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Abstract: Genetic diversity among two breeds (Barbarine and Western thin Tail) of sheep in Tunisia was detected
by Random Amplified Polymorphic DNA (RAPD) markers. The relationship between genetic diversity and larger
geographical distance among populations has been attributed to a number of different factors mostly breeding
systems. We assessed this relationship among 12 populations belonging to two Tunisian sheep breeds using RAPDs
by including eight randomly selected individuals from each population. Eight primers produced 62 clear and
reproducible polymorphic bands. In populations, the percentage of polymorphic bands ranged between 32.26 and
51.61%. The range of Nei’s gene diversity within-population was wide, varying from 0.1522 to 0.2157. Analysis of
molecular variance (AMOVA) showed that the variation between breeds is 29.54%, and that the variation between
populations within breeds and within populations are 8.47 and 61.99%, respectively.

[El-Hentati H, Mhamdi N, Ben Hamouda M, Chriki A. Analysis of genetic variability within Tunisian Barbarine
and Western thin Tail sheep using RAPD-PCR Method. Life Sci J 2013;10(4):2003-2009]. (ISSN:1097-8135).
http://www.lifesciencesite.com. 265

Keywords: Tunisian sheep; Populations; genetic structure; Mantel test; RAPD-PCR

1.Introduction native breeds (the Barbarine and the Western thin tail)

Sheep are easy to breed and tame and are better suited to growing conditions in the country
therefore they were among the first species and often raised as pure breeds. The primary unit in
domesticated and used as a source of meat and wool animal genetic resources is a breed, strain or
(Ryder, 1983; Clutton-Brock, 1987). As in other geographically defined groups, the members of which
species, the domestication of sheep resulted in a share particular morphological characteristics which
variety phenotypic much greater than that observed in distinguished them from other groups. Hence,
the wild (Simm, 1998). Sheep farming plays a vital identification and characterization of breeds is a must
role in food security in Tunisia. Indeed, this sector to identify our genetic resources and also to prioritize
provides more than 48% of the annual production of breeds for conservation. Assessing genetic variability,
red meat estimated at 120000 tones (Mohamed as well as relatedness within and among the
Brahmi et al., 2010). The Tunisian sheep population population, parentage  determination, possible
count approximately 4000.000 female units distributed bottlenecks, linkage disequilibrium, inbreeding
in four main breeds: Barbarine (B), Western thin tail coefficients are also essential for analyzing complete
(W), Black of thibar and Sicilo sarde which represent population structure. The complete population
respectively 60.3%, 34.6%, 2.1% and 0.7% of the total structure helps us to plan strategies for conservation
population (Rekik et al., 2005). Assessment of genetic and development of a breed. Randomly Amplified
variability in domestic animals is an important issue to Polymorphic DNAs (RAPD) is a polymerase chain
preserve genetic resources and maintain future reaction (PCR) based technique that has been used for
breeding options in order to satisfy the demands of the study of populations (Williams et al., 1990). PCR
changeable markets. Animal breeding practices have amplification on a random primer has been used
emphasized productivity and specialization that extensively for genetic characterization of bacteria,
favored the prevalence of a relatively small number of plants and mammalian species. This technique utilizes
breeds. As a result, locally adapted native breeds have short (9-10 bases) primers, designed on a random
largely been neglected and/or replaced by more basis with the sole constraint being high GC content.
efficient and productive modern breeds. Attempts to The principal advantage of the approach is that the
hybridize with local breeds have failed because of the levels of detectable polymorphism are generally high.
difficulties of raising this breed under normal Tunisian The principal disadvantage of the methodology is that
grazing conditions. For cons, the two predominant the PCR results are very sensitive to amplification
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conditions and consequently can be variable between
laboratories and even between assays.

The aim of this work is to evaluate genetic
status, genetic diversity and population structure in the
two most common Tunisian sheep breeds, to
investigate possible relations between genetic
structure and geographical distribution of individuals
and to examine whether it exist an isolation by
distance process making use of RAPDs markers.
2.Material and Methods
Animal material: In this study, a total of 96 blood
samples were randomly collected from the breeding
tract of Barbarine and Western thin tail sheep which
are very vast and wide covering about six districts
(Beja, Bizerte, Tunis, Sousse, Sfax, Gabes) of Tunisia
(Figure 1). Animals were classified into 12
populations (B1, B2, B3, B4, BS5, B6, W1, W2, W3,
W4, W5 and W6) according to their breed and origin.
Eight animals were randomly selected from each
population.
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Figure 1. Map indicating localities of sheep genotypes
sampled.

