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Abstract

Representative groups of animals of two endangered local pig breeds (Casertana and Nero Siciliano,
both with black skin and raised in Southern-Italy) were cytogenetically investigated and compared
to check for the presence of chromosomal abnormalities and to test their chromosome stability by
Sister Chromatid Exchange (SCE) test, in their normal breeding conditions. Forty-two Casertana
pigs (22 males and 20 females, raised in 3 farms) and 39 Nero Siciliano pigs (19 males and 20
female, raised in 3 farms) were investigated. All animals showed normal CBA- and RBA-banded
karyotypes (2n=38), except for two Nero Siciliano boars (both from the same farm) which showed
2n=37 being heterozygous carrier of rob(15;17). The translocation was confirmed by FISH-
mapping with specific BAC-clones. Both animals were probably hybrids from crosses with the wild
pig (2n=36) present in the Nebrodi mountains where Nero Siciliano is reared with extensive or
semi-extensive systems. SCE-test applied on all studied animals revealed no statistical differences
between the SCE-mean number of Casertana (7.13+£3.20) and Nero Siciliano (6.87+3.12) breeds.
Statistical differences were found between SCEs mean values of males (7.26+3.38) and females
(6.59+2.90) of Nero Siciliano breed, as well as between females of Casertana (7.24+3.26) and Nero
Siciliano (6.59+2.90) breeds, while no statistical differences were found between SCE mean values
of males of Casertana (6.98+3.10) and Nero Siciliano (6.45+2.97) breeds, as well as between males

and females of Casertana breed.
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1. Introduction

Casertana and Nero Siciliano pigs are two endangered breeds (both with black skin) raised in the

Southern of Italy. The Casertana pig breed (Figure 1A) is raised in Campania region, mainly in



Caserta province. In 2017 the Birth Register maintained by the National Swine Breeders
Association (ANAS) recorded a total of 706 pigs (137 sows, 31 boars and 538 young animals) in 21
farms located mainly in Caserta province. It’s a very rustic breed, suitable for wild or half-wild
farming with fattening trend. The colour of skin is black or slate-grey. Its meat is particularly suited
for processing or direct consumption.

The Nero Siciliano pig breed (Figure 1B) is today farmed with extensive or semi-extensive systems
in the Nebrodi mountains, Sicily (Guastella et al., 2010). Known locally as the "suino nero dei
Nebrodi", it has a prominent ridge of spinal bristles running from its large head to about midway
along its back and stands about 70 cm high. In 2017 the Birth Register maintained by ANAS
recorded a total of 5.842 pigs (624 sows, 69 boars and 5.149 young animals). The swines are
allowed to graze and forage over wide areas, including woods, and this diet influences the meat's
flavor.

Crosses between domestic (2n=38) and wild (2n=36) pigs are possible and the hybrids (fertile) have
2n=37, being two acrocentric chromosomes of domestic pig (15 and 17) fused in the wild pig by a
centric fusion translocation (Bosma, 1976; Sisa et al., 1984; Arroyo-Nombela et al., 1990).
Chromosome stability ensures that genetic information is correctly transmitted during the DNA
replication, cell proliferation and specie generations. Several studies report a variable rate of
genome stability (or instability) by using Sister Chromatid Exchange (SCE) test according to the
species analysed, like cattle (Di Berardino and Shofner, 1979; Iannuzzi et al., 1991; lannuzzi et al.,
1991; Ciotola et al., 2005; Di Meo et al., 2011; Perucatti et al., 2016), river buffalo (Iannuzzi et al.,
1988; Genualdo et al., 2012; lannuzzi et al., 2015), sheep ( Di Meo et al., 2000; lannuzzi et al.,
2004; Perucatti et al., 2006; Genualdo et al., 2015), goat (Di Meo et al., 1993; Lopez and Arruga,
1992; Wojcik and Smalec, 2012) and pig (Rubes, 1987; Peretti et al., 2006; Ciotola et al., 2014),
while only few data are available about the genome stability variation in different breeds of the

same species. lannuzzi et al. (1991) found statically different mean values of SCE/cell between
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Podolian and Friesian cattle breeds reared under similar conditions including diet, sex (all males)
and age. Indeed, SCE-test may be influenced by the by technical conditions of cellular growth,
BrdU-doses, sex, age, dietary habits and genes (Carrano et al., 1980; Latt et al., 1981; Waksvik et
al., 1981; Soper et al., 1984; Wulf et al., 1986). No direct cytogenetic comparisons between
different pig breeds have been performed so far. SCE-test has been largely applied to test
chromosome stability in cells of animals naturally or in vitro exposed to mutagens. The number of
SCEs in the cells of single animal or of animal groups is higher than the normal, showing higher
chromosome fragility with increasing probability to get genetic mutations and/or chromosome
aberrations.

