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Abstract

Cytogenetic evaluation is an important step in the diagnosis of infertile or sterile animals.
Moreover, the analysis of sex chromosomes is crucial for a proper classification of disor-
ders of sex development (DSD). For many years, chromosome studies mainly addressed
the livestock species, while recently, increasing interest in such analysis in companion an-
imals is observed. New molecular and cytogenetic tools and techniques have given op-
portunities for a precise identification of chromosome mutations. Among them,
fluorescence in situ hybridization, besides chromosome banding, has become a gold
standard. In this chapter, recent advances in the cytogenetic diagnosis of cattle, pigs,
horses, dogs and cats are presented.

Keywords: Aneuploidy, translocation, intersexuality, sex reversal, freemartinism, triso-
my, monosomy, centric fusion, inversion, chimerism, mosaicism

1. Introduction

Genetic background of disorders of sex development (DSD) and impaired fertility (IF)
accompanied with normal sex development are important issues in animal breeding. The
identification of the causative gene and chromosome mutations is especially important in these
species, in which artificial insemination is a common reproduction technology. In such species,
a routine cytogenetic evaluation of sires is conducted in numerous countries [1-5]. Chromo-
some studies are also recommended in the case of phenotypically normal males and females
with IF, since it can be caused by balanced chromosomal translocations or inversions. Finally,
the cytogenetic analysis is considered to be the first diagnostic step for DSD animals with
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ambiguous genitalia or abnormal sexual behaviour. The importance of chromosome analysis
in the case of DSD was highlighted in livestock species [6, 7] and companion animals [8, 9].

In this chapter, recent studies on chromosome abnormalities detected in domestic mammals,
including livestock (cattle, pig and horse) and companion animals (dog and cat), are discussed.
We focused on novel reports, which were not reviewed earlier [2, 7, 9].

1.1. Historical overview of domestic animal cytogenetics

Chromosome analyses of domestic mammals were started over 50 years ago. Their impor-
tance in animal breeding was pointed out by Ingemar Gustavsson, who identified a centric
fusion (Robertsonian translocation) between chromosomes 1 and 29 in the Swedish Red and
White cattle [10]. Five years later, an adverse influence on fertility of the carriers was
documented [11]. Since this discovery, the development of veterinary cytogenetics of
livestock species has been very rapid. It was found that 1/29 centric fusion is widespread in
cattle breeds, with an exception of Holstein-Friesian cattle [12]. In horses, X monosomy
appeared to be the most frequent chromosome abnormality [6], while in pigs reciprocal
translocations were predominant [13].

The discovery of chromosome banding techniques was a crucial step for mammalian cytoge-
netics. The first banding technique was developed with the use of a fluorochrome, quinacrine
mustard, on plant (broad bean, Vicia faba) chromosomes [14]. This type of banding was named
Q-banding. Later, several other banding techniques were developed: G-banding, C-banding,
R-banding, silver staining (Ag-I), etc. The use of these techniques in domestic animal cytoge-
netics was reviewed by lannuzzi and Di Berardino [15].

Chromosome banding techniques facilitated the establishment of international standard
karyotypes for domestic mammals. The standards are required for a precise diagnosis of
chromosome aberrations. The first G-banded standards were published by Ford et al. [16] with
the following species included in this report: the cattle, pig, horse, sheep, goat, cat and rabbit.
In the following years, updated or novel standards were proposed for several species,
including the pig [17], cattle, sheep, goat [18], horse [19], dog [20, 21] and cat [22].