DNA extraction: Whole blood was collected from
each animal in 7 ml Vacutainer tubes containing the
anticoagulant, ethylenediaminetetra-acetic acid
(EDTA). The blood samples were kept cold at -20°C
until the isolation of total DNA. DNA was extracted
from the whole blood with the genomic purification
kit (blood DNA preparation kit, Jena Bioscience). In
order to improve the quality and quantity of extracted
DNA, some modifications to the standard protocol
were conducted. The red blood cell lyses step was
followed by additional washes by adding 900 pl of
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distilled sterilized water to the sample, vortexing
vigorously for 5 min, centrifuging at 13000 rotations
per minute for 5 min and removing the supernatant.
This stage was repeated until obtaining a clean pellet
rid of any trace of hemoglobin. The DNA hydration
step was prolonged to three days and conducted in
dark at room temperature. According to the kit
manual, a 300 pl sample of whole blood yields 10 to
20 pg of DNA. DNA quality and quantity were
controlled using analysis on agarose gels and
spectrophotometry.

PCR amplification: PCR amplifications were
performed in 50 pl reaction mixtures containing 30 ng
of genomic DNA, 0.8 uM of the arbitrary primer, 100
uM of dNTP (dANTP Mix, Jena Bioscience), 3 mM of
MgCI2, 1.25 unit of Taq DNA polymerase
(ULTRATOOLS DNA Polymerase, Biotools) and 5 pl
of 10X Taq DNA polymerase buffer. In order to detect
any DNA contamination, control reactions were set up
without genomic DNA. Amplifications were
performed using a thermal cycler (Eppendorf,
Mastercycler gradient) programmed for 40 cycles of
denaturation at 94°C for 1 min, annealing at 35°C for
1 min and extension at 72°C for 2 min. An initial
denaturation step of 2 min at 94°C and a final
extension step of 2 min at 72°C were included in the
first and last cycles, respectively. The amplification
products were separated in a 1.2% agarose gel
containing Ethidium bromide in Tris-borate EDTA
buffer and visualized under UV transillumination.
Specific DNA pools of each population were
amplified using twenty RAPD primers
(OPAO1>PA20; Operon technologies). Only the
primers producing polymorphic and repeatable bands
were selected for the individual typing of all animals.
Statistical analysis: Analysis of the results of RAPD
polymorphism was based on the phenotypic
interpretation of revealed -electrophoretic profiles.
First, amplified fragments by all primers and in all
individuals were identified Then, a contingency table
with n rows (individuals) and p columns (amplified
band) was established by assigning the value (1) when
the band of a given level (molecular weight in bp) is
present and (0) when it is absent and served as a data
matrix for the calculation of wvarious statistical
parameters. Since RAPD markers are dominants, it
was assumed that it was impossible to distinguish
homozygote and heterozygote genotypes at individual
loci. To estimate the genetic diversity within and
among populations and breeds, Nei’s gene diversity
(H) (Nei, 1973) under Hardy-Weinberg equilibrium
(Clark and Lanigan, 1993), Shannon index (I)
(Lewontin, 1972), the percentage of polymorphic loci
(P), the coefficient of gene differentiation (Gst) (Nei,
1973) and unbiased Nei’s distance (Nei, 1978)
corrected for small samples were all calculated. In
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addition, an unweighted pair-group method with
arithmetic average (UPGMA) dendrogram containing
the six studied populations was constructed on the
basis of the matrix of genetic distance using Popgene
(Population Genetic Analysis) version 1.32 (Yeh and
Boyle, 1997) software. In order to evaluate the amount
of population genetic structure, an analysis of
molecular variation (AMOVA) was conducted using
Arlequin program ver. 3.0 (Excoffier et al., 2005),
significance of genetic structure indices was evaluated
after 1000 random permutations. Mantel test was
conducted using xIstat version 2013.2.03.