In this study, representative groups of animals of two endangered pig breeds were, cytogenetically
analysed and compared by using both CBA- and RBA-banding techniques, as well as the SCE-test
to check for the presence of chromosomal abnormalities and their chromosome stability under their

normal breeding and environmental conditions, respectively.

2. Materials and methods
2.1 Animals
Forty-two pigs from Casertana breed (22 males and 20 females, from 3 different farms) and 39 pigs
from Nero Siciliano breed (19 males and 20 females, from 3 different farms) randomly selected,
were cytogenetically investigated by using both C- and R-banding techniques for karyotype

analyses, as well as the SCE-test for chromosome stability testing.

2.2. Cell cultures, CBA and RBA-banding, SCE, FISH-mapping
Peripheral blood lymphocytes were cultured for 72 h at 38° C in RPMI-medium enriched by foetal

calf serum (10%), Antibiotics and Antimicotic mixure (1%) and Lectin (1.5%) as mitogen.



Three different types of cell cultures were set up: (a) normal culture (without addition of any base-
analogue) for CBA-banding technique; (b) cultures treated for late incorporation of both BrdU (15
pg/ml) and Hoescht 33258 (30 ug/ml) both added six h before harvesting for R-banding and FISH-
mapping techniques; (c) cultures treated with BrdU (10 pg/ml) 26 h before harvesting for SCE-test.
Colcemid (0.1 pg/10 ml) was added 1.5 h before harvesting. A hypotonic treatment and three
fixations with acetic acid/methanol (1:3) solution followed. Three drops of cell suspension were
spread on wet and warm slides, air dried and kept at room temperature for some days. FISH-
mapping analyses were performed for animals carrying chromosome abnormalities to confirm the
chromosomes involved. The following BAC-clones (CHORI) were used: CH242-379A2 (start
4.740.641; end 5.086.289) mapping in the proximal g-arm region of SSC15; CH242-501J6 (start
4.104.594; end 4.360.253) mapping in the g-arm proximal region of SSC17. BAC 379A2 and 501J6
were labelled with biotin and digoxigenin, respectively using nick-translation kit (Roche applied
science Inc.). Slides were then treated for FISH analysis with BAC clones overnight, allocated in a
moist chamber. After detection steps with FITC-avidin and anti-digoxigenin antibodies,
chromosomes were counterstained with Vectashield H 1000 (Vector Lab) antifade solution.

For more detailed information about CBA- and RBA-banding, as well as for FISH-mapping and
SCE-test protocols see in lannuzzi and Di Berardino (2008).

Fifty metaphases for CBA-banding, twenty RBA-banded metaphases (with five RBA-banded
karyotypes), and at least 35 metaphase plates for SCE-test were studied each animal. The images
were captured by using a Leica CTR 5500 fluorescence microscope equipped with 100x oil
immersion lens, DAPI, FITC, Texas Red specific filters and Photometrics Sensys camera. R-banded

karyotypes were arranged according to the standard karyotype (Gustavsson, 1988).

2.3. Statistical analyses



Mean values and standard deviations of SCE-data were calculated for both single animal and animal
groups. Statistical analyses were performed between animal groups by using a t-student test.
Bonferroni correction was applied as default restriction and differences were considered significant

if P <0.05.

3. Results and Discussion

3.1. CBA- and RBA-banding, FISH-mapping.

All studied animals showed normal diploid number (2n=38) and CBA-banding (Fig. 2a) except for
two males (boars) from Nero Siciliano breed from the same farm, which showed an abnormal
karyotype (2n=37) for the presence of an extra biarmed chromosome showing two HC-blocks at the
centromere (dicentric chromosome) (Fig. 2b), differently from the remaining biarmed pairs which
showed single HC-blocks. Subsequent RBA-banding revealed that this abnormal biarmed
chromosome was originated by centric fusion translocation of pig chromosomes (SSC) 15 and 17
(Fig. 3a-b), as also confirmed by FISH-mapping analyses with two specific markers of SSC15 and
SSC17 (Fig. 4). Since the animals were raised with an extensive or semi-extensive system in the
same area where are largely present wild pigs (2n=36), it is possible that they were originated from
crosses between domestic and wild pigs. Being the hybrids between Nero Siciliano and wild boar
similar (see Fig. 1b and supplementary Fig. 1 for comparison), it is difficult to distinguish them
from the purebred Nero Siciliano. After these results the two boars were eliminated from
reproduction and a specific project for cytogenetic selection of Nero Siciliano breeders, at least the
boars, before their use for reproduction is ongoing. This study underlines the importance of
karyotype analyses in the animals before their use as breeders, especially in boars of this

endangered breed for the reasons previously reported.



