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1. Introduction 

1.1. Ferento  

1.1.1. History of the site 
 

Ferento is an archaeological site inhabited since Bronze Age, located near Viterbo, Central 

Italy, that developed mainly from roman age to medieval age. 

It rises on a  triangular plateau made of tuff stone [Pianicara, IGM F.137 II NE] and 

delimited by two ditches: Guzzarella (or Vezzarella) and Acqua Rossa, subaffluents of the Tiber. 

The roman city is facing the etruscan center standing on S.Francesco-Acquarossa Hill, 

disused in 500 B.C. We don’t have sure information about the removal of a colony in the last years 

of II century B.C. but references report that Ferento became town hall after the social war (Fenelli 

1989). The urban area took up about 30 hectares (the whole plateau) at the time of its principal 

expansion. Thanks to aerial photography it was found a regular plant with per strigas order, 

probably dated back to III sec.B.C. (Giuliani 1966) with blocks of 35X55 meters, based on a 

principal east-west axis, formed by the urban line of via ferentiensis connecting Cassia road and 

Tiber Valley (Betti 1963; Adamesteanu 1963; Wetter 1969; Cagiano De Azevedo & Schmiedt 

1974; Scardozzi 2001). 

The epigraphic documentation and monumental attestation, discovered during the 

excavations from 1900 to 1961, document a moment of great prosperity and building growth at the 

beginning of giulio-claudia age. The building of the theatre (Fig.1) and of a thermal system and the 

renovation of the forensic complex belong to this period. In the north-eastern area is situated the 

amphitheatre, perhaps of the I sec. B.C. (Giuliani 1966; Fenelli 1970; Rossi Danielli 1959; Giannini 

1971; Pensabene 1989; Papi 2000). 

 

Fig.1 Roman theatre of Ferento (Goliardo Gabbianelli) 
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The built-up area remains in the subsequent period, as attested by the diocese, documented 

from 487 to 649 (Lanzoni 1927); five bishops are reminded: Maximinus (487), Bonifacius (perhaps 

519-530), Redemptus (567-568, 585), Martianus (595, 601), Bonitus (bishop of Ferento and 

Bomarzo in 649). 

During the fight with Greeks and Goths, Ferento is involved in several struggles, like the 

other centers of the region. After a short time of peace, in 605 it is conquered by Longobards, that 

defeated Byzantines (Schneider 1975; Bavant 1979; Zanini 1998). 

These events represented the beginning of a period of economic and demographic crisis that 

caused the break-up of the city and the reduction of the built-up area on the western end of the 

plateau. Moreover, a fortification in two phases was realized next to the theatre: it delimited an area 

of 30.000 m2. 

At the beginning of the VII century, Ferento is deprived of the bit key, moved to Bomarzo 

for its position on Amerina road (Duchesne 1903; Lanzoni 1927).  

Despite this, Ferento is leading on the territory in IX and X century, in fact is reminded like 

civitas (816: Reg. Farf., II, doc.222, p.46) and appears in the diploma of Ludovico il Pio 

enumerating the principle centres of the area (817: Lib. Cens., I, p.364). About 940 it appears as 

administrative centre called comitatus ferentensis (Lib. Larg., I, doc.129, pp.97-98). 

We have no information relative to XI and XII centuries, so we don’t know if the centre was 

ruled by a posh family as Bisenzio’s Counts that had property in the city in 1099/1011 (Egidi 1906). 

In this period the built-up area expanded: the re-occupation of the eastern spaces around the Theatre 

and the building of a new boundary wall (that included an area of about 70.000 mq) happened; a 

suburb on the western access road, named burgus Ferenti, developed. 

In the second half of the XII century, Ferento became an obstacle to the northern expansion 

of Viterbo; the clash culminated with the complete destroy of Ferento from Viterbo between 1170 

and 1172 (Ciampi 1872; Signorelli 1907-1969; Maire-Vigueur 1987; Lanconelli 1994). 

In 1174 Cristiano, Magonza’s arcibishop, ratified that Ferento will never rebuilt (Pinzi 1887) and 

recognized the annexation of the territory to Viterbo. 

Some certificates testified that the area was frequented almost until 1181 (Egidi 1906; 

doc.33:65-66; doc.35:65-68; doc.36:68-69; doc.38:71-72). The leave ended at the beginning of the 

XIII century; in 1202 properties of the richest Ferento’s churches, S.Gemini and S.Bonifacio, were 

added to goods of Viterbo’s churches of s.Matteo in Sonza and S.Stefano (Buzzi 1988). 
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1.1.2. Excavations  
 

Prof. Gabriella Maetzke started in 1994 the archeological investigations in Ferento. Until 

2003 she concentrated on two areas, named assay I and assay II (Maetzke et al. 2001). 

The assay I comprises the area northward the Decumano and in front of the Terme, in the 

medieval quarter; the assay II is localized on west area at the limit of the plateau, where an 

important necropolis was found. 

Since 2001 a new area was excavated, the assay III and the researches are in progress at the 

present time directed by Prof. Carlo Pavolini. This assay was occupied with a residential building 

on the southern side of the Decumano and with an important system of tanks, leant against the 

Theatre. 

Since 2004 Prof. Elisabetta De Minicis and Carlo Pavolini reorganized the site following the 

early disapperance of Gabriella Maetzke. The assay I was filled in and two new area were opened: 

the assay IV, placed in the northwestern area of the plateau, and the assay V, near the assay I close 

to the fortification (De Minicis et al. 2010). In the assay II new burials were discovered: 

anthropological and paleopathological analysis on the remains is conducted at the present (Fig.2). 

 
 
 

 
 
 

Fig.2 Plan of Ferento site with excavation areas 
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1.2. ancient DNA (aDNA) 
 

The study of ancient DNA (aDNA) started about 20 years ago when DNA sequences were 

separately described from a 140-years-old quagga (Higuchi et al. 1984) and a 2400-years-old 

ancient Egyptian individual (Pääbo et al. 1985), even if the amount of DNA present in the old 

tissues were so small that the isolation of bacterial clones carrying the same DNA sequence was 

impossible. Moreover, the results could not be replicated in order to verify their authenticity (Pääbo 

et al. 2004). 

This changed with the development of the polymerase chain reaction or PCR that made it 

possible to produce unlimited numbers of copies from very few or even single original DNA 

molecules (Saiki et al. 1985; 1988). Therefore, the same DNA sequence could be amplified multiple 

times from the same specimen giving the possibility to study aDNA in a rigorous and scientific 

way. 

The very first application of the PCR to extracts of aDNA (Pääbo and Wilson 1988; Pääbo 

1989) hinted at the two technical complications that remain the main challenges to the study of 

aDNA. The first was evident from the fact that when PCR was used to re-examine the same quagga 

from which DNA had been cloned, two position were shown to be incorrect in the original sequence 

(Pääbo and Wilson 1988). The second complication was the demonstration that contemporary DNA 

contaminates almost all ancient remains and many laboratory environments (Pääbo 1989). 

In this years the main focus of the researchers studying aDNA was to find strategies to combat 

molecular damage and contamination troubles. 

 

1.2.1. DNA degradation and preservation 
 

Within living cells, the integrity of DNA molecules is continually maintained by enzymatic 

repair processes (Lindahl 1993). After the death of an organism, cellular compartments that 

normally sequester catabolic enzymes break down. In this way, the DNA is rapidly degraded by 

enzymes such as lysosomal nucleases. In addition, DNA molecules are attacked by bacteria, fungi 

and insects that feed on and degrade macromolecules (Eglinton and Logan 1991). 

Only in rare circumstances DNA may escape enzymatic and microbial degradation, such as 

when a tissue becomes rapidly desiccated after death or the DNA becomes adsorbed to a mineral 

matrix. In this cases the processes affecting the DNA are slower; they are similar or identical to 

those that affect the DNA in the living cell but, after death, they are not counterbalanced by cellular 

repair processes and thus damage accumulates progressively until the DNA decomposes, with an 
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irreversible loss of nucleotide sequence information (Pääbo et al. 2004). The PCR is helpful in this 

situations. 

It has been suggested that the evaluation of extent of aspartic acid racemization (D/L Asp) can 

be utilized as a criterion for assessing whether or not ancient soft-tissue or bone samples contain 

endogenous DNA (Poinar et al. 1996). This assay is based on the observation that Asp racemization 

and DNA depurination proceed in a very close rate in a given specimen (Lindahl & Nyberg 1974; 

Bada et al. 1994). In fact they are both influenced by the same environmental factors like 

temperature, hydratation, pH and cation concentration. Poinar (2002) assumed that a D/L Asp 

higher than 0.10 is a strong argument against the presence of authentic DNA in the sample, while 

lower values are compatible with its conservation. There was no correlation between the age of the 

samples and the retrieval of DNA or the extent of racemization. 

1.2.2. DNA damage in ancient samples 
 

The main type of damage observed in DNA extracted from subfossil and fossil remains is its 

degradation to small average size, generally between 100 to 500 bp (Hofreiter et al. 2001; Pääbo 

1989). 

The reduction in size is due not only to enzymatic processes but also to nonenzymatic 

hydrolytic cleavage of phosphodiester bonds in the phosphate-sugar backbone (Lindahl 1993; 

Shapiro 1981) that generate single-stranded nicks. The glycosidic bonds between nitrous bases and 

the sugar backbone are also subject to hydrolytic cleavage that results in abasic sites (Lindahl and 

Nyberg 1972; Lindahl and Karlstro 1973; Schaaper et al. 1983). Once a nucleotide is released, the 

abasic site can undergo a chemical rearrangement that promotes occurrence of strand breakage at a 

rate similar to base loss (Friedberg et al. 1995; Shapiro 1981). The extent of degradation can vary 

even among museum specimens of the same age; sometimes, fragments as long as a few hundred 

base pairs (Cooper et al. 1992; Cooper et al. 2001; Haddrath and Baker 2001) and sometimes even 

more than 1 kb (Lambert et al. 2002) can be amplified but generally aDNA is invariable of shorter 

lenght, compared with contemporary DNA preparations from fresh tissues. 

