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The characterization and safeguarding of typical and local animal breeds were the focus of 
this study. These two aspects are crucial for their management, in particular for the Italian pig 
population. Indeed, Italy is among the top ten nations in terms of the pig population, with the local 
breeds famous worldwide for their great meat production. In this study we characterized three 
of these local pig breeds of Italy, i.e. Nero Siciliano (Black Sicily, BS), Casertana (C) and Nero 
Lucano (Black Lucano, BL), using cytogenetic and genomic techniques. These three local pig breeds 
of Italy were characterized by Aneuploidies, CAs (Chromosome Aberration) and SCEs (Sister 
Chromatid Exchange) and RAPD-PCR (Random Amplified Polymorphic DNA – Polymerase Chain 
Reaction) in order to clarify any genetic differences between the breeds to preserve biodiversity and 
to guarantee economic development of local pork industries. Comparing the data obtained from the 
analysis of Aneuploidies, CAs and SCEs, as well as the RAPD-PCR examination, it was concluded 
that the BS and C breeds are more similar and sufficiently different from the BL breed. The genetic 
diversity and the characteristic polymorphic profile make BL a breed of high value to be protected, 
particularly for its much appreciated meat.
 The research was carried out as a preliminary phase for the development program for local breeds 
and will provide useful information for the management, conservation and promotion of these three 
Italian pig breeds.
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Pigs are the most popular farm animals in the world with about a 148.2 million of 
head only in Europe and their meat is the most widely consumed. Italy is among the top 
ten nations for number of pig population [Eurostat 2018]  However, as resulted from 
the decline of farm animals, from twenty-one Italian local breeds, at the beginning of 
the 20th century [Franci and Pugliese 2007] only six autochthonous pig breeds at risk 
of extinction are currently recognized at the national level in the National Pedigree 
Register of Italian National Pig Breeders Association (ANAS). These local breeds 
probably belong to the Mediterranean type, diversifying as late as in the beginning of 
the last century when in Northern Italy with its extensive farming local breeds started 
to disappear, while in Southern Italy farmers were more motivated to preserve local 
breeds [Franci and Pugliese 2007].  This genetic erosion was the effect of globalization, 
due to increases in the demand for livestock products, converting farming from 
extensive to intensive production systems, in favor of genotypes coming from northern 
European countries [Maiorano 2009]. The major genetic erosion risk is the loss of 
local breeds potentially leading to extinction of an entire species. For this reason, 
it is essential to characterize typical local breeds in order to conserve biodiversity, 
which explain the temporal relationship between animals and the environment, such 
as greater disease resistance [FAO 2007] or the ability to convert natural grazed or low 
quality food (roughage) into high-quality products (meat), as well as safeguard local 
economic resources, especially for low-input production systems.

In this study for the first time we carried out a genetic study by cytogenetic and 
genomic characterization of the three local pig breeds of southern Italy: Nero Siciliano 
(Black Sicilian, BS), Casertana (C) and Black Lucano (BL), the latter registered and 
also known as the Apulo-Calabrese breed (AC) – [ANAS 2020]. Fortunately, the data 
of these three breeds, as reported in 2019, were increasing: with 7313, 4650 and 871 
head, respectively (DAD-IS). The BS, BL and C pigs have very similar morphological, 
reproductive and productive characteristics [Bozzi et al. 2019], but with a genetic 
diversity, which is essential information for their management [Muñoz et al. 2019, 
Schiavo et al. 2020]. These breeds are most appreciated also for the abovementioned 
characteristics, especially for meat production characterized e.g. by the content of 
intramuscular fat (IMF) as a result of their high predisposition to the deposit of MUFA 
(monounsaturated fatty acids), the quality traits that confer excellent seasoned hams 
[Pugliese and Sirtori 2012]. 

Our previous cytogenetic study evaluated chromosome stability of the BS and C 
breeds using the Sister Chromatid Exchange (SCE) test [Genualdo et al. 2018], but 
limited data are available for the Italian local pig population on variation in genome 
stability [Ciotola et al. 2014] and polymorphisms [Schiavo et al. 2020]. The research 
on the variability and stability of the genome is fundamental, as these native breeds 
have probably been exposed to crossbreeding with other breeds over the centuries, 
with resulting mutations induced by several extrinsic and intrinsic factors [Wang et al. 
2016, Rocco et al. 2015] having a negative effect on fertility and reproduction [Mottola 
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et al. 2019, Santonastaso et al. 2019]. Nevertheless, evolutionary mechanisms have 
selected DNA damage repair systems that allow to protect genetic material from 
induced mutations (epigenetic mechanisms, telomere functionality) (Feng et al. 
2020); however, not all mutations are repaired, and if they are life-compatible they 
are passed on to the offspring, creating polymorphic variability within the same breed 
and unique genetic characteristics.

