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Abstract. Genetic characterization of one population of Romanian Tsigai breed was 

investigated using microsatellite markers. A total of 61 individuals were genotyped for 14 
microsatellite loci. A total number of 126 alleles were detected, with a range between 6 and 14 alleles 
per locus. The observed heterozygosis was less than the expected heterozygosis values in more than 
half of the cases, detecting heterozygote deficiency at these loci. The Fis value per population was 
positive (0.0981), indicating a general risk of inbreeding. 
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INTRODUCTION 

 
Molecular markers are an indispensable tool to understand the genetic structure of 

populations. Ruane and Sonino (2006) provided a set of criteria to be considered when 
choosing a specific breed for a conservation program. In Europe, microsatellite markers were 
used for genetic characterisation by Arranz et al. (2001), Grigaliunait et al. (2003), Pariset et 
al. (2003), Tapio et al. (2005), Baumung et al. (2006), Dalvit et al. (2007), Kusza et al. 
(2008a), Bauer et al. (2010), Kevorkian et al. (2010). These kinds of studies are essential for 
breed specific management and conservation programmes. A correct breed identification, 
nomenclature, and classification are a sine qua non basis of an efficient Animal Genetic 
Resources management (improvement, conservation, utilization) (Drăgănescu, 2007). 

For a better implement of region-specific conservation measures it is also important to 
assess how genetic diversity is partitioned at larger geographic scales. Two of these large-
scale evaluations of genetic diversity are presented in original articles by Lawson Handley et 
al. (2007), analyzing 29 geographically and phenotypically diverse sheep breeds, and Peter et 
al. (2007), analyzing 57 European and Middle Eastern marginal and cosmopolitan sheep 
breeds. In both studies, Romanian population of Tsigai breed has been analyzed using 23 
(Lawson Handley et al., 2007) respectively 31 (Peter et al., 2007) microsatellite loci. Other 
studies were focused on genetic diversity of Russian and Serbian Tsigai (Tapio et al., 2006) 
or Slovak Tsigai (Kusza et al., 2009). Using 16 microsatellite markers, the diversity, 
population structure and genetic relationships of Tsigai sheep breed from 8 countries (from 
Central-, Eastern- and Southern-European regions) were investigated by Kusza et al. (2008b). 

The aim of this paper is genetic characterization of one population of Romanian Tsigai 
and a comparison of these findings with variability studies on other sheep breeds in order to 
identify representative individuals for germoplasm cryopreservation. 
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MATERIALS AND METHODS 
 

A total of 61 blood samples from 51 females and 10 males were collected from the 
Rusty Tsigai population (SCDOC Reghin–Station of Research and Development of Sheep 
and Goats Reghin). This population was phenotypic, productive and reproductive 
characterized prior to selection for genetic characterization (Miclea et al., 2009a and Miclea et 
al., 2009b). Genomic DNA was extracted using standard procedures (FAO/IAEA, 2004). 

The selection of microsatellite markers for DNA fingerprinting was performed at 
International Society of Animal Genetics (ISAG) and Food and Agriculture Organization 
(FAO) recommendation, using 14 microsatellites. The polymerase chain reactions (PCR) was 
performed for each locus in 10 µl reaction mixture, using 100 ng DNA and 10 µM upper and 
lower primers. The microsatellites were combined in two multiplexes: multiplex 1 - 
CSRD247, HSC, INRA063, MAF214, OarCP49, FCB11, FCB304 and multiplex 2 - D5S2, 
INRA005, INRA023, MAF65, McM527, OarFCB20, SPS113. The amplification programme 
for multiplex 1 was 12 min 95°C; 31 times 20 sec 95°C, 1 min 63°C, 1 min 72°C; 5 min 
72°C, while for multiplex 2 was 10 min 95°C; 31 times 30 sec 94°C, 30 sec 55°C, 1 min 
72°C; 5 min 72°C. Genotyping was performed on ABI Prism 3130 Genetic Analyzer. The 
results were finally analyzed using GeneScan Analysis Software v3.7. 

The results were analyzed by Genepop 1.2 software (Raymond and Rousset, 1995), in 
order to determine the number of alleles per locus, genotype distribution (expected and 
observed number of heterozygote using Levene`s correction), allele frequencies and 
inbreeding coefficients (according to Weir and Cockerham, 1984 and also Robertson and Hill, 
1984). 
 

RESULTS AND DISCUSSION 
 

All 14 markers generated amplification products in the studied population. 
Microsatellite markers generated a number between 6 (OarFCB0011 and D5S2) and 14 
(HSC) alleles per locus, with a total number of 126 alleles (Tab. 1).  

