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In this study, the determination of three different cell lines in a two-year-old British shorthair tomcat,
using fluorescence in situ hybridisation (FISH), is described. The FISH technique was instrumental in
the identification of this chromosomal aberration, which had not been previously described in cats.
The mosaic karyotype with three cell lines (37,X; 38,XY; and 39,XY+der(Y)), detected using X-, Y-
and autosomal Bl-whole chromosome painting probes, were all visible in the metaphase and
interphase nuclei. The ratios of the three cell lines were 3.6%, 85.6% and 10.8%, respectively. In
addition, at the time of this examination, the cat had a temperamental disposition that had persisted

beyond castration.
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Chromosomal abnormalities are classified as struc-
tural or numerical, with thelatter divided into autoso-
mal chromosome aneuploidy and sex chromosome
aneuploidy, both of which are caused by abnormali-
ties occurring in the course of cell division. Chromo-
somal aberration can result in mosaicism or
chimerism, where an individual has two or more cell
linesin the body (FORD 1969).

The most commonly described sex chromosome
abnormalitiesin the cat include 39,XXY trisomy and
mosaic variants such as XY/XXY and XY/XYY
(MEYERS-WALLEN 2012). In the currently available
literature on feline sex chromosomal aberrations, the
most common cases involve tortoiseshell and calico
males (SZCZERBAL et al. 2018). At present, most
cases of chromosomal abnormalities are diagnosed
with the use of fluorescence in situ hybridisation
(FISH), inwhichfluorescently labelled probesare used
to enablechromosomeidentification viathe detection
of specific chromosomal signals. The FISH technique

ispreciseand alowsfor theidentification of chromo-
somal aberrations, even in poor-quality metaphase
spreads or interphase nuclei. In addition, FISH pro-
vides the ability to analyse a large number of meta-
phase spreads (BUGNO et al. 2003), meaning that the
chromosome painting techniqueisan effectivetool for
achromosomal analysis (BUGNO and SLOTA 2007).

A rangeof aberrationshavebeen detected using FISH,
including: testicular 38,XY (SRY -positive) disorder;
37,X monosomy; 38,XX (SRY-positive) disorder;
37,X/38,XY mosaicism; testicular 38,XX disorder;
37,X/38,X,r(Y) mosaicism; leucocyte 38XX/XY
chimerism; 39,XXY trisomy; and 38,XY/38,XY true
chimerism (NOWACKA-WOSZUK et al. 2014
SZCZERBAL et al. 2015a; SZCZERBAL et al. 2015b;
BALOGH et al. 2016; DE LORENZI et al. 2017,
SZCZERBAL et al. 2017; SZCZERBAL et al. 2018;
BUGNO-PONIEWIERSKA et al. 2020).

Theaim of the present study wasto perform acyto-
genetic diagnosis of a British shorthair tomcat using
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molecular painting probesfor the X, Y and autosomal
B1 chromosomes.

Materials and Methods

Ethical approval isnot required in the case of work
carried out on material obtained by aveterinarian for
the purpose of routine blood tests, and as medical
waste after a blood sample collection.

A two-year-old British shorthair tomcat was
brought for acytogenetic diagnosis at the owner’ sre-
quest. A blood sample for aroutine lymphocyte cul-
ture was taken from the cephalic vein of the forearm
by aveterinarian, and collected into alithium heparin
tube. The cat was already castrated at the time of the
blood collection, but was still characterised by tem-
peramental behaviour as well as a withdrawn and
lonely disposition. No abnormalities were observed
during the castration by the veterinarian. The male's
reproductive organs were properly developed. His
weight of about 6 kgwasintheaveragerange (4-9kg).

