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Abstract
In this paper, the polymorphisms from 6 microsatellites were used to assess genetic diversity and relationships
in 5 sheep breeds from Albania and Kosovo. A total of 150 unrelated healthy individuals were selected, from
different flocks. Allele diversity, observed heterozygosities, expected heterozygosities, F-statistics, G estimates,
number of migrants per generation (Nm), and Nei’s DA distance were calculated. The sheep breeds display a
high level of genetic variation as estimated by allelic diversity and heterozygosity. The overall observed and
expected heterosygosity were 0.738 and 0.867, respectively. Inbreeding for all population is FIS = 0.034. The
mean genetic differentiation, FST was 0.139. The analysis of molecular variance indicated that 13.89% of
variance can be explained by differences among populations. Factorial Correspondent Analysis distinguishes 2
groups. These data were consistent with those obtained from mtDNA. Microsatellite polymorphism data were
shown to be useful for estimating the genetic relationships between local sheep breeds from Albania and
Kosovo.
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Introduction

Sheep is one of the most important livestock
species Albania and Kosovo. There are some local
breeds that traditionally are defined mainly by
morphological characteristics and production
performance. Local sheep breeds are well adapted to
extensive management conditions, graze in the
pasture, are resistant to various diseases and parasites.
There is a high risk for the extinction of native sheep
breeds, because there is a lack of herd book, breeding
programs are absent and native breeds are displacing
with other breeds according to the preferences of the
farmers.  Therefore determination of population
structure is very important for breed conservation.

Polymorphic DNA markers are very useful in
assessment of genetic diversity within and between
breeds. Microsatellite are widely used as genetic
markers for the analysis of genetic variability within
and between breeds due to their high number,
distribution throughout the genome and the efficacy of
genotyping. These markers are also used for the
estimation of genetic diversity of West Balkan
Pramenka types [1] and Albanian sheep breeds [2].

This study regards 6 microsatellite markers in
5 albanian and Kosovo local sheep breed in order to
evaluate genetic diversity and genetic distances
between breeds and to compare the results obtained
previously based on mtDNA.

Materials and methods

Blood samples are collected from 145
unrelated individuals, of four breeds from Albania
“Shkodrane”, “Bardhoka Al”, “Ruda”, “Recka” and
one breed from Kosovo "Bardhoka_Kosovo". For
each breed, 2-3 individuals per flock, from 10 -11
flocks are selected, based on the information provided
by the farmers. The method used for DNA isolation is
phenol – chloroform extraction, proteinase K
digestion and ethanol precipitation of DNA. All
samples were genotyped for 6 microsatellite markers

Allelic frequencies of all loci, the average
number of alleles per locus, the number of private
alleles and allelic richness (number of alleles in a
sample of standardized size) were calculated using
FSTAT 2.93 [3]. Also, FSTAT was used to compute
F-statistic parameters, according to [4] (FIT (W&C),
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FIS (W&C and FST (W&C). The significance of FIS and
FIT was tested by 1000 permutations.

Within-population genetic variation was
quantified based on observed heterosigosity (HO) and
mean expected unbiased heterozygosity (HE) [5],
using GENETIX version 4.05.2 [6].

Genotypic frequencies were tested for HWE,
using Markov chain, (dememorization = 5000, 100
batches and 1000 iterations per batches), implemented
in Genepop program [7].

An assignment test was used, in order to test
the likelihood of finding an allele in each population.
Based on Bayesian model and using criteria of [8] and
a simulation algorithm by [9], the program
GENECLASS version 2.0 [10] was used to assign
individuals to each population. The assignment is
based on the percentage of individuals not excluded
from assignment to each population, given a
probability >0.01.

Factorial correspondence analysis was
computed using GENETIX 4.05 (http://www.univ-
montp2.fr/genetix/genetix/genetix.htm). It is a
multivariate method of analysis. Allele frequencies, of
all populations and at all loci, were used as variables.

Results and discussion

The number of alleles identified per locus is

shown in table. There were identified 101 alleles

in 5 breeds, per six loci, and the number of

alleles per locus ranged from 9 to 26. PIC values

for all markers were very high with an average of

0.915 (Table 1). All markers were polymorphic in

each breed and in linkage disequilibrium. Since,

the markers have PIC values exceeding 0.500

they can be considered very informative [11].

Table 1. Total number of alleles, observed per each breed and locus.

Allelic variation (bp) Bar (Al) Rud Sko Rck Bar

(Kos)

TNA MNA/

locus

BM8125 108-126 6 7 6 7 7 9 6.6

MAF65 113-138 8 7 7 10 6 20 7.6

OARFCp35 111-135 6 5 7 7 5 14 6

OARFCB304 149-189 10 9 13 8 6 26 9.2

OARHH47 121-155 8 9 12 10 4 23 8.6

OARVH72 125-141 8 9 8 8 7 9 8

MNA/pop 7.67 7.83 8,33 8.33 5.83 16.83

SD 1.51 1.33 2.93 1.36 1.17 7.25

Table 2. ISF values per population.

