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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 

of carriers, early death of embryos, and severe con-
genital malformations (Bakhoum, 2014; Szczerbal and 
Switonski, 2016; Holečková et al, 2021)

Yet a low (insignifi cant) 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; Iannuzzi, 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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Wójcik, Szostek, 2019). Furthermore, there is impact 
of breeding methods on the stability of the karyotype, 
fi rst 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 × 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 affi nity (Dzitsiuk, Peredriy, 2017а). Finally, 
it was established that the difference purebred and 
inbred animals in the frequency of chromosomal ab-
errations was not statistically signifi cant (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 fi rst 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 classifi cation (Basovsriy et al, 2001): clo-
se – the ancestor is found in I–III, III–I, I–II, II–I rows 
of the pedigree; moderate – in III–IV, IV–III, II–III, 
III–III, III–II; distant – IV–V, V–V, V–IV, IV–IV.

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 

by the method of Moorhead PS et al (Moorhead, 1960) 
for 72 h in the thermostat at 37 ºС 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 μg/ml antibiotic 
gentamicin (gentamicin sulfate, Darnytsia, Ukraine) 
and 15 % fetal calf serum. Two hours before the end 
of cultivation, 0.5 μg/ml colсhicine (Sigma, USA) was 
added to the culture. Then the cell suspension was pre-
cipitated by centrifugation (at 500× g), 10 min) and 
incubated in a hypotonic KCl solution (0.56 %) for 
20 min and fi xed in three changes of ethanol with gla-
cial acetic acid (3 : 1 ratio). After fi xation, 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 
magnifi cation. 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 signifi cance 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 signifi cantly between those from 
purebred, close inbred and crossbred animals. Aneu-
ploidy was not statistically signifi cant 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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of chromosomes) may also have been the result of 
elimination of damaged chromosomes during mi-
totic division. 

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

In our study, the structural chromosomal aberrations 

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; c – 2n = 61. Magnifi cation 1000× under the microscope. Giemsa stain

Fig. 2. Metaphase plates from peripheral blood lymphocytes of the Ukrainian red-spotted dairy breed: a – normal; b – with 
chromosome breakage (arrow); c – with a chromosome with a missing fragment (arrow). Giemsa stain. Magnifi cation: 1000× 
under the microscope 

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

Karyotype abnormalities Purebreedіng
Inbreeding Crossbreeding

URSDxM 1)close moderate distant

Number of cows 
Total % of cells with aberrations
Aneuploid 
Polyploid
Chromosome with breakage
Chromosome fragments

49
11.4 ± 0.39 *
2.70 ± 0.66 *
0.79 ± 0.44

2.40 ± 0.18 ***
2.35 ± 0.70 *

17
16.2 ± 0.60

4.90 ± 0.60 *
0.70 ± 0.08

4.60 ± 0.57 ***
3.90 ± 0.94 *

18
11.8 ± 0.40
3.40 ± 0.70
0.67 ± 0.27
2.25 ± 0.20
2.55 ± 0.30

40
12.0 ± 0.71
3.0 ± 0.55
0.66 ± 0.71
2.75 ± 0.60
2.80 ± 0.52

32
17.30 ± 0.85 *
5.50 ± 0.70 *
0.40 ± 0.11
3.16 ± 0.12
3.05 ± 0.80

Note. Р > 0.95; ** P > 0.99; *** P > 0.999.
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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 fi rst 
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 × zebu) was 1.5 times higher 
as compared to interspecies hybrids (Dzitsiuk, 2016). 

Our next study was aimed at investigating karyotypes 
of the fi rst-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 confi rmed.

Our study on intermediate genotypes of meat cattle, 
while breeding the Southern meat cattle breed (Dzit-
siuk, 2016), proved a statistically signifi cant differ-
ence by the frequency of aberrant cells between inter-
breed local animals (Hybrids ¾Zebu × ¼C × 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 

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, 
signifi cantly 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 fi rst 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-

Fig. 3. Metaphase chromosomes, Giemsa staining, Rohatka 
cow 8010388602, Ukrainian red-spotted dairy breed with a 
Robertsonian translocation rob1/29 (arrow). Magnifi cation: 
1000× under the microscope
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breed specifi cities, 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 infl uence. 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 signifi cantly 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.

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 r ob (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 
(Wójcik, 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 identifi ed 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 signifi cant 
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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Мета. Метою дослідження є порівняльний аналіз ка-
ріотипів чистопородних, інбредних і кросбредних ко-
рів української червоно-рябої молочної породи і ви-
явлення у них рівня хромосомних аберацій. Методи. 
До цитогенетичного дослідження залучено 156 корів 
української червоно-рябої молочної породи з двох дос-
лідних господарств Інституту розведення і генетики 
тварин імені М.В. Зубця НААН. Дослідження викона-
ні з використанням культури периферійних лімфоци-
тів, стимульованих фітогемаглютинином (ФГА, Difco, 
США) за загальноприйнятою методикою (Monread et al, 
1960). Препарати хромосом фарбували 2%-ним розчи-
ном Гімза (Gimza Merk) і аналізували під мікроскопом 
Axiostar plus (Carl Zeiss, Німеччина). Метафазні плас-
тинки фотографували за допомогою цифрової фото-
камери Olympus D-460 ZOOM. Біометричну обробку 
результатів досліджень за допомогою дисперсійного 
аналізу (ANOVA) Microsoft Excel 2010. Результати. У
каріотипах досліджених аутбредних, інбредних і крос-
бредних корів виявлено геномні мутації (анеуплоїдію 
і поліплоїдію) та структурні аберації хромосом. За-
гальна частка аберантних клітин варіює в межах від
11,4 ± 0,39 % в аутбредних до 17,30 ± 0,85 % у 
кросбредних корів. Встановлена статистично значуща 
різниця між аутбредними і близькоспорідненими та
кросбредними тваринами за частотою клітин із анеу-
плоїдією та структурними абераціями хромосом. У 
двох помісних тварин знайдена транслокація rob(1/29) 
за робертсонівським типом. Висновки. Каріологічний 
аналіз засвідчив свою інформативність у вирішенні 
питання про зміни генетичної структури в застосуван-
ні різних методів розведення у селекційних програмах.

Ключові слова: каріотип, аберації хромосом, чисто-
породні, інбредні, кросбредні тварини, українська чер-
воно-ряба порода.
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