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Tsigai is an old, independent sheep breed, a rem-
nant of the ancient Small-Asian domain of breeds 
where the majority of the domesticated breeds orig-
inate from. Indirectly, the breed descends from the 
oriental wild sheep called the arkal (Ovis ammon 
orientalis) (Kukovics and Jávor, 2002). Within the 
sheep species (Ovis domesticus) the breed belongs 
to the mountain sheep group where it creates a 
separate subgroup as Tsigai sheep breeds. 

The ancient Tsigai migrated from its original re-
gion to the Balkan Peninsula, through “Olah and 
Moldva” countries and Transylvania, as far as the 
northern mountain chains of the Carpathians and 
reached the Hungarian Plain. The breed reached the 
northern part of Hungary and Bohemia during the 
18th century. Others moved along the eastern coast 
of the Black Sea (West Caucasus) and found their 
niche in the Crimea and on the northern coastal 

area of the Black Sea, by reaching the breeding area 
of the Tsigai from the Balkan in Southern Ukraine 
(Schandl, 1955).

Over the last two hundred years, the Tsigai breed, 
although in fluctuating ratio (1–10%), has com-
posed a constant part of Hungarian sheep stock, but 
in Slovakia the Tsigai sheep has become the second 
most important breed. Some 185–200 thousand 
Tsigai sheep (120 thousand ewes within it) were 
kept in Slovakia at the beginning of the present 
decade (Gyarmathy, 2000), but its number signifi-
cantly decreased in subsequent years. The breed 
has been kept mainly in the central and eastern 
parts of Slovakia. After the accession of Slovakia 
to the EU the number of Tsigai sheep has increased 
a little. 

During the decades between 1950 and 2000, 
especially over the period from 1980 to 2000, se-
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veral kinds of exotic breeds were used (in various 
crossing programs) in order to improve the meat 
and milk production abilities of Tsigai sheep in the 
Slovak part of Czechoslovakia. As the consequenc-
es of these crossing programs different variants of 
Slovak Tsigai sheep were developed (Gyarmathy, 
2000).

In this breed the weight of a mature ewe is 40 to 
45 kg with a height at withers of 60–65 cm, while 
the weight of a ram is 65–75 kg with a height at 
withers of 70–75 cm (Kukovics and Jávor, 2002). 
The examined Tsigai variants have darker colour on 
the face and legs and their lambs have dominantly 
uniform bright black colour all over the body.

In this study we have used microsatellites be-
cause they are a powerful tool for the evaluation of 
paternity, to maintain pedigree records, for track-
ing alleles through a population and to estimate 
genetic variability and inbreeding (Rooney et al., 
1999). Microsatellites are excellent genetic mark-
ers because of their locus identity, high PIC value, 
widespread distribution in the genome, multi-allel-
ism, co-dominant inheritance and PCR basis. In the 
last decades microsatellites have been used in many 
studies for determination of genetic difference and 
genetic variation among sheep breeds (Farid et al., 
2000; Li et al., 2004; Gladyr et al., 2005; Gizaw et 
al., 2007; Ozerov et al., 2008; Glowatzki-Mullis et 
al., 2009). 

In order to preserve and maintain the Tsigai in 
Slovakia the first step is to know the genetic rela-
tionship among the Tsigai populations or variants. 
In this study our aim was to start the preservation 
work of Tsigai sheep in Slovakia.

MATERIAL AND METHODS

Altogether 195 animals belonging to twelve Tsigai 
populations from different parts of Slovakia were 
studied. The number of examined individuals per 
studied populations is documented in Table 3. Hair 
samples were taken from all individuals by picking 
up. Sampling of close relatives was avoided.

Genomic DNA was extracted from the hair bulb 
as previously described (FAO, 2004). Microsatellite 
markers were selected on the basis of their location 
in several chromosomes and according to the sug-
gestion of the Food and Agriculture Organisation 
(FAO) and the International Society for Animal 
Genetics (ISAG). Forward primers were labelled 
on their 5’ end by one of the fluorescent compounds 

FAM, JOE or NED to enable analysis on automat-
ed sequencers. The following sixteen microsatel-
lites were studied: BM6506, OarFCB20, MAF70, 
MCM527, INRA127, ILSTS11, TGLA53, TGLA357, 
MAF65, OarCP49, OarAE119, OarCP20, BM1314, 
MAF35, MCMA7, CSSM43. 

