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ABSTRACT

In the present study, the relationship between some indigenous goat breeds from Algeria (Arbia (AR), Mekatia (ME),
Naine de Kabylie (NK) and M’zabite (MO)) and Turkey (Hair goat (HG) and Damascus (DA)) was investigated with 18
microsatellites markers recommended by FAO (2011). Three multiplex groups were formed according to fragment
length of microsatellites. Polymerase chain reaction (PCR) amplifications were carried out in 25-pL total volumes.
Touchdown PCR protocols was used for amplification of specific genomic regions. Capillary electrophoresis was used
for the separation of the PCR fragments labeled with fluorescent dye in the Beckman Coulter GeXP genetic analyzer.
PIC, Fis, Firand Fsr values were 0.93, 0.083, 0.146 and 0.069, respectively. The Ho and He values estimated as 0.81 and
0.93, respectively. The MNA across the breeds ranged from 12.78 in the MO to 15.72 in the AR breed. The Ho ranged
from 0.77 (DA breed) to 0.88 (NK breed). The He is lowest in HG breed (0.84) and highest in NK breed (0.90). All
breeds showed positive Fis values. The private alleles observed in the studied goat breeds were highest (33) in the DA
breed, with a total of 117 private alleles. However, only 58 of them had a frequency higher than 5%. As a result, the
dendrogram shows that the Algerian goat breeds were completely separated from the Turkish goat breed. On the other
hand, AK value indicated that the most suitable group number was 3 (K=3). Further studies are recommended
considering goats from other Mediterranean countries.
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INTRODUCTION Goats are an integral part of rural livelihood and

contribute significantly to food security and poverty

In recent years, goat breeding has become an alleviation among poor and marginal farmers in many
important livestock activity that stands out economically developing €conomics. I_n humaq history, Arab people
all over the world (Darcan and Silanikove, 2018). The have been linked to the intercontinental trade of goods,
origin of domestic goats remain ambiguous and plants and animals across Africa, Europe and Asia. Due
controversial issue, but archacological findings probably to their activity as important traders, Argbs were frequept
indicate that they were domesticated 10000 years ago in travelers and also experlenceq massive demographic
the Fertile Crescent region covering Palestine, Turkey, movements. These movements displaced both people and
Lebanon, Jordan, and Syria (Zeder and Hesse, 2000; their animals across the Mediterranean region (Martin,
Luikart ef al., 2001; Taberlet et al., 2011; Amills et al., ~ 1974). Canon et al., (2006) have signaled the importance
2017). Goat breeding in Turkey that has an important of the Mediterranean Sea as a channel for the circulation
traditional background plays an important role in meeting of humans an'd animals in a continuous net‘.’VOﬂ.{ of trade
the animal protein deficit by evaluating areas that other and commercial exchange. The goat population in Turkey

farm animals cannot use (Gursoy, 2006). During the is around 10.5 millioq head according to FAO.data (FAO,
Ottoman Empire, the goats of the Fertile Crescent were 2016). Although, Hair goat population constitutes about

moving up in Europe, Asia and Africa (Porter, 2002). 90% of total goat population in Turkey, it is possible to

Furthermore, there has always been smuggling of mention many different goat genotypes such as Hair,

animals, essentially goats and sheep, from Turkey to the Nf)r.duz, Angora, Honamli, Abaza, Shami, Hat?}Y and

Maghreb region and especially Algerian territory during Kilis breeds that have been well adapted to different

the guardianship of the Ottoman’s Empire. regi;)n; 0(lee)skin and Biger, 1997; Keskin, 2000; Yilmaz
etal., .
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The relationship between Turkish and Algerian
breeds has not been previously analyzed. Studies with
microsatellite markers in Turkish goat breeds (Agaoglu
and Ertugrul, 2012, Gurler and Bozkaya 2013) have
shown a high genetic variability within and between goat
breeds. The Algerian goats included animals from a large
population, previously studied phenotypically (Fantazi et
al., 2017, Belantar et al., 2018) and genetically (Tefiel et
al., 2018) to characterize and identify a possible
geographical subdivision. The results showed that the
four Algerian native goat breeds are classified into
distinct breeds with a good level of genetic diversity. But
the most of these studies focused on diversity and
relationships of goat breeds at country level while very
little information is available at regional level.
Investigation of molecular genetic diversity is a valuable
complement to evaluate phenotypes and production
systems. It provides insights into breed history, guides
breed development and helps in conservation decision
making (Ajmone-Marsan ef al., 2014). The first step for a
well-structured and sustainable animal breeding and
conservation program is to reveal detailed information on
intra and inter-breed genetic diversity. This situation
indicates how important it is to reveal the genetic
structure of breeds. The goal of the present study was to
investigate the genetic diversity, population structure and
genetic relationships between 4 Algerian and 2 Turkish
goat breeds, based on their geographical proximity,
historical influence, and their current relevance using 18
microsatellites markers.

