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Genetic diversity and distance between two Bulgarian local sheep breeds assessed by 
microsatellite markers

1 2 1 3 4 1S. Georgieva , E. Todorovska , D. Hristova , I. Dimitrova , N. Stancheva , Ts. Yablanski
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Abstract. In the present study 37 blood samples from Copper-Red Shumen and 38 blood samples from Karakachan sheep breeds were used to extract DNA 
followed by polymerase chain reaction (PCR). Based on the set of six microsatellite markers the genetic diversity was investigated in the examined breeds. 
Allele diversity, observed heterozygosity, expected heterozygosity, average gene diversity over loci, coefficient of inbreeding and chi-square test for Hardy-
Weinberg equilibrium were calculated. Within breeds, the mean number of alleles varied from 9.5 in Karakachan to 10.5 in Copper-Red Shumen. The mean 
observed heterozygosity (Ho) ranged from 0.543 in Karakachan to 0.621 in Copper-Red Shumen, while the mean expected heterozygosity (He) from 0.774 in  
Karakachan to 0.812 in Copper-Red Shumen.The coefficient of inbreeding (Fis) was positive, ranging from 0.298 in Karakachan to 0.235 in Copper-Red 
shumen, indicating a risk of inbreeding. The low distance value (0.083) was found between the populations  Karakachan and Copper-Red Shumen. The data 
obtained in the present study can contribute towards development of an effective conservation strategies for these traditional sheep breeds in Bulgaria.

Keywords: local sheep breeds, microsatellite markers, diversity, genetic structure, distances

Abbreviation: CRSH – Copper-Red Shumen; KKCH – Karakachan sheep
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Introduction level of polymorphism, co-dominant inheritance and easy to analyze 
(Cañon et al., 2006). Microsatellites have been wide by used for 
assessment of genetic diversity in sheep. (Diez-Tascon et al., 2000; Sheep play an important role in maintenance of rural 
Hassan et al., 2003; Arora and Bhatia, 2004; Gutiérrez-Gil et al. populations and also have a particular cultural importance due to its 
2006; El-Nahas et al., 2008).traditional use in rites and celebrations. They are also used for meat, 

In the present study, a set of six microsatellite markers were milk and wool production. Copper-Red Shumen (CRSH) and 
used to evaluate the genetic diversity within and between two Karakachan (KKCH) sheep breeds are important local sheep breeds 
Bulgarian local sheep breeds and to measure the distance among in Bulgaria and they are the object of  this study. 
the breeds.CRSH is distributed mainly in the North-Eastern part of 

Bulgariain regions. Representatives of this breed are medium-to-
large with average body weight of 47kg with compact body. Fleece 

Material and methods colour is rusty-red, while one can find individuals with black fleeces. 
Ewes are hornless, but rams have twisted well-developed horns. 
They usually have well covered body and legs free of wool A total of 75 individuals representing two local Bulgarian sheep 
(EASRAB, 2011). The average body weight varyed from 49.12 to breeds (KKCH and CRSH) were analyzed. For each breed unrelated 
55.46kg (Staykova, 2005). The results of polymorphic analyses of individuals were selected (37 blood samples for CRSH and 38 for 
blood serum proteins showed the presence of some rare alleles KKCH). Blood samples of 5–10 ml were collected in EDTA tubes. 
such as Tf G, Alb F, Alb S, Alb W in this breed (Makaveev and Nakev, DNA was extracted from the whole blood with Illustra Blood 
1987; Baulov and Alexieva, 1991). GenomicPrep DNA Purification Kit (GE Healthcare, UK) according 

 KKCH is spread throughout mountain areas in Bulgaria.In the to the manufacturer's instructions and stored at -20ºC until the 
past the breed was one of the most widespread on the Balkans. analysis was performed.
Animals are small, vigorous, strong-boned with short legs, resistant A set of six microsatellite markers (Table 1) was chosen based 
to unfavourable climatic and feeding conditions, and diseases. The of their level of polymorphism location on different chromosomes, 
animals have a vivid temperament, they are energetic and mobile preferably unlinked following the recommendation of the Food and 
and can endure long-distance marches. Their face, ears, legs and Agriculture Organization (FAO) and the International Society for 
nose are black. Most of the population has pigmented grey to black Animal Genetics (ISAG). 
wool, sometimes brown, predominantly coarse. The average body PCR amplifications were carried out in total 10µl volumes, 
weight is 44.04–54.10kg (Staykova, 2005). containing 50ng DNA template, 20pM primers and 1x AmpliTaq Gold 

