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1. Introduction 

1.1. Conservation of biodiversity in livestock 
 
The domestication of plants and animals was a crucial step in human demographic and cultural 

development, the Neolithic Revolution has radically changed the behaviour of the man who has 

turned from hunter-gatherer to farmer-breeder. Recently, the use of molecular genetics had a greater 

impact on our understanding of how these events took place, compared to traditional research of 

anthropologists and archaeobiologists. In particular, recent studies made it possible to identify the 

wild ancestor of modern livestock and the nature of livestock expansion in past millennia (Salamini 

et al. 2002; Taberlet et al. 2008). Currently, these data have more direct importance for the 

management and conservation of animal and plant genetic resources. The loss of agricultural 

diversity in the face of increasing pressures from modern farming is a cause for global concern 

(Bruford et al. 2003). 

After the domestication, the main evolutionary forces of mutation, adaptation, genetic drift, 

isolation and selective breeding have created an enormous diversity of local livestock populations. 

During the last centuries, highly productive breeds have replaced local ones across the world, due to 

phenomena such as the rise of the concept of breed, the progress of selection programmes, the 

artificial insemination and the embryo transfer; this development has inevitably led to a significant 

loss of genetic variability (Taberlet et al., 2011). 

While the conservation problem in domestic animals may appear as a paradox for the presence of 

extremely high population size of farm animals (Table 1), the issue was already raised in the 

seventies by the Food and Agriculture Organization of the United Nations (FAO) (Taberlet et al. 

2011). 

 

 Cattle Sheep 

Population size 1,367,335 1,060,606 

Number of breeds 1311 1409 

Number of extinct breeds 209 180 

 
Table 1: Population sizes, current number of breeds, and number of extinct breeds for cattle 

and sheep at the worldwide level (statistics concerning 169 countries, Taberlet et al. 2011). 
 



 4

In Europe, it is necessary to protect the existing great heritage of genetic diversity; in fact in our 

continent there is a gradual disappearance of indigenous breeds that are substituted with more 

productive cosmopolitan breeds. This trend is accelerated by the abandonment of farming in 

marginal areas. 

The biodiversity conservation of farm animals is universally recognized as a priority. The ideal 

approach would preserve the genetic diversity function of breeds, that is, the variability of the genes 

that control characters expressed by the animals that are or may be useful in the future. Indeed, the 

knowledge of these genes and often also of phenotypic traits of many breeds, considered at risk of 

extinction, is still very fragmented and insufficient. Even less if considering the characters that may 

be useful in the future. In recent years molecular markers were used to compensate this lack of 

information. 

Neutral Molecular markers are not affected by selection and are then used to reconstruct the species 

evolutionary history as indicators of genetic diversity existing within and between breeds and to 

locate and identify useful genes. The understanding of the evolutionary history of livestock species 

of interest and the estimates of genetic variability within and between breeds are fundamental for 

decision-making on the overall theme of conservation. For example, data on genetic variation 

within breeds obtained by molecular markers can be used to estimate and control, through proper 

breeding management, the level of consanguinity whose excessive increase would undermine the 

survival. The molecular information on genetic variability among breeds allows instead the 

identification of breeds carrying specific genotypes that is worth preserving. 

 
 

1.2. Molecular markers 
 
Molecular markers are representative of heritable and polymorphic characteristics at level of 

species, population and individual. A molecular marker is any chromosomal locus whose allelic 

variants can be easily identified by directly analyzing the DNA. A good molecular marker must be 

polymorphic, codominant, easily identifiable, repeatable and must have a simple mechanism of 

transmission (Mendelian or Uniparental). 