3.Results and Discussion

Primer Screening: RAPD-PCR method was used in
the present study and the genetic variation among two
sheep breeds was analyzed using eight primers. The
eight primers have produced a total of 62 clear,
reproducible polymorphic bands, ranging in size from
150 to 2500 bp. All the eight primers showed
polymorphism in producing bands. Contrary to the
present study, low number of fragments was amplified
(57 amplified bands using 5 random primers with a
mean of 11.4 bands per primer) as reported by
Mahfouz et al. (2008). On average, 7.75 polymorphic
bands were produced by each primer, with a
maximum of 11 bands for primer OPA 10 and a
minimum of 6 bands for primers OPA06 and OPA12.
The number of DNA fragments amplified with each
primer found in the present study is higher than found
in many studies (Saifi et al., 2004; Mahfouz, 2008;
Tariq et al., 2012).

Heterozygosity analysis: Genetic variability can be
measured as the amount of heterozygosity. The
percentage of polymorphic RAPD bands among
populations ranged from 32.26 to 51.61% in W5 and
W2, respectively (Table 1). The results of the present
study are lower than the finding of Tariq et al. (2012)
who revealed that percentage of polymorphism was
60.8% for indigenous sheep breeds of Balochistan in
Pakistan and Elmaci et al. (2007) who revealed that
percentage of polymorphic loci ranged from 80.49 to
73.17% for Turkish breeds. As shown in table 1, the
heterozygosity values (H) calculated according to Nei
(1978) generally varied from 0.1522 for WS
population with a Shannon’s index of 0.2143 to
0.2157 for W4 population with a Shannon’s index of
0.3102. The high heterozygosity value (0.2157)
indicates low level of inbreeding as a result of wider
geographical distribution of the breed. The average
genetic diversity or heterozygosity values found
indicate that the broader genetic diversity between and
within populations was highest within B2, B3 and W5
and the lowest value was recorded within W4
individuals (Table 1). Our results are higher than the
heterozygosity defined by Stephen et al. (2001), in a
study they made with 4 RAPD primers to identify the
genetic relations between 5 Tanzanian sheep ecotypes,
who reported a highest average heterozygosity value
of 0.203 and a lowest value of 0.137. In the other
hand, they are lower than finding of Paiva et al. (2005)
who stated that heterozygosity values ranged between
0.3229 and 0.4050.

Table 1. Nei’s gene diversity (H), Shannon index (I) and percentage of polymorphic loci (P) at the population for the

twelve populations studied.

Bl B2 B3 B4 B5 B6 Wi W2 w3 W4 | W5 W6
N |8 8 8 8 8 8 8 8 8 8 8 8
P 14355 |33.87 |33.87 |3548 |43.55 |40.32 |43.55 |51.61 |50 50 32.26 | 43.55
H |0.17 0.15 0.15 0.16 0.18 0.18 0.20 0.19 0.20 | 021 ]0.15 0.17
I 0.26 0.21 0.21 0.22 0.27 0.25 0.28 0.29 029 1031 |0.21 0.25

As can be seen in Table 1, the polymorphism
ratio obtained in the study ranged from 32.25 to
51.61% with an average polymorphism of 41.80%.
Aytekin and Boztepe (2010) identified the
polymorphism ratio, with RAPD method, to be
between 75% and 100% with a mean 90.46% in
Turkish Giliney Karaman Sheep-Breed, using RAPD
technique. Yuan Fang et al. (2006) investigated the
genetic polymorphism and relationship of 7
indigenous sheep breeds of China and 3 imported
sheep breeds using RAPD analysis. They found that
the percentage of polymorphic markers was 66.24%,
which meant that the RAPD was very efficient at
detecting polymorphism, and sensitive in the study on
the genetic variation among the sheep breeds.
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Diversity indices provide more information about
community composition than simply species richness;
they also take the relative abundances of different
species into account. The Shannon diversity index was
computed to provide a relative estimation of degree of
variability; its values ranged between 0.21 and 0.31.
The values of the Shannon diversity index were
consistent with the values of heterozygosity.