MATERIALS AND METHODS

Samples and DNA extraction: A total of 320 samples
belonging to Algerian and Turkish goat breeds were
collected from unrelated animals (Table 1). Blood
samples were collected from the jugular veins of the

Table 2. Touchdown PCR protocol used in the study.
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animal using vacutainer tube containing K3EDTA. DNA
was extracted by using salting-out technique reported by
Miller et al. (1988) and Montgomery and Sise (1990).
NanoDrop 2000 (Thermo Scientific, Waltham, MA)
spectrophotometer device was used to determinate quality
and quantity of DNA samples.

Table 1. Sampling information of Algerian and
Turkish goat breeds.

Country  Breed’s Abreviation Location N
name
Arbia AR Djelfa, . 50
Tissemsilt
. Mekatia ME Laghouat 50
Algeria . -
Naine de NK Bejaia 50
Kabylie
M'zabite MO Ghardaia 30
Turke Hair goat HG Aydin, Denizli 100
Y Damascus DA Gaziantep 40
N : number of samples Total 320

PCR and fragment analysis: To generate data, a
microsatellite set of 18 markers were selected based on
the guidelines of FAO (2011). Three multiplex groups
were formed according to fragment length of
microsatellites. Polymerase chain reaction (PCR)
amplifications were carried out in 25-pL total volumes,
containing 0.20 mM dNTPs, 0.10 uM of primers
(forward and reverse), 2.0 mM MgCl,, 1X PCR buffer,
1U of Taq DNA polymerase, and ~50 ng of DNA.
Touchdown PCR protocols was used for amplification of
specific genomic regions (Table 2). Capillary
electrophoresis was used for the separation of the PCR
fragments labeled with fluorescent dye in the Beckman
Coulter GeXP genetic analyzer (Beckman Coulter, Inc.,
USA). Genome Lab™ DNA Size Standard Kit 400 was
used for the determination of the fragment sizes.

Multiplex Microsatellites First . Denaturation  Annealing  Extension Cycle Flna.l
Group Denaturation Extension
INRA0023
INRAO0005
M1 OarFCB20 95°C 95°C 60-50 °C 72 °C 30 72 °C
ILST0019 (5 min) (40 sec) (40 sec) (1 min) (10 min)
BM1818
INRAO132
CSRD0247
McMO0527
SRCRSP000S 95 °C 95 °C 60-50 °C 72 °C 72 °C
M2 ILSTS0087 (5 min) (40 sec) (40 sec) (1 min) 30 (10 min)
SRCRSP0023
HSC (OLADRB)
BM1329
M3 INRA063 95 °C 95 °C 63-50 °C 72 °C 30 72 °C
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MAFO0065 (5 min) (40 sec) (40 sec) (1 min) (10 min)
SRCRSP0008
SRCRSP0024
BM1258