As regards particularly the BL, it is known that it is an indigenous pig, of the 
ancient autochthonous genetic type (AAGT), but the information on its genetic 
characteristics is still scarce, except for those concerning meat products [Perna et 
al. 2015ab, Simonetti et al. 2016), some loci [Valluzzi et al. 2019] or cytogenetic 
screening [Genualdo et al. 2020].  In the last few years, different researches enriched 
the knowledge of genetic variation of autochthonous Italian pig breeds, but a 
simultaneous comparison of their genome stability and the polymorphic differences 
are still being studied.

For this reason the present work aimed to evaluate the genome of the three 
breeds used different but complementary aspects: cytogenetics tools to evaluate the 
genome stability by Aneuploidy, Chromosome Aberration (CA) and Sister Chromatid 
Exchange (SCE), and the Random Amplification of Polymorphic DNA – Polymerase 
Chain Reaction (RAPD-PCR) to identify DNA polymorphisms and detect a genetic 
relationship between the breeds. The research was carried out on the animal resources 
as a preliminary step for the development of local breeds, and the results obtained will 
provide useful information for the management, conservation and promotion of these 
three Italian pig breeds.

Material and methods

All experimental procedures used in this study followed the requirements of 
the National Community Directive on research in animal science of 7th June 2011, 
as certified by the Ethical Commission of the National Research Council (CNR), 
ISPAAM of Naples (protocols no. 643 May 30, 2017 and no. 0001190 December 
2018). All pigs selected for this study were registered in the National Pedigree Register 
of ANAS. In brief, BL were sampled from a family-run piggery in the Basilicata 
region (Southern Italy), while for the BS and C breeds samples were taken from blood 
and lymphocyte cell suspensions, stored at -20°C after they had been collected for a 
previous study [Genualdo et al. 2018]. From each BL pig samples were collected to 
one sodium-heparin tube for cytogenetic screening and tests, and one EDTA (ethylene-
di-amine-tetra-acetic acid) tube for DNA extraction. Our research was carried out on 
a homogeneous group of pigs in terms of age and feeding conditions. Two peripheral 
blood cultures were set up, according to the standard protocols of our laboratory, 
as previously published [Genualdo et al. 2018]. For each sample the following 
procedures were performed: normal cultures (without the addition of any analogue 
base), used for Aneuploidy and CA tests, and cultures treated with the incorporation 

Genetic evidences in italian pigs



144

of 5-bromodeoxyuridine (BrdU 10 μg/ml) 17 h before harvesting for SCE tests. After 
cell harvesting the slides were treated as described by Perucatti et al. [2016]. For the 
Aneuploidy and CA tests at least 100 cells per animals were treated as follows:  the 
first 100 cells, captured under a microscope, were counted as incomplete (2n<38) 
and complete metaphases (2n=38) for Aneuploidy, while for the CA test only 100 
complete metaphases were scored. The latter were analyzed according to the Savage 
classification (2004). In the SCE test for each animal 35 complete metaphases were 
counted and elaborated from the culture with the BrdU addition.  All metaphases 
were observed under Leica DM2000 and DM5500 LED fluorescence microscopes 
equipped with 100× oil immersion lenses, FITC-specific filters and a camera. Each 
image was processed using a dedicated software (CytoVision platform by Leica). The 
data elaborated were expressed as means and standard deviations (SD). Aneuploidy 
was evaluated as the percentage of cells with 2n≠38. Total CAs (chromatid and 
chromosome breaks), aneuploidy and SCEs among the experimental breeds groups 
were analyzed by the unpaired Student’s t-test using GraphPad Prism 6. Only the 
results with p-value ≤0.05 were considered statistically significant.

Upon the RAPD test, the genomic DNA was isolated from 1 ml of blood stored 
in EDTA tubes and processed according to the method described by Pauciullo et al. 
(2012) with some modifications. The DNA pellets obtained were re-suspended in 
sterile water and quantified using NanoDrop ™ 2000 / 2000c Spectrophotometers 
(Thermofisher).  Six commercial primers (Sigma Aldrich) with variable nucleotide 
proportions (G-C content above 60-70 %) were used for this study (Tab. 1).  All 
primers were in the 10-mer size range and were selected from the literature as being 
tested on different species, including pigs, and were found to generate amplification 
products with a reasonable number of bands [Yeo et al. 2000, Huang et al 2003, 
Mottola et al. 2019]. From the 6 primers, only P2 and P6 were used for the analysis 
of the samples having shown a greater share of repeatable bands in the population.
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 Table 1. List of random gene primers, their nucleotide sequences and GC % 
contents 

