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INTRODUCTION 
Over the past forty years both breeding techniques and genotypes chosen for breeding have 
sensibly changed in many areas, leading to an extensive use of highly specialized breeds (de 
Haan et al., 1997). This happened also in Central Italy, where sheep breeding is an important 
livestock sector, as a source of meat and milk for cheese industry. Such a substitution may have 
led to an increase of inbreeding in the populations (Meszaros et al., 1998). Both high levels of 
inbreeding and reduced genetic flow result in genetic fragility and therefore in populations 
unfit to environmental changes (Bijlsma et al., 1997). We propose a molecular approach, based 
on polymorphic microsatellites, suitable in designing breeding models to reduce consanguinity 
and improve genetic diversity. This category of molecular markers was used to determine 
heterozygosity within and genetic distances among several flocks of Sarda breed sheep. The 
successfulness of the strategy of exchanging rams between flocks for reducing inbreeding has 
been assessed.  
 
MATERIALS AND METHODS 
Samples and DNA extraction. 507 blood samples were collected from about 20 animals from 
each of the 17 studied farms, located in the Viterbo Province (central Italy) and rearing at least 
300 heads (see Tab. 2). DNA was extracted using the Wizard Genomic DNA Extraction Kit 
(Promega) according to manufacturer’s instructions. 
 
Table 1. Loci, references and experimental parameters for the 11 microsatellite markers 
 

Locus Access No Ch Multiplex Tm °C Cycles Reaction 
volume 

Primer 
concentration 

Size 
range 

OarFCB0011 L01531 2 0.25pM 113-145 
OarFCB0304 L01535 19 0.25pM 147-193 
OarCP0049 U15702 17 

 
yes 

 
63 

 
35 

 
10ul 

0.25pM 75-115 
OarFCB0048 M82875 17 no 58 

55 
7 
23 

20ul 6pM 141-159 

OLADRB2  1503279 20 no 63 35 10ul 1pM 251-293 
ILSTS0011 L23485 9 6pM 267-283 
ILSTS0028 L37211 1 6pM 123-173 
ILSTS0005 L23481 7 

 
yes 

58 
55 

7 
23 

 
30ul 

6pM 175-209 
MAF0214 M88160 16 no 63 35 10ul 1pM 185-261 
McM0527 7695133 5 no 63 35 20ul 0.5pM 163-187 
CSRD0247 8930098 14 no 63 35 10ul 1pM 215-257 
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Amplification and screening of microsatellites. 11 Microsatellites were amplified using near-
infrared (NIR) fluorescent dye end-labelled primers and sized using IRD standards (MWG 
Biotech). PCR conditions are described in Tab. 1. Amplification products were run on a Licor 
4200 DNA sequencer, and true image data were analysed using Gene ImagIR software 
Fragment Analysis (both from LICOR Inc. Lincoln, USA).  
Statistical analysis. Number of alleles, unbiased gene diversity, observed heterozygosity and 
Fis for each flock were obtained using Excel MS_tools; the coefficient of variation of Fst and 
the principal coordinates analysis have been performed using PopDist (Valentini, in prep.). 
 
RESULTS AND DISCUSSION 
The analysed loci were found to be polymorphic in the 17 flocks, and generated a total of 165 
alleles from the 507 individuals sampled, proving therefore their usefulness to assess the 
degree of genetic diversity at flock level and the inbreeding of individuals.  
 
Table 2. Summary statistics for sheep flocks showing sample size, location of the farms 
analysed, unbiased and observed heterozygosity, Fis values and mean number of alleles 
per population with relative standard deviations (SD) 
 