The length of the DNA sequences that can be amplified by PCR is limited also by lesions that 

present blocks to the elongation of DNA strands by the Taq DNA polymerase. Many of such lesions 

are induced by free radicals which are created by background radiation. Major sites of oxidative 

attack are the double bonds of both pyrimidines and purines, leading to ring fragmentation. In 

addition, the chemical bonds of the deoxyribose residues are susceptible to oxidation resulting in 

fragmentation of the sugar ring (Friedberg et al. 1995; Lindahl 1993). DNA extracted from fossil 

remains is susceptible to cleavage with endonuclease III, an enzyme specific for oxidized 
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pyrimidines (Pääbo 1989). In fact, it has been shown that paleontological specimens from a diverse 

range of environments and ages contain oxidized base residues (Höss et al. 1996). If a sample has 

an higher amounts of two oxidized pyrimidines is not possible to amplify it via PCR because they 

block the Taq DNA polymerase. 

Another type of damage are cross-links, which also block the DNA polymerase and can even be 

observed directly by electron microscopy in ancient DNA preparations (Pääbo 1989). Volatile 

components formed from Maillard products have been identified in ancient fecal remains (Poinar et 

al. 1998). Maillard products are formed by condensation reactions between sugars and primary 

amino-groups in proteins and nucleic acids but there is a solution to overcome this problem: 

treatment with a reagent, N-phenacylthiazolium bromide (Vasan et al. 1996) which breaks Maillard 

products and allows the amplification of DNA sequences. 

In addition to these, other types of damage are common in aDNA, that are problematic because 

although they allow the amplification of the template molecules, they cause the incorporation of 

incorrect bases during the PCR. The most common form of such modification is the hydrolytic loss 

of amino groups from the basis adenine, cytosine, 5-methylcytosine and guanine, resulting in 

hypoxanthine, uracil, thymine and xanthine, respectively (Friedberg et al. 1995). The deamination 

products of cytosine (uracil), of 5-methyl-citosine (thymine), and of adenine (hypoxanthine) are of 

particular relevance for the amplification of aDNA since they cause incorrect bases to be inserted 

(A instead of G, and C instead of T) when new DNA strands are synthesized by a DNA polymerase. 

 

1.2.3. Nucleotide misincorporations  
 

When PCR products from ancient remains are cloned and the sequence of several clones 

compared, the number of differences contained among them is often larger than what is seen when 

modern DNA is amplified (Hansen et al. 2001; Hofreiter et al. 2001). There are two evidence 

suggesting that the major cause is the deamination of bases. First, DNA extracted from ancient 

tissues is sensitive to uracil-DNA-glycosylase, an enzyme that removes uracil from DNA (Pääbo 

1989). Second, a large number of C/T and G/A changes are often observed in clones from ancient 

amplification products (Hansen et al. 2001). 

In the very first ancient DNA publication by Higuchi on the quagga (1984) there were two 

incorrect positions compared with the correct sequence (Pääbo and Wilson 1988) and they were of 

this type, one representing a C/T and a second a G/A change. This is consistent with the presence of 

deaminated C residues that are identical to uracil (U) residues and cause the incorporation of A 

residues rather than G residues by the Taq polymerase (Hansen et al. 2001). Such miscoding lesions 
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complicate the correct determination of ancient sequences so it is necessary to distinguish between 

misincorporations induced by damage in the ancient DNA template and Taq polymerase errors; one 

way to distinguish these lesions is to perform multiple amplifications from DNA extracts and clone 

the PCR products and then compare the sequences of multiple clones. In this way it is possible to 

reveal the nucleotide differences that occur in all clones from one amplification but not in other 

amplifications from the same template preparations (Hofreiter et al. 2001). 

The vast majority of such substitutions are due to errors occurring in the first cycles of PCR, 

when the original DNA extracted from an ancient specimen serve as a template. By contrast, 

additional substitutions seen in single clones will be due to misincorporations that occurred later 

during the PCR when the template is made of molecules synthesized during previous PCR cycles 

(Fig.3, Pääbo et al. 2004). 

 

 

 

 

 

Fig.3  Schematic illustration of how consistent and singleton differences arise during an 

amplification starting from a single DNA molecule (Pääbo et al. 2004). 
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Hofreiter and coworkers (2001) analyzed the remains of 11 European cave bears that varied 

in age between 25.000 and >50.000 years found that among 48 consistent substitutions, all were 

C/T and G/A whereas among the 23 substitutions that occurred in subsequent cycles of the PCR 

only three changed a C to a T or a G to an A. This suggest that these amplification started from 

single DNA strands and that a single class of DNA damage is responsible for the pattern observed. 

This type of misincorporation can be eliminated when the template DNA is treated with 

uracil-DNA-glycosylase (Hofreiter et al. 2001) and is due to either deamination of cytosine residues 

to deoxyuridine residues in the DNA or, alternatively, deamination in conjunction with oxidation 

resulting in 5-hydroxyuridine residues. 

Also Gilbert and collegues (2003) found that C/T and G/A changes predominate. They also 

observed an elevated frequency of T/C and A/G changes. Probably, known and unknown 

modifications and other unexpected effects may occur in aDNA but our knowledge about such 

damage is still limited and further studies are therefore needed. 

 

1.2.4. From excavation to laboratory: the contamina tion’s trouble 
 

Contamination remains the most serious concern in the study of ancient DNA (Handt et al. 

1994; Handt et al. 1996; Hofreiter et al. 2001; Kolmann and Turros 2000). DNA extracted from 

fossil bones is scarce, degraded and fragmented and can be easily replaced by modern DNA 

belonging to different sources. So, the amount of endogenous DNA available in the samples is often 

limited (Rohland and Hofreiter 2007). Moreover, many ancient samples contain no endogenous 

DNA detectable with current techniques (Pääbo et al. 2004). 

The first published criteria of authenticity (Pääbo 1989) were limited to three points: 1) 

testing of control extracts should be performed in parallel with extracts from old specimens to 

detect contamination introduced from reagents and solutions during the extraction procedure; 2) 

more than one extract should be prepared from each specimen and both should yield identical DNA 

sequences; 3) there should be an inverse correlation between amplification efficiency and size of the 

amplification product, reflecting the degradation and damage in the ancient DNA template. 

These criteria have been continuously extended (Cooper and Poinar 2000; Handt et al. 1994; 

Hofreiter et al. 2001; Lindahl 1993). The most important are: 

• Cloning of amplification products and sequencing of multiple clones to detect 

heterogeneity in the amplification products, due to contamination, DNA damage or 

jumping PCR (Pääbo et al. 1990); 
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• In each extraction should be included at least one extraction control that does not 

contain any sample material but is otherwise treated identically; similarly, for each 

set of PCRs, multiple negative PCR controls should be performed to differentiate 

between contamination that occurs during the extraction and during the preparation 

of the PCR; 

• Repeated amplifications from the same extract to allow detection of sporadic 

contaminant and to detect consistent changes due to miscoding DNA lesions; 

• Quantitation of the number of amplifiable DNA molecules to determine if so few 

molecules initiate the PCR that consistent changes may occur; 

• Inverse correlation between amplification efficiency and length of amplification; 

• Biochemical assay of macromolecular preservation; if there is a poor biochemical 

preservation, a sample is highly unlikely to contain DNA; 

• Exclusion of nuclear insertions of mtDNA using different primer sets to amplify the 

same overlapping and variable sequences (Krings et al. 1997); 

• Reproduction in a second laboratory to detect contamination of chemicals or samples 

during handling in the laboratory, only when the seriousness of the contamination 

threat was realized (Allard et al. 1995; Handt et al. 1994; Handt et al. 1996; Handt 

1994; Hedges and Schweitzer 1995; Richards et al. 1995; Zischler et al. 1995). 

 

1.2.5. Mitochondrial and nuclear DNA 
 

Mitochondrial DNA (mtDNA) is the nucleic acid most frequently used in aDNA research 

and has proven to be very useful for inferring the origins and phylogenetic history of many species. 

This is due to the major probabilities of finding and amplify the small and high-copied genome in 

ancient remains. The amplification of short overlapping fragments allows to reconstruct parts of the 

mitochondrial genome. 

Recent development in sequencing technology of the DNA enable the analysis of genetic 

material belonging to extinct species giving an overview on their evolution. Thanks to these new 

technologies, some mitochondrial genome have been completely sequenced, like Bos primigenius 

(Edwards. et al 2010) or Neanderthal genome (Green et al. 2008). 

The D-loop region (or control region) is the section most analyzed in the mtDNA in 

evolutionary studies. It is a non-codifying region with an high mutational rate that presents an high 

inter- and intra-specific variability. mtDNA is very useful in phylogenetic studies since it is 
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maternally inherited (so it does not recombines) and then its evolutionary rate is higher compared to 

that of nuclear genes (Fig.4). 

Nuclear DNA is less used in aDNA studies because of its high rate of degradation. The 

innovative amplification of nuclear aDNA could enable the analysis of genes involved in specific 

animal traits, giving insights of ancient economic and cultural uses, as well as providing 

information on the origin of modern livestock population (Pariset et al. 2007). 

Informations gained from nuclear DNA can be used to answer questions about phenotypic 

characteristics (Bunce et al. 2003) unachievable by biometric analyses of remains. However, 

nuclear DNA is much more difficult to amplify than mtDNA from the same aDNA extracts, mainly 

because nuclear genes are typically 5,000–10,000 times less abundant per cell than those of 

mitochondrial origin (Poinar et al. 2003; Binladen et al. 2005). However, recent studies reported 

successful nuclear DNA sequencing (Greenwood et al. 1999; 2001; Edwards et al. 2003; Cymbron 

et al. 2005; Noonan et al. 2005). 

 

Fig.4 Mitochondrial and nuclear DNA 
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1.3. Recovery rate 
 

The study of aDNA is a relative recent discipline. Although founded more than twenty years 

ago (Higuchi et al. 1984), this branch is in continuous evolution.  

The first problem that appears when dealing with aDNA is its degradation leading to a low yeld. 

Although well preserved, aDNA presents always damages, so the principal aim of people who study 

aDNA is to select the adeguate extraction method (Kalmár et al. 2000; Baubliene at el. 2003; 

Rohland and Hofreiter 2007a;b). 