 
Primer name  Sequence (5'-3')  (G+C) contents (%)  References 
Primer 1  CCCGTCAGCA  70  Mottola. et al. [2019] 
Primer 2  GTCCCGACGA  70  Huang et al. [2003] 
Primer 3  CAATCGCCGT  60  Yeo et al. [2000] 
Primer 4  AACGGTGACC  60  Huang et al. [2003] 
Primer 5  TTCCCCCCAG  70  Huang et al. [2004] 
Primer 6  GTCCACACGG  70  Yeo et al. [2000] 
 
 The PCR sample volume was 25 ml, containing the DNA template (100 ngr),1X 

PCR Buffer, MgCl2 (1.5 mM), primer (5 picoM - 5′-d-3′), 1U Taq DNA polymerase 
(Microgem 01-01-02000) and dNTP mix (0.2 mM). Analyses were performed using 
a T100 thermal cycler (Biorad). Amplification conditions were as follows: initial 
denaturation at 94°C for 5 min, denaturation at 95°C for 1 minute, annealing at 36°C 
for 1 minute, extension at 72°C 2 minutes, all the three steps for 45 cycles, and final 
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holding at 4°C. The amplification product was separated by electrophoresis on 2% 
agarose gels in 1X TBE buffer and visualized by staining with ethidium bromide 
solution. The gel was observed and the image was captured using the GEL DOC EZ 
System (Biorad) with its dedicated Image Lab Touch Software. The band analysis was 
carried out by evaluating the presence or absence of characteristic bands using a DNA 
ladder of 2000 and 10000 bp. Binary coded characters (1, 0) were used for molecular 
genetic investigation and elaborated by the Genesis software. (Graz University of 
Technology Istitute for Genomics and Bioinformatics 1.8.1).

Results and discussion

The chromosomal and genetic characterization of animal species facilitates 
identification of genetic links that exist between both different breeds and between 
individuals of the same breed. Induced mutations or chromosomal rearrangements 
can be the cause of genetic variation in a breed. Assessing the degree of genomic 
stability and probable polymorphisms in different breeds provides important 
information on species conservation and monitoring, especially if it is a species of 
interest as a food source. In this study to investigate effective chromosome stability 
of  three pig breeds (BS, C and BL) and provide genomic characterization 36 animals 
(3600 cells) were examined by CA and Aneuploidy and 50 samples (2030 cell) by 
SCE of the three breeds with mean values and standard deviations. The data obtained 
from BS and C in this study confirmed our previous research [Perucatti et al. 2013], 
which proves probably that these two breeds come from similar genetic pools, as also 
described in genetic research of Schiavo el al. [2020]. In fact, there are no statistically 
significant differences between the two breeds, as the number of chromosome and 
chromatid breaks and the percentage of aneuploidy were almost identical (Fig. 1). In 
particular, we observed a very low number of chromosomal aberrations, supporting 
the hypothesis that their genome is more stable. 

Interesting data emerge from the SCEs, CAs and Aneuploidy analysis of BL. 
We observed a higher frequency of CAs compared to BS and a lower aneuploidy 
percentage compared to the two other breeds (Fig. 1). The ratio between aneuploidies 
and chromosomal breaks is higher between BS and C than in BL. More specifically, 
we found that the percentage of aneuploidies in BS and C is greater than the number 
of breaks in individual chromosomes, while in BL it is the inverse. It is known that 
a high frequency of chromosomal aneuploidies can determine the onset of cancer in 
all living organisms. The cells put in place repair mechanisms to prevent potential 
damage from aneuploidy accumulation, including apoptosis (alos termed cellular 
suicide), a standard mechanism to eliminate cells with some kind of defect [Engvild 
2018]. This aspect would explain the low percentage of aneuploidies in relation to 
the high frequency of chromosomal breaks found in BL, indicating that it is a more 
genetically unstable breed. The hypothesis of BL genetic instability is also supported 
by the literature, as our results show the highest SCE-mean value in BL (Fig. 1) 
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compared to other pig breeds studied [Ciotola et al. 2014].  Probably, the BL breed is 
newest or more crossed than the two other breeds examined. This idea was promoted 
also by a comparison of Schiavo’s study [2020], in which the Apulo-Calarese breed 
developed  separately from the other Italian local breeds, differently from C and BS, 
which instead seem to have the same ancestral genetic pools.

