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Introduction
There are more than 50 million heads of sheep in Iran, of 27 breeds 

and ecotypes [1]. One of the most important breeds of Iranian sheep 
is Kermani sheep [2]. This local breed lives in the south-eastern of 
Iran and is a fat-tail breed and well adapted to a wide range of harsh 
environmental conditions in Kerman province. The ability to adapt to 
different environmental circumstances is a desirable characteristic of 
this breed. Using molecular genetics methods similar to DNA markers 
is one of the best choices for faster and better accomplishment of 
animal breeding programs [3].

A species without enough genetic diversity is thought to be 
unable to cope with changing environments or evolving competitors 
and parasites [3]. In addition, the ability of a population to respond 
adaptively to environmental changes depends on its level of genetic 
variability or diversity [4]. Thus, genetic diversity in indigenous breeds 
is a major concern considering the necessity of preserving what may 
be a precious and irreplaceable richness, regarding new productive 
demands. Conservation should be based on a deep knowledge of the 
genetic resources of the specific breed. Therefore, it is important to try 
to genetically characterize indigenous breeds [5] and the applications 
of molecular genetics have many important advantages [6].

Inter simple sequence repeat (ISSR) is the genome region between 
microsatellite loci. The ISSR is a molecular marker method which does 
not need the genome sequence information and leads to multi-loci 
and highly polymorphic patterns [7]. Each ISSR band corresponds to 
a DNA sequence delimited by two inverted microsatellites. The ISSR 
loci are dominant markers with the assumption of only two alleles per 
locus. It has been shown that the ISSR markers are universal, quick, 
easy to apply, highly reproducible and polymorphous [8]. The ISSR 
method has been used in genetic diversity studies in several species 
such as cattle [9,10], cattle, goat and sheep [4], sheep [1], fish [11], 
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Abstract
The Kermani sheep has adapted to a tropical region and is an important meat producing animal in Iran and its economic 

efficiency is mainly dependent on its growth and reproduction ability. The ability of a population to respond adaptively to 
environmental changes depends on its level of genetic variability or diversity. Thus, genetic diversity in indigenous breeds 
is a major concern considering the necessity of preserving what may be a precious and irreplaceable richness, regarding 
new productive demands. Inter simple sequence repeat (ISSR) is the genome region between microsatellite loci. The 
aim of this study was to evaluate the diversity of Kermani sheep using ISSR markers. DNA was extracted from 100 blood 
samples of five populations using optimized and modified salting out method. Polymerase chain reaction (PCR) was 
performed using two ISSR primers (GA)9C and (AG)9C. The amplified PCR fragment sizes ranged from 100 to 3100 bp 
and primers amplified 28 (A1 to A28) and 36 (G1 to G36) fragments, respectively. Nei’s gene diversity was 0.57 and 0.55 
for (AG)9C and (GA)9C respectively. Shannon’s index detected by (AG)9C (0.91) was higher than that of (GA)9C (0.89). 
Results showed that this breed has high genetic diversity. Given the economic importance and good genetic diversity of 
this breed, special consideration should be taken to prevent the breed from extinction. Thorough studies should be carried 
out to help understand the relationship between meat production or wool quality and markers at different loci to ensure 
these traits are maintained or improved.
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silkworm Bombyx mori [12], mouse [13] and so on. It seems that the 
ISSR markers could be used to find markers associated with major and 
minor genes controlling important traits. Although many molecular 
studies have been performed on Iranian Kermani sheep [14-29], but 
until now, there is a very little data about role of ISSR markers in 
evaluating animal biodiversity, thus the present study was conducted 
to study the genetic diversity of Kermani sheep using ISSR multi-loci 
markers. Monitoring of genetic polymorphisms within populations 
of Kermani sheep is an important component of breed maintenance 
and reproductive programs. Characterization of the population genetic 
structure of Kermani sheep can become the first step toward breed 
preservation and restoration, and contributes to advancing breeding 
programs. This is particularly important in Iran, where a method of 
validating sheep identification through genetic testing has not been 
completely resolved. Hence, results of this research can help to achieve 
valuable information for above mentioned purposes. 

Materials and Methods
Blood samples were obtained from 100 animals of five populations. 

