * 2.55+0.30 2.80+0.52 3.05+0.80

Note. P> 0.95; ** P> (0.99; *** P> (.999.

Fig. 2. Metaphase plates from peripheral blood lymphocytes of the Ukrainian red-spotted dairy breed: a — normal; b — with
chromosome breakage (arrow); ¢ — with a chromosome with a missing fragment (arrow). Giemsa stain. Magnification: 1000x

under the microscope

of chromosomes) may also have been the result of
elimination of damaged chromosomes during mi-

totic division.
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The percentage of polyploid cells observed in all the
investigated groups was under one percent:

In our study, the structural chromosomal aberrations
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comprised of 67 % of all detected aberrations in the
chromosome set in purebred animals, 71 % in animals
obtained as a result of close inbreeding, 65 % in ani-
mals from moderate inbreeding, 67 % in animals from
distant inbreeding and 61 % in crossbred animals of
the total number of all the impairments in the chromo-
somal set. These aberrations included chromosomal
breaks and fragments as well as associations of non-
homologous chromosomes (Fig. 2).

Cells with chromosomal breaks and chromosomal
fragments were almost twice more frequent in close in-
bred and crossbred cows, than in purebred cows. The
moderate and distant inbred cows, were close to pure-
bred ones regarding the number of metaphases with
breaks and fragments.

We observed in two moderately inbred cows the Rob-
ertsonian translocation rob (1/29), which is the associa-
tion of two non-homologous acrocentric chromosomes
(Fig. 3).

DISCUSSION

Our results, presented in this article, are the continu-
ation of an investigating of the karyotypic variability
of animals obtained via different breeding methods —
pure breeding, inbreeding, and crossbreeding. The first
studies, that started in 2008 were aimed at the research
on karyotypic variability of 45 animals of varying con-
sanguinity of the newly created Southern meat breed at
the farms Zelenohirske in Odesa region and Simfero-
pilske in the Autonomous Republic of Crimea. This
study demonstrated that the number of aberrant cells in
interbreed hybrids (cattle x zebu) was 1.5 times higher
as compared to interspecies hybrids (Dzitsiuk, 2016).

Our next study was aimed at investigating karyotypes
of the first-generation cows of the Ukrainian red-spotted
breed, born in 2015-2016 via closely related, moderate
and distant inbreeding (Dzitsiuk and Peredriy, 2017).
The hypothesis that combination of consanguine het-
erozygous carriers of undesired chromosomal aberra-
tions enhance the probability of the transition of those
aberration into a homozygous state was confirmed.

Our study on intermediate genotypes of meat cattle,
while breeding the Southern meat cattle breed (Dzit-
siuk, 2016), proved a statistically significant differ-
ence by the frequency of aberrant cells between inter-
breed local animals (Hybrids %Zebu x %C x 1/8RS,
25 heads) and purebred animals of the red steppe
purebred animals (11 heads ). Chromatide-type aber-
rations predominated in the karyotypes of cross-bred
animals, while more chromosomal aberrations in the
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Fig. 3. Metaphase chromosomes, Giemsa staining, Rohatka
cow 8010388602, Ukrainian red-spotted dairy breed with a
Robertsonian translocation rob1/29 (arrow). Magnification:
1000x under the microscope

form of paired fragments and breaks of both chroma-
tids were found in red steppe purebred animals (Dz-
itsiuk, Peredriy 2017a,b). It should be noted that the
frequency of cells with aberrations was approximately
the same in our different studies.

The results of a cytogenetic study of 90 heads of the
Ukrainian red-spotted dairy breed (Dzitsiuk et al, 2022)
showed greater chromosomal instability of crossbred
cows compared to purebred cows: in crossbred cows,
significantly higher frequencies (P < 0.001) of an-
euploid (one and a half times), polyploid (on 27 %)
and structural aberrations of chromosomes (by 20 %)
were found. The Robertsonian translocation rob(1/29)
which we found is the most common among different
cattle breeds (Popescu, Pech, 1991; Sennings, 2020).
This translocation may be detected even with routine
staining, as it consists of the first chromosome — the
largest in karyotype, and the twenty-ninth chromoso-
me — the smallest one. Contrary to X-chromosome,
which is similar to rob(1 : 29), the staining of prepa-
rations by G-banding method proved that the translo-
cational chromosome had remarkable blocks of het-
erochromatin, brought in by acrocentric chromosomes
1 and 29, while in X-chromosome these blocks were
absent.