Statistical Analysis: The polymorphism statistics such as RESULTS

number of alleles per locus (Na), mean number of alleles
(MNa), effective number of alleles (Ne), observed
heterozygosity (Ho), expected heterozygosity (He) and
Hardy—Weinberg equilibrium were calculated using
GenAlEx  (Peakall and Smouse, 2006, 2012).
Polymorphic information content (PIC) and null allele
frequencies were calculated using CERVUS 3.0.3
(Marshall, 1998; Kalinowski et al., 2007), while Wright’s
F-statistics coefficients (Fir, Fis, Fsr) (Weir and
Cockerham, 1984; Wright, 1931) were obtained with
GENEPOP version 4.0.10 (Raymond and Rousset, 2011).
Population 1.2.32 (Langella, 1999) and FigTree 1.4.2.
(Rambout, 2015) software were used to generate
phylogenetic tree between breeds according to Nei's Da
distance matrix (Nei ef al., 1983). Robustness of the
dendrogram topology was tested by bootstrap resampling
(n=1000). FSTAT version 2.9.3 software (Goudet, 2001)
was used to obtain values belong to genetic diversity
statistics such as Nei’s gene diversity (Hr), diversity
between breeds (Dsr), and coefficient of gene
differentiation (Gsr). Analysis of molecular variance
(AMOVA), which is a method to detect population
differentiation  utilizing molecular markers, was
performed using the ARLEQUIN package version 3.5.2.2
(Excoffier and Lischer, 2010). The STRUCTURE
software that include cluster techniques based on the
Bayesian approach were used to analyze population
structures (Pritchard ef al., 2000; Falush et al., 2003,
2007; Hubisz et al., 2009). The population structure
analysis was performed using independent allele
frequencies and an admixture model (burn of 20.000,
followed by 100.000 MCMC iterations with 20 replicate
runs for each cluster/ subpopulations number (K).

The appropriate number of clusters was
identified using AK values that expressing the proportion
of alteration in the logarithmic probability Pr(X|K) of
data between K values (from 2 to 7) according to a
method (AK=m|L"(K)|/s[L(K)]) reported by Evanno et al.
(2005). The most suitable K value was determined
according to with AK value calculated by the
STRUCTURE harvester program (Earl and Vonholdt,
2012). The CLUMPAK program reported by Kopelman
et al. (2015) was used to find the best alignment from the
obtained STRUCTURE results.
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In the present study a total 511 alleles were
detected from eighteen microsatellites used to determine
genetic diversity among breeds belonging to Algeria and
Turkey. Molecular genetic polymorphism statistics
obtained from the microsatellites used is given in Table 3.

The mean number of alleles (Na) and effective
number of alleles (Ne) were 2839 and 15.32,
respectively. The obtained PIC values were found to be
between 0.89 (ILTS0019 and ILTS0087) and 0.96
(CSRD0247) with a mean PIC values of 0.93.Two
microsatellites (SRCSRP0023 and OarFCB20) out of
eighteen loci showed a negative Fis values. The Fir value,
which represents general heterozygosity loss, was
observed in the range from 0.037 (OARFCB20) to 0.301
(INRA063), and the mean of Fir values was 0.146.In this
study the highest Fsr was observed in CSRD0247
(0.120), and the lowest FST in INRA0023 (0.033) with a
mean of 0.069. The highest and lowest observed
heterozygosity (Ho) values were observed in OarFCB20
locus (0.91), and INRAO063 locus (0.66), respectively.
Mean value of Dsr revealing the diversity between
breeds, Gsr defining the coefficient of gene
differentiation, and HT indicating Nei’s gene diversity
values were found as 0.051, 0.054 and 0.940,
respectively. The eighteen microsatellite loci used in the
study were tested using the ¥ test in terms of compliance
with Hardy-Weinberg equilibrium (HWE). The 7? test
findings demonstrated that the allele distributions of all
microsatellite markers did not comply with the Hardy-
Weinberg equilibrium. It is seen that all microsatellites
have values below 20%, which is the critical value for
null allele frequency, when the null allele frequencies are
examined. The results of genetic diversity for each breed
are summarized in Table 4.

The MNA across the breeds ranged from 12.78
in the MO breed to 15.72 in the AR breed. The observed
heterozygosity ranged from 0.77 (HG) to 0.88 (NK). All
the studied breeds showed positive Fis values. A total of
117 private alleles were identified in the present study.
Private allele numbers greater than 5% in HG, DA, ME,
MO, AR and NK goat breeds were 6, 16, 8, 8, 6 and 14,
respectively. Analysis of Molecular Variance (AMOVA),
which is a method of determining population
differentiation using molecular data, was used for
detection of genetic variation between individuals and
populations (Table 5).
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Table 3. Genetic polymorphism parameters of the eighteen investigated loci in Algerian and Turkish goat breeds.