3.2. Sister Chromatid Exchange (SCE)-test.

Figure 5 shows a pig metaphase plate treated for SCE-test, while table 1 reports the data achieved in
all animal groups of Casertana and Nero Siciliano breeds, respectively. No statistical differences
were found between the SCE-mean values of Casertana (7.13+3.20) and Nero Siciliano (6.87+£3.12)
breeds, while statistical differences (P<0.01) were found between SCE-mean values of males
(7.26+3.38) and females (6.59+2.90) in Nero Siciliano, as well as between females of Casertana
(7.24+3.26) and Nero Siciliano (6.59+£2.90) breeds. No statistical differences were found between
males of the two breeds, as well as between males and females of Casertana breed.

The SCE-mean value found in the present study in Casertana were very similar to those earlier
achieved in the same breed (Peretti et al., 2006). Therefore, the genome of this breed seems to be
stable after many years, indicating that the environmental conditions have not changed so far. The
SCE-test, applied for the first time in the Nero Siciliano, shows a SCE-mean value very similar to
that obtained in the Casertana. Generally, SCE-mean values in swine species appear lower than
those achieved in other species, supporting the hypothesis that pig genome is more stable than that
of other species, probably depending also for the younger age of animals, compared to other
domestic species, in consideration that SCE-test may be influenced also by the age (Soper et al.,
1984, Peretti et al., 2006).

SCE-test appears very useful not only to establish the normal genome stability baseline of the
animal species and breeds raised in wild breeding, but also to test animals, which are naturally (in
vivo exposure) or in vitro (cells) exposed to mutagens. Recent studies performed in animals
naturally exposed to dioxins revealed a statistical higher number of SCEs in sheep and cattle,
compared to control groups raised in dioxins free areas (Iannuzzi et al., 2004; Perucatti et al., 2006;
Di Meo et al., 2011; Genualdo et al., 2012). Significant higher values of SCEs have been found in
sheep raised in polluted areas of Sardinia (Italy), compared to sheep raised in unpolluted areas

(Genualdo et al., 2015). These differences were also confirmed in the same study by analysing the
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Redox-status of sheep, supporting a possible relationship between physiological stress and
chromosome fragility. SCE-test has been also used to test lymphocytes of sheep exposed in vitro
with furocumarin extracts from Bituminosa bituminosa, an interesting legume which is in full

production during the summer (when the other legumes are not) (Iannuzzi et al., 2016).

In conclusion, the presence of hybrids between domestic and wild boar in the Nero Siciliano breed
demonstrates that it is necessary and urgent to develop a specific breeding program to avoid
contamination in this endangered breed with the wild boar present in the same area where this breed
is raised in Sicily. In particular, cytogenetic analyses should be performed at least in all boars used
in both natural and Al inseminations, for a radical eradication of hybrid animals. SCE-test revealed
a good chromosome stability in both pig breeds studied supporting the thesis that breeding

conditions in which these animals are managed is the best for the two endangered breeds.
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Figure legend

Figure 1. Casertana (A) and Nero Siciliano (B) breeds.

Figure 2. CBA-banded metaphase plates in two boars with normal (2n=38) (A) and abnormal
(2n=37) (B) diploid number, the latter in Nero Siciliano boar carrying a centric fusion translocation
showing a pronounced HC-block involving both chromosome arms (large arrow). The Y-

chromosome is also shown.

Figure 3. RBA-banded metaphase (A) and relative karyotype (B) of a pig boar 2n=37 carrying the

rob(15;17) being probably hybrid between domestic and wild pigs.
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Figure 4. A metaphase plate (2n=37) of a boar carrying rob(15;17) and treated for FISH-mapping
technique with specific BAC-clones mapping SSC15 (green signals) and SSC17 (red signals)

(arrows).

Figure 5. A male pig metaphase (2n=38) treated for SCE-test and showing three SCEs (arrows).

Supplementary figure 1. One of two boars found carrier of rob(15;17) being probably derived by
crossing between domestic (Nero Siciliano, 2n=38) and wild (2n=36) boar. Note the similarity

between the hybrid pig with the purebred Nero Siciliano (see figure 1B for comparison).
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Table 1

Table 1. Sister chromatid Exchanges (SCEs) in Casertana and Sicily black

pig breeds
Pig breed Animals Examined SCEs
Males (M) Cells
Females (F)
N N Mean/cell + sd
M 22 770 6.98 £3.10
Casertana Black F 20 700 7.24 +3.26
(Nero Casertano) M+F 42 1470 7.13 +3.20
M 19 665 7.26 +£3.38
Sicily Black F 20 700 6.59 +2.90
(Nero Siciliano) | M+F 39 1365 6.87 +3.12
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