The lymphocyte culture was prepared for acytoge-
netic anaysis using the method described by
ARAKAKI and SPARKES (1963). A volume of 1 ml of
peripheral blood was added to the culture medium
(8 ml of RPMI 1640 solution with 1.5 ml of foetal bo-
vine serum, penicillin—100 |U/ml of culture medium
and streptomycin — 0.1 mg/ml of culture medium),
and 0.25 ml of pokeweed mitogen (Sigma Aldrich,
Germany) was then added in a 10% concentration to
the lymphocytes stimulation. The cells were incu-
bated in anincubator at 38°C for 72 hours. Two hours
beforethe end of theincubation, acolchicine solution
(0.4 pg/ml of culture medium) was added. After
72 hours of incubation, the cells were centrifuged at
100 g for 10 min, then hypotonised in 0.05 mol/l of
potassium chloride and incubated at 38°C for 20 min-
utes. The cellswere subsequently centrifuged at 100 g
for 10 min, and the supernatant was withdrawn. The
suspension wasfixed by washing the precipitatethree
times with 8 ml of methyl alcohol and glacial acetic
acid (3:1), and was then centrifuged at 100 g for
10 min. The suspension was spotted on slides and
dried at room temperature (RT). Slideswere prepared
for the metaphase spreads and to perform Giemsa-
trypsin banding (GTG) with FISH on the same slide.
The Giemsa-trypsin banding technique was used for
the chromosome identification and validation of the
molecular painting probes.

The cat chromosome X-, Y -, and B1-specific paint-
ing probes were prepared by laser microdissection
(PALM Microlaser system, Carl ZeissMicrolmaging
GmbH, Munich, Germany). The amplification of the
microdissected DNA was performed using the Ge-
nomePlex® Whole Genome Amplification Kit
(Sigma-Aldrich, St. Louis, MO, USA). Labelling of
the cat-specific X chromosome probe with spectrum
orange fluorochrome (Abbot, IL, USA), and of the

B1-specific probe with spectrum red fluorochrome
(Abbot, IL, USA) was performed using the Genome-
Plex® WGA Reamplification Kit (Sigma-Aldrich).
Labelling of the Y-specific probe with the fluoro-
chrome spectrum green (Abbot, IL, USA) was per-
formed using a BioPrime™ Array CGH Genomic
Labelling System (Invitrogen, USA), all performed
according to the manufacturer’ sinstructions.

Fluorescence in situ hybridisation (FISH)

FISH was performed as described by BUGNO et al.
(2009). The prepared slideswere processed by pepsin
digestionfor 10 minutesat 37°C, then washed in PBS
(pH = 7.4) twice for 5 min at room temperature (RT),
and washed in PBS with magnesium chloride for
5 min at RT. The spreads were then dehydrated by
apassagethrough asequential seriesof 70%, 80% and
90% alcohal, each for 3 min, at RT. The dlides were
dried at 80°C for 15 min, beforeadenaturationin 70%
formamideat 70°C for 2.5 min, followed by apassage
through a sequential series of 70%, 80% and 90% al-
cohal, each for 3 min, at -20°C. Simultaneously, the
molecular painting probeswere denatured for 10 min
at 70°C and were then placed on ice. The slides were
subsequently dried through the chilled al cohol series,
and the X, Y and B1 painting probes were applied.
Thesdlideswerehybridised overnight inamoist cham-
ber at 37°C. On the next day, the dlides were washed
three times in 50% formamide (Sigma Aldrich, Ger-
many) at 42°C for 3 min each, then three times in
2x SSC (Sigma Aldrich, Germany) at 42°C for 5min
each, and the coverdlip was detached. Each slide was
then washed in an equilibration buffer (400 ml H,0,
100 ml 20x SSC and 250 pl Tween20) for 10 min
at RT, followed by the application of DAPI (Cambio
Biomibo, Warsaw, Poland) onto the wet slide, which
was then covered with a coverslip.

Hybridisation signalswere examined using an Axio
Imager fluorescence microscope (Zeiss, Germany)
equipped with adigital camera, driven by the ZenPro
software. Thefilters used in the images were: DAPI,
spectrum green, spectrum orange, and spectrum red
with the pseudo colour violet.

Results

A cytogenetic analysis reveal ed the presence of 37,
38 and 39 chromosomesin the 139 metaphase spreads
that were examined (Fig. 1). In the prevailing major-
ity of the metaphase spreads (119), one signal of the
FCAY and one signal of the FCAX were observed.
Two signalsof the FCAY (i.e. onefor FCAY and one
for der(Y)) were observed in 15 metaphase spreads
(Fig. 3) and one signal of the FCAX was detected in
5 metaphase spreads (Fig. 2). The ratios of the three
cell lineswere 85.6%, 10.8% and 3.6%, respectively.
A control sample showing the correctness of the mo-
lecular probesis presented in Figure 4.
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Fig. 1. FISH results using X (orange), Y (green) and B1 (violet) whole chromosome painting probes on the tomcat metaphase spreads: A
-37,X; B-38,XY; C—39,XY+der(Y).