The level of chromosomal instability in different
species of agricultural animals depends on many fac-
tors, including environment, breeding method, intra-
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breed specificities, the health of animals, etc. (Pryce
et al, 2014).

It has been established that the crossing of animals,
even that of consanguine breeds, even when obtained
under different breeding systems and in different eco-
logic conditions leads to the deconsolidation of hered-
ity. More than 50 years ago, Zartman and Fechheimer
(1967) studied the frequency of polyploidy in inbred,
crossbred, purebred, and local bulls of Hereford meat.
They found the lowest ploidy in the group of three-
breed hybrids (5.2 %) and in the animals, obtained via
linear crossing (6.5 %). Somewhat higher ploidy was
noted for inbred animals (7.3 %).

Popescu (1990) reported that some phenotypically
normal animals, obtained via different crossing vari-
ants, were homozygous by non-lethal inversions. The
sequence of gene linkage was changed in such animals,
but the conjugation of chromosomes and the following
recombination were normal.

Harshini et al, (2020) in India reported a considerable
difference (P < 0.01) in the relative length of Y-chro-
mosome between purebred Bos indicus and crossbred
Bos taurus * indicus. These reports indicated changes
in the karyotype of animals obtained as a result of vari-
ous breeding methods as well.

The level of somatic aneuploidy in Holstein breed,
found by Lozano et al, (2013), was in the range from
1.0 to 16.0 %, which is substantially higher variabil-
ity than that in our study (2.7-5.5 %). They specu-
lated that apart from polyploidy, aneuploid oocytes,
when fertilized and subsequently undergoing embry-
onic death, may negatively influence. Other authors
(Danielak-Czech et al, 2020; Iannuzzi, 2021 and Sen-
nings et al, 2020), studying chromosomal aberrations
in pigs, concluded that the phenomenon of somatic
aneuploidy may be a marker of the change in a chro-
mosomal set due to the disruptions in the reproductive
ability of animals.

We conducted a cytogenetic study of cows of the
Ukrainian red-spotted dairy breed with different re-
productive capacity (Dzitsiuk and Peredriy, 2017c). In
the karyotypes of animals with impaired reproductive
capacity, a significantly higher frequency of cells with
aneuploid and polyploid sets of chromosomes, as well
as cells with chromosomal aberrations, was found, than
in cows with normal reproductive functions. It was es-
tablished that in all studied animals there is a positive
correlation between the length of the service period and
the main cytogenetic indicators.

28

The Robertsonian translocation or centric fusion,
when two acrocentric chromosomes get fused in a cen-
tromeric region, which we found in two animals was
the most common one (among 44) found in cattle,
namely rob (1 : 29) (Szczerbal, 2016), which is cur-
rently found in over 50 breeds globally (Popescu,
1991). Although the Robertsonian translocation is bal-
anced in most cases, it was noted that some genes or
their regulatory parts were disrupted in some translo-
cations, which led to phenotypic disorders in animals
(Wojcik, 2019). In some cases, some chromosomal
aberrations (Robertsonian translocation, tandem fu-
sion) affect the fertility of cattle, which leads to a 10 %
loss of reproduction (Gustavsson, 1980).

In 2019, during the screening of impaired fertility of
cows, we identified a new Robertsonian translocati-
on —rob (13 : 23) in a cow, obtained by moderate in-
breeding of Ukrainian red-spotted dairy breed of cattle
(Dzitsiuk, Tipilo, 2019; Typylo et al, 2021) A cow with
this translocation had one phenotypically healthy calf,
but the second calving resulted in miscarriage.

The abovementioned cases demonstrate the rele-
vance of cytogenetic and molecular-genetic testing of
each elite male and female carrier, which should be in-
cluded in breeding programs and in strategies to con-
trol genetic diseases (Gholap et al, 2014).

CONCLUSIONS

In this study, genomic mutations (aneuploidy and
polyploidy) and structural chromosomal aberrations
are described in a set of 158 Ukrainian red-spotted
dairy breed in an out-, in- and crossbreeding program.
When taking with the total cells with aneuploidy and
chromosomal aberrations (breaks and fragments), into
account a reliable difference of 4,5 % (P > 0.95) be-
tween purebred cows and cows, obtained by close in-
breeding was found. Similarly statistically significant
difference was also observed between animals with a
moderate degree of inbreeding and crossbred animals,
namely 5,5 % (P> 0.99).