Cytogenetic studies were revolutionized in the late 1980s by the use of a molecular technique
named FISH (fluorescent in situ hybridization), based on the hybridization between labelled
locus specific or whole chromosome painting probes with chromosomes on a microscopic slide
[15]. This technique has become a gold standard in cytogenetic diagnosis, and it is commonly
used for a precise and reliable detection of chromosomal structural abnormalities and aneu-
ploidies. A wide range of molecular probes are commercially available for the human and the
mouse, but not for domestic animal species. Therefore, a homemade preparation of the probes
for these species is required. To obtain whole chromosome painting probes, very useful in
cytogenetic diagnosis, microdissection of a given chromosome [23] or its flow sorting facilitate
the amplification or molecular cloning of chromosome specific sequences [24, 25]. Also, locus-
specific probes are useful in cytogenetic diagnosis, and such probes are derived from genome
libraries, usually cloned in bacterial artificial chromosome (BAC) vectors (https://
bacpac.chori.org/). An example of both types of probes, applied for the detection of X and Y
chromosomes, is presented in Fig. 1.
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Figure 1. The use of FISH technique for the detection of sex chromosomes: (a) identification of the canine X chromo-
some (red), using a whole chromosome painting probe, (b) detection of the feline Y chromosome by the SRY-locus spe-
cific probe (red signal).

The latest achievements in developing molecular tools applied to cytogenetic diagnosis include
SNP (single nucleotide polymorphism) microarrays and arrays for comparative genome
hybridization (aCGH). They may be used for a precise identification of break points leading
to structural chromosome rearrangements. Recently, a new molecular karyotyping approach,
based on the FISH technique, performed on a single microscopic slide, with a set of subtelo-
mere-specific probes for both the p arm and the g arm of each chromosome has been developed
[26]. It is foreseen that this tool will soon be commercialized for cattle and pig chromosomes.

1.2. Chromosome abnormalities

The diploid chromosome number (2n) is one of the characteristic features of a species (Table
1). In some species (e.g. the red fox, raccoon dog), a variable number of chromosomes, due to
the presence of B chromosomes, is observed. Chromosomes are classified into four morpho-
logical categories, based on the arm ratio, which is a quotient of the long arm length divided
by the short arm length.

Morphology of sex chromosomes*

Species 2n i T
Cattle 60 SM M
Sheep 54 A M
Goat 60 A M

Pig 38 M M
Horse 64 SM A
Dog 78 SM M
Cat 38 M M

* M — metacentric, SM — submetacentric, A — acrocentric

Table 1. Chromosome number and sex chromosome morphology in selected domestic mammals
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The effect of chromosome abnormalities, classified into three main categories (Fig. 2), is not
uniform. Euploidies, autosomal aneuploidies and large unbalanced structural rearrangements
usually cause early embryonic death. An exception is found in sex chromosome aneuploidies,
which usually are not lethal but are responsible for disorders of sex development. Balanced
chromosome rearrangements cause impaired fertility due to the mortality of embryos with an

unbalanced chromosome complement.

Chromosome
abnormalities

/ |

Euploidy

/ N\

\

—

| Monoploidy (n) ‘ I Polyploidy I | Monosomy (2n-1) | [Trtsomy (2n+1) ‘ | Balanced |

el

Y

| Structural rearrangements I

N

I Triploidy (3n) ‘ | Tetraploidy (4n) I

| Translocations ‘ | Inversions | | Deletion l | Duplication \ Insertion | ] Isachromosome

el e

Reciprocal
translocation

Robertsonian
translocation

(centric fusion)

Figure 2. Classification of chromosome abnormalities.

An analysis of the sex chromosome complement is required to diagnose disorders of sex
development. The use of conventional Giemsa-stained chromosomes facilitates the identifi-
cation of X and Y chromosomes in the cattle and dog (Fig. 3), while in others, it is not an easy
task. In the cat and horse, the morphology of both sex chromosomes is similar to some
autosomes, and their identification requires the application of the banding or FISH techniques.
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Figure 3. Giemsa-stained metaphase spreads: (a) bull, 2n = 60,XY, (b) male dog, 2n=78,XY. Bi-armed sex chromosomes

are indicated: X (large) and Y (small).
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1.3. Classification of disorders of sex development

The sex determination of mammals is a very complex process, in which sex chromosomes and
dozens of genes are involved [27]. A majority of these genes are localized on autosomes, and
only a few of them reside on the sex chromosomes, including SRY (sex determining region Y),
triggering male differentiation of the gonads and located on the Y chromosome, and AR
(androgen receptor), involved in the development of Wolffian ducts and external male
genitalia, having its locus on the X chromosome. Interestingly, crucial genes for ovary
differentiation, i.e. RSPO1 (R-spondin 1), CTTNBI1 (catenin beta 1), WNT-4 (wingless-type
mouse mammary tumor virus integration site family, member 4) and FOXL2 (forkhead box
L2), are localized on autosomes.