Fig. 2. FISH results on the tomcat 37,X cell line using X (orange), Y (green) and B1 (violet) whole chromosome painting probes
showing two signals of the B1- and one signal of the X-specific probes, while none of the Y-specific probe (green) was detected.

Fig. 3. FISH results on the tomcat 39,XY+der(Y) cell line using X (orange), Y (green) and B1 (violet) whole chromosome painting
probes, showing two signals of the Y-, one signal of the X- and two signals of the B1-specific probes.

Fig. 4. FISH results on the tomcat with a normal 38,XY cell line using X (orange), Y (green) and B1 (violet) whole chromosome painting
probes as an experiment control.
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Discussion

Chromosomal abnormalities related to disorders of
sex development (DSD), especially sex chromosome
aneuploidy, can lead to infertility, behavioura
changes or an increased risk of gonadal carcinogene-
sis (RAUDSEPP and CHOWDHARY 2016). Further-
more, someindividualswith DSD have been reported
to exhibit unusual behaviour (SzCzZERBAL and
SWITONSKI 2020). A few other abnormalities, as de-
scribed below, have shown a similar correlation be-
tween chromosomal and physical changes.

In astudy of four 38,XY catswith rudimentary pe-
nises and testicular disorder (NOWACKA-WOSZUK
et al. 2014), testeswith normal spermatogenesiswere
reported in two cases, testes without spermatozoa in
one case, and testes with only Sertoli cells in the
seminiferous tubules in the fourth.

LEAMAN (1999) described the cytogenetic analysis
of 11 tortoiseshell cats, of which six had
a38,XX/38,XY complement of chromosomes, iden-
tified as blood chimeras. Some of these chimeras had
testes with spermatogenesisin some areas and empty
seminiferoustubulesin others (as confirmed by ahis-
tological analysis), while another animal had one go-
nad as an ovo-testis, and yet another had seminiferous
tubules without spermatogenesis. Two of the eleven
tortoiseshell catshad a39,XXY complement of chro-
mosomes identified as Klinefelter syndrome with the
typical histological characteristics, while the remain-
ing three had a norma chromosome complement.

Another true chimerism 38,XY/38,XY in atomcat
was discovered by BUGNO-PONIEWIERSKA et al.
(2020) and was confirmed by genetic analyses. Inthis
case, the cat had properly developed male reproduc-
tive organs, was fertile and the tortoi seshell coat col-
our was predominantly orange with only afew small
patches of black. In our study, the male al so had prop-
erly developed reproductive organs. No effects of
achromosomal aberration were observed.

A similar case was reported by PEDERSEN et al.
(2014), in which a tortoiseshell tomcat with
a 39,XXY karyotype was found to have a normal
body size, but testes of aseemingly smaller size than
usual for its age. However, the phenotypical charac-
teristics of atortoiseshell cat can be highly variable.

Cases of feline mosaicism have also been previ-
ously noted. BALOGH et al. (2016) described the case
of aBengal tomcat witha37,X/38,XY karyotype and
tubular structures, which wereidentified asM{llerian
duct remnants, aswell as cryptorchidism. Thetomcat
also had behavioural problems, which weresimilar to
the unusual behaviour observed in our study.

A similar case involving a European shorthair cat
with a 37,X/38,X,r(Y) karyotype showed the pres-
ence of two cell lines, with 90% of the cells having
37,X chromosomesand 10% with 38,X chromosomes

and an abnormally small Y-derived chromosome
(SzCzERBAL et al. 2017).

Inour study, weidentified an aberration that had not
been previously described in cats, although a similar
karyotype, 63,X/64,XX/65,XX,del(Y)(g?), was de-
scribed in a stallion that was diagnosed with testicles
in the abdominal cavity (BUGNO ef al. 2008).

The tomcat described in this study was previously
castrated. Based on aninterview with the cat’ sowner,
theimpetusfor requesting diagnostic testswasrel ated
tothe cat’ stemperamental behaviour, and no changes
in the cat’s sexual organs had been observed.

Conclusions

The use of the FISH technique allowed for the diag-
nosisof aY chromosome aberration that had not been
previously described in cats. By providing the ability
to quantify the number of copies of fluorescent sig-
nals, evenintheinterphase nuclei, thistechnique sup-
ported the analysis of alarge number of cells.
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