PCR amplifications were carried out in 25 µl re-
actions with 10–50 ng genomic DNA as template. 
Reaction mixtures contained 10mM Tris-HCl 
(pH 8.3), 50mM KCl, 2.5mM MgCl2, 0.5 U Taq 
polymerase, 160nM of the fluorescently labelled 
forward primer, 200nM from unlabelled reverse 
primer and 0.2mM of each deoxynucleotide. The 
initial denaturation step at 94°C for 3 min was ap-
plied that was typically followed by 35 cycles with 
the following steps: 92°C for 1 min, 60°C for 1 min 
and 72°C for 1 min. The reactions were terminat-
ed by the final extension step at 72°C for 7 min. 
Multiplex PCR reactions using 2 or 3 primer pairs 
simultaneously were performed whenever it was 
possible. For multiplex capillary runs 0.5–0.5 µl 
PCR reactions of FAM, JOE and NED fragments 
were added to 10 µl formamide containing ROX 
labelled internal size standards. The mixtures were 
denatured for 3 min at 85°C, immediately chilled on 
ice and loaded onto ABI3100 capillary sequencers 
using 36 cm capillaries filled with POP4 polymer 
(Applied Biosystems). 

Running data were collected by the GeneScan 
software (Applied Biosystems). Genescan data were 
imported and converted to pseudogel images by the 
Genographer software (Benham, 2001). Sized frag-
ments were scored manually and fragment length 
data were written into spreadsheet tables. The 
number of alleles per locus and population mean 
observed (Hobs) and mean expected (Hexp) hetero-
zygosities were calculated by the Genepop program 

Table 1. Population specific alleles

Locus Allele Population

OarFCB20 107 Handel

TGLA357 130 Jurbis

INRA127 209 Vancover

BM1314
175 Jurbis

174 Rybar

OarAE119
156 Sirig

125 Jurbis
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(http://wbiomed.curtin.edu.au/genepop). Single 
locus F-statistics (Fwc) were estimated according 
to as in Weir and Cockerham (1984). Population 
data were evaluated by the Arlequin (Version 2.0; 
Schneider et al., 2000) and Populations (Version 
1.2.28, Langella; 1999) programs. Genetic distances 
from diploid population data were calculated by the 

Populations program using Nei’s minimum genetic 
distance formulas (DA) (Nei, 1987). Phylogenetic tree 
was constructed using the UPGMA algorithm of the 
Neighbour program of the Phylip software pack-
age (Version 3.57c; Felsenstein, 1995). Graphical 
rendering of the phylogenetic tree was done by the 
Drawgram program of the Phylip package. 
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Figure 1. Number of alleles at the 
examined loci

Table 2. Range of allele sizes, mean number of alleles, observed (Hobs) and expected (Hexp) heterozygosities and 
result of F-statistic

Locus
Range of 

allele sizes 
(bp)

Mean num-
ber of alleles 

per locus
Hobs Hexp Fis Fst Fit

MAF35 104–122 3.9 0.503 0.625 0.195 0.101 0.276

CSSM43 237–273 8.5 0.523 0.828 0.368 0.092 0.426

MCM527 150–185 7.0 0.535 0.753 0.289 0.108 0.366

TGLA53 114–143 7.3 0.641 0.754 0.151 0.141 0.271

MCMA7 228–270 6.8 0.659 0.756 0.127 0.144 0.253

OarFCB20   92–118 5.3 0.400 0.658 0.393 0.118 0.465

TGLA357 113–154 7.8 0.662 0.814 0.186 0.076 0.248

INRA127 181–215 5.1 0.534 0.634 0.157 0.129 0.266

MAF70 128–175 7.3 0.369 0.795 0.536 0.146 0.604

MAF65 116–140 5.6 0.338 0.706 0.522 0.142 0.589

ILSTS11 180–296 5.4 0.517 0.720 0.282 0.170 0.404

OarCP20   88–195 5.1 0.636 0.692 0.081 0.175 0.242

OarCP49   88–140 4.0 0.651 0.677 0.038 0.132 0.165

BM1314 136–176 7.4 0.701 0.791 0.114 0.117 0.217

BM6506 184–212 4.5 0.590 0.639 0.076 0.166 0.229

OarAE119   98–160 5.5 0.340 0.697 0.512 0.166 0.593

Mean 0.537 0.721 0.252 0.133 0.351
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RESULTS AND DISCUSSION

Microsatellite loci

The total number of alleles was 212 at the 
16 studied loci. According to our results all loci 
were polymorphic with the number of alleles per 
locus ranging from 5 at MAF35 to 26 at BM1314 
(Figure 1). Ozerov et al. (2008) detected more al-
leles at the OarCP20 locus (10), while less at the 
BM1314 (14), BM6506 (8), MAF65 (9), McM527 
(10) locus in Kazakh sheep breeds compared to our 
result in Tsigai populations. Dalvit et al. (2008) de-
tected 17 alleles at McM527, 18 alleles at OarCP20 
in Alpine sheep breeds.