Due to the crucial role of sex chromosomes (especially the Y chromosome in male determina-
tion), mammalian DSDs are classified into three main categories, based on sex chromosome
complement: (1) sex chromosome DSD, (2) XX DSD and (3) XY DSD. This classification was
originally developed for human DSDs [28], later adopted for companion animals (the dog and
cat)[8, 9], and it may also be applied to mammalian livestock.

The sex chromosome DSD comprises sex chromosome aneuploidies, structural rearrange-
ments involving sex chromosomes and lymphocyte chimerism (XX/XY) observed in freemar-
tins. In XX DSD animals, a major abnormality, diagnosed in several species (goat, pig, horse
and dog), is manifested by the presence of testicles or ovotestes, as well as the uterus with
oviducts and duct deferens in spite of the lack of the SRY gene. The XY DSD includes mono-
genic abnormalities, e.g. androgen insensitivity syndrome (AIS) and persistent Mullerian duct
syndrome (PMDS), as well as syndromes in which the background is elusive or complex (e.g.
cryptorchidism and hypospadias).

1.4. Meiosis in carriers of chromosome abnormalities

Meiosis is a crucial step of gametogenesis, and its alteration may cause impaired fertility.
Unbalanced chromosome segregation at meiotic anaphase I or anaphase II may occur in
animals with a normal chromosome set. As a consequence, among normal, haploid gametes a
low proportion of unbalanced gametes can be present. The fertilization of such gametes leads
to the development of embryos with an abnormal chromosome number. A majority of embryos
with an autosomal aneuploidy die during early prenatal development, and decreased fertility
of the carrier is noticed. In contrast, sex chromosome aneuploidies, especially trisomies, are
not lethal.

The risk of unbalanced segregation is increased in gametogenesis of carriers of structural
chromosome aberrations. It is well known that in gametogenesis of such carriers, chromosome
pairing at meiotic prophase I is altered and, as a consequence, an unbalanced chromosome
segregation at anaphase I may occur. Since the carriers produce normal and unbalanced
gametes, the chromosome abnormality is inherited by 50% of the offspring.

Chromosome pairing at the pachytene substage of prophase I is usually studied by visualiza-
tion of synaptonemal complexes under light or electron microscopies [29]. A postnatal study
of chromosome pairing is possible only in males, because female meiosis starts during foetal
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life. Recently, the use of immunofluorescent visualization of proteins building synaptonemal
complexes (e.g. SCP1 — synaptonemal protein 1) or engaged in crossing over (e.g. MLH1) has
become more common [30].

Meiotic chromosome segregation at anaphase I can be studied postnatally in females and
males. To study the segregation in females, in vitro maturation of oocytes is usually applied to
obtain chromosome spreads at metaphase II. The spreads can be conventionally stained with
Giemsa dye or analysed with the use of in situ hybridization approach, e.g. comparative
genomic hybridization (CGH) [31]. The segregation analysis in spermatogenesis is usually
carried out on sperms hybridized with fluorescently labelled locus-specific probes [32].

1.5. Mosaicism and chimerism

Chromosome studies of an individual sometimes reveal the presence of two or more cell lines
with different chromosome complements. Such a situation may be classified as chromosome
mosaicism or chimerism. Mosaicism is a condition when cell lines are derived from one embryo
and are produced by unbalanced sister chromosome segregation during the mitotic anaphase.
The incidence of mosaicism is frequent in animals with sex chromosome aneuploidies, e.g. a
majority of infertile mares with X monosomy are mosaics with two cell lines — normal (64,XX)
and monosomic (63,X). The presence of cell lines derived from different embryos is called
chimerism. A classic example is the lymphocyte chimerism (with XX and XY chromosome sets)
in heterosexual twins or multiplets, which developed placental anastomoses.