Allelic
Loci N range Na Ne PIC Fis' Fir" Fst* Ho He FMull) Dsr Gsr Hr HWE
(bp)

INRAO132 318 130-190 29 1420 0.93 0.048" 0.081™ 0.034* 0.86 0.93 0.038 0.024 0.026 0.941 ™

HSC 320 259-309 27 18.11 0.94 0.069"* 0.117"* 0.052*" 0.84 0.94 0.056 0.048 0.051 0.948 ***
BM1818 318 218-298 30 1620 0.94 0.117"* 0.178" 0.070*™ 0.78 0.94 0.091 0.052 0.056 0.941 ***
BM1329 319 107-190 22 1132 091 0.152"* 0.219™ 0.080*" 0.72 091 0.113 0.061 0.066 0.924 ***
SRCSRP0023 317 81-133 27 14.03 0.93 -0.005 0.100" 0.104™" 0.85 0.93 0.040 0.08 0.085 0.938 ***
0arFCB20 319 73-129 29 14.14 0.93 -0.023® 0.037" 0.059** 0.91 0.93 0.012 0.041 0.044 0934
SRCSRP005 319 148-208 27 16.48 0.94 0.088"" 0.144™ 0.061"" 0.82 0.94 0.070 0.052 0.055 0.946 **
McMO0527 319 147-213 30 16.88 0.94 0.112* 0.185"" 0.082*"" 0.78 0.94 0.094 0.063 0.066 095 **
CSRD0247 319 96243 43 2875 0.96 0.054° 0.167** 0.120** 0.82 0.97 0.079 0.099 0.102 0.965
INRA0023 320 189-247 28 1547 0093 0.027ns 0.059™* 0.033* 0.89 0.94 0.026 0.024 0.025 094 ™
INRA0OO5 320 120-203 38 1336 0.92 0.179™ 0271"" 0.113** 0.69 0.93 0.151 0.072 0.076 0.944 **
ILTS0087 320 127-162 18 9.98 0.89 0.081" 0.124™* 0.047"** 0.80 0.90 0.060 0.033 0.037 091 **
ILTS0019 319 124-170 21  9.74 0.89 0.100"* 0.147* 0.052"** 0.77 0.90 0.076 0.034 0.037 0.912 **
INRAO63 318 141-217 35 1446 0.93 0.231** 0.301°** 0.092*** 0.66 0.93 0.171 0.061 0.064 0.95
BMI258 318 94-139 21 1553 0.93 0.063*** 0.101"** 0.041** 0.85 0.94 0.049 0.033 0.035 0.941
SRCRSP0024 317 129-187 30 1625 0.94 0.106™ 0.166"™ 0.068""" 0.79 0.94 0.085 0.047 0.049 0.949 ***
SRCRSP0008 318 201259 25 17.36 0.94 0.037° 0.086"" 0.052""" 0.87 0.94 0.040 0.035 0.036 0.952 ***
MAF0065 316 105-205 31 13.59 0.92 0.071™ 0.140" 0.074™* 0.81 0.93 0.067 0.065 0.07 0.928 **

Mean 2839 1532 093 0.083 0.146 0.069 0.81 0.93 0,073 0.051 0.054 0.940

*Wright's statistics according to Weir and Cockerham.1984;

* P<0.05, ** P<0.01, ™™ P<0.001, Na: number of alleles, Ne: effective

number of alleles, PIC: polymorphic information content, Frr, Fis, Fst: Wright’s F-statistics, Ho: observed heterozygosity, He:
expected heterozygosity, HWE: Hardy-Weinberg Equilibrium, F (Null): null allele frequency. Hr: Nei’s gene diversity, Dsr: the
diversity between breeds, Gsr: coefficient of gene differentiation.

Table4. Genetic polymorphism parameters according to studied goat breeds across 18 loci.

Mean Heterozigosity NPA
Breeds MNA Ho (SE) He (SE) Fis  HWE o . >5%  Freq.<%5  Total
HG 14.33 0.78 (0.035) 0.84 (0.014)  0.075™" 9 6 12 18
DA 14.89 0.77 (0.028) 0.88 (0.006)  0.136™" 13 16 17 33
ME 13.94 0.82 (0.029) 0.89 (0.010)  0.077" 15 8 7 15
MO 12.78 0.82 (0.024) 0.88 (0.009)  0.074™" 4 8 3 11
AR 15.72 0.80 (0.016) 0.89 (0.007)  0.106™" 14 6 14 20
NK 15.67 0.88 (0.012) 0.90 (0.006) 0.018™ 13 14 6 20

MNA: Mean number of alleles, Ho: mean observed heterozygosity, He:
heterozygote deficiency, HWE: number of loci not in the Hardy-Weinberg equilibrium (P<0.05), NPA: number of private alleles

mean expected heterozygosity, Fis: within-breed

Table 5.Results for analysis molecular variance (AMOVA) revealing the distribution of genetic diversity.