Analysis of Molecular Variance: The partitioning of
total genetic variation in B and W breeds using
AMOVA indicated 29.54% genetic diversity among
breeds, 8.47% among populations within breeds and
61.99% within populations. Differentiation between
populations in each breed was significant 11.22%
(P<0.001) and 12.73% (P<0.001), respectively for
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populations of Barbarine and Western thin Tail breed.
In the case of W breed, results showed that 87.27% of
total variation (P<0.001) was due to within population
differences, and 12.73% was due to inter-population
differences (Tables 2, 3 and 4). This result shows a
low migration rate or exchange of animals between
herds of the same breed. On the other hand, these
results are important for management of these breeds,
as the Barbarine populations and Western thin Tail
behave as if they were independent management units.
Our findings are in agreement with those of Paiva et
al. (2005) who reported a similar difference between
populations of the same breed (9.27%, P<0.01) and
the variation between breeds (9.54%, P<0.01) using
RAPD method to investigate the genetic structure of
the Brazilian hair sheep breeds.

F-Statistics: The fixation indices (Fcr, Fsc and Fsr)
values are shown in Tables 2, 3 and 4. Fcr, Fsc and
Fsr values over all the population are found to be

0.29539, 0.12025 and 0.38012, respectively, which
were extremely significant (P<0.005; P<0.001). The
values of the three fixation indices indicated that
inbreeding was lower among the populations. The low
Fcr, Fsc values indicated low level of inbreeding
within and among the populations and also point
towards low genetic differentiation between the
populations. Li et al. (2002) estimated F statistics
within and among 12 Chinese goat populations. The
mean Fis, Fir and Fgr values were found to be 0.030,
0.132 and 0.105, respectively which indicated low
level of inbreeding within the population. Similarly
Grigaliunaite et al. (2003) used Fis to determine level
of inbreeding in Baltic sheep breeds, where its value
was 0.178. The values obtained were lower and
significantly different from zero. Araujo et al. (2006)
studied genetic diversity between herds of Alpine and
Saanen dairy goats where mean differentiation among
populations (Fst) was 0.0717.

Table 2. Analysis of molecular variance (AMOVA) in B and W breeds

Source of variation Df SS VC PV
Among breeds 1 159.458 3.04349 Va 29.54
Among populations within breeds 10 133.708 0.87299 Vb 8.47
Within populations 84 536.500 6.38690 Vc 61.99
Total 95 829.667 10.30339
Fixation indices
Fer: 0. 29539 P(Va and FCT) <0.005
Fsc: 0. 12025 P(Vb and FSC) < 0.001
Fsr: 0.38012 P(Vc and FST) < 0.001

Df, Degrees of freedom; SS, sum of squares; VC, variance components; PV, percentage of variation.

Table 3. Analysis of molecular variance (AMOVA) in B breed
Source of variation Df SS VC PV
Among populations 5 60.625 0.76190 Va 11.22
Within populations 42 253.250 6.02976 Vb 88.78
Total 47 313.875 6.79167
Fixation index
Fsr: 0. 11218 P(Va and FST) < 0.001

Table 4. Analysis of molecular variance (AMOVA) in W breed
Source of variation Df SS \¢ PV
Among populations 5 73.083 0.98408 Va 12.73
Within populations 42 283.250 6.74405 Vb 87.27
Total 47 356.333 7.72812
Fixation index
Fsr: 0. 12734 P(Va and FST) < 0.001

Genetic relationship between populations: The
relationship among the populations can be examined
using the genetic distances/identities. The genetic
distances and genetic identity among the twelve
populations are shown in Table 5. Genetic identities
between populations, computed from combined data
of all eight primers, ranged from 0.7829 between W1
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and B2 to 0.9962, between Bl and BS5. Similar
genetic distances were found between W1 and B4
and between W1 and B5. The results of genetic
identities of the present study are higher than the
findings of Hoda et al. (2009), who reported that the
gene identity ranged from 0.75 to 0.78. Genetic
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distance ranged from 0.0038 between B1 and BS to

0.2447, between B2 and W1.

Table 5. Nei’s original measures of genetic identity and genetic distance between the studied sheep populations.

