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Abnormal acrocentric Y chromosome in crossbreed cattle bulls
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ABSTRACT

Reproductive efficiency is the most crucial issue faced by the dairy industries in India and abroad. A variety of factors affect
the reproductive performance of farm animals. Chromosomal abnormalities cause a drop in reproductive performance or
even complete infertility in the carrier animals. Present investigation was undertaken to detect chromosomal
abnormality, if any, in 206 breeding bulls of exotic (Bos taurus, 2n=60), indigenous (Bos indicus, 2n=60) cattle breeds and
crossbreeds maintained at Central Institute for Research on Cattle, Meerut and Animal Breeding Centre, Salon, Uttar
Pradesh. Chromosomal preparations were made using standard blood lymphocyte culture from animals under study. At
least 30 metaphase spreads were screened per animal to detect the chromosomal aberrations and prepare the karyotype.
Giemsa staining of chromosome revealed that 98.06% cattle bulls possessed normal chromosome. However, 1.94% bulls
showed abnormal Y chromosome complements in crossbreed bulls. Extensive use of breeding bulls in breeding
programme through artificial insemination (Al) made it mandatory to screen for chromosomal anomalies before
inclusion in breeding programme. It will not only check the quick spread of chromosomal abnormalities in animal
population rather it will save the time and amount spent on rearing the abnormal animals. Various types of chromosomal
anomalies have been reported in India but the frequency of chromosomal abnormalities is much less as compared to
reported worldwide.
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INTRODUCTION infertility of carriers, degenerations of reproductive

Domestic cattle of Bos taurus, Bos indicus and their ~ organs, poor semen quality (Ducos et al
crosses possess a normal diploid number of 60  2008).Chromosomal aberrations can affect a large
chromosomes, which comprises 29 pairs of autosomes ~ Population in two ways 1) it can be transmitted to a large
and a pair of sex chromosomes (XX in females and XY  population through Artificial Insemination (AI) and ii) it
in males). Structurally, all the 29 pairs of autosomes and ~ ¢an cause repeat breeding problems in females because
the X chromosome are acrocentric and sub-metacentric, of embryonic losses and poor semen quality in breeding
respectively, in both Bos taurus and Bos indicus cattle. ~ bulls (Krumrych 2009).Reduced fertility and infertility
The only difference is in the Y chromosome, which is ~ are major concerns in the dairy animals in India which
sub-metacentric in Bos faurus but acrocentric in Bos ~ could be dueto poor breeding, feeding and management.

indicus breeds (Yadav 1981, Prakash 1982). However, it could also be due to chromosomal
aberrations. Chromosomal aberrations might be

transmitted or generated spontaneously during mitotic
or meiotic cell divisions. Therefore, complete
eradication of chromosomal aberrations from the dairy
animal population may not be possible. In view of this
the regular chromosomal screening, especially of
breeding bulls at the early age, ought to be done. This

Alteration in chromosome number and structure are the
best known genetic based variations, which have direct
effects on fertility and reproductive outcome in cattle
(Maria and King, 2004). Chromosome abnormalities
have been reported to be associated with reproductive
performances in cattle (Patel and Khoda 1998) viz.,
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Table 1. Details of bulls of different cattle breeds and crossbreeds screened for chromosomal abnormalities

Name of the organization Cattle Breed
Holstein - Jersey  Hariana Sahiwal  Holstein - Jersey X Sahiwal
Friesian Friesian X Sahiwal

Central Institute for - - - 176 -

Research on cattle (CIRC), Meerut

Animal breeding Centre, Salon, 13 07 02 02 03 03

Raibarelley, U.P.