It is difficult because the methods employed are not always satisfactory. Because of the 

contamination trouble and the degradation of the aDNA, the amount of the endogenous DNA 

available in the sample is often limited. Thus, extraction techniques that retrieve as much DNA as 

possible from a specimen are of crucial importance (Rohland and Hofreiter, 2007). 

Our purpose was to select the better protocol to use with aDNA in order to obtain the best 

recovery rate and, at the same time, reduce the exogenous DNA; so, we tested three commercially 

available DNA extraction (or purification) kits and then we compare the results. 

The aim of the research is to retrieve as much DNA as possible from the specimens to maximize 

DNA yelds while minimizing the coextraction of PCR inhibitors. 

 

1.4. Coat colour genes 
 

The use of polymorphic genes implicated in coat colour is a tool in diversity studies of domestic 

animals. Whereas some breeds were established as multicoloured, others expressed a distinct colour 

and/or colour pattern. As a consequence of these criteria, a substantial proportion of today’s 

endangered cattle breeds displays distinct colour phenotypes (Klungland et al. 2000). 

In our case, it is of crucial importance to study coat colour genes, since by bones we cannot get 

phenotypic information about the remains recovered. On the contrary, if we are able to obtain this 

information, we should understand more about the breeds who lived in the area in which remains 

are recovered. 

Some research groups have focused on cattle coat pigmentation (Olson 1999) and some of these 

focused on the same or their regional breed (Klungland et al. 1995; Russo et al. 2004; Sasazaki et 

al. 2005). The documentation mainly concerns European and Western breeds and some Asian 

breeds but in this case the main reason is the establishment of the breed itself. 

The genes controlling pigmentation act as a complex and interact with each other to cause 

phenotypic and genotypic variation. Pigmentation depends on the ratio of the two component of the 
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melanin: eumelanin and pheomelanin (Fig.5, Hoekstra 2006). Increase in eumelanin imparts a black 

coat colour while raise in pheomelanin is responsible for a yellowish or reddish colour.  

 

 

Fig.5 a. Genetic pathway regulating mammalian melanogenesis; b. Phenotypic effects on 

individual hair pigment and pattern (Hoekstra 2006) 
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The main enzymes responsible for melanogenesis are regulated by the genes of the 

tyrosinase family. Any mutation in colour is studied in respect to the wild type that varies from 

reddish-brown to brownish black with a tan muzzle ring. Animals with wild-type colour tend to be 

darker at head and neck, feet and hindquarters (Seo et al. 2007). Variations of the wild-type 

pigmentation depend on the mutations at different colour gene loci (Table 1, Seo et al. 2007) or on 

interactions between them. 

 

Locus Gene Function CM Phenotype Source 

A (agouti) Agouti 

peptide 

pigmentation 13  Blackish Schlapfer et 

al. 

B (brown) Tyrp-1 pigmentation 8 Brown Berryere et 

al. 

C (albino) Tyrosinase pigmentation 29  Hypopigmentation Schmidtz et 

al. 

D (dilution)  Unknown in 

cattle 

Pigmentation? - Dilution of natural 

colour 

- 

E 

(extension) 

MC1R Melano-cortico 

receptor 

18 Black vs red Klungland et 

al. 

R (roan) SCF growth factor 

(MGF) 

5 Roan Charlier et 

al. 

 

Table1. Main colour loci responsible for pigmentation in cattle (Seo et al. 2007) 

1.4.1. MC1R and ASIP 
 

The MelanoCortin-1 Receptor (MC1R) gene, specifically expressed in melanocytes, encodes 

for the homonymous G-protein coupled receptor involved in the regulation of the type of melanin 

synthesized. The hair distribution of eu- and pheomelanins depends on the activity of MC1R, which 

is normally modulated by response to the melanocortin hormone, antagonized by the action of 

Agouti protein encoded by the ASIP gene (Crepaldi et al. 2005; Searle 1968) but not always. For 

example, it was demonstrated that in mice the E locus is epistatic to A locus (Bateman & Sombre 

1961; Wolff et al. 1978), while in fox there is a no-epistatic interaction between the two locus 

(Adalsteinsson et al. 1987; Våge et al. 1997). This gene was studied in many species including 

mouse (Robbins et al. 1993), cattle (Klungland et al. 1995), horse (Marklund et al. 1996), sheep 

(Våge et al. 1999) and pig (Kijas et al. 1998). 

Among the main genes affecting coat colour in cattle, MC1R is reported as the one showing 

most variations between breeds (Maudet and Taberlet 2002). Klungland et al. (1995) have shown 

that MC1R encoded by the extension locus (E-locus) is an important gene in the regulation of the 
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synthesis of two pigments within melanocytes. Three main alleles, ED, E+ and e, are defined for the 

E locus, located on chromosome number 18. The ED allele (L99P) is for dominant black, E+ is the 

wild-type allele (Olson 1999) and is responsible for combinations of red or reddish brown and black 

and e (310delG) is the recessive red (Joerg et al. 1996). The order of dominance is ED >  E+  >  e 

(Olson 1999). Cattle that are e/e are red, ED/E+ are tipically black, E+/e are typical red and E+/ E+ 

can be of any colour as E+ acts as a neutral allele and interaction with other loci would occur 

(Klungland et al. 1995).  

ED allele is present for example in Frisona breed (Fig.6), E+ allele generates different colours 

like in Chianina (Fig.7) and Maremmana (Fig.8) breeds and e allele is typical of Pezzata Rossa 

breed (Fig.9). 

 

Fig.6 Frisona breed presents ED allele at MC1R locus 

 

Fig.7 Chianina breed presents E+ allele at MC1R locus 
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Fig.8 Maremmana breed presents E+ allele at MC1R locus 

 

 

 

Fig.9 Pezzata Rossa breed presents e allele at MC1R locus 
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Recent studies have identified two more missense mutations in the base E locus sequence: 

allele E1 (ARGI218-219ins) found in Brown Swiss and some light brown-coated French cattle 

breeds (Graphodatskaya et al. 2000; Rouzaud et al. 2000; Kriegersmann et al. 2001) and allele E2 

(R223W) also found in Brown Swiss cattle and many Italian breeds (Graphodatskaya et al. 2000; 

Maudet & Taberlet 2002). So, E+, E1 and E2 alleles are present in cattle breeds that are wild type in 

colouration and would allow the Agouti variation but the A locus has not been completely studied 

in cattle. 

Girardot et al. (2005) analyzed the Agouti coding region without finding any polymorphism. 

Royo et al. (2005) analyzed 241 animals belonging to six Spanish (Asturiana de los Valles, 

Asturiana de la Montaňa, Negra Serrana, Parda Alpina, Sayaguesa and Tudanca) and three French 

(Parthenais, Tarantaise and Normande) cattle breeds to ascertain the role of Agouti signaling 

peptide (ASIP) gene coding region in the Agouti locus variation within wild-type coat colour in 

cattle. The nine populations were representative of the wild-type phenotype in coat colour. The 

results showed that no SSCP variants were found in any of the three coding exons demonstrating 

that the ASIP coding region does not play a centrale role in coat colour variation in cattle.  

For this reason, we choosed to not analyze this locus. The aim of the research is to 

investigate the coat colour of the ancient remains in order to trace its breed. In this way, we can 

understand if the breeds presented in Ferento were local breeds or imported through migrations 

routes by human groups. This kind of research is very interesting because we cannot obtain coat 

colour informations through the direct observation since we are dealing with ancient bones, but 

molecular analysis are the unique way to obtain this kind of results. 

 

1.4.2. TYR 
 

The tyrosinase gene (TYR) or C locus (Know et al. 1987) has been implicated in coat colour 

determination (Schmidtz et al. 2001). It has been demonstrated that this gene causes a range of 

dilution phenotypes including complete albinism in humans (King et al. 1992), mice (Yokoyama et 

al. 1990) and chickens (Tobita-Teramoto et al. 2000).  

Tyrosinase was mapped to human chromosome 11q21 (Fletcher et al. 1993), and mouse 

chromosome 7 (Klebig et al. 1992), both of which have shown homology to BTA29, and has also 

been mapped in chickens, to chromosome 1 (Suzuki et al. 1999) which also shows homology to 

both human 11 and mouse 7. 

A frame shift mutation of this gene at residue 316 resulting in a premature stop codon is 

implicated for albinism in cattle (Fig.10). This mutation leads to a premature stop codon eliminating 
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one of the two copper binding sites in tyr gene and resulting in impaired function of tyrosinase 

produced (Schmutz et al. 2004; Seo et al. 2007). 

Previous workers (Spritz et al. 1997) attributed albinism also to the loss of Cu++ binding 

sites. The dilution phenotypes caused by tyrosinase in mice makes it a candidate for albinism in 

cattle and also for several of the white coat colours expressed by breeds such as Charolais, White 

Galloway and White Park (Schmidtz et al. 2001). 

 

Fig.10 A calf affected by albinism 

 

1.4.3. TYRP1 
 

This gene, also called brown locus, maps to bovine chromosome 8 and is responsible for 

tyrp-1 protein. Tyrosinase-related protein 1 alters the quality of eumelanin, causing it to appear 

brown instead of black (Barsh 2001). 

Tyrp-1 protein appears in the melanin synthesis pathway after the branch point between 

eumelanin and pheomelanin synthesis (Kobayashi et al. 1998) and therefore was thought to affect 

only coat colours associated with eumelanin. There is no gene described which dilutes 

phaeomelanin but a dilution clearly occurs in many cattle (Berryere et al. 2003). Tyrp-1 may 

interact and stabilize tyrosinase and decrease its activity in the melanin pathway (Kobayashi et al. 

1994; Manga et al. 2000) and in this way, could affect both pigments. 

In contrast to earlier reports, dun coat colour in Dexter breed has been reported with no 

polymorphism in this gene (Berryere et al. 2003): the authors analyzed cattle with various colours 

and found that the tyrp-1 polymorphisms detected in the two Simmental parents (a dun Belted 

Galloway sire and a Charolais/Red Angus sire) did not influence these diluted coat colours which 

were inherited as dominant or codominant phenotypes. 
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1.5. Sex related genes 
 

The determination of sex of ancient livestock remains is important to reconstruct the 

demography of ancient populations and possibly their use, giving important insights about 

civilisations. 