In recent decades, advances in molecular biology since the development of PCR technology (Mullis 

& Faloona, 1987) have contributed to the development of new molecular markers. The main 

markers, that are based on PCR technology, are microsatellites (Weber & May, 1989), RAPD 

(Random Amplification Polymorphic DNA, Williams et al., 1990), AFLP (Amplified Fragment 

Length Polymorphism, Vos et al., 1995) and SNP (Single Nucleotide Polymorphism, Landegren et 

al., 1998), while the RFLP are based on cutting enzymes restriction. 
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In recent domestication studies the mitochondrial DNA (Meadows et al., 2011; Bonfiglio et al., 

2010) and the variable sequences on the Y chromosome (Meadows et al., 2008; Bollongino et al., 

2008) have been used as markers. 

 

1.2.1. SNP (Single Nucleotide Polymorphisms) 
 
The SNP (Single Nucleotide Polymorphism) markers identify, as point mutations, the single 

nucleotide polymorphisms, but also short insertions and deletions in DNA sequence (Figure 1). The 

SNPs are very abundant (in humans representing more than 90% of the total polymorphisms), and 

randomly distributed in the genome. There are two types of nucleotide base substitutions: 

 Transition, occurring between purines (A, G) or between pyrimidines (C, T). This type of 

substitution constitutes two thirds of all SNPs. 

 Transversion, occurring between a purine and a pyrimidine. 

The majority of SNPs reside in non-coding regions in which the probability of finding point 

mutations is 4 times greater than in coding regions. A SNP in a coding region may have two 

different effects on the resulting protein: 

 Synonymous, the substitution causes no amino acid change to the protein (silent mutation). 

 Non-synonymous, the substitution results in an alteration of the encoded amino acid. A 

missense mutation changes the protein by causing a change of codon. A nonsense mutation 

results in a misplaced termination codon. 

Also, SNPs may reside in regulatory region of genes, and these are capable of changing the 

protein’s production. 

The SNPs are considered biallelic markers (two alleles that may differ in a given nucleotide 

position in a diploid cell) and codominant (allow discrimination of homozygote from heterozygote 

individuals). 
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Figure 1: C/T polymorphism 
 

There are different techniques to identify the polymorphisms, including the sequencing of the 

fragment carrying the mutation. recently high throughput technologies are used for the 

identification of hundreds of SNPs simultaneously, based on hybridization as the BeadArray (Shen 

et al., 2005), or tens of thousands to millions, with the Bead-chip (Illumina). 

These markers are used for evolutionary studies but also for mapping and association with QTLs 

(Quantitative Trait loci). In livestock, markers are also used to study the traceability of products and 

they are used in diseases association studies. 

In cattle, for example, SNPs are used for the identification of genetic variation that modulates the 

corresponding change in economically important production traits, differential susceptibility to 

disease and favourable host response to vaccines (VanRaden et al., 2009). 

 

1.2.2. Mitochondrial DNA (mtDNA) 
 
To investigate the origins of humans or animals an ideal marker should have several characteristics 

(Bruford et al., 2003): 

 It must be sufficiently evolutionary conserved to allow the identification of the wild taxon 

from which the species descends 

 It must be variable and sufficiently structured across the geographical range of the species so 

that the approximate location of domestication can be identified 

 It should evolve at a rapid but constant rate. 

The mitochondrial DNA has these features, and it is used in many evolutionary studies. In 

mammals, the mtDNA is the nucleic acid located in mitochondrial organelle; it is about 20 kb long, 
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exclusively maternally inherited, haploid and does not undergo recombination (Figure 2). For 

example, in mtDNA of sheep there are 13 protein-coding genes, 2 sr-RNAs, control region and 22 t-

RNAs (Table 2, Hiendleder et al., 1998). 

 

 

 

 

 

 
 

Figure 2: Mitochondrial DNA 
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Table 2: Features of the Ovis aries mitochondrial genome. 

 

Mitochondrial polymorphisms have been used to explain the origins of many modern domestic 

species. The mtDNA control region shows the highest evolutionary rate, and by analyzing its 

variability it is possible to define maternal lineages. Meadows et al. (2011) showed that the control 

region with removal of the hypervariable repeat is the most suitable for phylogenetic analysis. 