Locus Bar (Shq) Rud Sko Rck Bar (Kos)

BM812 -0.117 -0.057 0.028 -0.009 0.043

MAF65 -0.107 0.056 0.119 -0.083 0.069

OARCP 0.016 -0.148 0.083 0.105 0.006

OAFCB 0.322 -0.090 0.060 0.127 0.160

OARHH 0.191 0.154 0.144 -0.024 0.034

OARVH 0.054 0.007 0.082 -0.044 -0.069

Total 0.061 -0.011 0.087 0.009 0.033
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Table 3. Values of Statistic F.

Locus FIS FIT FST

BM812 -0.023 0.083 0.103

MAF65 0.004 0.170 0.167

OARCP 0.013 0.151 0.139

OAFCB 0.105 0.291 0.207

OARHH 0.103 0.254 0.170

OARVH 0.009 0.042 0.034

Total 0.034 0.169 0.139

The highest number of alleles is displayed

by Shkodrane breed (8.33) and the lowest value

by Bardhoka of Kosovo (5.83). The number of

alleles per locus is higher than 5, except of

OARHH72 with 4 alleles in Bar (Kos). FIS values

range from -0.01 (Ruda) to 0.087 (Shkodrane).

The analysed markers displayed negative values

in one or two populations, which imply the

heterosigosity excess per locus and population.

In Tables 2 and 3 are shown different indices
of genetic diversity for the whole population. It was
displayed an average value of heterosigosity deficit
FIS = 0.034 in all breeds and loci. In most of the cases,
a positive value of FIS is displayed, implying
heterosigosity deficit. Genetic differentiation between
breeds (FST) is 0.139. Genetic diversity for  loci (HT),
according to Nei, has a value of 0.867. The highest
contribute in this value is because of within breed
differentiation (89.3%), meanwhile the genetic
differentiation between breeds is 12.7%.

Table 4. Nei's genetic heterosigosity

Locus Ho Hs Ht Dst Dst' Ht' Gst Gst' Gis

BM812 0.750 0.735 0.807 0.072 0.090 0.825 0.089 0.109 -0.021

MAF65 0.742 0.748 0.872 0.124 0.155 0.903 0.142 0.172 0.008

OARCP 0.785 0.794 0.896 0.102 0.127 0.922 0.114 0.138 0.012

OAFCB 0.627 0.706 0.859 0.154 0.192 0.898 0.179 0.214 0.111

OARHH 0.681 0.760 0.895 0.135 0.169 0.929 0.151 0.182 0.103

OARVH 0.844 0.850 0.874 0.024 0.030 0.880 0.027 0.034 0.007

Total 0.738 0.765 0.867 0.102 0.127 0.893 0.117 0.143 0.036

In Table 5 are shown Nm values, that means
number of migrants per generation, for all
combinations between populations. The lowest values
are between two Bardhoka breeds and Ruda-
Shkodrane and the highest are between Shkodrane and
Ruda. The values higher than 1, show a great gene
flow between populations and the values lower than 1
show a fragmented gene flow and a possible
differentiation.

Table 5. Nm values per all populations pairs

Rud Sko Rck Bar

(Kos)

Bar (Shq) 14.71 17.06 1.12 0.80

Rud 114.50 1.17 0.83

Sko 1.12 0.80

Rck 4.92

In Figure 1 is displayed the dendrogram based
on Allele Sharing distance (ASD) matrix, which has a
star view and shows a great admixture of individuals.
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Figure 1. UPGMA tree based on Allele Sharing Distance (ASD) between individuals.

Figure 2. Factorial Component Analysis (FCA).
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Table 6. Assignment test based on allelic frequency and Bayes theorem.

Frequency Bayes

Breed No Direct Simulation Direct Simulation

Bardhoka (Alb) 31 51.61 9.68 54.84 12.90

Ruda 31 48.39 3.23 51.61 22.58

Shkodrane 31 35.48 0.00 35.48 6.45

Recka 32 71.88 53.13 78.13 40.63

Bardhoka (Kos) 25 21.16 0.00 14.44 0.00

Total 150 58.67 14.00 58.67 17.33

The results of Factorial Correspondence
Analysis are shown in Figure 2, displaying two
groups. An assignment test is carried out (Table 6), in
order to analyze the breed admixture and the results
are shown that Bardhoka of Kosovo is the breed with
the lowest level of correctly assigned individuals.

Different tests (sign test, standartised
difference test and Wilcoxon test) as well as the
analyzis of shift mode are carried out in order to
discover any recent bottleneck. The results show no
recent bottleneck effect. These data were consistent
with those obtained from mtDNA [12].Lack of herd
books and parentage control has facilitated a
continuous gene flow, compromising breed purity.
Transhumance, as well as policies for introduction of
other cosmopolite breeds as Cigaja in the past, has
favoured gene flow between breeds. This makes very
difficult to establish a scenario for movements and
phylogenetic links of Albanian breeds. This may be
possible, only if complex regional studies, which take
in account not only genetic aspect but also the social
economic as well as movements of populations in
Balkan area will be implemented. Finally, values of
genetic variation indicate that these breeds are a
reservoir of diversity, that must be conserved.
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