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INTRODUCTION 
Goats are the most adaptable and widely spread ungulate livestock species in the world. They 
have played a central role in the Neolithic agricultural revolution and in the spread of human 
civilization. Nowadays they are an important source of milk, meat, skin and fiber, and 
represent an essential income for many people in marginal areas of Europe, Asia and Africa. 
The origin of domestic goats remains uncertain, although increasing archaeological evidence 
suggests that this ruminant was probably the first to be domesticated (12-10000 years B.P.) and 
the Fertile crescent as the main centre of domestication, (Zeder and Hesse, 2000). 
The knowledge of goats evolutionary history and of the partition of the genetic variability 
within and among breeds in this species is fundamental for planning strategies for 
conservation. Such strategies are needed, considering the decrease in the number of local goat 
breeds and the ensuing erosion of the available genetic pool. 
To investigate genetic diversity and the genetic relationships among goat breeds several criteria 
or set of traits have been used, including visible genetic profiles (Herrera et al., 1996 ; Crepaldi 
et al., 1999), milk proteins (Ramunno et al., 1994) blood protein (Pépin and Nguyen, 1994) 
and allozyme (Rodero et al., 1997 ; Kotzé, 1998). Molecular techniques have provided useful 
markers for the study of genetic variation in this species, such as microsatellite loci (Martin-
Burriel et al., 1999 ; Barker et al., 2001), mitochondrial DNA polymorphism (Luikart et al., 
2001) and amplified fragment length polymorphism (AFLP; Ajmone-Marsan et al., 2001). 
Aims of this study were to investigate genetic variation in domestic goats (Capra hircus) and 
to compare geographic and genetic diversity in this species on a large scale (world-wide) and 
on a local scale (Italian Alps), with the aid of AFLP markers. 
 
MATERIAL AND METHODS 
Sampling and DNA extraction. Three-hundred-ninety-two domestic goats belonging to 16 
populations from Turkey (25 Anatolian Black and 24 Angora), Mongolia (25 Mongolian 
Cashmere and 25 Bayendelger Cashmere), Malaysia (7 Malaysian Native), Nigeria (25 West 
African Dwarf), Italy (30 Bionda from Adamello, 30 Frisa, 20 Val Passiria goat, 25 
Girgentana, 7 Maltese, 30 Sarda, 30 Orobica, 30 Verzaschese, 30 Val di Livo goat) and 
Switzerland (30 Saanen) were collected. Animals were unrelated (i.e. from different parents 
and often different flocks) according to breeder information. The methods used for genomic 
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DNA extractions varied according to the biological material of samples (Macherey Nagel 
Nucleospin blood extraction kit for blood and Quiagen Tissue and blood kit for skin biopsies). 
 
Molecular analyses. EcoRI/TaqI AFLP markers were produced and detected following the 
procedure described in Ajmone-Marsan et al. (1997). Individual goats were assayed with three 
highly polymorphic primers pairs carrying AAC/ACT, ATA/AAG and ATG/AAC as selective 
nucleotides at the 3' end of EcoRI/TaqI primers. AFLP polymorphism were visually scored as 
dominant markers (1=band presence; 0=band absence). Only clear bands were retained for the 
analyses. Bands too faint, too closely migrating to other bands or showing large difference in 
intensity across samples were discarded. 
 
Statistical analyses. AFLP allele frequencies were calculated assuming that populations are in 
Hardy Weinberg proportions. Expected heterozygosity (Het) was calculated within breeds. The 
significance of the differences observed was evaluated by a two factors ANOVA (locus and 
populations) and by DUNCAN post-hoc comparisons test. Indexes of total (Ht), within 
population (Hs) and between populations (Dst) gene diversity (Nei, 1973) were used to 
evaluate the partition of genetic variability into the between breeds and within breeds 
components. Gst index (Nei, 1973) was used to calculate the percentage of the total variation 
accounted for by the between breeds component. Genetic distance between breeds was 
calculated by Da distance (Nei et al., 1983). Geographic distances were calculated from 
approximate geographic coordinates of sampling areas transformed in kilometric distances. Gst 
values and correlation between genetic and geographic distance were investigated separately 
on i) a "local breed set" comprising 9 the Italian goat breeds analysed and ii) a "worlwide breed 
set" comprising Frisa, Bionda and all the remaining non-Italian populations. Association 
among breeds was determined by Neighbour Joining algorithm based on Da distance. 
 