TOTAL 13 07 02 02 179 03

practice will not only reduce the occurrence of
chromosomal abnormalities in the dairy animal
populations rather it will save the time and amount spent
on rearing of abnormal animals. In most of the
developed countries there is restriction on the
import/export of semen/live breeding males without a
certification of normal karyotype. On similar lines
cytogenetic evaluation of all breeding males has been
made essential under the National Programme for Cattle
and Buffalo breeding (NPCBB) by Government of
India to keep our farm animal species free of any
chromosomal abnormalities.Cytogenetics in domestic
animals was started in the early sixties and various
abnormalities have been reported in Indian cattle
(Prakash et al., 1995; Murlidharan et al., 2011) and in
buffaloes (Balakrishnan and Yadav 1984; Yadav et al.,
1990; Patel et al., 2006; Chauhan et al., 2009; Prakash
and Singh, 2009).
MATERIALS AND METHODS

This work was conducted at Department of Zoology,
Kurukshetra University, Kurukstetra and molecular
cytogenetic laboratory of National Bureau of Animal
Genetic Resources, Karnal to investigate the
chromosomal abnormalities in breeding bulls of
different breeds and crossbreeds of cattle. A total of 206
blood samples were collected in sterile heparinized
vacutainer tubes from phenotypically normal 13
Holstein—Friesian(HF), 7 Jersey, 2 Sahiwal, 2 Hariana,
179 Frieswal (i.e.Holstein Friesian x Sahiwal) crossbred
and 3 Jersey crossbreed cattle bulls maintained by
various organizations (Table 1).The 72-hour
lymphocyte culture was performed from whole blood in
standard medium (RPMI 1640-Sigma, St. Louis, USA)
supplemented with 15% of fetal calf serum,penicillin
and streptomycin (100 IU/ml and 0.1 mg/ml of culture
medium, respectively), and pokeweed mitogen (2.5
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ug/L of culture medium, SIGMA, St. Louis, USA). To
arrest the somatic cells at metaphase stage, colchicine
(Sigma, India) 2 pg/mL was added for one hour before
harvest. The cells were harvested by centrifugation at
1000 rpm for 20 minutes followed by hypotonic
treatment with 0.075 M KCl for 20 minutes at 37°C and
fixed thrice in Carnoy’s fixative (3:1 ratio of methanol
and glacial acetic acid). Finally, cell suspension was
dropped on slides and air dried. Slides were stained with
2% Giemsa stain and DPX mounted. At least 30
Metaphase spreads for each animal were analyzed under
bright field microscopy and karyotyping was done by
using automatic karyotyping software(Genus).

RESULTS AND DISCUSSION

In Cattle there are two well-known species: Bos taurus
(humpless, taurus) and Bos indicus (humped, Zebu).
Both possess a normal somatic chromosome number of
60 (2n = 60) comprising of 29 pairs of autosomes and
one pair of sex chromosome. All the autosomes are
acrocentric in decreasing order of size and X-
chromosome is a large Sub metacentric while Y-
chromosome is small sub-metacentric in Bos taurus and
smallestacrocentric in Bos indicus(figurel).
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Figure 1. Normal karyotype of a zebu (2n=60; left) and
taurus (2n=60; right) male cattle showing difference
in the morphology of Y-chromosome.
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Table 2. Details of bulls showing chromosomal abnormalities

Sr.  Station Species/ breed Abnormality found No. of bulls with
No. abnormality
1 CIRC Merrut Cattle (HF X Sah) Frieswal Abnormal -Y chromosome (acrocentric) 03

Animal Breeding Centre  Cattle (JY X SAH) Abnormal -Y chromosome (acrocentric) 01

Salon, Raibarelley (U.P.)

While screening the chromosomes of 206 males in this
study, three crossbred Frieswal (HF X Sahiwal) bulls
belonging to Central Institute for Research on Cattle,
Merrut, U.P. and one Jersey X Sahiwal crossbred bull
from Animal Breeding Centre, Salon, U.P. were found
to have acrocentric Y- chromosome instead of the
anticipated sub-metacentric. The results of the study are
presented in table 2 from which it is evident that out of
206 breeding bulls of cattle screened, only 4 bulls with
anomalous karyotypes were detected. All the 4 bulls
were crossbred but having acrocentric Y-chromosome.
Representative metaphase spreads form two bulls are
shown in Fig. 2. Crossbreeding in India always involved
crossing of indigenous zebu females with exotic Bos
taurus males. The crossbreds so generated are then inter-
crossed to generate further filial crossbred generations.
Same breeding programme is followed by the two
organisations. Thus the source of Y chromosome in all
crossbred males is invariably of taurine origin which is
sub-metacentric in morphology. All the crossbred males
investigated in this study were expected to possess a
taurine type sub-metacentric Y chromosome. Thus, the
presence of zebu type acrocentric Y chromosome in the
four bulls was considered abnormal.