Mosaicism and chimerism are commonly diagnosed in animals with disorders of sex devel-
opment. Thus, the identification of two or more cell lines is an important diagnosticissue. Since
the incidence of the second cell line can be low, its detection requires analyses of a large number
of metaphase spreads. For example, to exclude the presence of another cell line at the level of,
e.g. 3% (with 95% confidence), 100 metaphase spreads should be analysed [33]. Moreover, the
molecular analysis of genetic markers, e.g. microsatellites, is required to distinguish between
lymphocyte and whole body chimerism [34].

2. Sex chromosome DSD

The first step of DSD diagnosis, following clinical investigation, should be cytogenetic analysis
focused on the identification of sex chromosomes. This analysis facilitates the identification of
DSDs caused by chromosome abnormalities: XX/XY chimerism present in freemartins or sex
chromosome aneuploidies (X monosomy and trisomies: XXY, XYY and XXX). It is well known
that sex chromosome DSDs usually cause infertility or sterility [7], but it should be pointed
out that some of them are associated with an increased risk of gonad malignancy [35].

2.1. XX/XY lymphocyte chimerism

Freemartinism, observed in females originating from heterosexual pregnancies, is the most
common and extensively studied DSD in cattle and other ruminants [36, 37]. The frequency of
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freemartinism depends on the incidence of twin (multiple) pregnancies associated with the
development of placental anastomoses between embryos. The anastomoses in bovine twin
pregnancies are developed very often (over 90%). In contrast, the incidence of twinning is
rather low (2-5%); however, in recent years, an increasing trend is observed in dairy cattle
breeds [38]. The cytogenetic detection of the XY cell line, originating from a male co-twin, can
be difficult in a female co-twin, if it occurs with a low frequency. It is not exceptional for the
frequency of the XY cell line to be below 5%. Therefore, the use of molecular detection of genes
localized on the Y chromosome (SRY, ZFY or AMELY), along with cytogenetic analysis, is
recommended [39]. Chimerism was also observed in heifers originating from a single birth,
the so-called singletons [38]. The authors analysed cytogenetically and molecularly 12 heifer
singletons with underdeveloped internal genitalia and found 7 with lymphocyte XX/XY
chimerism among them. It indicated that during the foetal life, a male co-twin embryo died
after the development of placental anastomoses. This report showed that the incidence of
bovine freemartins is underestimated. In the bovine male co-twin, chimerism is detected, but
these males are normally developed with no sign of DSD. Among other ruminants, freemar-
tinism was quite extensively studied in sheep, and the incidence of this DSD, diagnosed by a
chromosome study, was around 5% XX/XY [40, 41]. Studies in goats also indicate that the
frequency of freemartins is similar to that in sheep [42].

The lymphocyte XX/XY chimerism was also reported in non-ruminant females. This condition
was identified in horses [43, 44], pigs [45] and dogs [34]. A normal phenotype was reported in
chimeric mares, but they were not clinically examined, thus the conclusion concerning their
sex development and fertility is still a matter of controversy. In contrast, in chimeric female
dogs, the sex development is usually altered [9], and in some cases, ambiguous external
genitalia were observed [34, 46].

Sex development and fertility of XX/XY chimeric males are usually unaffected [7]. Such males
are diagnosed during the routine cytogenetic examination of sires, mainly bulls and boars,
used in artificial insemination (AI). Recently, an extensive study on fertility of seven chimeric
Al boars was carried out by Barsac et al. [45]. The authors concluded that this condition has a
non-significant effect on their reproductive performance. An unusual case of lymphocyte
chimerism was reported by Demyda-Peyras et al. [47], who identified 64,XY (approx. 96%)
and 63,X (approx. 4%) cell lines in a phenotypically normal colt.