The karyological analysis showed the effect of the
different breeding methods on the genetic structure,
which can have an effect on fertility, which is discussed.
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the Protection of Vertebrate Animals used for Experi-
mental and Other Scientific Purposes, Strasbourg,1986.
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AGRICULTURAL SCIENCE AND PRACTICE Vol. 10 No.1 2023



CHROMOSOMAL ABERRATIONS IN UKRAINIAN RED-SPOTTED DAIRY BREED COWS WHEN USING

Financing. This study was not financed by any specific
grant from financing institutions in the state, commer-
cial or non-commercial sectors.

XpomocomHi abepaiii y kopis,
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Meta. MeToro AOCTIKEHHS € TOPIBHAUIBHUI aHami3 Ka-
pIOTHTIB YHCTOMIOPOIHUX, THOPETHUX i KPOCOpEIHUX KO-
piB yKpaiHCBKOi YepBOHO-PsI001 MOIOYHOI MOPOAM 1 BH-
SIBICHHS y HHUX PiBHSI XpPOMOCOMHHX aOepariif. Metoam.
Jlo IUTOTEHeTHYHOTO MOCIiIKEHHA 3ailydeHo 156 xopiB
YKpaiHCBKOI 4epBOHO-PI00i MOJIOYHOI IMTOPOIH 3 TBOX JTOC-
JHUX TOCHONApCTB IHCTUTYTY pO3BENEHHSA 1 T€HETHUKH
tBapuH iMeHi M.B. 3yous HAAH. [lochmimkeHHs BHKOHA-
Hi 3 BUKOPHCTaHHSIM KyJIBTYpH TepudepiiHux miMporm-
TiB, CTUMynboBaHUX (itoremarmornauHOM (PI'A, Difco,
CIIA) 3a 3aramsHOIpHUKHATOIO MeTonukoro (Monread et al,
1960). INpemaparn xpomocom ¢apOysanmn 2%-HUM pO3dH-
HoM ['im3a (Gimza Merk) i aHamizyBamu ImiJ MiKpOCKOTIOM
Axiostar plus (Carl Zeiss, Himeuunna). Meradasni miac-
TUHKA (QoTorpadyBand 3a JomomMoror mudpoBoi ¢oTto-
kamepu Olympus D-460 ZOOM. biomerpuuny 00poOKy
pe3yNbTaTiB TOCHIIKEHh 3a JOMOMOTOI0 JHCTIEPCIHHOTO
ananizy (ANOVA) Microsoft Excel 2010. Pe3yasTatu. Y
KapioTHIax AOCTIHKEHUX ayTOpenHuX, iHOpeaHUX 1 Kpoc-
OpenHUX KOpiB BHUSBICHO TEHOMHI MyTallii (aHEYIUIOiMit0
1 TOMITIOIMII0) Ta CTPYKTYpHi abepamii xpomocom. 3a-
rajpHa 4YacTka aOepaHTHHUX KIITHH Bapilo€ B MEXax BiJ
11,4 =+ 0,39 % B aytopemnux no 17,30 = 0,85 % y
KpocOpemHux KopiB. BcTaHOBIEHA CTAaTHCTHYHO 3HAYYyIIA
pi3HUIA MK ayTOpemHUMH 1 ONM3BKOCIIOPITHEHUMH Ta
KpocOpeqHIMH TBapHHAMH 32 YacTOTOIO KIITHH i3 aHEy-
IUIOIMI€I0 Ta CTPYKTYpPHUMH abepamisMi XpoMocoM. Y
JIBOX TIOMICHHWX TBapWH 3Hai/leHa TpaHCIoKamis rob(1/29)
3a poOepTCOHIBCHKUM THIIOM. BucHoBku. Kapiomorigamit
aHasi3 3acBIIYMB CBOIO iH(OPMATHBHICTH y BHUPIIICHHI
MIUTAHHS TIPO 3MIHM T€HETHYHOI CTPYKTYpH B 3aCTOCYBaH-
Hi Pi3HAX METO/IB PO3BEICHHS Y CEJIEKIIHIX MporpamMax.

KuarouoBi ciioBa: kapiorum, adepaiiii XpoMOCOM, YHCTO-
NOPOJIHI, iIHOpeHi, KpocOpeaHI TBapUHHU, YKpaiHChKa 4ep-
BOHO-ps10a mopoya.
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