 
Tab. 1 

The number and size of alleles 
 

No. of alleles (A) Size of alleles (pb) 
Locus 

References* Observed References** Observed 
OarFCB0011 14 6 122 – 148 120 – 134 
INRA0063 13 10 169 – 207 167 – 211 
HSC 14 14 267 – 301 263 – 299 
OarCP0049 18 12 82 – 140 78 – 132 
OarFCB0304 13 8 148 – 190 148 – 188 
CSRD0247 20 9 209 – 261 213 – 239 
MAF0214 12 10 181 – 265 183 – 277 
OarFCB0020 11 9 92 – 118 87 – 113 
SPS0113 12 7 130 – 158 126 – 146 
D5S2 7 6 190 – 210 186 – 200 
INRA0005 14 8 120 – 180 125 – 147 
McM0527 10 8 165 – 179 164 – 178 
MAF0065 12 8 121 – 159 119 – 137 
INRA0023 12 11 201 – 219 183 – 216 

* Liliana Di Stasio - ISAG Standing Committee on „Applied Genetics in Sheep and Goats” 
** http://www.thearkdb.org/ 
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Concerning the size of alleles, these are very much alike the date from literature. 
However, it has been observed new alleles in Tsigai population, especially with low size on 
the eleven locus: OarFCB0011, INRA0063, HSC, OarCP0049, MAF0214, OarFCB0020, 
SPS0113, D5S2, McM0527, MAF0065 and INRA0023. In the study of Peter et al. (2007) 
allelic richness ranged from 5.00 in the German Grauegehornte Heidschnucke to 7.52 in the 
Romanian Tsigai, with an average of 6.42 alleles per breed. 

The values of expected (He) and observed (Ho) heterozygosis and inbreeding 
coefficient (Fis) are shown in Table 2.  
 

Tab. 2 
Frequency of heterozygosis and inbreeding coefficient in Tsigai population 

 
Locus He Ho FIS 
OarFCB0011 0.7851 0.7541 0.0398 
INRA0063 0.8289 0.8361 -0.0087 
HSC 0.8899 0.9344 -0.0505 
OarCP0049 0.7807 0.8197 -0.0504 
OarFCB0304 0.7011 0.5738 0.1829 
CSRD0247 0.7739 0.0000 1.0000 
MAF0214 0.7029 0.7049 -0.0029 
OarFCB0020 0.8292 0.8197 0.0115 
SPS0113 0.6958 0.6230 0.1055 
D5S2 0.7300 0.6721 0.0799 
INRA0005 0.8404 0.7705 0.0838 
McM0527 0.7617 0.7049 0.0751 
MAF0065 0.7308 0.8033 -0.1001 
INRA0023 0.8282 0.8033 0.0303 

 
The expected heterozygosis was calculated at 0.7770 for the total number of loci, 

higher than the observed heterozygosis value that was 0.7014. Regarding particular loci, this 
value varied between 0.6958 (SPS0113) and 0.8899 (HSC). Ho values varied between 0.5738 
(OarFCB0304) and 0.9344 (HSC) and were in more than half of the cases less than the He 
values (OarFCB0011, OarFCB0304, CSRD0247, OarFCB0020, SPS0113, D5S2, INRA0005, 
McM0527 and INRA0023), detecting heterozygote deficiency on these loci. 

Deviations from the Hardy-Weinberg equilibrium were found to be significant 
(p<0.001). The Fis value per population was positive (0.0981), indicating a general risk of 
inbreeding. The highest value of Fis was 1, for CSRD0247 locus. In this case, although there 
are 9 alleles, there is not any heterozygote individual. This situation might due to the presence 
of null alleles. The mean of Fis value observed in another four autochthonous Romanian 
sheep breeds (Botosani Karakul, Karabash, Palas Milk Line and Palas Meat Line) was 0.182 
(Kevorkian et al., 2010). In the studies of Peter et al. (2007) OarAE129 and SRCRSP5 have 
been shown to produce null alleles. Using 16 microsatellite markers (only 6 markers were 
similar with these used in preset study), Kusza et al. (2008b) observed that the Fis value was 
positive in all 41 examined populations of Tsigai and Zackel (including Romanian Tsigai 
population). Sometime in the past a few number of rams were brought into the Reghin 
population in order to avoid inbreeding. Despite of this, the level of inbreeding is still high. 
 

CONCLUSIONS 
 

All 14 markers used in this study for Romanian Tsigai breed genetic characterization 
generated amplification products. The level of the observed heterozygosis was lower than the 
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expected one and lead to a higher inbreeding coefficient. The higher level of inbreeding could 
be the result of using a few rams for reproduction. 
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