2.2. Sex chromosome aneuploidies

The most deleterious effects on sex development, leading to sterility, are caused by X monos-
omy and XXY trisomy (Table 2). The incidence of sex chromosome aneuploidies is not uniform
across species. The X monosomy is most common in mares, rather rare in dogs and cats, and
very rare in cattle and pigs. In turn, the XXY trisomy is diagnosed rather rarely, with an
exception of tortoiseshell male cats. Two other sex chromosome aneuploidies (XXX and XYY)
were reported incidentally. These rough estimations should be taken with caution, because
mainly males are cytogenetically analysed, and their numbers are not comparable across
species — very large in cattle, large in pigs and rather small in dogs and cats. In contrast, in
horses, the number of studied mares is much larger than that of stallions.
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Mutation The most common clinical features Effects on Decreasing incidence in
fertility different species
X monosomy Usually normal external genitalia; abnormal  Sterility Horse > cat and dog > cattle and
oestrus or no clinical signs of oestrus; small or pig

hypoplastic ovaries

XXX trisomy Normal external genitalia; usually lack of Infertility Dog, horse

clinical signs, sometimes irregular oestrus

XXY trisomy Small and hypoplastic testes; abnormal Sterility Cat and cattle > dog and horse >
spermatogenesis (oligospermia or pig
azoospermia)

XYY trisomy Usually normal phenotype; small testes Infertility Cattle

Table 2. Aneuploidies and their impact on fertility

The incidence of X monosomy was evaluated in a screening study of young and phenotypically
normal horses [48]. The authors analysed karyotypes of 500 horses, including 262 mares and
228 stallions. Among them, eight mares (3.1%) with X monosomy were identified, while all
males had a normal karyotype. This study strongly confirmed that X monosomy is the most
important cause of equine DSD. In cattle, this aneuploidy is very rare, and a second case of
this abnormality was recently described in a 3-year-old Longhorn heifer with normal external
genitalia, an underdeveloped uterus and gonads unidentifiable by rectal ultrasonography [49].
Several cases of X monosomy were diagnosed in dogs and cats [9], and the most recent report
concerns an unusual case of feline X monosomy — Fig. 4 [50]. This animal presented a virilized
phenotype, manifested by a rudimentary penis and scrotum-like structure. Interestingly, the
histological examination of the gonad revealed the presence of corpora lutea and primordial
follicles.

Figure 4. Metaphase spread with X monosomy (37,X) in a cat with a virilised phenotype. Application of whole X chro-
mosome painting probe facilitated identification of a single X chromosome. For details, see Szczerbal et al. [50].
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The largest number of XXY trisomy cases was reported in tortoiseshell male cats, and recently
such a case was described [51]. In cattle, more than 20 cases of this abnormality were diagnosed
in infertile bulls [2, 3]. However, it was rarely diagnosed in pigs, horses and dogs. A recent
report concerned a mosaic 39,XXY/38,XY azoospermic young boar, recruited for artificial
insemination [52]. The authors analysed the chromosome constitution in lymphocytes and
fibroblasts culture derived from the gonads. In both tissues, a prevalence of the trisomic cell
line (approx. 95%) was observed. It is known that XXY trisomy in men is associated with an
elevated risk of malignancy. Such a case was also reported in a XXY trisomic dog, suffering
from testicular cancer [53].

Two other common sex chromosome aneuploidies (XXX and XYY) were rarely reported in
domestic mammals. Several such cases were described in horses, cattle and dogs. The carriers
usually are infertile, e.g. an XXX mare [54] and an XXX female dog [55].

3. Decreased fertility in carriers of balanced chromosome aberrations

Balanced structural rearrangements (centric fusions, tandem fusions, reciprocal translocations
and inversions) are inheritable mutations, which affect the fertility of carriers, without a visible
alteration of sex development. The most pronounced decrease of fertility is associated with
reciprocal translocations, including sterility of males carrying the X-autosome or Y-autosome
rearrangements. In contrast, the fertility of carriers of other balanced aberrations (centric
fusions, tandem fusions and inversions) is only slightly decreased.