Maternal lineages can be grouped into phylogenetically resolved haplogroups and in domestic 

species haplogroups have been used to infer domestication events (Bruford et al 2003). Recent 

studies in goats (Naderi et al 2007), cattle (Achilli et al 2009), and pigs (Larson et al 2010) have 

revealed a high number of maternal lineages. In sheep, two (Wood and Phua et al 1996; Hiendleder 
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et al 1998a; Hiendleder et al 2002), three (Guo et al 2005; Pedrosa et al 2005), and more recently 

five (Meadows et al 2007; Meadows et al 2011) lineages have been identified. 

 

1.3. The goals of the thesis 
 

The research has focused on different analyses of genetic diversity in livestock. Specifically, 

genetic variability in different European breeds belonging to two livestock  species, Bos taurus and 

Ovis aries, were examined by applying different molecular markers. 

The three main projects followed during the thesis are: 

 The identification of new SNPs in TLR2, TLR4 and TLR6 genes in cattle. The Toll-like 

receptors (TLRs) play an important role in the recognition of components of pathogens 

and subsequent activation of the innate immune response We screened nucleotide 

sequences of bovine TLR2, TLR4 and TLR6 genes to identify SNPs can be used in 

diseases resistance studies in cattle. The frequencies of the SNPs were assessed in 16 

different bovine European cattle breed (Jersey, South Devon, Aberdeen Angus and 

Highlands, from Great Britain; Holstein, Danish Red and Simmental, from Denmark; 

Asturiana de los Valles, Casina, Avilena and Pirenaica, from Spain; Piemontese, 

Marchigiana and Maremmana, from Italy; Limousin and Charolais, from France) and 

used to carry out a phylogenetic analysis to describe the relationships between the 

breeds. 

 The analysis of the relationship between Maremmana, Turkish Grey and Hungarian 

Grey breeds belonging to the same Podolic group of cattle and to verify whether their 

genetic state reflects their history. We genotyped about 100 SNPs on individuals 

belonging to these breeds and compared them to genotypes of individuals of two Italian 

beef breeds, Marchigiana and Piemontese, which underwent different selection and 

migration histories. 

 The investigation the genetic diversity of sheep breeds of three countries of the 

Mediterranean basin: Albania, Greece, and Italy. We aimed at investigating the 

geographic distribution of the genetic diversity of sheep breeds in Albania (Bardhoka, 

Ruda, and Shkordane), Greece (Kalarritiko, Orino, Pilioritiko, Kefalleneas, Lesvos, 

Kymi, Karagouniko, Skopelos, Anogeiano, and Sfakia), and Italy (Bergamasca, Delle 

Langhe, Laticauda, Altamurana, and Gentile di Puglia). To accomplish that, we 

employed sequence data from the mitochondrial D-loop and 37 previously described 

SNPs (nuclear loci). 
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2. Articles 

2.1. Polymorphisms within the Toll-Like Receptor (TLR)-2, -4 and -
6 Genes in Cattle 
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2.2. Relationships between Podolic cattle breeds assessed by 
single nucleotide polymorphisms (SNPs) genotyping 
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2.3. Genetic Diversity of Sheep Breeds from Albania, Greece, and 
Italy Assessed by Mitochondrial DNA and Nuclear Polymorphisms 
(SNPs) 
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3. Conclusion 
 

After the domestication and during the colonization of Europe, part of cattle and sheep 

biodiversity was lost, due to genetic drift and bottlenecks that have acted during the migration and 

subsequent expansion of populations. Also, a series of secondary migrations have accompanied 

human migrations in history. Subsequently geographical isolation that limited gene flow between 

groups of animals and environmental and human-induced selection, resulted in populations with 

different characteristics, adapted to extreme environments, and specific capacities for the 

production of milk, meat or fiber. Over the last two centuries many of these populations have been 

gradually standardized for several morphological and productive traits, more subject to selective 

pressure and isolated from the reproductive point of view. This process led to the formation of the 

breeds we know today and the fragmentation of the genetic variability of indigenous populations. 