Microsatellites have often been used for genetic diversity PCR Master mix (Applied  Biosystems, USA). Forward primers were 
studies, because of their distribution throughout the genome, high Cy5 fluorescently labelled. PCR amplification was performed in a 
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thermocycler GeneAmp 9700 (Applied Biosystems) using the Yong, 1999; Labate, 2000). This program was used also to establish 
following conditions: for loci OarFCB20, OarJMP58 and MAF65 an the genetic distances (D ) between populations according to the A

initial denaturation step at 95ºC for 5 min, followed by 35 cycles of method of Nei (1978). The ARLEQUIN software, version 3.5.1.3 was 
95ºC for 30s, annealing at 55ºC for 35s, extension at 72ºC for 1 min used for population data analysis (Excoffier and Lischer, 2010). The 
and final extension at 72ºC for 10 min; for marker MAF70 the number of alleles of each locus, heterozygosities values were 
annealing temperature was increased to 60 ºC. For loci ILSTS11 and calculated for two investigated breed. The same software was used 
OarCP20 a two-step cycling procedure was used: denaturation at to evaluate the coefficient of inbreeding (Fis) and to check deviation 
95ºC for 5 min, followed by 9 cycles of 95ºC for 30s, annealing at from Hardy-Weinberg equilibrium (HWE). 
58ºC or 62ºC for 35s, 72ºC for 1 min, then 25 cycles at 95ºC for 30s, 
annealing at 55ºC or 60ºC for 35s, 72ºC for 1 min and final extension 
at 72ºC for 10 min. PCR amplified products were separated on 6% Results 
denaturing polyacrylamide gel (ReproGel High Resolution) using 
automated laser sequencer (ALF Express II Amersham All markers were highly polymorphic. In Table 2 are displayed 
Biosciences). The electrophoresis was performed in 1x TBE buffer the variability parameters the investigated loci. The number of 
(0.09M Tris-borate, pH 8.3; 2mM EDTA) under the following running alleles per locus observed in two breeds ranged from 5 to 21. Based 
parameters: 1500V, 60mA, 30W, 55ºC, sample interval 2s, run time on the mean number of alleles per population, more diverse 
450 min. Fragment sizes were determined using the computer population was CRSH (10.5) in comparison to KKCH (9.5).
program Allele Locator, version 1.03 (Amersham Pharmacia In the examined populations the Ho levels were lower than the 
Biotech, 1998) with internal size standarts and data were imported expected heterozygosities (He). The mean Ho and He per studied 
and converted to pseudogel images. populations were 0.621–0.812 for CRSH and 0.543–0.774 for KKCH 

The allele diversity, number of alleles per locus and their (Table 3). The coefficient of inbreeding (Fis) was positive, ranging 
richness, observed and expected heterozygosity values (H  and H ) o e from 0.235 (CRSH) to 0.298 (KKCH), indicating a risk of inbreeding. 
were calculated using POPGENE software, version 1.31, (Yeh and The values of chi-square test (11.80 and 9.02) point that both studied 

Table 1. SSR locus information

Marker name Origin Chromosome location Primer sequences F / R

2

4

9

15

21

26

Ovine

Ovine

Bovine

Ovine

Ovine

Ovine

OarFCB20

MAF70

ILSTS11

MAF65

OarCP20

OarJMP58

F:AAATGTGTTTAAGATTCCATACAGTG

R:GGAAAACCCCCATATATACCTATAC

F:GCAGGACTCTACGGGCCTTTGC

R:CACGGAGTCACAAAGAGTCAGACC

F:GCTTGCTACATGGAAAGTGC

R:CTAAAATGCAGAGCCCTACC

F:AAAGGCCAGAGTATGCAATTAGGAG

R:CCACTCCTCCTGAGAATATAACATG

F:GATCCCCTGGAGGAGGAAACGG

R:GGCATTTCATGGCTTTAGCAGG

F:GAAGTCATTGAGGGGTCGCTAACC

R:CTTCATGTTCACAGGACTTTCTCTG

sheep breeds are in accordance with HWE, even though a 
deficiency of heterozygocity was indicated (Table 3). 

Five population-specific alleles were detected in the two breeds 
CRSH and  KKCH  in three microsatellite loci (Table 4).The 
relationships among the examined populations were determined 
using minimum genetic distance formula (D ). The distance value A

between CRSH and KKCH was low (0.083).

Table 2. Number of alleles per locus

Number of alleles

SSR locusPopulation

OarFCB20 MAF70 ILSTS11 MAF65 OarCP20 OarJMP58

Mean

CRSH

KKCH

8

9

18

21

7

7

8

6

10

5

12

9

10.500

9.500

Table 3. Mean observed (Ho) and expected (He)
heterozygosities, average gene diversity over loci (Gdv),
coefficient of inbreeding (Fis) and chi-square test for HWE 
in the examined populations

Population chi-squareFisGdvHeHo

CRSH

KKCH

0.621

0.543

0.812

0.774

0.812

0.774

0.235

0.298

11.80

9.02
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current status of the genetic diversity and relationships among two Discussion
local sheep breeds in Bulgaria. Using a panel of 6 polymorphic SSR 
markers high level of genetic diversity was established in the studied The genetic characterization of a breed is very important for the 
sheep populations. Based on their cultural, historical and evaluation of genetic variability, which is an substantial element in 
environmental importance the data obtained here could be 
considered as an initial guide for the development of rational 
breeding strategies for preservation and utilization of the 
autochthonous sheep breeds in Bulgaria. 
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KKCH
MAF70

ILSTS11

OarJMP58 CRSH

Allele size
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171

286

133

173

15.789

15.789

5.263

2.703

8.108
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