Only a few of the recovered bones may be attributed to a specific sex by morphological methods 

(Wilson et al. 1982). Generally, bigger animals are males. However, wrong assignments are likely 

to occur in the case of change in animal size during time, absence of sexual dimorphism, presence 

of different classes of age, or simultaneous presence of populations or breeds of different size. 

Some DNA-based techniques for sexing animals starting from tiny amounts of fresh tissues by 

polymerase chain reaction (PCR) are described in the literature, but often they cannot be applied to 

fossils because they do not fully take into account the level of damage of aDNA and the high risk of 

false positive or negative encountered in the aDNA field. In fact, too long fragments cannot be 

amplified starting from degraded aDNA (Pomp et al. 1995; Shaw et al. 2003; Anderung et al. 2003). 

Moreover, most of the methods rely on the amplification of a fragment from a single sex 

chromosome (Bryja et al. 2003; Lemos et al. 2005; Lu et al. 2007). 

Several methods based on the ZFX-ZFY genes have been developed on mammals (Pomp et 

al. 1995 Wilson & Erlandsson 1998, Gutiérrez-Adán et al. 1997) like goat, sheep, pigs, mice. 

Also on cattle, the genes have been using for sexing embryos (Bredbacka et al. 1995, 

Hochman et al. 1996, Gutiérrez-Adán et al. 1997). 

To date, beside our communication (Gabbianelli et al. 2008), only one paper using ZFX-

ZFY for sexing ancient remains (Svensson et al. 2008) is available. 

Here we present the method tested both on fossils of different ages and on various modern 

cattle breeds. We propose a protocol that can be performed using widely available and cheap 

equipment. The aim of the research is to discriminate male from female individuals. In this case, we 

have also morphometric analysis but molecular analysis are necessary to confirm or not the sex of 

the samples. We can also comprehend the proportions of the numeric percentage between male and 

female individuals that could be an information about livestock farming adopted in the site in 

different times. 
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1.6. Livestock domestication 
 

Domestication is a process of increasing mutual dependence between human societies and the 

plant and animal populations they target (Zeder et al. 2006). Both geneticists and archaeologists are 

focused on this topic to reconstruct a phylogeny of the species analized. Domestication is not an 

instantaneous event in which a wild animal is transformed into a domesticate but it is a cumulative 

process marked by changes on both sides of the mutualistic relationship. Moreover, this process is 

not the same in all species but it is differentially shaped by the particular and biological behavioral 

profiles of target species and by the cultural context of the human societies involved. 

The past decade has seen remarkable analytical advances in documenting domestication (Zeder 

et al. 2006; 2008), particularly in tracking the domestication of four major Near Eastern livestock 

species (sheep, goats, cattle and pigs) and their dispersal throughout the Mediterranean Basin. 

In our case, we targeted on sheep domestication through the study of the ancient sheep of 

Ferento and the comparison with italian modern ones. 

 

1.6.1. Sheep domestication 
 

Sheep are one of the earliest domesticated livestock (Zeder et al. 2006). Both 

archaeozoological and genetic evidence indicated that the domestication of wild sheep occurred 

about 11.000 years ago in an area of Southwestern Asia corresponding to modern day Iran, Turkey 

and Cyprus (Vigne et al. 2003). Pioneer genetic studies based on the caryotypic analysis of wild 

species of the genus Ovis (Nadler et al. 1973; Bunch et al. 1976) showed that the most probable 

ancestor of domestic sheep is Ovis orientalis from Anatolia and western and south-western Iran. 

Domestic sheep quickly spread west following human migrations. The first finding of domestic 

sheep remains in the western Mediterranean, dated back to 5400 B.C., suggests the idea of a fast 

diffusion by sea routes (Tapio et al. 2006; Pereira et al. 2006). Archaeological data point to a 

probable diffusion, during the following millennia, from Middle East through the Balkans, across 

the Danube valley and along the Mediterranean coast. For both geographical and historical reasons 

Italy, being a migration route from the Neolithic to the Middle Age, has been a crucial zone for the 

distribution and selection of several sheep breeds (Mariotti et al. 2010). 

As in other domestic animals (Bruford et al. 2003) relationships with ancestors species have 

been investigated via comparison of mtDNA data (Groeneveld et al. 2010).Hiendleder et al. (2002) 

found two haplogroups, named A and B which were different from the sequences in any extant Ovis 

species. The European muflon (Ovis musimon) carries haplogroup B but it is a wild form of early 
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European domesticates. Most likely, sheep descend from one or more Asiatic mouflon (Ovis 

orientalis) populations. 

Several researchers have analyzed the geographical distribution of haplogroups. Meadows et 

al. (2007) summarized the most relevant informations. 

The main haplogroups A and B are both found in Asia, while B dominates in Europe 

(Bruford et al. 2003; Meadows et al. 2005; Meadows et al. 2007). It was also observed an high 

frequencies of A in New Zealand as a result of early imports of Indian animals into Australia 

(Hiendleder et al. 2002). Haplogroup C has been found in Portugal, Turkey, the Caucasus and 

China (Tapio et al. 2006) but is less frequent. Haplogroup D, present in Rumanian Karachai and 

Caucasian animals, is possible related to the A haplogroup. Haplogroup E is intermediate between 

A and C and is also rare, in fact has only been found in two Turkish animals (Groeneveld et al. 

2010). This mtDNA diversity is comparable to those of goats and cattle, even if the divergence of 

sheep haplogroups is less pronounced than the taurine-zebu divergence (Bruford et al. 2003). 

Another difference with the taurine cattle haplotypes is that the sheep haplogroups hardly correlate 

with geographical origin. Different lineages might reflects multiple regions of origin but probably 

the reason is a coexistence of different maternal lineages in the predomestic populations 

(Groeneveld et al. 2010). 

 

1.7. The goals of the thesis 
 

The study of ancient DNA is a recent and in continuous evolution subject. It is crucial in 

evolutionary and populations studies and it helps the historical investigations. 

In literature, most of the aDNA studies are based on mitochondrial, because of his advantageous 

characteristics. In fact mtDNA is present in high copy numbers, is maternally inherited (and so does 

not recombines) and it is easier to analyze due to his small size. 

On the contrary, nuclear DNA is less analyzed because of its high rate of degradation related to 

mtDNA. Nuclear DNA is much more difficult to amplify than mtDNA from the same aDNA 

extracts, mainly because nuclear genes are typically 5,000–10,000 times less abundant per cell than 

those of mitochondrial origin. However its use could enable the analysis of genes involved in 

specific animal traits, giving insights of ancient economic and cultural uses, as well as providing 

information on the origin of modern livestock populations. 

The analysis of aDNA is much difficult because of its recovery rate and degradation to small 

average size, and also for the contamination’s trouble. Contamination remains the single most 

serious concern in the study of ancient DNA. In fact, DNA extracted from fossil bones is scarce, 
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degraded and fragmented and can be easily replaced by modern DNA belonging to different 

sources. To avoid this problem it is necessary to adopt some criteria of authenticity.  

We applied stringent standards for the authentication of ancient DNA: 

• for all samples aDNA was extracted in a dedicated laboratory and at least two independent 

DNA extractions were performed; one single sample a day was extracted with a relative 

extraction control; 

• all aDNA amplifications were performed in two separated laboratory; modern DNA was 

manipulated in a third one; in each amplification both extraction and PCR controls produced 

negative results; 

• amplification of long DNA fragments, unusual in ancient DNA analyses, was not observed; 

• at least two independent amplifications of the same fragment in each sample were 

performed to validate results. 

 

We analyzed roman and medieval bovine and ovine bones and teeth collected from Ferento, 

an archaeological site near Viterbo, central Italy. We collected 13 cattle remains, three roman 

(~2100BP) and nine medieval (~1000BP) bones and 15 ovine medieval bones, recovered from five 

different excavations areas. 

The dating was made on the basis of pottery found in the same layer. Moreover, two random 

samples (one roman and one medieval) were carbon-dated using high resolution mass spectrometry. 

The results confirmed the age estimated by pottery layers. 

The goals of the thesis are: 

• to answer questions about phenotypic characteristics of the samples. We investigated 

nuclear genes to retrieve information concerning remains otherways impossible to obtain; 

this is the case of the coat color genes: in fact, the coat color cannot be determined on the 

basis of the bones recovered; in this way, informations gained from nuclear DNA can be 

used to answer questions about phenotypic characteristics of the samples. We analyzed three 

coat colours genes, MC1R, TYR and TYRP1, through amplification by PCR, sequencing 

and aligning of the sequences with a refence sequence to investigate polymorphisms. 

• to distinguish the sex of the samples analyzed. Biometric analysis of ancient remains can 

give informations about the animals, expecially about dimensions but molecular biology 

techniques can help in authenticating data; establishing the sex of the individuals in a certain 

site; we can also comprehend the proportions of the numeric percentage between male and 

female individuals that could be an information about livestock farming adopted in the site 

in different times; at the beginning, we tested TSPY gene, based on the presence or absence 
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of the Y chromosome, but we were not sure of this method dealing with aDNA. In fact, 

when we amplified samples and found a negative result, we were confident that the sample 

was a female but it could be also an amplification failure, due to the damage of the DNA 

itself. So we are not sure if the absence of the amplification was really a female result or an 

error caused by aDNA degradation. We therefore developed an easy and reliable method 

suitable for sexing ancient remains, which envisages the amplification of very short DNA 

fragments on both sex chromosomes (in order to achieve a double control particularly 

important when working with very damaged ancient DNA) and a subsequent double 

digestion with restriction enzymes; 

• to compare ancient samples with modern ones. We amplified and sequenced small portions 

of the D-loop region belonging to ancient ovine remains and we compared it with those of 6 

modern italian breeds in order to identify the origin of the ancient samples. We analyzed the 

polymorphic sites data in order to define haplotypes and to assign them to specific 

haplogroups. Then we calculated the haplotype structure and DNA divergence between 

groups of haplotypes and we computed a neighbor-joining haplotype tree. 