The average number of alleles per locus varied 
between 3.9 (MAF35) and 8.5 (CSSM43) (Table 2). 
Allele frequencies are available from the authors 
on request. 

Seven population specific alleles were detected 
in 12 populations (Table 1). MAF35, CSSM43, 
MCM527, TGLA53, MCMA7, MAF70, ILSTS11, 
OarCP20, OarCP49, BM6506 and MAF65 loci were 
without any private allele. 

Mean observed and expected heterozygosities are 
presented in Table 3. For all 16 loci the mean ex-
pected heterozygosities were 0.721 while mean ob-
served heterozygosities reached the level of 0.537. 
In each marker the mean expected heterozygosity 

was higher than the observed heterozygosity. The 
mean observed and expected heterozygosities var-
ied from 0.338 (MAF65) to 0.701 (BM1314) and 
from 0.625 (MAF35) to 0.828 (CSSM43).

Genetic structure and differentiation of the popula-
tions were examined by Wright’s F-statistics for each 
locus. Mean estimated values for FIT, FST  and FIS were 
0.351, 0.133 and 0.252, respectively. It means that the 
deficit of heterozygotes across populations was about 
35% and inbreeding within populations was about 
25%. The FIS index among loci varied from 0.038 
(OarCP49) to 0.536 (MAF70). Multilocus FST indi-
cated that around 13.3% of the total genetic variation 
was explained by a population difference, the remain-
ing 86.7% corresponding to differences among indi-
viduals. This value was higher than those from other 
genetic diversity studies, e.g. 5.7% for Alpine sheep 
and European and Middle-Eastern breeds (Peter et 
al., 2007; Dalvit et al., 2008), 4.6% for Ethiopian sheep 
(Gizaw et al., 2007), 5% for Pramenka types (Cinkulov 
et al., 2008), 3.7% for Manchega sheep (Calvo et al., 
2006) while it was lower than for Indian sheep (18.3%; 
Mukesh et al., 2006).

Population

The average number of alleles per populations 
varied between 3.125 (Olymp, Vojin) and 7.937 

Table 3. Number of studied animals, observed and expected heterozygosities, Fis values in the Slovak populati-
ons

Population
Number  

of animals

Mean number  
of alleles  

per population
Hobs Hexp Fis

Ondrej 16 7.0 0.574 0.835 0.313

Kamendin 16 6.5 0.552 0.806 0.316

Kamo 19 6.9 0.461 0.751 0.386

Sirig 22 7.9 0.487 0.805 0.395

Vancover 15 4.9 0.513 0.780 0.342

Handel 25 7.7 0.537 0.812 0.339

Jurbis 24 6.9 0.561 0.761 0.263

Jugat 22 7.5 0.582 0.804 0.276

Olymp   5 3.1 0.439 0.843 0.480

Rybar 16 5.3 0.560 0.741 0.244

Brend 10 5.6 0.583 0.781 0.253

Vojin 5 3.1 0.613 0.812 0.245
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(Sirig); however, it was lower compared to the val-
ues of European and Spanish sheep breeds (Arranz 
et al., 1998; Dalvit et al., 2008). Tapio et al. (2005) 
found similar allelic richness studying European 
sheep (2.62–6.26). In Romanian Tsigai 7.52 alleles 
per breed were detected (Peter et al., 2007). Since 
genetic drift has an impact on genetic differentia-
tion among populations, therefore the least variable 
populations, breeds are usually the most distinct 
(Hedrick, 1999), as presented with the Olymp and 
Vojin populations in our study.

The mean observed and expected heterozygosi-
ties per population were between 0.439 (Olymp) 
and 0.613 (Vojin), and between 0.741 (Rybar) and 
0.843 (Olymp), respectively. All examined popula-
tions were less heterozygous than it was expected. 
The values of genetic diversity measurements sug-
gested that the studied populations did not contain 
a high level of genetic variability. 