DNA was extracted from the whole blood using an optimized and 
modified salting-out method [30]. Polymerase chain reaction (PCR) was 
performed using two ISSR primers (GA)9C and (AG)9C, as described 
in Table 1. The PCR products were electrophoresed on 1% agarose gel 
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with 1×TAE buffer at 80 V for 2 h along with 0.1 kb ladder (CinnaGen 
Co., Iran). The gels were stained with ethidium bromide and visualized 
under UV light (BTS-20.M, UVItec Ltd., UK). The sizes of amplified 
fragments were determined using ONE-Dscan software (Scanalytics, 
Inc., Fairfax, VA). Based on the presence or absence of the bands, the 
ISSR profiles were scored as 1 or 0, respectively, assuming that each 
ISSR band is produced by a dominant allele at a given locus. The loci 
with allelic frequencies between 1 and 99% or frequency of dominant 
genotype (presence of the band) higher than 2% were considered as the 
polymorphic loci. Measurement of diversity including gene diversity 
(H), observed number of alleles (Ne), Shannon’s information index 
etc., were estimated by POPGEN 3.2 software [31]. The ISSR marker 
data were collected and used to analyze genetic diversity through 
cluster analysis. A UPGMA tree was prepared using the NTSYS-PC 
sub-program “Simqual” which used “Sham” coefficient to establish 
genetic relationships at the molecular level. Polymorphic Information 
Content (PIC) was estimated by using HET software.

Results
The extracted DNA had good quality (Figure 1). The tested DNA 

of Kermani sheep used in the present study was amplified using the 
specific primers and yielded PCR products (Figures 2 and 3). 

The amplified PCR fragment sizes ranged from 100 to 3100 
bp and (AG)9C and (GA)9C primers amplified 28 (A1 to A28) and 
36 (G1 to G36) fragments, respectively. The (GA)9C and (AG)9C 
primers produced 29 (80.6%) and 24 (85.7%) polymorphic ISSR 
loci, respectively. Nei’s gene diversity was 0.57 and 0.55 for (AG)9C 
and (GA)9C respectively. The highest and the lowest Nei’s index for 
(AG)9C loci were 0.62 and 0.49 and for (GA)9C loci were 0.60 and 
0.23, respectively. Mean of Nei’s index for 2 markers together was 0.56 
± 0.06. Shannon’s index detected by (AG)9C (0.91) was higher than 
that of (GA)9C (0.89). The highest and the lowest Shannon’s index for 
(AG)9C loci were 1.03 and 0.69 and for (GA)9C loci were 0.99 and 
0.39, respectively. Mean of Shannon’s index for 2 markers together was 
0.90 ± 0.11. Numbers of observed alleles and number of effective alleles 
for (AG)9C loci were 2.93 and 2.34 and for (GA)9C loci were 2.94 and 
2.28, respectively. Mean of numbers of observed alleles and number of 
effective alleles for 2 markers together were 2.94 ± 0.23 and 2.31 ± 0.23, 
respectively. Expected heterozygosity and observed heterozygosity for 
(AG)9C loci were 0.57 and 0.99 and for (GA)9C loci were 0.56 and 
0.96, respectively. Mean of expected heterozygosity and observed 
heterozygosity for 2 markers together were 0.56 ± 0.06 and 0.97 ± 0.12, 
respectively. 

A cluster analysis was carried out, based on the Dice genetic 
similarity coefficient between individuals for ISSR markers, and an 
UPGMA dendrogram was generated that represented the genetic 
relationship among individuals (Figure 4).

Discussion
Biodiversity among domestic animals in development countries is 

enormous, however with the introduction of superior animal breeds 
with excellent performance the native animal resources with good 
adaptability but lower productivity are in great danger [4]. Farm 
animal genetic diversity is required to meet current production needs in 
various environments, to allow sustained genetic improvement, and to
facilitate rapid adaptation to changing breeding objectives. Production 

efficiency in pastoral species is closely tied to the use of diverse genetic 
types, but greater genetic uniformity has evolved in intensively raised 
species [4]. In this study, for Nei’s gene diversity, Shannon indices, 
expected heterozygosity and observed heterozygosity, gene diversities 

Primer Primer sequence (5’-3’) Annealing Temperature (°C)
(AG)9C 5’-AGA GAG AGA GAG AGA GAG C-3’ 55
(GA)9C 5’-GAG AGA GAG AGA GAG AGA C-3’ 55
Table 1: Characterization of used ISSR primers for studied population of Kermani 
sheep.