3.1. Centric fusions (Robertsonian translocations)

Centric fusions are the most extensively studied chromosome aberrations in domestic
mammals due to the discovery of a wide distribution of the 1/29 centric fusion in cattle. It was
recently shown with the use of advanced molecular techniques that the 1/29 mutation is not a
simple centric fusion, but it is a complex rearrangement including deletion, inversion and
centric fusion [56].

The 1/29 Robertsonian translocation was identified in numerous cattle breeds, but it seems to
be absent in Holstein-Friesian cattle, the most important dairy breed. In some beef breeds, its
incidence exceeds 10% [2], while in some local breeds, e.g. in Portugal, the frequency of the
carriers is above 50% [57]. Also, other types of centric fusions, involving other autosomes, were
described in cattle [58]. In sheep, goats, pigs and dogs, centric fusions were rather rarely
identified, while in horses and cats, there are no such reports.

The fertility of centric fusion carriers is slightly altered due to the formation of a trivalent [59]
and its abnormal segregation at meiotic anaphase I [60], leading to the formation of aneuploid
embryos, which die at early embryonic stages of development. In the case of bull carriers, the
non-return ratio (NRR) is decreased by approx. 5%, but the aberration is inherited by 50% of
the offspring. Interestingly, in pig carriers of the 13/17 Robertsonian translocation, the rate of
unbalanced gametes due to the abnormal segregation of the trivalent was low in sperms
(approx. 3%) and much higher in secondary oocytes (approx. 19%) [61].
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3.2. Reciprocal translocations

Reciprocal translocations are the most common chromosome rearrangements in pigs. It was
estimated that an overall frequency of these rearrangements among 7,700 young boars
cytogenetically evaluated in France was 0.47% [1]. Altogether, over 130 different translocations
were identified in this species by 2012 [62], and novel cases were published in recent years
(Table 3, Fig. 5).

Breed Description of the translocation  Effect on fertility Reference

Synthetic line (Large t(1;6)(q17;p11) Smaller litter size [70]
White x Pietrain)

Large White t(1,2,7)(q11q17;p16;q13) Low litter size [71]
complex rearrangements, including

translocations, insertions and

inversions
Polish Large White t(6;16)(p13;G23) Reduced litter size (20%  [67]
decrease)
Not described t(Y;1)(q1l:q16) Azoospermia [72]
Not described* t(4;,7)(p+q-) Not described [73]
Not described* t(2;8)(q—qt) Not described [73]
Not described** t(1,5) Not described [74]
Not described** t(3;4) Reduced litter size (24%) [74]
Not described** t(8;13) Reduced litter size (24%) [74]
Not described** t(7;15) Reduced litter size (38%) [74]

*derived from intracytoplasmatic sperm injection (ICSI) and embryo transfer (ET)

** identified among 300 young boars from Duroc, Landrace, Pietrain and Yorkshire breeds

Table 3. Reciprocal translocations in pigs reported in 2011-2015 (not included in the review by Raudsepp and
Chowdhary [62]).

The incidence of reciprocal translocations in cattle, the most extensively cytogenetically
studied species, is much lower. In the literature, there are reports on 21 different cases of
reciprocal translocations, including two cases of the X-autosome and another two cases of Y-
autosome translocations [63]. A low incidence of the translocation carriers seems to be a result
of the limited resolution of the commonly used Giemsa staining This approach is sufficient to
detect aneuploidies and centric fusions but does not facilitate the detection of a majority of
reciprocal translocations. Interesting statistical and simulation estimations were performed by
de Lorenzi et al. [64], who suggested that approx. only 16% of reciprocal translocations can be
detected using Giemsa staining. Taking into consideration a real number of the identified
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Figure 5. G-banded karyotype of a boar carrier of reciprocal translocation — t(6;16)(p13;q23). For details, see Kociucka
et al. [67].

