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KARYOTYPIC STUDY OF A CANCHIM CATTLE HERD

Antonio Junqueira Tambasco

ABSTRACT

A karyotypic study was conducted on 626 animals of a Canchim (5/8 Charolais + 3/8 Zebu)
cattlc herd using metaphase spreads obtained from peripheral blood lymphocyte cultures and G- and C-
banding techniques. Eleven animals (1.76%), five of which were phenotypically normal, showed karyotype
alterations. The results emphasize the need for karyotype analysis as a criterion for the selection of animals

to be used for reproduction.

INTRODUCTION

After the development of special chromosome analysis techniques, the
cytogenetic study of cattle herds has acquired great importance by contributing to the
elucidation of changes that have occurred in the species through the study of
karyotype evolution, and by permitting the establishment of associations between
karyotype and phenotype in cases of hereditary defects, embryo death, and spon-
tancous abortions, among others.

After the discovery of the 1/29 Robertsonian translocation in Red and White
Swedish cattle and of the relationship of this translocation with low fertility (Gus-
tavsson, 1969), several cytogenetic studies have been conducted on cattle populations
in order to determine whether chromosome aberrations may be interfering with fer-
tility, with consequent economic losses. Thus far, more than 30 breeds have been
found to have the 1/29 translocation at a frequency ranging from 0.2 to 50% worldwide
(Tambasco, 1988).
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Today, cytogenetic studies are performed routinely for the early detection
and culling of animals carrying transmissible chromosomnie aberrations. The present
study is a report of karyotypic analyses carried out in a Brazilian herd of Canchim
cattle.

MATERIAL AND METHODS

The study was conducted on 626 Canchim (5/8 Charolais + 3/8 Zebu)
animals born from August 1976 to July 1987 and belonging to the herd of the Canchim
Farm, "Empresa Brasileira de Pesquisa Agropecudria”, Sao Carlos, State of Sio
Paulo, Brazil.

The karyotypic study was conducted using metaphase spreads obtained from
peripheral blood lymphocyte cultures by the technique of Moorhead et al. (1960). All
material was analysed with standard giemsa staining. However, some of the samples
were also submitted to either G (Drets and Shaw, 1971) or C (Arrighi and Hsu, 1971)
banding. Some other samples were analysed with both G and C banding. A minimum
of ten metaphases from each animal were evaluated. Whenever chromosome aberra-
tions were found, further analyses were carried out up to a limit of 100 metaphases.

RESULTS AND DISCUSSION

The results are shown in Table I. Eleven of the 626 animals (1.76%) had
karyotypic alterations while the remaining animals had normal 60, XY and 60, XX
karyotypes. All Canchim males had a Y chromosome of the metacentric type, normal
for the species Bos taurus. Since some of the alterations were detected in phenotypi-
cally normal animals which could have been chosen for reproduction, they could have
been transmitted to the offspring. This would not occur with chromosome aberrations
of animals already barred from reproduction because of multiple physical abnor-
malities or because of abnormal sexual development. The transmission of
chromosome aberrations by phenotypically normal animals has been found to occur
in several studies of cattle populations, especially with respect to the 1/29 Rober-
sonian translocation (Gustavsson, 1980). Even though this aberrations hasbeen found
in the Charolais cattle, one of the breeds forming Canchim cattle (Harvey, 1976;
Moraes and Mattevi, 1980; Popescu, 1980), it was not detected in the present sample.

The animal with 61,XY + mar karyotype (Figure 1) was phenotypically nor-
mal and of normal fertility. The origin of this marker chromosome, which is smaller
than the smallest acrocentric autosome, could not be identified by G banding. C band-
ing might have clarified this, but, unfortunately was not used. In some cells in which
the marker was not detected or even in metaphases in which it was present, no struc-
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tural anomalies were detected by the standard method or by G banding. Twelve mem-
bers of the family to which this animal belonged were analyzed and all of them showed
normal karyotypes.

Table I - Chromosome aberrations detected in a Canchim cattle herd consisting of 626 animals.

Chromosome aberrations Sex N¢ of animals Phenotype

60,XX/61,XY + mar (44.4% - + mar) normal
60,XX - gap in the X normal
60,XY chromosome breaks normal

60,XY chromosome breaks altered sperm count
60,XX/60,XY(85.0% and 80.0% - XY)
60,XX/61,XXY(23.8%-XXY)

60,XY + t (17/21-22

Freemartin
Freemartin

normal
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Cytogenetic studies on humans havé revealed some cases of apparently in-
nocuous chromosome abnormalities mainly related to marker chromosomes. Froland
et al. (1963) first reported the presence of marker chromosomes in children with
physical abnormalities, an occurrence that was later detected by other researchers
(Gustavson et al., 1964; Ferrari et al., 1968; Ishmael and Laurence, 1968; Mukherjee
et al., 1968; Armendares et al., 1971; Finley et al., 1971). However, cytogenetic studies
on neonates have revealed that marker chromosomes are often detected in normal
individuals and in several family members of different generations even though no ab-
normalities are present (Smith et al., 1965; Pfeiffer et al., 1967; Abbo and Zellweger,
1970; Hoehn et al., 1970; Nielsen et al., 1971).