Figure 1: Some samples of extracted DNA from studied animals on 1% 
agarose gel.

Note: Locus name and its length are: A1 (100-210), A2 (310-340), A3 (350-380), A4 
(420-440), A5 (459-490), A6 (500-540), A7 (550-600), A8 (610-650), A9 (660-700), 
A10 (710-780), A11 (790-840), A12 (850-900), A13 (910-1000), A14 (1010-1040), A15 
(1050-1100), A16 (1110-1140), A17 (1150-1200), A18 (1210-1300), A19 (1310-1400), 
A20 (1410-1500), A21 (1510-1600), A22 (1610-1700), A23 (1710-1800), A24 (1810-
1900), A25 (1910-2100), A26 (2110-2200), A27 (2210-2300) and A28 (>3100)
Figure 2: ISSR marker profiles of 10 sheep generated by (AG)9C primer in 
2% agarose gel. Size marker is M100.

Note: Locus name and its length are: G1 (100-210), G2 (220-250), G3 (260-
300), G4 (310-340), G5 (350-380), G6 (390-410), G7 (420-440), G8 (450-490), 
G9 (500-540), G10 (550-600), G11 (610-650), G12 (660-700), G13 (710-780), G14 
(790-840), G15 (850-900), G16 (910-1000), G17 (1010-1040), G18 (1050-1100), 
G19 (1110-1140), G20 (1150-1200), G21 (1210-1300), G22 (1310-1400), G23 
(1410-1500), G24 (1510-1600), G25 (1610-1700), G26 (1710-1800), G27 (1810-
1900), G28 (1910-2100), G29 (2110-2200), G30 (2210-2300), G31 (2310-2500), 
G32 (2510-2600), G33 (2610-2700), G34 (2710-2800), G35 (2810-3100) and G36 
(>3100)
Figure 3: ISSR marker profiles of 12 sheep generated by (GA)9C primer in 
2% agarose gel. Size marker is M100.
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detected by (AG)9C were higher than that of (GA)9C. For other Iranian 
Mehraban sheep, Zamani et al. [1], reported Shannon’s information 
indices of 0.25 and 0.20 and Nei’s gene diversity indices of 0.14 and 0.11, 
for (AG)9C and (GA)9C markers, respectively, which are noticeably 
lower than the gene diversity of Kermani sheep in this study. The 
lower genetic diversity detected in Mehraban sheep [1] was probably 
due to the low geographical distances of Mehraban sheep flocks in 
Hamedan province. Genetic variation in Bovinae, quantity and quality 
of amplified DNA fragments, using ISSR-PCR method, in Mongolian 
yaks (Bos grunniens) and fifteen cattle breeds were evaluated. Results 
showed that 53 fragments out of 55 were polymorphic and there were 
some differences in quantity and quality of observed fragments in yaks 
and cattle breeds. Generally, more than 90% of the fragments were 
common in all investigated breeds, but differed in their frequency 
[32]. However, results of Askari et al. [4] showed 60 polymorphic 
fragments with some differences in quantity and quality of observed 
fragments in those three species (cattle, goat and sheep). They found 
that sheep had the highest polymorphic frequencies amongst the three 
investigated species, and their findings are consistent with our data in 
this paper. The haplotype analysis of ISSR markers revealed that, some 
of them to be significantly less frequent in each species. Furthermore, 
in these three species some unique haplotypes were introduced in 
their paper. The studied markers in the present study produced 53 
polymorphic ISSR loci (83% of all detected loci). This finding agrees 
with previous reports on high genetic variability of ISSR loci. Zamani 
et al. [7] studied Iranian Mehraban sheep breed and produced 51 
polymorphic ISSR loci. In a study on 19 breeds and a breeding type 
of cattle, the (AG)9C and (GA)9C primers detected 66 ISSR loci of 
which 64 (97%) were polymorphic [10]. In another study, the (GA)9C 
and(AC)9C primers detected 60 ISSR loci with 100–3100 bp sizes and 
26.7–81.7% polymorphism, in different populations of cattle, goat and 
sheep [4]. Likewise, 82% of detected ISSR fragments were polymorphic 
in Markhoz mohair goat [33]. The ISSR method has been also applied 
for study of genetic variability in other species such as silkworm 
B. mori [12] and mouse [13]. Use of genetic markers to account for 
genetic variation of quantitative traits increases the precision of genetic 
selection, called marker assisted selection (MAS). The studies on 
MAS generally tend to focus on mapping a few quantitative trait loci 
(QTLs) to identify the genes of QTL. These studies often involve single 

nucleotide polymorphism (SNP) testing in candidate genes based on 
their physiological action [7]. In the recent years, genomic selection 
is increasingly applied in animal breeding programs. Breeding values 
in genomic selection are generally predicted based on SNPs or other 
DNA markers. 