Population

B1 B2 B3 B4 B5 B6 W1 w2 w3 w4 w5 W6
B1 Rk 0.49545 0.49720 0.9665 0.9962 0.4851¢4 0.8244 0.8480 0.8424 0.74850 0.8804 0.8488
B2 0.0466 ke e 0.8915 0.48421 0.9606 0.92584 0.782%9 0.8061 0.74924 0.798% 0.8213 0.7947
B3 0.0284 0.0086 oA A 0.8605 0.9688 0.83485 0.7886 0.8224 0.8131 0.7927 0.8576 0.8326
B4 0.0340 0.0587 0.0403 e ke e e 0.9417 0.8820 0.8186 0.8611 0.8326 0.8343 0.8834 0.8634
BS 0.0038 0.0402 0.031¢ 0.0601 ke 0.8561 0.8182 0.8400 0.8337 0.7850 0.8582 0.8293
B6 0.0483 0.0732 0.0824 0:1255 0.0448 et e 0.8248 0.8237 0.8301 0.8151 0.8244 0.8238
w1 0.1831 0.2447 0.2248 0.2002 0.2006 0.1865 e ok o 0.8912 0.8871 0.8951 0.8451 0.8488
w2 0.1648 0.2155 0.1855 0.1485 0.1743 0.183¢8 0.0088 bbb 0.8683 0.80808 0.8432 0.0445
W3 0:.1715 0.2327 0.2068 0.1832 0.1818 0.1862 0.0130 0.0322 Rk 0.9157 0.8577 0.0428
w4 0.2285 0.2245 0.2323 0.1811 0.2410 0.2044 0.1108 0.1056 0.0B80 Hek ok 0.8837 0.8160
W5 0.1274 0.1968 0.153¢ 0.1240 0.1528 0.19831 0.0565 0.0585 0.0432 0.1236 oA e 0.8902
we 0.1638 0.2208 0.1832 0.1468 0.1872 0.19838 0.0517 0.0571 0.0588 0.0877 0.0008 e e e
Nei's genetic identity (above diagonal) and genetic distance (below diagonal).

A UPGMA dendrogram, grouping all The relationship between genetic and

populations was constructed using Nei genetic
distances to better visualize the structure of all
populations (Figure 2). It shows two differentiated
branches, the first one included populations of the B
breed and the second included populations of the W
breed. Phylogenetic relationships among the two
genetic groups are shown in Figure 2. The
dendrogram can be divided into two main clusters.
The first cluster contained three sub-clusters, the first
one with 4 Barbarines populations (Bl and B5; B2
and B3). The second and third sub-clusters contained
one Barbarine population, B4 and B6, respectively.
While, the second cluster contained Western thin Tail
breed (W). As seen in Figure 2, the second cluster
was divided into three main sub-groups, one with W4
individuals, one with W5 and W6 and the other with
all the other individuals. The individuals that made
up the other group apart from W5 and W6 again were
sub-grouped with W1, W2 and W3 individuals.
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Figure 2. UPGMA dendrogram of twelve Tunisian
sheep populations based on Nei's (1978) genetic
distance. UPGMA, unweighted pair-group method
with arithmetic average.
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geographical distances was examined to assess
isolation-by-distance (Slatkin 1993). The result show
that no isolation-by-distance relationship was
detected with both genetic distance measures (r=
0.248, P= 0.393) for Barbarine breed and (r= 0.121;
P=0.658) for Western thin tail breed (Figures 3 and
4). Our finding are not in agreement with those of
Worley et al. (2004) who detected a significant
correlation (r= 0.747, P= 0.0001) between genetic
and geographic distances in North American thinhorn
sheep.
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Figure 3. Results of Mantel tests among pairwise
estimates of Nei’s unbiased genetic distance in B
populations and pairwise geographic distance (km);
r(AB): 0.248 (P=0.393).
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Figure 4. Results of Mantel tests among pairwise
estimates of Nei’s unbiased genetic distance in W
populations and pairwise geographic distance (km
r(AB): 0.121; p-value: 0.658; alpha: 0.05; The p-
value was calculated from the distribution of r (AB)
estimated from 10000 permutations.

