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INTRODUCTION 
Due to its geographic location and history, Italy has a rich diversity of farm animals. During 
the last glaciation it was a refuge area, with environments varying from desert-like coastal 
areas, plains and hills to high mountains. In historic times, the genetic constitution of men and 
livestock has been affected by many migrations and invasions. Tuscany hosts a number of 
autochthonous bovine breeds and populations that are or have been relevant for the economic 
sustainability of the agriculture. For some of these breeds, the origin and history is poorly 
documented and may very well reflect the presence of several local and imported populations 
that have been extensively utilised to improve performances. Several studies have been 
performed to investigate genetic variability on the molecular level. Protein markers (Kantanen 
et al., 1999) generally indicate significant differences of allele frequencies between cattle 
breeds and an effect of geographic origin on genetic distance. Mitochondrial DNA (Bradley et 
al., 1996) did not indicate any haplotypes specific for European cattle breeds. Several studies 
show that allele frequencies of microsatellites are breed dependent (Hanslik et al., 2000). 
AFLP (Vos et al., 1995) is based on ligation of linkers to restriction fragments followed by a 
selective amplification. They are biallelic markers reproducible (Jones et al., 1997) and 
following Mendelian cattle (Ajmone-Marsan et al., 1997). AFLP is now well established in 
plant molecular biology for studies of gene localisation or genetic diversity. We have 
introduced the use of AFLP as alternative of the microsatellites for studying the genetic 
diversity of goat (Ajmone-Marsan et al., 2001) and cattle (Ajmone-Marsan et al., 2002) or as 
tool for retracing the phylogeny of hybridising bovine species (Buntjer et al., 2002). In this 
study we have investigated the genetic diversity at AFLP loci of Chianina, Maremmana, 
Mucca Pisana and Calvana beef breeds from Tuscany, which are compared with the highly 
selected cosmopolitan Italian Friesian and Italian Brown dairy breeds. 
 
MATERIALS AND METHODS 
Samples. We collect 40 blood samples from Maremmana, 44 from Italian Friesian, 29 from 
Italian Brown, 20 from Chianina, 39 from Mucca Pisana and 38 from Calvana, selecting 
animals minimally related. 
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Molecular analyses. Genomic DNA was extracted from whole blood or semen and purified 
(Sambrook et al., 1989). EcoRI/TaqI AFLP markers were generated as described previously 
(Ajmone-Marsan et al., 1997) with three primers pairs carrying ACA/AAC, AGA/AAG and 
ATG/AAC as selective nucleotides. AFLP polymorphism were scored visually as dominant 
markers.  
 
Data analysis. Expected heterozygosity (Het) was calculated within breeds assuming Hardy 
Weinberg equilibrium. Genetic similarities of all possible pairs of genotypes were based on the 
Jaccard index. Genetic distance between breeds were based on Da distance (Nei et al., 1983). 
Gst index was calculated (Nei, 1973). Relations of breeds were visualised by Neighbour 
Joining tree of Da distances Associations of individuals were plotted by a Principal Coordinate 
analysis (PCOOA) of Jaccard similarities (Popdist, A. Valentini, Unversità della Tuscia, 
unpublished). 
 