Through the analysis of the molecular markers it possible to identify the genetic variability 

within and between modern breeds and this is crucial for decision-making on the overall theme of 

conservation. 

In the article “Polymorphisms within the Toll-Like Receptor (TLR)-2, -4 and -6 Genes in Cattle”, 

nucleotide sequences of bovine TLR2, TLR4 and TLR6 genes were screened to identify novel 

SNPs that can be used in studies of cattle resistance to diseases. Toll-like Receptors play an 

important role in the recognition of components of pathogens (PAMPs, Pathogen Associated 

Molecular Patterns) and subsequent activation of the innate immune response, which then leads to 

development of adaptive immune responses. In total eight SNPs were identified, three in TLR2, 

three in TLR4 and two in TLR6 and were deposited in NCBI dbSNP. These three genes are very 

important because they could be involved in immune response against various bovine diseases. In 

fact, TLR2 and TLR6 are critical in the immune response against Gram positive bacteria, TLR4 

against Gram negative bacteria and virus. The polymorphisms in TLRs may reduce the ability of the 

protein to recognise ligands, particularly a non-synonymous SNP identified in TLR6 gene is very 

interesting because it causes an amino acid substitution (Asp↔Asn). 

Furthermore, the SNPs characterization was performed by analysing a conspicuous number of 

individuals from 16 European breeds, and the main statistics were calculated. Even if from our 

analysis the SNPs do not appear located in loci under selection, a deviation of three SNPs from 

Hardy Weinberg equilibrium was observed. We hypothesize that some of the polymorphisms were 

fixated many generations ago within breed and the coalescent model could not be powerful enough 
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to reveal selection events so far in the past. It would be interesting to apply a more powerful model 

to confirm the absence of selection in the SNPs and their suitableness as neutral markers. 

Also, distance based phylogenetic analysis was used to describe the relationships between breeds 

regarding the investigated TLRs. The lowest distance values are observed between Charolais and 

Asturiana de los Valles (0.002), while the highest distance is observed between Highlands and 

Jersey (0.117). Furthermore, the Jersey breed results very distant from all the other breeds of Great 

Britain, confirming the results obtained by AFLP and suggesting isolation within the Jersey island 

as the major cause of distinctiveness (Negrini et al., 2007). Indeed, Nei distances show that the 

highest genetic diversity observed in the geographically isolated breeds: it is suggestive (Figure 2) 

that the breeds of Great Britain (Aberdeen Angus, Highlands, South Devon and Jersey), using the 

analysed polymorphisms, are distributed accordingly to their geographic provenience. 

 

In the paper “Relationships between Podolic cattle breeds assessed by single nucleotide 

polymorphisms (SNPs) genotyping”, the relationship among the analysed Podolic breeds was 

examined and it was checked whether they genetic state reflect their history. Podolic cattle include a 

very ancient group of breeds, considered to be straight descendant from the Auroch (Bos 

primigenius). Podolic breeds are present in various European areas, and many of them are seriously 

endangered of extinction. Hungarian Grey, Maremmana and Turkish Grey belong to the same 

Podolic group of cattle and show similar external conformation. These breeds recently underwent a 

similar demographic reduction. After World War II, in Hungarian Grey inbreeding was avoided by 

using a rotational mating scheme based on six local Hungarian Grey sires, two imported sires of the 

same breed and three Maremmana sires introduced during the early 1970s. All three of these breeds 

face risks for their future survival because of inbreeding, indiscriminate crossbreeding and 

substitution with cosmopolitan more productive breeds. 

Ninety-nine SNPs, selected from a previously characterized panel of 701 SNPs in candidate genes 

for meat quality (Williams et al., 2009), were genotyped on individuals belonging to the three 

Podolic breeds as well as on individuals of two Italian beef breeds, Marchigiana and Piemontese, 

which have different selection and migration histories, and were chosen as example of unrelated 

breeds. The SNPs used in this study, being located in genes involved in meat traits, are not a 

random sample. However, they do not show to be under selection and are fairly scattered among all 

chromosomes (with exception of 23, 24 and 27). 