A marker chromosome may have a phenotypic effect depending on its gene
content. The presence of such a chromosome in normal individuals may be an indica-
tion that this extranumerary chromosome may be formed only of constitutive
heterochromatin containing few or no structural genes.

In the present study, a normal female showed a gap in an X chromosome
(Figure 2). In human males, this condition is related to mental retardation. Karyotypic
analysis of two sons of this female did not show any anomalies.

Three of the five bulls with chromosome breaks showed sperm count altera-
tions (Table I).

There are human pathological conditions that are accompanied by
chromosome breaks due to an enzyme defect in DNA repair, such as xeroderma pig-
mentosum, Fanconi anemia, Bloom syndrome, ataxia telangiectasia (German, 1964;
Schroeder et al., 1964; Hecht et al., 1966). Halnan (1975) also detected multiple
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Figure 1 - Karyotype of a cell 61,XY + mar (44.4%) from a bull, 60,XY /61, XY + mar.

chromosome breaks among animals with reproductive problems. However, the
causes of these aberrations have not yet been fully elucidated. It is known that the ac-
tion of certain viruses in higher organisms produces nuclear division anomalies that
give rise to nuclei with altered structures and chromosome numbers, as well as gene
alterations. In cattle, this is the case for bovine leukosis (Basrur et al., 1964; Gus-
tavsson and Rockborn, 1964; Lungeanu et al., 1978; Stanik and Izarikova, 1979; Stanik
et al., 1981).

Of the three sterile females diagnosed as Freemartins in the present study,
two had XX/XY chromosomal chimerism and one had either chimerism or mosaicism
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Figure 2 - Karyotype of a cow 60,XX with a gap in an X chromosome.

XX/XXY (Figure 3). Cases similar to the first two have been extensively reported
and discussed in the literature since 1962 (Ohno ef al., 1962) on the basis of the dis-
covery by Owen (1945) that heterosexual twin gestation in cattle led to intrauterine
blood exchange through coriovascular anastomoses. The third Freemartin case with
either chimerism or mosaicism 60,XX/61,XXY was an animal born in a twin birth
with a male co-twin which died at an early age and whose phenotypic characteristics
were not recorded. If we consider this animal to be a 60,XX/61,XXY mosaic, the loss
of the Y chromosome may have occurred in one of the cells during the first division
of the egg cell, with the development of two populations. If this abnormality had
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Figure 3 - Karyotype of a cell 60,XXY (23.8%) from a sterile female 60,XX/61,XXY.

reached structures responsible for gonadal development, intersexuality could have
been exteriorized. If this is a case of chimerism, the co-twin would certainly have had
a karyotype similar to that observed in the human condition known as Klinefelter
syndrome. , :

Dunn ef al. (1970) reported a case of 60,XX/60,XY karyotype with a true
hermaphrodite phenotype, and Rieck et al. (1969) and Dain and Bridge (1978)
detected XX/XY/XXY chimerisms in intersex and hypoplastic animals, respective-
ly. Cases of an XXY sex complement in 100% of the cells analyzed were described
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by Rieck (1970) and by Logue et al. (1979) for animals with hypoplastic testes, and a
similar case was detected by the author in a phenotypically normal young animal.

The 17/21-22 translocation was detected in a bull in a mosaic form (Figure
4). The parents of this animal had normal karyotypes. Further studies will be con-
ducted to analyze the segregation of this translocation, and to identify the translo-
cated chromosome.

10 &

B An AN O/ OA
1 2 3 4 5
N 'ala nh an No™
6 7 8 9 10
an on N " n o oo
1t 12 13 14 L5

«

N gy al e ow - =N reeow
16 17 18 19 20
» > AN re oo - & e = @

21 22 23 24
oy ¥ ae ™ e e ™ oo “ 7
26 27 2% 29 Xy

Figure 4 - Karyotype of a bull 60, XY + t (17/21-22).

The remaining animals showed normal karyotypes, i.e. 58 acrocentric
autosomes and the XX or XY sex pair, with the X and the Y being metacentrics. The
Canchim breed, owing to the crossing scheme followed during its formation (5/8
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Charolais + 3/8 Zebu) with the participation of a Charolais bull in the last cross, does
not show dimorphism for the Y chromosome.

The 1.76% frequency of karyotype anomalies detected in the present herd,
although low in relation to other herds of other breeds, emphasizes the need for
karyotype analysis of all animals used for reproduction since phenotypically normal
animals may be carricrs, balanced or not, of such anomalies.
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RESUMO

Foi realizado um estudo cariotipico em 626 animals de um rebanho de bovinos da raga Canchim
(5/8 Charolés + 3/8 Zebu). As anilises dos cariétipos foram feitas com metafases obtidas através de cul-
tura de linfécitos de sangue periférico. Foram utilizadas técnicas de formagao de bandas cromossdmicas
G e C. Onze animais (1,76%) apresentaram alteragdes no cariétipo, sendo que destes cinco eram
fenotipicamente normais. Fica evidenciado a necessidade da realizagdo da analise cariotipica como

critério para escolha de animais para serem utilizados na reprodugao.
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