• to identify breeds. This study was useful also to distinguish sheep (Ovis aries) and goat 

(Capra hircus) remains with an uncertain morphometric attribution. In fact, archeozoologist 

cannot always distinguish goat from sheep bones. The mitochondrial region examined is 

highly polymorphic between sheep and goats, so we can attribute remains to a specific 

species. 
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2. Materials and Methods 

2.1. Sampling 
 

Bovine and ovine bones and teeth were collected in Ferento, an archaeological site near 

Viterbo, central Italy. We collected 13 cattle remains, three roman (~1900BP) and nine medieval 

(~1000BP) bones and 14 ovine medieval (~1000BP) bones, recovered from five different 

excavations areas (as shown in Tab.2). 

The dating was made on the basis of pottery found in the same layer. Moreover, two random 

samples (one roman and one medieval) were sent to CEDAD (CEntre for DAting and Diagnostics) 

belonging to the University of Salento (Department of Innovation Engineering) and were carbon-

dated using high resolution mass spectrometry. The results confirmed the age estimated by pottery 

layers. 

Species identification, for the selection of the samples to be analyzed, was based on morphology 

and dimensions of the specimens (Balasse & Ambrose 2005; Boessneck 1969; Halstead et al. 2002; 

Helmer 2000; Payne 1985; Prummel & Frisch 1986). 

We set up procedures to avoid samples contamination during excavation and degradation before 

storage, due to the sudden change in environmental conditions. Particularly, the samples were 

picked up using latex gloves, put immediately in vacuum-pack and stored at -20°C in order to 

preserve aDNA (Pariset et al. 2007; Pruvost et al. 2007). 

 

NOMENCLATURE PHASE EXCAVATIONS AREAS ELEMENT SPECIES 
Q1 Roman 1 anklebone Bos taurus 
Q2 Medieval 1 anklebone Bos taurus 
Q3 Roman 1 phalanx II Bos taurus 
Q4 Medieval 1 phalanx I Bos taurus 
Q5 Medieval 1 phalanx I Bos taurus 
Q6 Medieval 4 metatarsus Bos taurus 
Q7 Medieval 4 phalanx I Bos taurus 
Q8 Medieval 4 metatarsus  Bos taurus 
Q9 Medieval 3 phalanx II Bos taurus 

Q10 Medieval 5 heel Bos taurus 
Q11 Medieval 2 metatarsus  Bos taurus 

Q12* Roman 1 tooth Bos taurus 
Q13 Roman 3 heel  Bos taurus 
OA1 Medieval  4 molar I Ovis aries 
OA2 Medieval  3 phalanx I Ovis aries 
OA3 Medieval  3 anklebone Ovis aries 
OA4 Medieval  3 anklebone Ovis aries 
OA5 Medieval  5 molar I Ovis aries 
OA6 Medieval  5 anklebone Ovis aries 
OA7 Medieval  5 molar II Ovis aries 
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OA8 Medieval  5 metatarsus Ovis aries 
OA9 Medieval  4 molar III Ovis aries 

OA10 Medieval  4 molar III Ovis aries 
OA11 Medieval  5 metatarsus Ovis aries 
OA12 Medieval  5 metatarsus Ovis aries 
OA13 Medieval  5 metacarpus Ovis aries 
OA14 Medieval  5 metacarpus Ovis aries 
OA15 Medieval 5 metatarsus Ovis aries 

*extraction failure (absence of DNA) 
 
Tab.2 List of samples reporting nomenclature, phase, excavations areas and element from which 

DNA was extracted. 
 

2.2. Methods 

2.2.1. aDNA laboratory 
 

It is common place for labs who deal with low copy number DNA (usually aDNA and 

forensic labs) to physically isolate pre and post PCR areas. A single PCR will generate 

approximately 10,000,000,000,000 identical copies from a single starting copy of a DNA target. 

The majority of samples used in aDNA analyses are highly degraded and can contain little or no 

DNA. The potential to contaminate an ancient sample (or lab) with previously amplified DNA is 

very high and since the starting copy number is low it can be very problematic. Moreover, PCR 

carryover is very difficult to discriminate from authentic DNA. The obvious solution to PCR 

carryover is to isolate pre and post PCR areas and eliminate movement from a post-PCR lab into the 

pre-PCR environment. 

Our facilities (Fig.11) are located in a dedicated building (separated by the building in which 

modern DNA is stored and analyzed) and include five physically separated locations: changing 

room (A, Fig.12), sample storage (B, Fig.13-14), DNA’s extraction (C, Fig.15-16), PCR set up (D, 

Fig.17-18) and post-PCR work (E, Fig.19), enabling us to ensure the tight aDNA contamination 

controls required in the field. Daily workflow is restricted in a clean->dirty direction and all 

supplies/samples are separated accordingly. 
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Fig.11 aDNA laboratory’s plan. A: changing room, B: storage room, C: extraction room, D: 

PRC room, E: post-PCR work room. 

 
 

Fig.12 changing room (A) 
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Fig.13-14 storage room (B) 
 
 

    
 

Fig.15-16 extraction room (C) 
 
 

    
 

Fig.17-18 PCR room (D) 
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Fig.19 Post-PCR work room 
 
 

2.2.2. DNA extraction and recovery rate 
 

aDNA was obtained from a total of 12 bovine bones (3 roman and 9 medieval), and 15 ovine 

bones, each belonging to a different individual, as determined by archeozoologist. 

Bone powder was collected by drilling, after removing of the outer surface with sand paper 

in A room of aDNA laboratory. In order to reduce contamination from the external surface and to 

preserve the bone for future morphological studies, we perforated the bone and dug internally. 

To prevent cross-contamination, only a sample per day was processed. The extractions were 

executed in B room of the dedicated laboratory under flow-hood, using 500mg of powder per bone 

and including a negative control in each extraction. Samples were extracted at least twice to validate 

the results. 

We tested 4 extraction’s protocol to identify the method giving best results in term of yield 

and purity. 

 

• Protocol from Yang et al. (1998) 

 

For DNA extraction, 500mg of powder was used. The sample of bone powder and the blank 

control were incubated in 0.5M EDTA pH 8.0, proteinase K 20 mg/ml, 0.5% sodium dodecyl 

sulfate at 55°C for 12 h and at 37°C for the following 24 h. 

DNA was extracted with “QIAquick™ PCR Purifitcation Kit” (QIAGEN). 

The extraction solution was centrifuged at 2.500 RPM for 5 minutes, then aliquoted in 2ml 

tubes and again spun in a microcentrifuge at 14.000 RPM for further 5 minutes. 



 30 

After centrifugation the supernatant was transferred to a 15 ml falcon tube and five volumes of 

QIAquick PB buffer were added. 

The solution, transferred into filter columns, was then centrifuged at 14.000 RPM for 1 minute. 

The flowthrough was discarded and the process was repeated until all of the extract passed through 

the column. 

Then, DNA was washed by adding 0.75ml of QIAquick PE buffer and centrifuging at 14.000 

RPM for 1 minute. The flowthrough was discarded and the column was centrifuged for an 

additional 1 minute. The column was then placed in a clean 1.5ml microcentrifuge tube. 

To elute DNA 50µl of QIAquick EB buffer was added and the column was centrifuged at 

14.000 RPM for 1 minute. The final extraction volume is 150µl. 

 

• Gentra Puregene Tissue Kit 

 

We used the Puregene DNA Purification System and especially the “Tissue kit”. 0.5 mg of bone 

powder was transferred into the insert of a 2 ml spin tube, then 300 µl Cell Lysis Solution and 1.5 µl 

Proteinase K Solution (20 mg/ml) was added to the powder and incubated at 55°C overnight. 

Samples were centrifuged for 1 min at 16,000g, then the insert was removed from the spin tube 

and discarded. 

1.5 µl RNase A Solution was added to the cell lysate, and mixed by inverting the tube 25 times. 

Samples were incubated at 37°C for 30 min and subsequently were incubated on ice for 1 min to 

quickly cool the sample at room temperature (15–25°C). 

100 µl Protein Precipitation Solution was added and vortexed vigorously for 20s at high speed. 

Samples were incubated on ice for 10 min and then centrifuged for 3 min at 16,000g. 

300 µl isopropanol and 0.5 µl Glycogen Solution (20 mg/ml) was put into a clean 1.5 ml 

microcentrifuge tube and the supernatant from the previous step was added by pouring carefully. 

Samples were incubated on ice for 30min and centrifuged for 10 min at 16,000 g. 

The supernatant was discarded carefully taking care that the pellet remains in the tube. 300 µl of 

70% ethanol was added, tubes were inverted several times to wash the DNA pellet and were 

centrifuged for 1 min at 16,000g. 

DNA was air dried at room temperature for 10–15 min. 20 µl DNA Hydration Solution was 

added and the samples were incubated at 65°C for 1h to dissolve the DNA, then put at room 

temperature (15–25°C) overnight. Samples were centrifuged briefly and transferred to a storage 

tube. 
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• DNA Iq-System Promega 

 

We have used this commercial kit by adapting it through the bone extraction protocol. We 

incubated 500mg of powder in 1ml proteinase K digestion buffer, composed of 10mM Tris (pH 

8.0), 10mM NaCl, 50mM EDTA(pH 8.0), 0.5%SDS and 1mg/ml proteinase K, for one hour at 56°C 

under agitation. 

2ml Lysis buffer (including 10mM DTT) and 15µl of Resin (magnetic particles) were added to 

the supernatant. After incubation at room temperature for 10 minutes with frequent mixing of the 

solution, the Resin was collected using the Magnetic Stand. 

The supernatant was removed and again 100µl Lysis buffer were added, vortexed, the resin 

separated, the solution removed and 100µl Wash buffer added. After vortexing, separation and 

removal of the liquid, this washing step was repeated twice. 

The Resin was then air dried for 15 minutes in the Magnetic Stand. 50µl 1xTE were added, 

vortexed and DNA was eluted for 5 minutes at 65°C. The separated supernatant represented the 

extracts. 