Within population variance estimate (Fis) was positive in Turkish Grey breed, indicating a 

significant level of inbreeding. A value suggesting moderate inbreeding is also observed in 

Marchigiana. The other three breeds showed values compatible with random mating. Therefore we 
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can conclude that mating strategies used in Maremmana and Hungarian Grey during the recovery 

were appropriate, while a different mating strategy could be suggested at least in one of the Turkish 

Grey populations. The estimate of Nei’s genetic distances show that Maremmana is more distant 

from Hungarian Grey (0.66) than from Turkish Grey (0.63), despite the recent admixture with the 

former breed. Maremmana is closer to Marchigiana (0.51) than to either Hungarian Grey or Turkish 

Grey. Maximum genetic distances were observed between Turkish Grey and Marchigiana (0.70) 

and Hungarian Grey and Piemontese (0.62). Data are supported also by pairwise Fst, showing that 

Maremmana is closer to Turkish Grey (0.107) than to Hungarian Grey (0.124). The high Fst values 

observed in Hungarian Grey may reflect human selection, a long-time isolation of the breed, or a 

limited number of founders. The last two hypotheses seem more compatible with the history of the 

breed. 

From this analysis, despite their similar morphology, Hungarian Grey and Maremmana are clearly 

identified as genetically distinct breeds. This could be attributed to either a different origin of the 

breeds or a consequence of the recent history, that led to the selection and probably fixation of 

genes. The two breeds were found differentiated on the basis of their allelic frequencies in a 

previous study (Valentini et al. 2006), and this confirms also the morphological differences reported 

by Maròti-Agòts et al. (2005). As for the Turkish Grey, we observed interesting differences 

between the population raised by breeders of Enez district, where in situ conservation studies are 

practised, and belonging to the Bandirma district of Balikesir, where ex situ conservation studies are 

practised 400 km far away from the original grey cattle raising area, in the Agriculture Research 

farm of Ministry of Agriculture. Turkey is very close to cattle domestication centre (Edwards et al. 

2007); therefore, a higher differentiation is expected because the time for drift and distance to 

domestication bottleneck and this could explain why one of the two population results genetically 

differentiated for any value of K tested. Besides being raised far from the original raising area of 

Grey cattle, the ex situ herds of Bandirma are subject to legal and financial limitation, i.e. farmers 

are not able to buy new members, and this leads to increment of inbreeding and to genetic drift. On 

the contrary, private farmers, raising the in situ herds for conservation purposes, avoid inbreeding 

because of more flexibility in management decisions. Moreover, the Enez herds were established 5 

years after those of Bandirma, and this could represent another source of difference. 

In conclusion, this study demonstrates that morphology and anecdotic accounts might be deceiving 

in describing a population, as it was in the case of Maremmana and Hungarian Grey. Molecular data 

are very suggestive, and the observed genetic differentiation of the breeds may deserve more 

investigation. Further analysis could help in tracing an unbiased picture of past events and provide 
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the basis for a rational exploitation of livestock, suggesting appropriate cross-breeding plans based 

on genetic distance, or breeding strategies that include the population structure. 

 

In the paper “Genetic Diversity of Sheep Breeds from Albania, Greece, and Italy Assessed by 

Mitochondrial DNA and Nuclear Polymorphisms (SNPs)”, we employed mtDNA and nuclear SNPs 

to investigate the genetic diversity of sheep breeds of three countries of the Mediterranean basin: 

Albania, Greece, and Italy. 154 mtDNA haplotypes were detected by means of D-loop sequence 

analysis in 313 animals from 18 sheep breeds and relatively high haplotype diversity was found in 

all three sampled geographic regions. Phylogenetic analysis revealed haplogroups A, B and C in 

Albanian and Greek samples, while Italian individuals clustered in haplogroups A and B. 