Figure 6. Metaphase spread with a translocation between X and Y chromosomes — t(X;Y)(p22;p12), in a cat with disor-
der of sex development. FISH technique facilitated the localization of SRY gene (arrow) on X chromosome. For details,
see Szczerbal et al. [66].

translocations and this estimation, they suggested that the frequency of this chromosome is
<0.14%. It would be three-fold less than in pigs.

In other domestic mammals, reciprocal translocations were rarely identified. In mares
suffering from repeated early embryonic loss, three translocations, including two reciprocal,
were identified between autosomes: t(1;21), t(16;22) and t(4;13) [65]. An interesting case was
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reported by Szczerbal et al. [66], who for the first time in domestic mammals diagnosed a
translocation between the X and Y chromosomes, t(X;Y)(p22;p12), in a female cat (38,XX) with
a disorder of sex development, manifested by the presence of a rudimentary penis (Fig. 6).

Similarly to centric fusions, decreased fertility is caused by the abnormal segregation of a
tetravalent during anaphase I. However, the proportion of chromosomally unbalanced
gametes is much higher in carriers of reciprocal translocations and varies between 20 and 50%
[67]. As a consequence, a large proportion of the embryos die at an early embryonic stage, and
thus the decrease of fertility is much more pronounced. In the case of reciprocal translocations
involving sex chromosomes, the carriers are usually infertile, with an exception of the female
carriers, which are infertile (Table 4).

Type of mutation Most common features Reduction of  Incidence, according to the number
fertility of reported cases
Robertsonian translocation Normal phenotype; normal 5% Cattle — frequently in local breeds
libido; normal semen picture; and some beef breeds
lower non-return rate (cattle) Pig, dog —rare
Reciprocal translocation Normal phenotype; decreased 20-50% Pig — frequently
autosome/autosome litter size (pig), decreased Cattle, horse — rare

non-return rate (cattle)

Reciprocal translocation Females: normal phenotype; 20-50% Pig, cattle, dog, horse — rare
X/autosome decreased litter size (pig)

Males: abnormal Sterility

spermatogenesis

(oligospermia or azoospermia)

Reciprocal translocation Y/ Males: abnormal Sterility Pig, cattle — rare
autosome spermatogenesis

(oligospermia or azoospermia)

Translocation Disorder of sex development, Sterility Only one case in a cat has been
XY including abnormal external diagnosed to date
genitalia

Table 4. An overview of chromosome translocations in domestic mammals: phenotype, fertility and incidence

3.3. Other balanced chromosome rearrangements

Chromosome inversions were diagnosed in cattle and pigs, but their impact on fertility of the
carriers is poorly recognized. Among different cases of inversions, one is of special interest. It
was a pericentric inversion of the pig chromosome 4 —inv(4)(p1.4;q2.3), which was diagnosed
in several Al boars in France. Analyses of sperms and oocytes of the male and female carriers
showed the incidence of unbalanced gametes to be approx. 4% [68].

Tandem fusions were very rarely diagnosed in domestic mammals. In recent years, such a
rearrangement was diagnosed in a young boar with a normal phenotype and semen character-
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istics [69]. In the tandem fusion, two acrocentrics were involved: t(14;17)(q29;q10). The carrier
was not accepted for use in artificial insemination.

4. Conclusions

The long history of cytogenetic evaluation of domestic mammals, mainly applied to males used
in artificial insemination, showed that heritable, balanced chromosome abnormalities do not
cause visible phenotypic effects but are responsible for impaired fertility. Therefore, young
males considered as candidates for use in artificial insemination stations are commonly
cytogenetically evaluated. It is important to point out that the first step for the classification of
sex development disorders is cytogenetic analysis. Eventually, the use of chromosome studies
plays a crucial role in searching for causes of infertility of phenotypically normal animals, as
well as individuals with an abnormal sex development.
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