Conclusion
The ISSR loci are highly polymorphic and could be used for genetic 

diversity studies. Further studies should be performed in the future 
with a greater number of ISSR markers in order to obtain more accurate 
results. Genetic relationship among native livestock populations is a 
priority for managing farm animal genetic diversity. It is suggested that 
this marker system was found to be efficient in discriminating each 
genotype at the molecular level and can be used for genetic diversity 
analysis for livestock animals because a greater understanding of 
the potential of native species is necessary for supporting long-term 
genetic improvement.

References

1.	 Zamani P, Akhondi M, Mohammadabadi MR, Saki AA, Ershadi A, et al. (2011) 
Genetic variation of Mehraban sheep using two inter simple sequence repeat 
(ISSR) markers. Afr J Biotechnol 10: 1812-1817.

2.	 Mohammadabadi MR, Sattayimokhtari R (2013) Estimation of (co) variance 
components of ewe productivity traits in kermani sheep. Slovak Journal of 
Animal Science 46: 45-51.

3.	 Khodabakhshzadeh R, Mohamadabadi MR, Esmailizadeh AK, Moradi 
Shahrebabak H, Bordbar F, et al. (2016) Identification of point mutations in 
exon 2 of GDF9 gene in Kermani sheep. Pol J Vet Sci 19: 281-289.

4.	 Askari N, Mohammadabadi MR, Baghizadeh A (2011) ISSR markers for 
assessing DNA polymorphism and genetic characterization of cattle, goat and 
sheep populations. Iranian Journal of Biotechnology 9: 222-229.

5.	 Shojaei M, Mohammad Abadi MR, Asadi Fozi M, Dayani O, Khezri A, et al. 
(2010) Association of growth trait and Leptin gene polymorphism in Kermani 
sheep. J Cell Mol Res 2: 67-73.

6.	 Mousavizadeh A, Mohammad Abadi MR, Torabi A, Nassiry MR, Ghiasi H, et 
al. (2009) Genetic polymorphism at the growth hormone locus in Iranian Talli 
goats by polymerase chain reaction-single strand conformation polymorphism 
(PCR-SSCP). Iranian Journal of Biotechnology 7: 51-53.

7.	 Zamani P, Akhondi M, Mohammadabadi MR (2015) Associations of inter 
simple sequence repeat loci with predicted breeding values of body weight in 
Sheep. Small Ruminant Research 132: 123-127.

8.	 Bornet B, Branchard M (2001) Nonanchored inter simple sequence repeat 
(ISSR) markers: reproducible and specific tools for genome fingerprinting. 
Plant Mol Biol Rep 19: 209-215.

9.	 Ghasemi M, Baghizadeh A, Mohammadabadi MR (2010) Determination of 
genetic polymorphism in Kerman Holstein and Jersey cattle population using 
ISSR markers. Australian Journal of Basic Applied Science 4: 5758-5760.

10.	Stolpovsky YA, Ahani Azari M, Evsukov AN, Kol NV, Ruzina MN, et al. (2011). 
Comparison of ISSR polymorphism among cattle breeds. Russian Journal of 
Genetics 47: 213-226.

11.	Zhigileva ON, Baranova OG, Pozhidaev VV, Brol IS, Moiseenko TI (2013) 
Comparative analysis of using isozyme and ISSR-PCR markers for population 
differentiation of Cyprinid fish. Turkish Journal of Fishery and Aquatic Science 
13: 159-168.

12.	Damodar Reddy K, Nagaraju J, Abraham EG (1999) Genetic characterization 
of the silkworm Bombyx mori by simple sequence repeat (SSR)-anchored 
PCR. Heredity 83: 681-687.