To confirm genomic differences or verify potential genetic relationships between 
the three livestock breeds considered, we compared the electrophoretic profiles 
obtained by RAPD-PCR of each sample analyzed. RAPD profiles are a useful tool in 
DNA fingerprint analysis for gene mapping and breed identification and it has several 
advantages, including low execution costs and no prior knowledge of the DNA 
sequence [Mhuka et al. 2017]. Considering that we had no information on the DNA 
sequences for the analyzed breeds, we first tested a series of non-specific sequence 
primers to obtain an adequate number of bands that guaranteed test quality and 
provided specific information on the genotypes of the populations. From 6 primers 
used in RAPD-PCR only P2 (3’-GTCCCGACGA-5’) and P6 (3’-GTCCACACGG-5’) 
showed higher shares of bands (Tab. 2), amplifying 45 different loci in total, compared 
to the other primers, to be particularly suitable for their quality and reproducibility. 
P1 (3’-CCCGTCAGCA-5’), P3 (3’-CAATCGCCGT-5’), P4 (3’-AACGGTGACC5’) 
and P5 (3’-TTCCCCCCAG-5’) proved to be more polymorphic within the same breed 
and for this reason they were excluded from analysis. P2 amplified 25 bands within 
a size range of 130-1700 bp, of which only 4 were shared by all the three breeds, 
ranging from 250 to 500 bp. Among the last twenty-one polymorphic bands evaluated 
6 were shared by BL and BS, only 1 by BS and C, while none were shared between BL 
and C. Moreover, the primers amplified 7 characteristic bands for BL (450-1600 bp), 3 
for BS (200-800 bp) and 3 for C (130-420 bp) (Fig. 2). In particular, P6 with 20 bands 
in total showed more bands (8) shared within the three breeds, with a lower range size 
of 200-1200 bp and a degree of polymorphism between the breeds smaller than P2. 
Moreover, only two characteristic bands were amplified with this primer, one each for 
the BL and BS breeds. Of the 12 remaining polymorphic bands, 6 were shared by BL 
and BS, and 3 by BS and C (Fig. 2).

C. Rossetti et al. 

Fig.1. Histograms of % Aneuploidy and mean values ± SD of CA and SCE in three Italian pig breeds: 
Black Lucano (a); Black Sicilian (b); Casertana (c). *p≤0.05.
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The results showed that P2 and P6 produced a greater number of bands, which were 
easy to interpret and reproducible (Tab. 2). The analysis of electrophoretic products 
using the two primers showed no substantial differences in terms of polymorphisms 
within the breeds, but a specific BL pattern with respect to BS and C was found 
using the P2 primer. Therefore, the P2 primer was particularly useful for identifying 
a specific band model, in particular for BL, as it amplified characteristic bands, 
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Fig. 2. P2 and P6 primer expression images calculated and displayed by Genesys software of Black 
Lucano (BL), Black Sicily (BS) and Casertana (C) pig breeds.

 Table 2. Comparison of fingerprint bands generated by P2 and P6 primers among the three pig breeds 
 

Primer 
 

Breed 
 Total 

number 
of bands 

 Size range 
(bp) 

 Total 
number of 

bands/ breed 

 Number of 
polymorphic 

bands 

 Number of 
characteristic    

bands 

 Number 
of shared 

bands 

P2 
 Black Lucano    1700-150  17  0  7   
 Black Sicily  25  1700-150  14  0  3  4 
 Casertana      700-130  11  3  3   

P6 

              
 Black Lucano    1200-210  16  1  1   
 Black Sicily  20  1200-200  18  0  1  8 
 Casertana      800-300  11  1  0   
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which are not found in the BS and C breeds (Tab. 2). The characteristic  fingerprints 
generated in BL from the DNA amplification with P2 (Fig. 2) are of great interest for 
the purpose of genetic selection and especially for investigations dedicated to breed 
preservation at risk of extinction, classifying the aforementioned primer as a valid aid 
for the genomic identification of the BL breed. For the two other breeds P2 generated 
only 3 bands with high specificity in each sample studied, so further trials with new 
primers will be necessary to identify a marker test for their genome.

All data support the hypothesis that the BL deviates from the BS and C breeds. It 
could partly be attributed to the extended breed system, with no systematic selection 
or a planned mating. Indeed, the breed has probably accidentally crossed with wild 
boars and experienced limited introgression with other Italians breeds [Guastella et al. 
2010]. Considering the high consumption of pig meats, the possibility of recovering 
marginal territories by increasing or creating a market of high quality bio-sustainable 
meat products, this study would be appropriate to create controlled selection plans to 
safeguard Italian pig breeds, in particular for the BL breed, which has proved to have 
great genetic potential.
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