Among the 12 populations, the mean
coefficient of gene differentiation (Gst) was 0.3615.
Gene flow (Nm) was calculated to be 0.9150 between
all populations, 2.0887 between populations of the B
breed and 1.9379, between populations of the W

breed (Table 6). The coefficient of population
differentiation (Gst) was 0.3534 which is in
agreement with the finding of Askari et al. (2011)
who found a mean coefficient of gene differentiation
(Gst) of 0.36, for Iranian sheep. The results of Gst in
this study reveal that gene variation among the breeds
is still low. This found is agreeing with the results of
Agaviezor et al. (2012) in Nigerian sheep breeds.
This differentiation formed the basis for describing
how genetic variation is partitioned within Tunisian
sheep breeds.

In conclusion, genetic variation is a basic
requirement for animal breeding, whereas a high
genetic variation is needed for genetic improvement
of domestic animals. Knowledge of genetic distance
among animals and breeds, and genetic
diversity/structure within breeds could be useful for
conservation of genetic resources. As a result, it can
be said that these 12 populations, which are
representative of Barbarine and Western thin Tail
sheep, has a heterogenous nature and that this genetic
variation has the potential use for purposes of
improvement. In this study, the polymorphism ratio
ranged from 32.25 to 51.61% with an average
polymorphism of 41.80%. The highest genetic
diversity (61.99%) was reported within populations.
The genetic distance in sheep breeds ranged from
0.7829 to 0.9962. Coefficient of gene differentiation
(Gst) was 0.3615 and gene flow (Nm) was 0.9150
between all populations.

Table 6. Genetic differentiation coefficient (Gst) and gene flow value (Nm)

Gst Nm
Between all populations 0.3534 0.9150
Between populations of the B breed 0.1932 2.0887
Between populations of the W breed 0.2051 1.9379
Corresponding Author: 4. Mohamed-Brahmi A, Khaldi R, Khaldi G.
Dr. Haifa El-Hentati L’élevage  ovin  extensif en  Tunisie:

Regional center of agricultural research and
development on north-east, Po Box 122, 2090
Mornag, Institution of Agricultural research and
higher education (IRESA), Tunisia

E-mail: haifa eh@yahoo.fr

References

1. Ryder ML. Sheep and man. Duckworth, London,
1983.

2. Clutton-Brock J. A Natural History of
Domesticated Mammals. British Museum
(Natural History) and Cambridge University
Press, 1987.

3. Simm G. Genetic Improvement of Cattle and
Sheep. Farming Press, Ipswich, 1998.

2008

Disponibilités alimentaires et innovations pour la
valorisation des ressources fourragéres locales.
Innovation and Sustainable Development in
Agriculture and Food, June 28-30 Montpellier,
2010.

5. Rekik M, Aloulou R, Ben Hamouda M. Small
ruminant breeds of Tunisia. Characterisation of
Small Ruminant Breeds in West Asia and North
Africa, (2) pp91-140. Iniguez L, North Africa,
International Centre for Agricultural Research in
the Dry Areas (ICARDA), Aleppo, Syria, 2005.

6. Williams JGK, Kubelik AR, Livak J, Rafalski JA,
Tingey SV. DNA polymorphisms amplified by
arbitrary primers are useful as genetic markers.
Nucleic Acids Res 1990;18: 6531 - 6535.



Life Science Journal 2013;10(4)

http://www.lifesciencesite.com

7. 10. Nei M. The theory and estimation of genetic

distance. In: Morton NE (ed.). Genetic Structure
of Populations. pp. 45-54, University Press of
Hawaii, Honolulu, 1973.

8. Clark AG, Lanigan CMS. Prospects for estimating

nucleotide divergence with RAPDs. Mol Biol
Evol 1993;10: 1096-1111.

9. Lewontin RC. The apportionment of human

11.

12.

13.

14.

15.

17.

19.

21.

22.

diversity. Evol Biol 1972; 6: 381-398.

20. 30. Nei M. Estimation of average
heterozygosity and genetic distance from a small
number of individuals. Genetics 1978; 89: 583-
590.

Yeh FC, Boyle TJB. Population genetic analysis
of co-dominant and dominant markers and
quantitative traits. Belg J Bot 1997; 129: 157.
Excoffier LG, Laval G, Schneider S. Arlequin
ver. 3.0: An integrated software package for
population genetics data analysis. Evolutionary
Bioinformatics Online 2005; 1:47-50.