Variation Sources DF SS vVC PV (%) FI
Among population 5 340.82 0.5796 Va 6.87 Fis=0.079
Among individuals within populations 314 2659.21 0.6180 Vb 7.33 Fsr=0.069
Within individuals 320 2314.50 7.2328 Ve 85.79 Frr=0.142
Total 639 5314.53 8.4304

DF: degree of freedom, SS: sum of square, VC: variance components, PV: percentage of variance, FI: fixation index

It was revealed 85.79% of the total variance was
found within individuals while 7.33% among individuals
within populations and 6.87% among population. The Fsr
value obtained from the AMOVA analysis was similar to
the Gsr value. This suggests that existing genetic
diversity can be explained by genetic differences between
individuals. The phylogenetic tree based on Nei's Da (Nei
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et al., 1983) distance matrix belong to breeds studied was
given in Figure 1.

The dendrogram revealed three clusters (Figure
1). The first cluster was consisted by HG and DA goat
breeds raised in Turkey, the second cluster was formed
by ME, MO and AR goat breeds and the third cluster was
formed by NK goat breed sampled from Algeria.
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The number of subpopulations (K) in the overall of the
analyzed samples was assessed by Bayesian approach
implemented by STRUCTURE. Population structure
analysis result which is containing clustering number
(K=2 to 6) was given in Figure 2. Obtained results that
include clustering number and estimates of posterior
probabilities ([LnPr (X|K)] for AK values were given in
Table 6.

The contribution of the Algerian and Turkish

The J. Anim. Plant Sci. 30(5):2020

These finding has resulted in a suitable group number of
3 in STRUCTURE analysis. It is seen that the optimal
number of groups was 3 considering the value of AK
obtained by the method reported by Evanno et al. (2005).

Table 6. Estimated posterior probabilities [LnPr
(X|K)] for different numbers of inferred
clusters (K) and AK statistics.

breed was clearly demonstrated with STRUCTURE K [Ln Pr(X|K)] AK
analysis However, it was interesting that two different 2 -31861,050 _
native Turkish breeds, HG and DA, cannot be 3 -30641,890 2,8698
differentiated and show high genetic similarity, and this 4 -29657,270 1,8162
should be investigated further. It was understood from the 5 -28798,175 2,7896
dendrogram and the STRUCTURE analysis that the MO 6 -28305,990 1,8030
and AR breeds were in the same group. The results of the
structure analysis show a high level of breed admixture.
0,167
HG
0.066
0,167
0.167 DA
0.016 5
0.233 0.223 ME
0.01
0,223 0,188
MO
- o0.249 0.035 o188
0,188
AR
0,249 NK
0.03

Figurel. Dendrogram based on Nei's Da (Nei 1983) distance matrix in HG, DA, ME, MO, AR and NK goat breeds
(bootstrap resampling methodology (1000 replicates).

HG DA

AMO

" AIE

AR NK

Figure2. CLUMPAK plot of STRUCTURE assignment results (K=2 to 6)

DISCUSSION

The panel of selected microsatellites showed
good performances in diversity studies according to the
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number of detected alleles, gene diversity, PIC and Fis
values. These obtained values indicated that the
microsatellite markers used show high genetic
polymorphism for the studied breeds. A total of 511
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alleles from 18 microsatellites loci were observed. Na
and Ne observed in the present study were higher than
values obtained from the other goat breeds (Missohou e?
al., 2011; Parejo et al., 2015; Singh et al., 2015; Bosman
et al., 2015; Dominguez et al., 2018). It can be said that
the studied breeds have a high genetic diversity according
to these results when considering literature is evaluated.
The statistical evaluation of informativeness of a markers
is defined by PIC values and the genetic markers that
showing PIC values higher than 0.5 are normally
considered as informative in population genetic analysis
(Botstein et al., 1980). The present PIC values were well
than PIC values found by Agaoglu and Ertugrul, (2012)
and Parejo et al. (2015), Singh et al. (2015) and Bosman
et al., (2015). The PIC values estimated in the present
study was above 0.91, the selected markers proved to be
highly informative for analysing genetic diversity within
and between populations as reported in Radhika et al.,
(2015). This may be due to the fact that there was
increased level of heterozygosity and allele richness in
the population which are the good indicators of genetic
polymorphism in present study on Algerian and Turkish
goats. These values are indicative of the fact that the
markers used were highly informative for analysis of
genetic diversity. Fis is a measure of the deviation of
genotypic frequencies from panmictic frequencies in
terms of heterozygous deficiency or excess. Negative Fis
values indicate heterozygote excess and positive values
indicate heterozygote deficiency compared with Hardy-
Weinberg equilibrium expectations (Hedrick, 2000).