13.	Renny M, Julio NB, Bernardi SF, Gardenal CN, Oyarzabal MI (2014) Estimation 
of genetic variability level in inbred CF1 mouse lines selected for body weight. 
J Genet 93: 483-487.

14.	Rashidi A, Mokhtari MS, Jahanshahi A, Mohammadabadi MR (2008) Genetic 
parameter estimates of pre-weaning growth traits in Kermani sheep. Small 
Ruminant Research 74: 165-171.

0.11                                         0.33                                         0.56                                         0.78                                       1.00
Coefficient

Figure 4: Dendrogram illustrating genetic relationships among animals in 
genetic diversity study generated by UPGMA cluster analysis from ISSR 
bands.

https://www.ajol.info/index.php/ajb/article/view/93089
https://www.ajol.info/index.php/ajb/article/view/93089
https://www.ajol.info/index.php/ajb/article/view/93089
https://doi.org/10.1515/pjvs-2016-0035
https://doi.org/10.1515/pjvs-2016-0035
https://doi.org/10.1515/pjvs-2016-0035
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1650922
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1650922
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/reference/ReferencesPapers.aspx?ReferenceID=1650922
https://www.researchgate.net/publication/266349288_Association_of_growth_trait_and_Leptin_gene_polymorphism_in_Kermani_sheep
https://www.researchgate.net/publication/266349288_Association_of_growth_trait_and_Leptin_gene_polymorphism_in_Kermani_sheep
https://www.researchgate.net/publication/266349288_Association_of_growth_trait_and_Leptin_gene_polymorphism_in_Kermani_sheep
http://ijbiotech.com/article_7064_1144.html
http://ijbiotech.com/article_7064_1144.html
http://ijbiotech.com/article_7064_1144.html
http://ijbiotech.com/article_7064_1144.html
http://www.smallruminantresearch.com/article/S0921-4488(15)30089-4/references
http://www.smallruminantresearch.com/article/S0921-4488(15)30089-4/references
http://www.smallruminantresearch.com/article/S0921-4488(15)30089-4/references
https://dx.doi.org/10.1007/BF02772892
https://dx.doi.org/10.1007/BF02772892
https://dx.doi.org/10.1007/BF02772892
https://www.researchgate.net/publication/233902892_Determination_of_genetic_polymorphism_in_Kerman_Holstein_and_Jersey_Cattle_population_using_ISSR_markers
https://www.researchgate.net/publication/233902892_Determination_of_genetic_polymorphism_in_Kerman_Holstein_and_Jersey_Cattle_population_using_ISSR_markers
https://www.researchgate.net/publication/233902892_Determination_of_genetic_polymorphism_in_Kerman_Holstein_and_Jersey_Cattle_population_using_ISSR_markers
https://dx.doi.org/10.1134/S1022795410121051
https://dx.doi.org/10.1134/S1022795410121051
https://dx.doi.org/10.1134/S1022795410121051
http://www.trjfas.org/pdf.php?id=444
http://www.trjfas.org/pdf.php?id=444
http://www.trjfas.org/pdf.php?id=444
http://www.trjfas.org/pdf.php?id=444
http://www.nature.com/hdy/journal/v83/n6/full/6886070a.html
http://www.nature.com/hdy/journal/v83/n6/full/6886070a.html
http://www.nature.com/hdy/journal/v83/n6/full/6886070a.html
http://www.ias.ac.in/article/fulltext/jgen/093/02/0483-0487
http://www.ias.ac.in/article/fulltext/jgen/093/02/0483-0487
http://www.ias.ac.in/article/fulltext/jgen/093/02/0483-0487
http://www.smallruminantresearch.com/article/S0921-4488%2807%2900156-3/abstract
http://www.smallruminantresearch.com/article/S0921-4488%2807%2900156-3/abstract
http://www.smallruminantresearch.com/article/S0921-4488%2807%2900156-3/abstract


Citation: Mohammadabadi M, Esfandyarpoor E, Mousapour A (2017) Using Inter Simple Sequence Repeat Multi-Loci Markers for Studying Genetic 
Diversity in Kermani Sheep. J Res Development 5: 154. 

Page 4 of 4

Volume 5 • Issue 2 • 1000154
J Res Development, an open access journal 

15.	Bahrampour V, Mohammadabadi MR, Mirzaei HR, Baghizadeh A, Dashab GR, 
et al. (2008) Molecular analysis of Calpastatin gene in Kermani sheep herds.
Journal of Agricultural Sciences and Natural Resources 15: 124-131.