16. Mahfouz ER, Othman EO, Soheir MEN,
Mohamed AAEB. Genetic variation between
some Egyptian sheep breeds using RAPD-PCR.
Research J Cell Mol Biol 2008;2: 46-52.

Saifi HW, Bhushan B, Kumar S, Kumar P, Patra
BN, Sharma A. Genetic identity between
Bhadawari and Murrah breeds of Indian
buffaloes (Bubalus bubalis) using RAPD-PCR.
Asian-Aus. J Anim Sci 2004;17: 603-607.

18. Tariq MM, Bajwa MA, Jawasreh K, Awan
MA, Abbas F, Waheed A, Rafeeq M, Wadood A,
Khan KU, Rashid N, Atique MA, Bukhari FA.
Characterization of four indigenous sheep breeds
of Balochistan, Pakistan by random amplified
polymorphic DNAs. Afr ] Biotechnol
2012;11(10):2581-2586.

Elmaci C, Oner Y, Ozis S, Tuncel E. RAPD
analysis of DNA polymorphism in Turkish sheep
breeds. Biochem Genet 2007;45: 691-696.
Stephen J, Wollny CBA., Gwakisa PS. Genetic
relationships among five ecotypes of sheep in
Tanzania. Workshop on Community based
management of animal genetic resources, A Tool
for Rural Development and Food Security.
Poster presentations, Mbabane, Swaziland, 2001.
25. Paiva SR, Silvério VC, Egito AA, McManus
C, Assis de Faria D, Mariante AS, Castro SR,
Albuquerque MSM, Dergam JA. Genetic
variability of the Brazilian hair sheep breeds.
Pesq agropec bras 2005;40 (9): 887-893.

11/2/2013

2009

23.

24.

26.

27.

28.

29.

31.

32.

33.

34.

Aytekin I, Boztepe S. Determination of Genetic
Polymorphism within Giiney Karaman Sheep-
Breed via RAPD-PCR Method. 2™ International
Symposium on Sustainable Development, June
8-9 Sarajevo, 2010.
Yuan Fang G, Xiang Long L, ZhenZhu L,
JinQuan L. Studies of random amplified
polymorphic DNA (RAPD) of main indigenous
sheep breeds in China. Personal. CAB Abstract.
Department of Animal Science, Hebei Vocation-
Technical Teachers College, Changli, China,
2006.
Li MH, Zhao SH, Bian C, Wang HS, Weid H, Liu
B, Yu M, Fan B, Chen SL, Zhu MJ, Lia SJ,
Xiong TA, Li K. Genetic relationships among
twelve Chinese indigenous goat populations
based on microsatellite analysis. Genet Sel Evol
2002;34: 729-744.
Grigaliunaite I, Haldja MT, Grislis VZ, Kantanen
J, Miceikien I. Microsatellite variation in the
Baltic Sheep breeds. Vet Med Zoot 2003; 21:1-8.
Araujo A, Facioni SE, Guimaraes TMM,
Machado PSL, Pereira CS, Ribeiro da Silva FL,
Rodrigues MT, Columbiano V, Graca da
Fonseca C. Genetic diversity between herds of
Alpine and Saanen dairy goats and the
naturalized Brazilian Moxoto breed. Genet Mol
Biol 2006;29:67-74.
Hoda A, Dobi P, Hyka G. Genetic diversity and
distances of Albanian local sheep breeds using
microsatellite markers. Livest Res Rural Dev
2009; 21 (6).
Slatkin M. Isolation by distance in equilibrium
and non-equilibrium populations. Evolution
1993; 47, 264 -279.
Worley K, Strobeck C, Arthur S, Carey J,
Schwantje H, Veitch A, Coltman DW.
Population genetic structure of North American
thinhorn sheep (Ovis dalli). Mol Ecol 2004;13,
2545-2556
Askari N, Abadi M, Baghizadeh A. ISSR markers
for assessing DNA polymorphism and genetic
characterization of cattle, goat and sheep
populations. Iranian J Biotech 2011;9 (3): 222-
229.
Agaviezor BO, Gunn HH, Amusan S, Imumorin
IG. Gene Flow between Nigerian Sheep Breeds
as Revealed by Microsatellite DNA Markers. J
Anim Prod Adv 2013;3(2): 35-39.