 

• Phenol/Chloroform extraction 

 

For DNA extraction, 500mg of powder was used. The sample of bone powder and the blank 

control were incubated in 0.5M EDTA pH 8.0 and put on agitator over night. The tubes were spun 

at 5.100 rpm for 10 minutes and the EDTA was discharged. This step was repeated twice. 

Then a solution of EDTA 0.5M pH8, Tris HCl 1M pH8 and Proteinasi K (20mg/ml) was 

added and incubated at 37°C over night. 

The tubes were spun at 5100 rpm for 20 minutes and the supernatant was picked up and put 

in a new tube. 10ml of Phenol/Chloroform/Isoamyl Alcohol (50:48:2) was added in every tubes and 

put on the agitator for 20 minutes. 

The tubes were spun at 3000 rpm for 10 minutes to separate the phases, the aqueous phase 

was transferred in a new tube and 10ml of Chloroform/Isoamyl Alcohol (48:2) was added and put 

on the agitator 20 minutes. 

The tubes were spun at 3000 rpm for 10 minutes to separate the phases and the supernatant 

was picked up and put in a new tube. 

The aqueous phase was purified and concentrate with Amicon Centricon Centrifugal Filter 

Devices (millipore) according to the manufacture’s instruction. 
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2.2.3. DNA quantification and authentication 
 

The quantification of the extracted DNA was executed with a DTX Multimode Detector 880 

(Beckman) with Picogreen method according with manufacturer’s instructions (Quant-iT, 

Invitrogen). Also extraction blanks were checked with picogreen, to be sure that no contamination 

occurred. 

 

2.2.4. Polymerase Chain Reaction (PCR) 
 
When dealing with nuclear ancient DNA it is necessary to perform two subsequent cycles of 

PCR in order to obtain a satisfying product. In the second PCR a purified aliquot of the first PCR is 

used as template but the conditions are the same. PCR are set up in the C room of the aDNA 

laboratory. 

 

2.2.4.1. Coat colour genes 
 

Primers were designed from the AF547663 (MC1R), AY162287 (TYR) and AF445638 

(TYRP1) sequences to allow amplification of fragmented aDNA, targeting to fragments inferior to 

200bp in lenght (Tab.3). For MC1R, a first PCR amplification was performed using 20 ng of DNA 

template, 0.5 pmoles of each primer (MWG biotech), 1X PCR buffer containing 1.5 mM MgCl2, 

0.2mM each dNTPs, 1 U of a mix of Pfu DNA polymerase and GoTaq polymerase (Promega) 1:5 

in a 20µl final volume, using primer pairs 1-2 or 1-3. A 3 minutes denaturation step was followed 

by 35 cycles of denaturation at 94°C (30 sec), annealing at 60°C (45 sec) and extension at 72°C (1 

min); the final extension step was carried out at 72°C for 5 minutes. 

A nested PCR amplification was performed using the same condition in a final volume of 40 

µl, using primer pairs 4-2 or 1-5. To amplify TYR and TYRP1 gene a first amplification was 

performed using 20 ng of DNA template, 0.5 pmoles of each primer (MWG biotech), 10X NH4 

Reaction Buffer, 50mM MgCl2 Solution, 5X Hi-spec Additive, 0.2mM each dNTPs, 1U of BIO-X-

ACT Short DNA Polymerase (using primer pairs 6-7 for TYR and 8-9 for TYRP1), while 

employing a touchdown method by starting 7°C above the Tm of the primer set in the first cycle 

and reducing the annealing temperature by 0.5°C per cycle over 15 cycles. A further 15 cycles were 

then carried out using the calculated annealing temperature of 57°C. 

Each amplification included the extraction blank and a PCR blank, to check that no 

contamination occurred during extraction and amplification procedures, respectively. To exclude 

even sporadic DNA contamination, 3.5µl of 1st PCR amplification product of both extraction blank 
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and first amplification PCR blank were re-amplified in the second PCR reaction in addition to the 

2nd PCR blank, for a total of three negative controls. PCR products were visualized and evaluated 

on a 2% agarose gel. From each extraction at least two amplifications were made, for a total of 4 

amplification per sample. 

Modern samples were stored and amplified in a separate laboratory. An aliquot of the PCR 

mix was carried to the modern DNA laboratory and used to amplify one male and one female 

modern samples, as positive controls, for each aDNA amplification. 

 

 Primer sequence Gene 
1 CAAGAACCGCAACCTGCACT* MC1R 
2 GCCTGGGTGGCCAGGACA* MC1R 
3 AGATGAGCACGTCGATGACA MC1R 
4 TTTATCTGCTGCCTGGCTGT MC1R 
5 CGTCGATGACATTGTCCAG MC1R 
6 AACAGTCGCCAGGCTTTATG TYR 
7 GCAGCTTTATCCATGGAACC TYR 
8 TGTCTATTAACAAGGTGTCTTTGACAT TYRP1 
9 CCAGGTTGTCTGGAGCAGTA TYRP1 

10 TCCTGTGCTTTCAGTGATGG TSPY 
11 GGATCAAGCTAAGCCAACCA TSPY 
12 AGGTTTTCGTCATCCATC ZFX 
13 AAACGCATGTAAAAACTAAGCA ZFX 
14 AGGTTTTCGTCACCCATC ZFY 
15 AGACGCATGTGAAAACTAAGCA ZFY 
16 ATGCGTATCCTGTCCATTAG OA_16032F 
17 GTCATTAGTCCATCGAGATG OA_16248R 
18 CTTTCTTCAGGGCCATCTCA OA_16175F 
19 TGAGGATGCTCAAGATGCAG OA_16375R 
*Primers described by Klungland et al. (1995) 

 

Tab.3 Table of primers designed and/or used in the present work. 
 

2.2.4.2. Sex related genes 
 

At the beginning, we tested TSPY gene, based on the presence or absence of the Y 

chromosome, but we were not sure of this method dealing with aDNA. In fact, when we found a 

negative result, we were confident that the sample was a female but it could be also an amplification 

failure, due to the degradation of the DNA itself. So we tried to develop an easy and reliable method 

suitable for sexing ancient remains, which envisages the amplification of very short DNA fragments 

on both sex chromosomes in order to achieve a double control that is particularly important when 
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working with very damaged ancient DNA. We developed primers using the ZFX/ZFY sequences 

which are harboured in the homologous regions of both X and Y chromosomes. 

Primers were designed from the AY539852 (TSPY) sequence to allow amplification of 

fragmented aDNA, targeting to fragments inferior to 200bp in lenght. For TSPY, a first PCR 

amplification was performed using 20 ng of DNA template, 0.5 pmoles of each primer (MWG 

biotech), 1X PCR buffer containing 1.5 mM MgCl2, 0.2mM each dNTPs, 1 U of a mix of Pfu DNA 

polymerase and GoTaq polymerase (Promega) 1:5 in a 20µl final volume, using primer pairs 10-11 

(Tab.3) and a touchdown cycle with the calculated final annealing temperature of 55°C. A nested 

PCR amplification was performed using the same condition in a final volume of 40 µl, using the 

same primer pairs. 

Primers 12-15 (Tab.3) were designed to include a portion of each of ZFX-ZFY sequences 

(NM_177490; NM_177491) polymorphic between X and Y chromosomes, obtaining a PCR 

product of 132 bp, a size suitable to be amplified in aDNA (Gabbianelli et al. 2008). 

We amplified the portion of the ZFX/ZFY genes using 10ng DNA, 0.5 pM of each primer 

(Sigma), 1x PCR buffer containing 1.5mM MgCl2, dNTPs 0.2mM, 1 U of a mix of Pfu DNA 

Polymerase and GoTaq Polymerase (Promega) 1:5 in a final volume of 20 µl. A 5 minutes 

denaturation step was followed by 14 cycles of denaturation at 94°C (30 sec), annealing starting 

from 62°C and decreasing 0.5°C per cycle (45 sec) and extension at 72°C (40sec), then by 20 cycles 

of denaturation at 94°C (30sec), annealing at 55°C (45 sec) and extension at 72°C (40 sec); the final 

extension step was carried out at 72°C for 5 minutes. Both primer pairs were used in the same 

reaction, reducing the number of amplification needed and therefore the amount of aDNA required 

and the contamination chances. Each amplification included the extraction blank and a PCR blank, 

to check that no contamination occurred during extraction and amplification procedures, 

respectively. 

3.5µl of amplification product was used as template to perform a second PCR reaction at the 

same conditions in a final volume of 40 µl. To exclude even sporadic DNA contamination, 3.5µl of 

1st PCR amplification product of both extraction blank and first amplification PCR blank were re-

amplified in the second PCR reaction in addition to the 2nd PCR blank, for a total of three negative 

controls. PCR products were visualized and evaluated on a 2% agarose gel. From each extraction at 

least two amplifications were made, for a total of 4 amplification per sample. 

Modern samples were stored and amplified in a separate laboratory. An aliquot of the PCR 

mix was carried to the modern DNA laboratory and used to amplify one male and one female 

modern samples, as positive controls, for each aDNA amplification. 
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2.2.4.2.1. Digestion with restriction enzymes 
 

Amplification products were divided in 3 aliquots. One was kept as undigested control, one was 

digested with the restriction enzyme PstI (Fermentas), which cuts the Y amplicon, and the other was 

digested with the restriction enzyme AciI (SsiI, Fermentas), which cuts the X amplicon (Fig.20). 

For each digestion, 15µl of amplification product was added to a mix of enzyme (10u/µl), buffer 

(1X) and H2O to a final volume of 20 µl, then incubated at 37°C in a thermocycler. Reactions were 

stopped by heating at 80°C or at 65°C for 20 minutes, according to enzyme manufacturer 

instructions. 

 

 
Fig.20 Portions of zfy/zfx genes with male/female specific cutting sites. 

