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Molecular techniques employed to trace the Sicilian ovines
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ABSTRACT
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Genotyping strategies are aimed at defining the genetic profile of individuals through the
identification of STRs sequences. The applied methodologies are able to ensure the trace-
ability of the meat along the production chains and the control of the correct animal sam-
pling on the farms. However, the discriminative capacity of alleles is studied through the
establishment of the allelic frequency in the ovine population of the territory. This may
depend on factors such as race, degree of inbreeding, and local selections. In the research
of genetic identity in particular, it is exploited that the probability that two different indi-
viduals possess the same genetic pattern is equal to the frequency of that genotype in the
population under examination and that the frequency of a genotype characterized by more
loci is equal to the product of the frequencies of each single genotype (locus) observed.
Therefore, we set the task of fixing and tabulating the data of the genetic profiles of the
autochthonous breeds that can then be exploited for the traceability investigations of the
animals, according to the application of specific algorithms. In practice, we aim to estab-
lish and create the starting point for the interpretation of all the genetic data obtained from
the analysis of the Sicilian ovine population, whatever the application to do with it. The
ultimate goal of this work is the elaboration of allelic panels typical of the sheep popula-
tions that represent the starting point for all genetic tests of forensic investigations. In fact,
the discovery of particular alleles identify the tabulated frequency representing the genetic
variability distribuited in the region. This has the effect of minimizing the identification
errors that are spread in the animal population. We can state that from the analysis of allele
frequencies developed by Genalex we can obtain expected heterozygosity data according
to Hardy-Weinberg law and the obtained heterozygosity data typical for native breeds. All
the allele frequencies were employed to create a database containing all the genotypes.
These data were useful in the forensic field for the attribution of the kinships in the sheep.

INTRODUCTION

Molecular genetics in forensic science finds
application not only in the human field, but also
in the veterinary, where such applications have al-
lowed the development of multiple tools to ensure

the protection of public health in the veterinary
sector. 

In this regard, there is a growing interest in the
application, in the field of animal health, of the
skills and methodologies developed in the field of
individual genetic  traceability for the determination
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distribution throughout the population, so that each
allele found, is then identified with a frequency
index. Genomic DNA extracted from blood with
the Genelute Blood Genomic DNA Kit from Sigma
allows the identification of every animal and there-
fore can be useful in document traceability in ani-
mal products of sheep origin. A PCR was used for
the amplification process, on which an end point
study was performed to assess the presence of the
sequences of interest, according to an AmpliTaq
Gold™ 360 DNA Polymerase Kit which provides
a genetic system based on the simultaneous ampli-
fication of the STR markers of interest by PCR,
and also allows sequence analysis for capillary
electrophoresis. The Kit contains: 

Primer mix, 
PCR Buffer, 
dNTP mix, 
DNA control, 
Taq Gold DNA Polymerase.

The Mix primer is the mixture of the primers
forward and reverse, for each locus to be analyzed.
For each pair one of them is marked with a fluores-
cent dye of the type: FAM, HEX, ROX. Specific
primers for different loci that fall in overlapping di-
mensional ranges are however diversifiable thanks
to different fluorochrome markings. For amplifica-
tion, 11 STR dinucleotide markers were recom-
mended, for identification purposes in the sheep, by
ISAG (International Society of Animal Genetics)
and listed below in Table 1 together with the fluo-
rescent molecule with which they are labeled after
PCR, the resulting color, the number of alleles
found in the Sicilian population, and the interval of
length of alleles for each locus.

The ISAG markers, validated at European level
for their information, are used by independent lab-
oratories all over Europe as a basic panel of stan-
dard markers for the analysis of sheep genotypes.
Within each range, for a single locus, it is possible
to find one or two peaks between those coded in
Table 2 that collects all the allelic groups. For each
sample analyzed, 2 µl of DNA at the concentration
of 20 ng/ml, prepared in the previous phases, was
amplified in a final volume of 25 µl of the reaction
mixture formed by 2 mixes. The mix 1 and 2 were
composed as follow: 12.5 µl of Master mix, 2.5 µl
primer mix, 10 µl water. The amplification program
provides 95 °C for 5 minutes, 95 °C for 30 seconds,
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of the genetic profile of an individual through the
use of DNA polymorphisms. 