The FIS value ranged between 0.244 (Rybar) and 
0.480 (Olymp). The heterozygosity deficit was the 
highest in Olymp and the lowest in Rybar among 
the examined populations (Table 3). However, there 
was no negative FIS value, which would have indi-
cated an excess of heterozygotes in some popula-
tions. 

Nei’s minimum genetic distance (DA) values were 
calculated from microsatellite data on each popula-
tion pair (Table 4). Genetic distances between the 
examined Slovak Tsigai populations were large. The 
values varied between 0.140 (Jugat-Handel pairs) 
and 1.334 (Vancover-Vojin pairs). The UPGMA 
tree constructed from DA is shown in Figure 2. The 
studied populations clustered into 4 groups on the 
tree. Vojin was in an individual group and far from 
the others. However, this fact might be the result of 
a low number of studied animals. Jugat and Handel 
were the closest to each other, but they were close to 
Jurbis, Vancover and Olymp. Brend, Rybar and Sirig 
were presented in one group. Ondrej, Kamendin 
and Kamo were in another branch.

Conclusion

Genetic difference was studied among 12 Tsigai 
populations originated from different parts of 
Slovakia using microsatellite markers. Tsigai popu-
lations analysed in this study have never been char-
acterised before, therefore it could be of special 
interest, but the results cannot be compared with 
literature. This study did not show high variation 
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within and between studied Slovak Tsigai popula-
tions. In all populations expected heterozygosity 
was much higher than observed heterozygosity. It 
could mean that these populations were developed 
as a result of different crossbreeding programs and 
over the time of the program uniformity was also 
in target of the given program, which resulted in 
severe losses in the genetic bases. While the origi-
nal Tsigai population was more or less the same, 
the use of different exotic breeds resulted in dif-
ferences in the terminal products. The new Tsigai 
variants also have black to dark brown hair covering 
the head and the legs, and there are not any large 
differences among them in other phenotypic traits, 
like body measurements, but their genetic bases 
have become different.

The cooperation among different groups might 
result in the loss of improvements from previous 
crossbreeding programs, however, the reconstruc-
tion of original Slovak Tsigai sheep could be the 
imperative duty. In future our plan is to complete 
the genetic characterisation of the studied popula-
tions by mtDNA.

Acknowledgements

The authors would like to thank Zsuzsanna 
Sasvári and Anikó Stágel for their technical help. 
This work was supported by the European Regional 
Focal Point in Animal Genetic Resources project, 

titled: “Possible way of conservation of the multi-
purpose Tsigai and other indigenous sheep breeds 
in Central-, Eastern European- and Balkan coun-
tries” coordinated by Sándor Kukovics (Hungary) 
and Kristaq Kume (Albania).

References

Arranz J.J., Bayon Y., San Primitivo F. (1998): Genetic 
relationships among Spanish sheep using microsatel-
lites. Animal Genetics, 29, 435–440.

Arranz J.J., Bayon Y., San Primitivo F. (2001): Differen-
tiation among Spanish sheep breeds using microsatel-
lites. Genetic Selection Evolution, 33, 529–542.

Benham J.J. (2001): Genographer, Ver. 1.6. Software can 
be obtained from http://hordeum.msu.montana.edu/
genographer

Calvo J.H., Bouzada J.A., Jurado J.J., Serrano M. (2006): 
Genetic substructure of the Spanish Manchega sheep 
breed. Small Ruminant Research, 64, 116–125.

Ćinkulov M., Popovski Z., Porcu K., Tanaskovska B., 
Hodžić A., Bytyqi H., Mehmeti H., Margeta V., Djedović 
R., Hoda A., Trailović R., Brka M., Marković B., Važić 
B., Vegara M., Olsaker I., Kantanen J. (2008): Genetic 
diversity and structure of the West Balkan Pramenka 
sheep types as revealed by microsatellite and mito-
chondrial DNA analysis. Journal of Animal Breeding 
and Genetics, 125, 417–426.

Dalvit C., Sacca E., Cassandro M., Gervaso M., Pastore 
E., Piasentier E. (2008): Genetic diversity and variabil-

Olymp

Kamendin

K
am

o

Ondrej

Vojin

Vancover

Ju
ga

t

Si
ri

g

Ryb
ar

Brend

JurbisH
andel

Figure 2. UPGMA tree constructed from 
DA distances, showing the relationship 
among twelve Slovak populations



474

Original Paper	 Czech J. Anim. Sci., 54, 2009 (10): 468–474

ity in Alpine sheep breeds. Small Ruminant Research, 
80, 45–51.