RESULTS AND DISCUSSION 
Chianina is probably the most ancient Italian autochthonous cattle breed, but is still of great 
economic importance and presently counts 31,000 head in the herd book (ANABIC, 2001). 
Maremmana is a extensively managed breed and is well-adapted to harsh environments. It 
descends from Bos taurus macroceros that originated all Podolian breeds introduced in Italy by 
barbarian invasions, and counts around 5,000 head (ANABIC, 2001). Mucca Pisana is a dual-
purpose (dairy-beef) cattle breed raised in the Pisa province and is today only utilised for beef 
production. It originates from Brown Swiss, introduced in the area in 1700, but has been 
crossed first with Podolian cattle and later with Chianina. Calvana, from the Florence province, 
also is originally a dual-purpose (work-beef) breed, now used only as beef production animals. 
It is considered to be a Chianina strain or ecotype (Giannone, 1998) that has been selected for 
adaptation to harsh environments. In 1999 Mucca Pisana and Calvana counted 187 and 124 
heads, respectively and were both included in the FAO (2000) list of "endangered-maintained 
breed". No selection schemes are currently applied to the genetic improvement of these breeds. 
The four AFLP primer combinations assayed on 210 individuals generated 102 polymorphic 
bands. In spite of the different breeding management and effective population size, no 
significant differences were found among average expected heterozygosity values (Table 1), 
ranging from 0.215 in the Mucca Pisana to 0.249 in Italian Friesian and Italian Brown. The 
relatively high level of diversity still retained in Calvana and Mucca Pisana populations is quite 
surprisingly in view of the small total and effective population size of these breeds, which went 
through severe recent bottlenecks. Possibly, diversity within breeds is maintained by a higher 
fitness of the most heterozygous offspring (Pamilo and Palssons, 1998), which permitted these 
breeds to pass the bottleneck without loosing a substantial portion of genetic diversity. 
Alternatively, genetic drift and founder effects were counteracted by a recent gene flow from 
neighbouring populations.Genetic distances based on Nei Da values (table 1) reproduce the 
descendance of the Calvana from the Chianina (Da=0.0377; Fig.1). However, the distance of 
these breeds is not in line with the Calvana being a simple ecotype of Chianina. The similar 
Het values indicate that the divergence between these breeds has not been increased by 
different levels of inbreeding. Rather, founder effects, drift and introgression may also have 
played a role (cf. Hanslik et al., 2000). Indeed, Petrucci (1926) proposed that the contribution 
of other breeds such as the Podolica and Romagnola) to the formation of Calvana. This is in 
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agreement with the PCOOA plot, in which on the base of the second coordinate the positions 
of Calvana individuals are more extreme that the Chianinas, suggesting a contribution of 
breeds not analysed here (Figure 2). However, the first three coordinates explain together only 
11.5% of the total variance. The genetic distance of the dairy Friesian and Italian Brown breeds 
is relatively short (Da=0.0411). Nevertheless, in agreement with previous data (Ajmone-
Marsan et al., 2002), animals from the two dairy breeds form two distinct clusters that are 
separated from the other breeds by the first (Italian Friesian) and the second (Italian Brown) 
principal coordinates. From this representation it appears that, together with Calvana, Italian 
Friesian and Italian Brown contribute substantially to the diversity detected by AFLP markers. 
The separate positions of the Chianina-Calvana cluster agrees with the historic origin of the 
Chianina, which is also quite distant from Maremmana (Da=0.0490). Both the NJ tree and the 
PCOOA plot suggest a separate position also for the Maremmana and Mucca Pisana. For the 
latter breed, this may be explained by genetic contributions of Charolaise and Shorthorn 
animals, as described by Parisi (1927). The Gst index on the basis of allele frequencies (Nei, 
1973) assigned 85% of the total diversity to the diversity within breeds. Accordingly we did 
not observe any breed-specific AFLP fragment and Jaccard similarities within breeds largely 
overlapped with similarities across breeds (data not shown). So, breeds appear, like the human 
races (Barbujani et al., 1997), not clearly distinct on the genomic level. 
 
Table 1. Expected heterozygosity and standard error (diagonal in boldface) and Da 
distance (below the diagonal) between the 6 breeds analysed with 102 AFLP markers 
 

 Italian Brown Italian 
Friesian 

Maremmana Chianina Mucca Pisana Calvana 

It. Brown 0,245±0.019      
It. Friesian 0.0411 0.249±0.021     
Maremmana 0.0438 0.0414 0.245±0.020    
Chianina 0.0615 0.0648 0.0490 0.229±0.022   
Muc Pisana 0.0509 0.0518 0.0476 0.0624 0.215±0.021  
Calvana 0.0669 0.0607 0.0465 0,0377 0.0525 0.222±0.020 

 
 
 
 
 
 
 
CONCLUSION 
 
 
 
 
 
 

 

Figure 2. Principal Coordinate 
analysis based on Jaccard similarities 
calculated from 102 AFLP markers. 
The first and second coordinate reflect 
8.4% and of the total variation 

Se
Figure 1. NJ tree based on Nei Da 
distance calculated from 102 AFLP
markers. Bootstrap numbers are 
indicated 
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Genetic distances based on biallelic AFLP polymorphisms were found at least partially in 
contrast with records on the origin of the breeds. The historic origin of the Chianina is reflected 
in a position that is clearly separate from the other non-endangered breeds analysed, but 
Calvana and Mucca Pisana seem to have diverged significantly more than expected from the 
breeds they are believed to derive from. This divergence can hardly be attributed to selection, 
since a relevant portion of diversity is still retained in these populations. Next to the stochastic 
effect of drift and founder effects, the poorly documented histories of crossing with local and 
imported cattle populations may have increased the divergence. Molecular information on a 
large number of genetic resources that potentially have contributed genes to specific 
populations will be required for a more complete evaluation of breed origins. 
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