Knowing the genetic profile of a single animal
in relation to a certain polymorphism allows to:

• ensure complete traceability of the meat along
the entire supply chain, from primary production to
sales to consumers, with particular reference to
products that have specific food qualities;

• ascertain the “pedigree” of heads of interest
through genetic investigation of paternity and/or
maternity;

• ascertain the identity of an animal found as a
result of loss or in cases of abigeats; tackle sus-
pected cases of poaching, acts of cruelty, and illegal
imports of protected animals;

• identify the species and/or determine the sex;
• identify if an animal died in the barn or on the

street;
• resolve cases of judicial or veterinary police.

Furthermore, the availability of effective, rapid,
and cheap genetic identification systems for every
sheep can be extremely useful in order to imple-
ment epidemiological control programs and surveil-
lance of infectious diseases. The possibility to carry
out genetic traceability analysis on biological sam-
ples collected for serological controls, in the context
of surveillance programs, is undoubtedly a strong
deterrent for the incorrect sampling procedures.
This type of investigation requires a technique that
combines sensitivity and high discriminating
power, so as to allow researchers to use it even on
minimum sample quantities and to trace and / or
identify an individual in a univocal way and with a
low margin of error.

MATERIAL AND METHODS

The genetic analysis will be carried out on sam-
ples of peripheral blood with EDTA anticoagulant,
taken from the sheep, and sent to the reference lab-
oratories for the territories under the jurisdiction of
the Experimental Zooprophylactic Institute of
Palermo. Arbitrarily, 480 samples were considered
as representative of the breed variety of the Sicilian
territory for the control of genetic susceptibility to
scrapie with molecular analysis. The data that are
generated, for their interpretation, require a math-
ematical matrix that takes into account the allelic
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63 °C 90 seconds, 72 °C 30 seconds, 60 °C 30 min-
utes, 4 °C kept in a final volume of 30 µl. The same
amplification program is used for mix 2, with the
only difference being the annealing temperature at
56 °C for 90 second. The amplifications were con-
ducted on the thermal cycler “GeneAmp PCR sys-
tem 9700 (Applied-Biosystems)”. After the PCR,
the product should be diluted 1:10 (25 µl of ampli-
fied + 225 µl of deionized water). A volume of 2 µl
of PCR products were added to the formammide
and the internal size standard (Rox). This sample
mixtures were loaded in the sequencer in opportune

order: (see Nei et al. (1983), Guo & Thompson
(1992), MacHugh et al. (1998), Blott et al. (1999),
Cornuet et al. (1999), Roques et al. (1999),
Ciampolini et al. (2000), Pritchard et al. (2000),
Bjørnstad & Røed (2001), Hansen et al. (2001), Ca-
ballero & Toro (2002), Maudet et al. (2002),
Dieringer & Schlotterer (2002), Korstanje et al.
(2003), Mburu et al. (2003), Queney et al. (2004),
Rosenberg (2004), Chantry-Darmon et al. (2005),
Excoffier et al. (2005),  Gutirrez et al. (2005), Bar-
caccia & Falcinelli (2006), Whitlock et al. (2008),
ISAG/FAO Standing Committee (2009). 

Table 2. sequences of ISAG loci and primers for the MIX2 (panel locus multiplex2).

Table 1. Sequences of ISAG loci and primers for the MIX1 (panel locus multiplex1).



RESULTS AND CONCLUSIONS

In figures 1, 2 some representative examples of
electropherograms obtained during the genetic tests
are shown.

These panels were obtained for all the samples
examined and were used to collect polymorphic
patterns based on STR. The colors indicate the

various markers (FAM and HEX). All these data
were tabulated for subsequent statistical process-
ing.

At the moment the following objectives have
been achieved:

• Optimization of the analytical method.
• Standardization of the use of selected markers.
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Figure 1. Electropherograms obtained during the genetic tests on Sicilian ovines.
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These steps led to the preliminary analysis of al-
lele frequencies and the database for the Sicilian
sheep is currently being constructed by loading all
the genotypes for each locus in the GeneAlex data-
base in order to obtain the most common alleles.
Expected heterozygosity data according to Hardy-
Weinberg law and obtained heterozygosity. All this
could be characterized by the autochthonous breeds
and serves to construct the matrix of genotypes in
terms of allele frequencies, used in forensic genetics
for the attribution of possible kinships between the
sheep.
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