Pop. Location 

Animals 
sampled 

Unbiased 
Hz 

Unbiased 
Hz SD 

Obs 
Hz 

Obs Hz 
SD Fis 

MeanN. 
Alleles 

N.Alleles 
SD 

a Acquapendente 22 0,8090 0,0265 0,6961 0,0431 0,1396 7,63 2,62 
cm Valentano 18 0,6754 0,0040 0,6667 0,0786 0,0129 6,00 1,41 
cpl Ischia di Castro 25 0,8186 0,0775 0,4792 0,0753 0,4146 10,50 0,71 
ep Bomarzo 29 0,7452 0,0521 0,6410 0,0359 0,1398 7,89 3,41 
et Ischia di Castro 23 0,6576 0,1027 0,5122 0,0524 0,2211 6,25 3,28 
ft Ischia di Castro 24 0,7958 0,0221 0,6686 0,0426 0,1598 7,50 1,77 
g Gallese 20 0,7056 0,0272 0,4967 0,0542 0,2961 5,86 1,57 
ma Ischia di Castro 25 0,8028 0,0255 0,6011 0,0473 0,2512 7,50 2,81 
p Ischia di Castro 26 0,8039 0,0219 0,6505 0,0441 0,1908 7,83 2,64 
pa Ischia di Castro 20 0,7589 0,0477 0,4427 0,0828 0,4167 6,50 0,71 
pb Ischia di Castro 21 0,7538 0,0366 0,6030 0,0654 0,2001 6,50 3,42 
pi Grotte S. Stefano 35 0,7547 0,0723 0,5123 0,0468 0,3212 8,67 2,16 
po Castiglione in tev. 17 0,7370 0,0152 0,5608 0,0877 0,2391 6,00 0,00 
ra Valentano 28 0,7091 0,0972 0,5573 0,0602 0,2141 7,50 4,36 
sg Valentano 24 0,6748 0,0544 0,7575 0,0528 0,1226 5,50 1,73 
v Acquapendente 23 0,8016 0,0563 0,6544 0,0438 0,1836 8,57 3,21 
vr Valentano 22 0,7739 0,0995 0,7584 0,0669 0,0200 8,50 2,12 

 
Table 2 summarises data generated by the 11 microsatellites for the sheep belonging to the 17 
flocks, as unbiased gene diversity (Nei, 1987), observed heterozygosity (Heidrick, 1983), Fis 
values and mean number of alleles per flock with relative standard deviations. The observed 
heterozygosity and unbiased gene diversity ranged from 0.443 to 0.758 and from 0.658 to 
0.809, respectively. Fis, a measure of inbreeding, ranges from a negative estimate to 0.417 and 
it is very high in at least 14 of the flocks (82%), revealing an excess of homozygotes. The 
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flocks are quite different as regard to the respective observed heterozygosities (ObsHz), that 
have a standard deviation of 0.095. Three of them show values below 0.5, while two are above 
0.7. On the other hand, the mean of the expected heterozygosities is 0.752 and the standard 
deviation is about a half of ObsHz (0.052). The different Fis among flocks reflects different 
levels of inbreeding. This may be due to different breeding strategies used by breeders in the 
considered area: usually, a few rams are used within flock for several breeding seasons, 
sometimes mating with relatives as close as daughters. In two particular flocks, showing a Fis 
higher than 0.40, the level of inbreeding may led to genetic diseases carried by rare recessive 
alleles and, to a marked fitness reduction (Meszaros et al., 1998). On the other hand, one flock 
has a negative Fis estimate and therefore an excess of heterozygotes. This may be explained by 
several causes, such as selection that favours heterozygotes, the crossing with a different breed, 
or a limited effective number of breeding animals, mainly males (Luikart & Cornuet, 1999).  
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Figure 1. Coefficient of variation of Fst distance computed by bootstrapping (1000 
samples) on n. of individuals (a) and n. of loci (b) 
 
The coefficient of variation of Fst distance (figure 1) has been computed by bootstrapping 
(1000 samples) both on individuals and microsatellites and demonstrates clearly that the 
number of analysed animals and loci is adequate. The principal coordinates analysis (figure 2) 
shows that the spatial distribution of flocks explained by the chosen loci fits very well the 
geographic locations of the farms in the study area, with a few exceptions. Taking into account 
the very limited radius of the area considered (about 50 Km), this results points out that the 
genetic flow among flocks is very limited and the separation is in place since quite many 
generations. The policy of exchanging rams between farms, if the genetic pool of the flocks is 
similar, can introduce very few genetic variants. In fact, our findings that more than 80% of the 
flocks have an excess of homozygotes clearly demonstrate that this strategy is not effective if 
done without knowledge of the genetic make up of the breeding animals. 
 
CONCLUSION 
This method allows the assessment of the genetic variation among flocks, that in the Viterbo 
Province was found quite variable, indicating a possible choice of breeding animals from 
divergent groups that can maximise the genetic diversity and consequently the fitness (Smith et 
al., 1998). The microsatellite approach can be applied to the creation of mating schemes aimed 
to increase genetic variability, reduce consanguinity and enhance fitness within flocks and can 
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be utilised as a model for studies also in other species showing the same kind of needs (goats, 
buffalos, small populations of cattle). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Principal Coordinates analysis on Nei std (Takezaki and Nei, 1996) of allele 
frequencies from 11 microsatellite loci typed in 17 populations from the Viterbo area, 
plotted against a map of the Viterbo Province 
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