 
 

2.2.4.3. Sheep mtDNA  
 

Primers (16-19, Tab.3) were designed from the NC_001941 sequence to allow amplification 

of two overlapping fragments of 200 and 216 bp, obtaining a final sequence of 363bp in lenght. A 

unique PCR amplification was performed using 20 ng of DNA template, 0.5 pmoles of each primer 

(MWG biotech), 10X NH4 Reaction Buffer, 50mM MgCl2 Solution, 5X Hi-spec Additive, 0.2mM 

each dNTPs, 1U of BIO-X-ACT Short DNA Polymerase (using primer pairs 16-17 and 18-19), 

while employing a touchdown method by starting 7°C above the Tm of the primer set in the first 

cycle and reducing the annealing temperature by 0.5°C per cycle over 15 cycles. A further 15 cycles 

were then carried out using the calcµlated annealing temperature of 51° C and 57°C. 
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2.3. DNA sequencing and analysis 
 

All sequences were obtained for both DNA strands on a CEQ8800 (Beckman coulter) by using 

the DTCS quick start sequencing kit (Beckman coulter) following manufacturers instructions. 

Before using the DTCS kit a purification with ExoSAP-IT was made; after, another purification 

with magnetic beads (Agencourt CleanSEQ, Beckman Coulter) was executed. Sequencing of 

amplification aliquots was also outsourced to MWG-biotech, to confirm sequencing results. Raw 

sequences were edited and aligned by using Bioedit software (Hall, 1999) to search for polymorphic 

site. 

 

2.4. Phylogenetic analysis 
 

Phylogenetic analyses are central to many research areas in biology (such as comparative 

genomics, functional prediction, detection of lateral gene transfer or the identification of new 

micro-organism) and aims to study the evolutionary relationship among the different organisms 

through the reconstruction of the evolutionary history of molecular sequences. It consists in the 

study of evolutionary relatedness among various groups of organisms, for example species or 

populations (Pavlopoulos et al. 2010). In the past, similarities among species or populations are 

being primarly based on anatomical features but, due to the fact that evolution takes place over 

thousands of years, the changes are not obvious and cannot be observed immediatly. For this 

reason, scientist are obliged to reconstruct phylogenies by inferring the evolutionary relationships 

among organisms that exist nowadays. Fossils can aid with the reconstruction of phylogenies and 

since 80’s with the advent of aDNA studies, they are not only a material but also a “molecular” 

resource. The nature itself of this kind of studies impose the tree-like representation, the so-called 

phylogenetic tree, as the most informative and popular graphical way to describe the discovered 

relationships and similarities. In a phylogenetic tree, every leaf node represents a species, each edge 

denotes a relationship between two neighboring species and the length of an edge indicates the 

evolutionary distance among them (Pavlopoulos et al. 2010). 

Starting from a sequence of interest, a typical phylogenetic analysis goes through successive 

steps that include the identification of homologous sequences, multiple alignment, phylogenetic 

reconstruction and graphical representation of the inferred tree (Dereeper et al. 2008). 

The most commonly used methods to infer phylogenies and compare or cluster species include 

maximum parsimony, maximum likelihood, Neighbor Joining (Saitou and Nei 1987), UPGMA 

(Sneath and Sokal 1973) and Monte Carlo or MCMC_based Bayesian inference techniques 

(Ramesh and Chetty 2009). 
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3. Results 

3.1. Sample’s authentication 
 

Stringent standards for the authentication of ancient DNA were applied (Cooper and Poinar 

2000; Hofreiter et al. 2001): (i) for all samples aDNA was extracted in a dedicated laboratory room 

and at least two independent DNA extractions were performed; one single sample a day was 

extracted with a relative extraction control; (ii) all aDNA amplifications were performed in two 

separated laboratory; modern DNA was manipulated in a third one; in each amplification both 

extraction and PCR controls produced negative results; (iii) amplification of long DNA fragments, 

unusual in ancient DNA analyses, was not observed; (iv) at least two independent amplifications of 

the same fragment in each sample were performed to validate results. 

 

3.2. Recovery rate 
 

We tested three commercially available DNA extraction (or purification) kits and one classical 

extraction procedure; then we compare the results for the purpose to select the better protocol to use 

with aDNA in order to obtain the best recovery rate and, at the same time, reduce the exogenous 

DNA. 

The quantification of the extracted DNA, through Picogreen method, revealed that the better 

recovery rate was obtained with “QIAquick™ PCR Purifitcation Kit” (QIAGEN) according to 

Yang et coworkers (1998). As seen in Tab.4, the concentrations, expressed in ng/µl considering 

0.5gr of bone powder, vary from -0.08 (extraction failure) of Promega to 35.18 of Qiagen. So, we 

choosed to use the protocol proposed by Yang et coworkers (1998) for the subsequent extractions. 

 

 IQ System 

(Promega)  

QIAquick™ PCR 

Purifitcation 

Kit (Qiagen) 

Puregene 

tissue 

kit 

(Gentra) 

Phenol/Chloroform 

Extraction 

Sample -0.08 35.18 3.84 7.67 

Extraction 

blanc 

-0.22 -0.10 -0.13 -0.06 

 

Tab.4 Recovery rate expressed in ng/µl according to four tested protocols. 
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Every sample was extracted at least twice. Among the collected samples, all but one 

produced quantifiable DNA and was therefore discharged. In Tab. 5 the recovery rate of every 

sample, expressed in ng/µl considering 0.5gr. of bone powder, is shown. It was necessary to 

perform several extraction depending on the sample. Also extraction blanks were checked with 

Picogreen, to be sure that no contamination occurred. 

 

 

Sample 

1th  

extraction 

2th  

extraction 

3th  

extraction 

4th  

extraction 

5th  

extraction 

6th  

extraction 

Q1 2.7 1.83 3 - - - 

Q2 3.94 7.67 43.6 1.6 2.19 1.41 

Q3 6.28 36.13 2.97 30.07 1.88 11.2 

Q4 3.85 17.96 5.97 80 6.7 5.2 

Q5 1.68 1.9 1.75 1.15 10.43 3.4 

Q6 28.1 6.93 48 8.1 - - 

Q7 43.5 12.30 33 70 - - 

Q8 2.99 4.97 4.96 2.05 - - 

Q9 2.59 7.8 4.12 - - - 

Q10 3.61 12.7 6.2 10.7 - - 

Q11 12.73 7.9 3.7 - - - 

Q12 0.2 0.4 0.5 - - - 

Q13 73 3.06 - - - - 

 

OA1 6 - - - - - 

OA2 6 - - - - - 

OA3 2.3 - - - - - 

OA4 8.5 - - - - - 

OA5 18 - - - - - 

OA6 13.22 - - - - - 

OA7 7.4 - - - - - 

OA8  - - - - - 

OA9 2 - - - - - 

OA10 12 - - - - - 

OA11 1 - - - - - 

OA12 0.8 - - - - - 

OA13 0.3 - - - - - 

OA14 2.9 - - - - - 

OA15  - - - - - 

 

Tab.5 Recovery rate of the extracted samples (Yang et al. 1998) expressed in ng/µl per 0.5gr of 
bone powder 
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3.3. Coat colour genes 
 

Pigmentation biology has been extensively studied in mice and humans because the genes 

involved in pigmentation have pleiotropic effects. More than 130 genes responsible for coat colour 

variation was found in mice (Bennet & Lamoreux 2003) while in most other animals only a small 

number (fewer than 10) of loci have been recognized as responsible for this characteristics 

(Mohanty et al. 2008). Skin and hair colour depend upon the relative proportion of the two main 

constituents of mammalian pigment: eumelanin and pheomelanin. The main genes affecting the 

synthesis of these pigments are TYRP1, DCT (previously TYRP2), MC1R, ASIP (but not in cattle; 

Girardot et al. 2005; Royo et al. 2005) and TYR (Ito & Wakamatsu 1994; Barsh 2001; Seo et al. 

2007). 

Understanding the generation and maintenance of phenotypic diversity requires the integrations 

of genetics and evolutionary biology in an ecological context (Hoekstra 2006). Historically, 

biologists have used two parallel approaches to study evolutionary change: one working at the level 

of genotype and a second working at the level of phenotype (Lewontin 1974). Dealing with bone 

retrievals, we can only rest upon genotypic characteristics. So, we sequenced three genes affecting 

coat colours in mammals in 12 bovine samples of Ferento. 

3.3.1. MC1R 
 

Genomic DNA was successfully and consistently amplified and sequenced. The amount of 

DNA obtained in the nested PCR, as quantified by Picogreen, was in the range normally used for 

gel evaluation or subsequent sequencing reaction. In fact clear sequences of the considered gene 

(MC1R) were obtained, mostly with a quality comparable of that of modern DNA. 

We analyzed polymorphisms belonging to the three principal alleles of locus MC1R 

(fig.21). All the 12 individuals examined show an E+/ E+ genotype, found in many European 

breeds like Chianina, Normande, Belgian Blue, Rendena (Maudet and Taberlet 2002), associated 

with a white, light brown, roan and grey coat colour. 
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Fig.21 Polimorphysms in the three main alleles, ED, E+ and e, located on chromosome 18. 

 
 
 

3.3.2. TYR 
 

According to the AY162287 sequence, we designed primers pairs amplifying a 162bp region 

of exon 5 in order to identify polymorphisms discriminating albino animals from normally 

pigmented according to Schmutz et al. 2004. In fact, an additional C in a run of four cytosines was 

observed in the albino animal sequence at nt 926 from the start of the coding sequence. This 

inserted C caused a frameshift that result in a premature stop codon at residue 316, whereas normal 

sequence contains 517 amino acids. 

We analyzed succesfully 7 of 12 animals and nobody showed albino mutation. 
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3.3.3. TYRP1 
 

Tyrosinase related protein 1 (TYRP1), Tyrosinase (TYR) and Tyrosinase related protein 2 

(TYRP2) control dilution of coat colour but TYRP1 is expressed late in the coat colour pathway 

compared with the other two (Berryere et al. 2003). 

According to the AF400250 sequence, we designed primers pairs amplifying a 154bp region 

of exon 7 in order to identify polymorphisms discriminating wild type animals from the others 

according to Berryere et al. 2003. 

We amplified successfully 10 of 12 animals. The individuals analyzed showed wild-type 

profile. 

 

3.4. Sex related genes 
 

Of the 13 collected samples, all but one produced quantifiable DNA and was therefore 

discharged. 