Farid A., O’Reilly E., Dollard C., Kelsey C.R. (2000): Ge-
netic analysis of ten sheep breeds using microsatellite 
markers. Canadian Journal of Animal Science, 80, 
9–17.

Food and Agricultural Organization of United Nations 
2001, 2004: www.fao.org/dad-is/

Felsenstein J.: PHYLIP (Phylogeny Inference Package). 
Univ. Washington, USA, 1995.

Gizaw S., Van Arendonk J.A., Komen H., Windig J.J., 
Hanotte O. (2007): Population structure, genetic vari-
ation and morphological diversity in indigenous sheep 
of Ethiopia. Animal Genetics, 38, 621–628.

Gladyr E., Zinovieva N., Müller M., Brem G. (2005): In-
vestigation of the Russian sheep breeds using DNA 
microsatellites. In: 56th Annual Meeting, European As-
sociation for Animal Production (EAAP), Uppsala, 
Sweden, 100 pp.

Glowatzki-Mullis M.L., Muntwyler J., Bäumle E., Gaillard 
C. (2009): Genetic diversity of Swiss sheep breeds in 
the focus of conservation research. Journal of Animal 
Breeding and Genetics, 126, 164–175.

Gyarmathy E. (2000): Tsigai sheep breeding in Slovakia. 
Personal Communication.

Hedrick P.W. (1999): Highly variable loci and their inter-
pretation in evolution and conservation. Evolution, 53, 
313–314.

Kukovics S., Jávor A. (2002): The Tsigai breed and its 
future. In: Jávor A., Mihók S. (eds.): Genepreservation, 
Research Result about the Values of Old Domestic 
Animals. Debrecen, Hungary, 103–147. 

Langella O. (1999): Populations. A software to calculate 
distances and create trees.

Li X.L., Gong Y.F., Zhang J.W., Liu Z.Z., Valentini 
A.(2004): Study on polymorphism of microsatellites 
DNA of six Chinese indigenous sheep breeds. Yi Chuan 
Xue Bao, 31, 1203–1210.

Mukesh M., Sodhi M., Bhatia S. (2006): Microsatellite 
based diversity analysis and genetic relationships of 
three Indian sheep breeds. Journal of Animal Breeding 
and Genetics, 123, 258–264.

Nei M. (1987): Molecular Evolutionary Genetics. Colum-
bia University Press, New York, USA. 

Ozerov M.Y, Marzanov N.S., Tapio M., Burabaev A.A., 
Marzanova L.K., Amerkhanov K.A., Kantanenen J. 
(2008): Genetic features of Kazakh sheep breeds ac-
cording to microsatellites. Russian Agricultural Sci-
ences, 34, 45–48.

Peter C., Bruford M., Perez T., Dalamitra S., Hewitt G., 
Erhardt G., ECONOGENE Consortium (2007): Genetic 
diversity and subdivision of 57 European and Middle-
Eastern sheep breeds. Animal Genetics, 38, 37–44.

Rooney A.P., Honeycutt R.L., Davis S.K., Derr J.N. (1999): 
Evaluating a putative bottleneck in a population of 
bowhead whales from patterns of microsatellite diver-
sity and genetic disequilibria. Journal of Molecular 
Biology, 48, 682–690.

Schandl J. (1955): Sheep breeding. Mezőgazdasági Kiadó, 
Budapest, Hungary. (in Hungarian)

Schneider S., Roessli D., Excoffier L. (2000): Arlequin: A 
software for population genetic data. Genetics and Bi-
ometry Laboratory, University of Geneva, Geneva, 
Switzerland. 

Tapio M., Tapio I., Grislis Z., Holm L.E., Jeppson S., Kan-
tanen J., Miceikiene I., Olsaker I., Viinalass H., Eythors-
dottir E. (2005): Native breeds demonstrate high 
contributions to the molecular variation in Northern 
European sheep. Molecular Ecology, 14, 3951–3963.

Weir B.S., Cockerham C.C. (1984): Estimating F-statistics 
for the analysis of population structure. Evolution, 38, 
1358–1370.

Received: 2008–10–05
Accepted after corrections: 2009–05–15

Corresponding Author

Dr. Szilvia Kusza, PhD., University of Debrecen, Centre of Agriculture Sciences and Engineering,  
Institute of Animal Science, Böszörményi str. 138, H-4032 Debrecen, Hungary
Tel. +36 52 508 444, fax +36 52 486 285, e-mail: kusza@agr.unideb.hu