RESULT AND DISCUSSION  
Our sampling spanned three continents and included the goat centre of domestication in the 
Fertile Crescent (e.g. Turkey). We sampled only unrelated pure animals from small villages, 
excluding research centres and large cities where recent gene flow due to the international 
shipping of goats is possible. 
The three AFLP primer combinations assayed revealed 118 clear polymorphisms. Mean 
expected heterozygosity values  indicate that breeds have a significantly different level of 
within breed diversity. In particular diversity seems to be higher in Saanen and Italian breeds 
(Het=0.14-0.16), with the noticeable exception of Girgentana (Het=0.11), and to decrease from 
Turkey (Het=0.13-0.14) towards Far East (Het=0.10-0.12) and Africa (Het=0.11). Italy was a 
refuge area during the last glaciation and still hosts a high number of goat breeds. The richness 
in goat biodiversity may have resulted in high within breed diversity due to genetic flow 
between different domesticated and wild populations. While sampling effect cannot be 
excluded, the decrease in genetic diversity observed from the domestication centre towards 
Africa and Asia, along the main human migration routes, agrees with the expectation in the 
case of a demic expansion of domesticated goats. 
The NJ tree based on AFLP data separates the 16 breeds according to their geographic origin, 
and evidences the genetic originality of the Malaysian Native goat breed, quite distant from all 
other breed sampled (Figure 1). 
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Figure 1. Neighbour Joining tree based on Nei Da distance of the 16 breeds analysed with 
AFLP markers 
 
Geographically distant breeds consistently had high values of genetic distance, and a high 
correlation between genetic and geographic distance (r=0.75; P≤0.01) was observed in the 
"worldwide breed set". In this set, Gst across all loci was 0.24, indicating that 76% of the 
overall diversity is conserved within breeds. AFLP data are in contrast with mitochondrial 
DNA data, that show weak geographic structure in goats (Luikart et al., 2001). In modern goat 
breeds, maternal lineage and genomic DNA seem therefore to have followed different 
evolutionary pathways. Goats are hypothesised to have crossed the continents during human 
migrations and by trade or commerce (Luikart et al., 2001) resulting in a worldwide spread of 
the same mitochondrial DNA haplotypes. AFLP data suggest that contributors to the formation 
of the goat genome had a clear geographic structure. This is apparently minimally contributed 
by the female counterpart. Domestication, transportation and trade probably mainly concerned 
females, rather than males, because of more docile mettle and milk production. Indeed, Zeder 
and Hesse (2000) found a dearth of adult male goat bones and an abundance of female and 
young male bones in ancient archaeological sites across the Middle East and hypothesised that 
early domesticators mainly slaughtered young males for meat and kept most females and few 
males for breeding stock. We hypothesise that in the process of breed formation, transported 
and traded domestic females repeatedly mated with local wild and domesticated males, that 
significantly contributed with their genomes to the geographic partition and present 
characteristics of local breeds we observe today. The high correlation between genetic and 
geographic distances does not hold true on a smaller geographic scale. Accordingly, no 
significant correlation was found in the "local breed set" of Italian breeds in which a very high 
level of  genetic diversity is maintained within breeds (Gst=0.17). This may be due to more 
extensive genetic flow between nearby wild and domestic populations and to more recent 
human and animal migrations that often remain undocumented. 
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CONCLUSION 
Molecular markers are particularly useful to infer the history of goats. More extensive 
sampling of wild and domestic goats, the analysis of different gene lineages (mitochondrial 
DNA, genome, Y chromosome) and the joining of evidence from different sources (genetics, 
history and archaeology) will shed light on the evolutionary process that lead to goat breed 
formation. Markers are also useful to investigate genetic diversity, particularly at the local 
level, where geographic information cannot be used as a criterion for inferring breed diversity. 
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