Initially, we investigated TSPY gene, based on the amplification of specific fragments of Y 

chromosome but this method rely upon the success of the PCR amplification. This means that in the 

case of amplification failure the animal is scored as a female. So, to be certain of the results 

obtained, among the sex-specific sequences available in Genebank, we selected the ZFX-ZFY 

genes. Sequences were aligned to search for short, sex-diagnostic polymorphisms, suitable for 

amplification of aDNA, and primer pairs suitable for the simultaneous amplification of both genes 

was designed accordingly. We made at least two extractions for evey sample. All the 12 samples 

were successfully amplified at least once. 9 of the 12 samples, two roman and five medieval, were 

successfully amplified by two independent PCR. 

It has been reported in the literature that these genes are highly conserved in mammals 

(Poloumienko 2004). We have experimentally checked that the sequences did not present individual 

variations within chromosome which could affect the results. We BLASTed the sequences against 

the Bos taurus ESTs database that contains about 1,500,000 entries deriving from several 

individuals. We found no variation among the three retrieved sequences that match the full 

sequence length. To further exclude the chance of individual polymorphisms affecting the scoring, 

we validated the method using 22 individuals belonging to 11 different modern breeds (one male 

and one female per breed), and confirmed that all the samples were scored correctly by applying our 

method.  
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Selective digestion of the same PCR product with the two restriction enzymes results in sex-specific 

digestion patterns (fig.22-23). Digestion revealed that, of the 9 amplified samples, 7 were males and 

2 were females.  

 

 
 
 

Fig.22 RFLP analysis of PCR fragments – PstI: marker 50bp; Q1-Q2-Q4-Q7:ancient samples; 
N:digestion failure; F: female control; M: male control; U: undigested fragment, marker 50bp 
 

 

 

Fig.23 RFLP analysis of PCR fragments – SsiI: marker 50bp; Q1-Q2-Q4-Q7:ancient samples; 
N:digestion failure; F: female control; M: male control; U: undigested fragment, marker 50bp 

 

Other methods, based on the amplification of specific fragments of Y chromosome (Weikard 

et al. 2006; Lemos et al. 2005), rely upon the success of the PCR amplification. This means that in 

the case of amplification failure the animal is scored as a female. Our method presents the 

advantage of amplifying simultaneously regions in both sex chromosomes, thus allowing a double 

check that makes a wrong assignment unlikely. Moreover, amplifying both fragments within the 

same PCR reaction is an advantage when working with low amounts of aDNA. Methods based on 

the amplification of both the X and Y chromosomes are described, but the sequences chosen are too 
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long to be successfully amplified in ancient samples (Anderung et al. 2003; Yamauchi et al. 2000; 

Pomp et al. 1995; Shaw et al. 2003). 

A method based on pyrosequencing the same genes has been recently described by Svensson 

et al. (2008). Our method presents the advantage of being cheaper and feasible even in laboratories 

not equipped with pyrosequencing equipment. 

In conclusion, we described a strong technique for sexing ancient bones and demonstrated 

that the method is robust enough to be used with scarce and damaged ancient DNA up to 2000 years 

BP. The technique has been employed for sexing cattle (Bos taurus) bones, but it could be easily 

extended to other mammalian species. 

 

3.5. Sheep mtDNA 
 

We amplified succesfully 5 of 15 sheep samples, all belonging to Medieval Age, retrieved in 

Ferento site. The analyzed remains come from three different excavation areas (Assay 3, 4 and 5) 

and may be chronologically framed between the 10th and 12th century BC. The dating was made on 

the basis of pottery found in the same layer. Species identification, for the selection of the samples 

to be analyzed, was based on morphology and dimensions of the specimens (Balasse & Ambrose 

2005; Boessneck 1969; Halstead et al. 2002; Helmer 2000; Payne 1985; Prummel & Frisch 1986). 

We aligned ancient samples with 125 sequences belonging to 6 italian breeds (Bergamasca, 

Delle Langhe, Laticauda, Altamurana, Gentile di Puglia, Sarda) and to the European mouflon (Ovis 

musimon). Three sequences of O. vignei and three of O. ammon were obtained from Genebank and 

used as outgroup. 

DNAsp5.0 software was used to calculate haplotype structure and DNA divergence between 

groups of haplotypes. Neighbor-joining haplotype tree was computed with MEGA 5.0. A total of 22 

polymorphic sites and 27 haplotypes were identified in the analyzed sequences (Gabianelli et al. 

2010). 

Phylogenetic analysis of these haplotypes revealed two of the five groups described in literature 

(Fig.24). All the modern breeds analysed, as well as mouflon, cluster in “B” haplogroup, typical of 

European sheep breeds). Surprisingly, one of the samples belongs to haplogroup A (frequent in 

animals coming from the Middle East and Asia). This data, if confirmed, could suggest hypotheses 

on ancient migration routes. We are evaluating the similarity with other European and Middle 

Eastern breeds and we are expanding the number of ancient samples. 
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Fig.24 Neighbor-joining haplotype tree including the medieval sheep haplotypes (blue and red). 
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4. Discussion and Conclusions 
 

In this study we analyzed 28 bovine and ovine bones and teeth, belonging to roman and 

medieval age, retrieved in Ferento, an archaeological site inhabited since Bronze Age, located near 

Viterbo, Central Italy, that developed mainly from Roman age to Medieval age. Because of its 

characteristics, it was selected by Department of Antiquities (Faculty of Cultural Heritage’s 

Stewardship, University of Tuscia) that has been carried out systematic researches in the site since 

1994. 

First of all, we was able to extract DNA from all sample bones, with a recovery rate varying 

from 0.2 to 73 ng/µl per 0.5gr of powder bone. Then, we investigated both mitochondrial and 

nuclear DNA for different purposes. 

Nuclear DNA is less used in aDNA studies because of its high rate of degradation but nuclear 

genes are very interesting because give information about phenotypic characteristics, otherways 

impossible to obtain in the case of bone samples. The innovative amplification of nuclear aDNA 

could enable the analysis of genes involved in specific animal traits, giving insights of ancient 

economic and cultural uses. 

We investigated three coat colour genes: MC1R, TYR and TYRP1 in order to understand more 

about the breeds who lived in the area in which remains are recovered. The genes controlling 

pigmentation act as a complex and interact with each other to cause phenotypic and genotypic 

variation. Pigmentation depends on the ratio of the two component of the melanin: eumelanin and 

pheomelanin. Increase in eumelanin imparts a black coat colour while raise in pheomelanin is 

responsible for a yellowish or reddish colour. We analyzed 12 roman and medieval bovine bones to 

comprehend if the animals found in Ferento site belonged to a regional breed or came from 

migration routes. We found that these animals presented wild type allele at MC1R gene, found in 

many European breeds like Chianina, Normande, Belgian Blue, Rendena, Maremmana, associated 

with a white, light brown, roan and grey coat colour. We found wild type allele also on TYRP1 

gene, that dilutes phaeomelanin and we found no variation on TYR gene, responsible of albinism of 

animals. 

We analyzed, on the same bovine bones, also sex related genes to authenticate morphological 

data and give information about the sex of the samples, in absence of identification, as well as 

retrieving information of the breeding purposes. The determination of sex of ancient livestock 

remains is important to reconstruct the demography of ancient populations and possibly their use, 

giving important insights about civilisations. It is a useful tool also to comprehend the proportions 

of the numeric percentage between male and female individuals that could be an information about 

livestock farming adopted in the site in different times. Initially, we investigated TSPY gene, based 
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on the amplification of specific fragments of Y chromosome but this method rely upon the success 

of the PCR amplification. This means that in the case of amplification failure the animal is scored as 

a female. So, we developed a method, based on the contemporary amplification of portions of 

ZFY/ZFX genes, that presents the advantage of amplifying simultaneously regions in both sex 

chromosomes, thus allowing a double check that makes a wrong assignment unlikely. After 

amplification, we made a selective digestion of the same PCR product with the two restriction 

enzymes results in sex-specific digestion patterns. Digestion revealed that, of the 9 amplified 

samples, 7 were males and 2 were females. 

Mitochondrial DNA (mtDNA) is the nucleic acid most frequently used in aDNA research and 

has proven to be very useful for inferring the origins and phylogenetic history of many species. The 

D-loop region (or control region) is the section most analyzed in the mtDNA in evolutionary studies 

because it is a non-codifying region with an high mutational rate that presents an high inter- and 

intra-specific variability. We analyzed, in 15 medieval ovine samples of Ferento site, a portion of 

the D-loop that present an high rate of polymorphism and allowed us to discriminate haplotype of 

the samples investigated and then, their haplogroups. Actually, we obtained sequences from 5 of 15 

samples and we aligned it with 125 sequences belonging to 6 italian breeds (Bergamasca, Delle 

Langhe, Laticauda, Altamurana, Gentile di Puglia, Sarda) and to the European mouflon (Ovis 

musimon). Moreover, we obtained from Genebank three sequences of O. vignei and three of O. 

ammon and we used it as outgroup. We made statistical and subsequently phylogenetic analysis 

revealing that in Ferento samples two of the five groups described in literature are present. All the 

modern breeds analysed, as well as mouflon, and four of the five samples cluster in “B” 

haplogroup, typical of European sheep breeds. Surprisingly, one of the samples belongs to 

haplogroup A (frequent in animals coming from the Middle East and Asia) suggesting hypotheses 

of ancient migration routes, if confirmed. 

Analysis of D-loop region was important also for another reason: when archaeozoologist made 

sampling of bones they were not confident that bones recovered belonged to Ovis aries or Capra 

hircus and was not able to produce a certain morphometric attribution. So we choose a region that 

was highly polymorphic between sheep and goats and we can attribute remains to a specific species. 

Anyway, these are preliminary results. The next step will be the completion of the analysis of all 

ancient samples. Particularly, we want to compare the results obtained on ovine retrievals with 

those belonging to European and Middle Eastern breeds in order to get a more detailed picture of 

the situation. Positive results we have reached show the possibility to analyze mitochondrial and 

nuclear aDNA in order to study ancient retrievals and give information otherwise impossible to 

obtain. 
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