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Clinical Cytogenetics
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Clinical cytogenetics in domestic bovids: an update
Iannuzzi L.
Institute of Animal Production Systems in Mediterranean Environments (ISPAAM), National Research
Council (CNR) of Italy, Laboratory of Animal Cytogenetics and Gene Mapping, Naples, Italy
The discovery of rob(1;29) in cattle and proof of its
deleterious effects on carriers has opened the door to
clinical cytogenetics applied to domestic animals,
especially cattle and pigs. This important sector
started by using only conventional chromosome
staining, allowing the discovery of only numerical
chromosome abnormalities and structural chromosome abnormalities which change the chromosome
shape (i.e., centric fusions and pericentric inversions,
as well as reciprocal translocations with evident
derivative chromosomes). The advent of banding
techniques and the availability of standard karyotypes for all domestic species have accelerated the
progress made by clinical cytogenetics, allowing
more precise identification of chromosomes involved
in chromosome abnormalities. A further important
step was made when FISH-mapping analyses were
applied by using both chromosome painting and
specific molecular probes (in particular BACclones). Indeed, both chromosomes and chromosome
regions (gene order) involved in such chromosome

abnormalities were identified without any doubt, as
occurred earlier when chromosome identification
was uncertain, especially when poor chromosome
banding techniques were used. Unfortunately, few
labs are actually involved in clinical cytogenetics
of domestic animals, probably due to the difficulties
organizing this type of work at the national or regional level. Indeed, only sound collaboration
among cytogenetic labs, breeders, breeder associations and veterinary practitioners can ensure the
development of this important sector. In particular,
all male breeders and females with reproductive
problems (females which do not show any oestrus
at fertile age or those showing reduced fertility due
to delays in returning to oestrus or large inter-birth
intervals) should be investigated with banded karyotypes. Indeed, most cytogenetic analyses are still
performed using only conventional staining techniques for the most widely investigated species, namely cattle. In the present paper the most important
chromosome abnormalities discovered in domestic
bovids (i.e. cattle, river buffalo and sheep) and their
effects on fertility are summarized and discussed.
Acknowledgements. This study was supported by PSR,
Misura 214, e2 of Campania Region, Project “Razze”
Autoctone a Rischio di Estinzione della Regione Campania –RARECa.
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and thus the proportion of mortality caused by aneuploidy in a cohort of developing embryos is poorly
reviewed.
A reliable technique bringing maximum information
from an examined sample of gametes or embryos is
required. In animal research, the so far used FISH
technique is capable of analysis of only a few chromosomes and the examination of chromosome spreads
derived from oocytes or embryonic cells suffer from
low chromosome quality and spreading artefacts. By
employment of Whole Genome Amplification (WGA)
and Comparative Genomic Hybridization (CGH) techniques, it is possible to detect abnormalities of all
chromosomes even from a single cell. Using this approach we examined the sample of 138 pig oocytes, 77
early pig embryos and 86 pig blastocysts. Due to the
technical inability of CGH to detect polyploidy, we
further assessed true polyploidy (polyploidy presented
in all cells of the embryo) in 62 pig blastocysts by
FISH.Screening of all chromosomes in porcine
oocytes revealed approximately 10 % of them to
be aneuploid. The incidence of aneuploidy increased in in vivo early porcine embryos to
14 %, however, decreased to 5 % when examining
advanced stages of in vivo porcine embryos
(blastocysts). The frequency of true polyploidy in
in vivo porcine blastocysts detected by FISH was
about 2 %. Based on scientific papers, embryo
mortality was estimated to reach up to 40 % in pigs.
The combined data from our study indicates that aneuploidy is not a major cause of the aforementioned pregnancy loss in pigs.
This study was supported by Grants GACR 523/09/
0743 and GAAV IAA501620801
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The present study reports on Sister Chromatid Exchanges
(SCEs) in lymphocytes of the Agerolese breed of cattle
exposed to BrdU dosages of 10 and 300 μg/ml, (f.c.) for
two cell cycles. Peripheral blood was drawn from 3
healthy cows, and cultured in duplicate for 72 h in RPMI
1640 medium plus 10 % FBS, L-glutamine, antibioticantimicotic, and Concanavalin-A. After 36 h from the
initiation, BrdU (Sigma) was added to the cultures, respectively at 10 μg/ml and 300 μg/ml (f.c.). Slides were
stained with acridine orange solution (0.010 % in Sorensen buffer, pH07.0). 20 metaphases were analyzed for
each animal, for each dosage, with a total of 3,523 chromosomes. The mean rate of SCE/cell was 5.85±2.71 at
the dosage of 10 μg/ml while it increased up to 33.93±
13.03 at the dosage of 300 μg/ml. The fraction of chromosomes ‘with’ exchanges was only 9 % at the dosage of
10, while it increased up to 41.51 % at the dosage of 300.
The exchanges (SCEs) observed at 10 μg/ml were of type
1 (8.84 %), type 2(0.42 %) and type 3 (0.03 %), whereas
at 300 μg/ml many more exchanges were observed as
follows: type 1 (29.10 %), type 2 (9.54 %), type 3
(1.98 %), type 4 (0.77 %), type 5 (0.09 %) and type 6
(0.03 %). By increasing the BrdU final concentration
from 10 to 300 μg/ml , the total number of exchanges
visualized rised from 354 at 1,462 (4.13 times). These
results encourage further insights into the SCE studies at
high dosages of BrdU in order to better characterize the
genome stability in the livestock species and breeds engaged in animal production.
Acknowledgements: This work was supported by the
RARECA- PSR 214 project of the Campania Region
(Italy)..
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