Only Two loci showed a negative Fis values and
indicating excess of heterozygotes. Parejo et al. (2015)
reported that 13 loci showed negative Fis values. The Fis
and Fir values in present study were higher than results of
Agaoglu and Ertugrul (2012), Bosman et al. (2015),
Parejo et al. (2015) and Dominguez et al. (2018). In this
study the mean of Fst was 0.069 indicating that only 6.9
% of genetic variability could be attributed to difference
between breeds, whereas 93.1% of genetic differentiation
was due to differences among individuals within the
breed. Our result is similar to 7% in 45 goat breeds from
Europe and Middle East analyzed by Canon et al.,
(2006), 7.2% by Parejo et al. (2015). The He value that
higher than Ho value, indicating heterozygote deficit in
the population. Though Ho (0.81) was lower than He
(0.93), the overall mean value for Ho obtained in the
present study was comparatively higher than the reports
of Agaoglu and Ertugrul (2012), Singh ef al. (2015). Thus
it can be concluded from the result that genetic diversity
of the populations studied was high, but with slight
heterozygote deficit as evidenced by slightly lower Ho
values. Higher genetic variation may be attributed to
intermixing of different populations and lower selection
pressure also reported by Radhika et al., (2015) and
Singh et al., (2015), whereas heterozygote deficit may be
due to inbreeding caused by lack of sufficient number of
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good breeding bucks in the population (Radhika et al.,
2015, Tefiel et al 2018), large population size and
immigration of new genetic materials (Singh ef al., 2015,
Tefiel et al 2018). When the HWE assumptions are
violated in a population, there is deviation of genotype
frequencies. The deviations observed in some markers in
populations may have been caused by inbreeding, by the
non-amplification (presence of null alleles), by group
defective alleles or selection against heterozygous.

The mean number of alleles (MNA), and
observed heterozygosity across the breeds were compared
well with Agaoglu and Ertugrul (2012), Bosman et al.
(2015). In most of the populations, expected
heterozygosity is higher than the observed heterozygosity
indicating heterozygosity deficiency. All the studied
breeds showed positive Fis value compared well than
Bosman et al. (2015). This study shows that there is a
high genetic differentiation in the Algerian and Turkish
goat breeds. The frequency of private alleles was high in
comparison to the frequency of the private alleles
identified for the Swiss Toggenburg (11%) by Glowatzki-
Mullis et al., (2008) and only four alleles at a frequency
higher than 1% (Bosman et al., 2015). A private allele is
considered to have a high frequency if it occurs in more
than 20% of the population (Glowatzki-Mullis et al.,
2008). HWE deviations have been reported in various
studies and indicate deviation from random mating
(Barker et al., 2001). Agaoglu and Ertugrul (2012)
reported that all the Turkish goat breeds were in the
Hardy—Weinberg equilibrium. A total of 3 clusters were
counted in our dendrogram, it indicated that Algerian and
Turkish goat breeds are classified in different clusters and
clearly was genetically distinct. In the present work, the
dendrogram indicated the genetically closer goat breeds
were clustered together forming one separated clade as
HG and DA in the Turkish breeds and MO, ME and AR
in the Algerian breeds. The NK goat breed was clustered
separately from the other breeds and clearly was
genetically distinct. In the Table 6, AK value indicated
that the most suitable group number was 3 (K=3). The
obtained results from population structure analysis
revealed that breeds studied are completely separated and
shown no genetic admixture. It seen that population
structure analysis result was in agreement with
dendrogram.

Conclusion: We used microsatellite markers to carry out
the first genetic study including four Algerian and two
Turkish goat breeds. All the approaches used showed that
the Algerian and Turkish breeds present an important
level of genetic diversity. Our results showed that breeds
studied have a robust structure, revealing a clear
differentiation between the Algerian and Turkish goat
breeds. Further studies are recommended considering
goats from other Mediterranean countries.
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