Furthermore, the same sheep sequenced at D-loop were genotyped with 37 previously described 

SNPs (Pariset et al., 2006). After removing those found monomorphic in the selected breeds, 27 

SNPs were used for the analysis. 

The nature of the markers used for the analysis can affect the detection of geographical structuring, 

as suggested by Naderi et al., 2007. In fact, mtDNA informativeness is limited because it does not 

detect male-mediated gene flow and does not predict the nuclear genomic diversity (Bruford et al., 

2003). By combining markers with different modes of inheritance and rates of evolution this bias 

can be minimized (Hewitt 2004). Our mtDNA analysis shows higher levels of sheep nucleotide 

diversity in the South-East, which is congruent with data reported in the literature (Meadows et al., 

2007) and congruent with the proximity to the domestication centre. This is confirmed by 

eigenvector analysis, which showed high contribution to variance by Albanian and Greek breeds, 

even if four breeds show unexpectedly low diversity. However, this behaviour can be explained by 

recent isolation or selection for some traits that reduced the overall genetic diversity through 

bottleneck. The SNP analysis revealed a rare allele frequency <5% for LEP1 and LEP2 loci, in 

agreement with those observed on a different European breed panel by Pariset et al., 2006. 

Observed and expected mean heterozygosity also showed similar values to those reported in the 

same paper. Expected heterozygosity values, which can indicate response to selection, are higher 

than observed heterozygosity values (Hs 0.063, 0.07, and 0.042; Ho 0.052, 0.06, and 0.038 in 

CALPA, PRNP-1, and GDF8, resp.). Among the breeds tested, Altamurana showed the highest Fis 

value suggesting the inbreeding in this population. Regarding the phylogeographic structure we 

found that the 95.2% of variation occurred within breeds indicating the weak phylogeographic 

structure in sheep. These data are consistent with those previously published by Kijas et al., 2009 

using a different SNP panel. Sheep generally do not have a strong geographic structure and show a 

high genetic variability within breeds. 
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In the PCA, the breeds appear differentiated with 48.9% of the variance explained by the first three 

principal components. Also this analysis shows a good correspondence to geographical locations: 

the breeds remaining separated by the main group are all Italian. PCA supports therefore a 

westward route to Italy that could indicate that transport of animals made by sea as already 

proposed for cattle (Pellecchia et al., 2007), and goats (Cañón at al., 2006). This is particularly 

plausible because small sized species as sheep are easy to transport during migration and 

commercial trade and can adapt easily to various environments. A similar decrease in genetic 

diversity as well as an increase in the level of differentiation at the breed level from South-East to 

North-West in European sheep breeds, supporting the hypothesis of livestock migration from the 

Middle East towards western and northern Europe, was found by Peter et al., 2007, and Lawson 

Handley et al., 2007, using other nuclear markers. 

To finish, D-loop sequence analysis shows a pattern reflecting migrations that occurred in post 

Neolithic and historical times, with the most divergent mtDNA lineage occurring in the southern 

breeds. PCA on SNP data differentiated breeds with good correspondence to geographical locations. 

It is interesting that the correlation between genetic and geographic distances revealed using nuclear 

SNPs was not confirmed by mtDNA, for which Mantel test was not significant. Our results seem to 

indicate a better correlation between geographic distances and autosomal markers. 

 

To conclude, the study of molecular markers in livestock is very important for the future. In fact, 

the biodiversity conservation of farm animals is universally recognized as a challenge for the next 

years. The genetic diversity is a key resource to allow adaptation of the species to rapidly changing 

climatic conditions, for the survival of the species to the attack of new pathogens, to address the 

improvement genetic selection towards new goals and ultimately to ensure adequate food for future 

generations. The local breeds, in addition to being an invaluable reservoir of genetic variability, also 

play a social-ecological and cultural role relevant to land conservation, rural communities and their 

traditions 
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