The abnormal Y-chromosome detected in the four bulls
could also be due to wrong pedigree or undetected false
mating. But the two organizations strictly follow Al and
bulls are never kept in the vicinity of females, the

possibilities were ruled out. While screening the
literature, it was discovered that similar abnormality in
HF crossbred bulls was detected by Yadav et al (1984).
Analysing the comparative structure of Y chromosome
in Bos taurus and B. indicus by FISH using region-
specific, microdissected, and locus-specific DNA
probes, Goldammer et al (1997) indicated that the Y
chromosomes of B. indicus (BIN Y) and B. taurus (BTA
Y) differ by a pericentric inversion. Similarly, using
comparative FISH-mapping among Y chromosomes of
cattle (Bos taurus, 2n = 60, BTA, submetacentric Y
chromosome), zebu (Bos indicus, 2n = 60, BIN,
acrocentric Y chromosome), river buffalo (Bubalus
bubalis, 2n = 50, BBU, acrocentric Y chromosome),
sheep (Ovis aries, 2n = 54, OAR, small metacentric Y
chromosome) and goat (Capra hircus, 2n = 60, CHI, Y-
chromosome as in sheep), Di Meo et al. (2005) concluded
that BTA-Y and BIN-Y differed as a result of a
centromere transposition or pericentric inversion since
they retained the same gene order along their distal
chromosome regions and had chromosome arms of
different size. It was therefore, assumed that the existence
ofacrocentric Y chromosome in the four crossbred bulls in
this study was due to pericentric inversion in the sub-
metacentric Y chromosome leading to an acrocentric Y
chromosome(Fig.3A). Similarly, an acrocentric
chromosome can evolve into a sub-metacentric
chromosome through pericentric inversion (Fig. 3B).
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Figure 2. Representative metaphase spreads of crossbred bulls
(HF X SAH, left) and (] X SAH) having acrocentric Y chromosome.
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Figure 3. Schematic representation of pericentric inversion of sub-metacentric
chromosome leading to acrocentric chromosome (A) and evolution of sub-
metacentric/metacentric chromosome from acrocentric through pericentric
inversion (B)
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Thus, in the present study three Frieswal bull
(i.e.Holstein Friesian X Sahiwal) and one crossbred
(Jersey X Sahiwal) bulls, otherwise physically normal
were found to have abnormal acrocentric Y-
chromosome. These findings are perplexing because at
these institutes crossbreeding has been carried out using
males of only exotic breeds with zebu females and
subsequent mating amongst the crossbreds. Hence all F1
hybrids must possess only sub-metacentric Y. Similar
presence of acrocentric Y chromosome in HF X
Tharparkar (Karan fries) cattle bulls was reported by
Balakrishnan and Yadav (1987) and they hypothesized
the instability of Y chromosome in crossbred bulls.
Therefore, a hypothesis of pericentric inversion has been
set up for such acrocentric Y chromosome in cattle
crossbred bulls which is consistent with the
interpretations of Yadav etal 1984, Di Meo etal 2005.

Breeding centers/stations from where samples were
collected have been informed regarding the results of
cytogenetic evaluation and accordingly the bulls may be
culled or retained for Al programme in the view of above
results. Extensive experience of chromosomal
abnormalities during last six decades has explicitly
demonstrated that most of the chromosomal anomalies
have a negative impact on the phenotype /production or
reproductive efficiency of the carrier animals. It is thus
advisable to submit the reproductively inefficient
animals to cytogenetic evaluation. More specifically the
breeding bulls, which are a source of faster spread of any
chromosomal anomaly due to their extensive use in Al,
need to be essentially evaluated before putting them into
any breeding programme. Cytogenetics can be very
handy and cost effective in eliminating this risk and
prevent spread of genetic disorders.
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