16.	Sattai Mokhtari M, Rashidi A, Mohammadabadi MR, Moradi Shahrbabak H
(2009) Estimation of Genetic, Phenotypic and Environmental Trends of Growth 
Traits in Kermani Sheep. Iranian Journal of Animal Science 4: 51-58.

17.	Soufy B, Mohammadabadi MR, Shojaeyan K, Baghizadeh A, Ferasaty S, et al. 
(2009) Evaluation of Myostatin gene polymorphism in Sanjabi sheep by PCR-
RFLP method. Animal Science Researches 19: 81-89.

18.	Shojaei M, Mohammadabadi MR, Asadi Fozi M, Esmailizadeh AK, Ferdowsi
MH, et al. (2010a) Using PCR-SSCP technique to investigate polymorphism 
of Leptin gene in Kermani sheep. Journal of Animal Science Researches 20:
115-122.

19.	Ahsani MR, Bafti MS, Esmailizadeh AK, Mohammadabadi MR (2011)
Genotyping of isolates of Clostridium perfringens from vaccinated and
unvaccinated sheep. Small Ruminant Research 95: 65-69.

20.	Ahsani MR, Mohammad Abadi MR, Shamsodini Bafti M, Ezatkhah M,
Derakhshan Hasani M, et al. (2010a) Application of triplex PCR technique 
in identification of clostridium perfringens b, c and d types. Iranian Journal of
Animal Science Research 2: 185-190.

21.	Ahsani MR, Mohammadabadi MR, Shamsaddini MB (2010b) Clostridium
perfringens isolate typing by multiplex PCR. J Venom Anim Toxins Incl Trop 
Dis 16: 573-578.

22.	Mohammadabadi MR, Dayani O, Khezri A, Soflaei M, Mostafavi H, et al. (2011) 
Study of type 1 intermediate filament wool keratin gene in Kermani Sheep using 
PCR-RFLP method. Researches Journal of Native Animals 1: 26-31.

23.	Mohammadifar A, Mohammadabadi MR (2011) Application of microsatellite
markers for a study of kermani sheep genome. Iranian Journal of Animal
Science 42: 337-344.

24.	Aminafshar M, Bahrampour V, Baghizadeh A, Emamjomeh N, Mohammadabadi 
MR (2014) CD44 gene expression in mature, immature oocytes and fetal
kermani, baluchi sheep and rayeni, tali goats. J Cell Anim Biolo 8: 156-160.

25.	Khodabakhshzadeh R, Mohammadabadi MR, Moradi H, Esmailizadeh AK
(2016) Identification of available mutations in the first-half (from 5’ end) of 
exon 2 of GDF9 gene in crossbred sheep from crossing of Romanov and Lori-
Bakhtiari breeds. Animal Production Research 4: 15-26.

26.	Khodabakhshzadeh R, Mohammadabadi MR, Moradi H, Esmailizadeh AK,
Ansari NS (2015a) Identify of G―›A point mutation at positions 477 and 721 in 
exon 2 of GDF9 gene in Kermani sheep. Modern Genetics 10: 261-268. 

27.	Khodabakhshzadeh R, Mohammadabadi MR, Esmailizadeh Koshkoieh A,
Moradi-Shahrebabak H (2015) Study of mutations available in first-halfexon 2 
of GDF9 gene in crossbred sheep born from crossing of Romanov rams with
Kermani ewes. Iranian Journal of Animal Science Research 6: 395-403.

28.	Hamidiravari M, Esmailizadeh AK, Mohammad Abadi MR, Ayatollahi Mehrgardi 
A (2016) Analysis of quantitative trait loci affecting growth traits of Kermani
sheep on chromosomes 1, 3 and 6. Modern Genetics 10: 469-476.

29.	Vajed Ebrahimi MT, Mohammad Abadi MR, Esmailizadeh AK (2016) Analysis 
of genetic diversity in five Iranian sheep population using microsatellites 
markers. J Agric Biotech 7: 143-158.

30.	Abadi MRM, Askari N, Baghizadeh A, Esmailizadeh AK (2009) A directed
search around caprine candidate loci provided evidence for microsatellites
linkage to growth and cashmere yield in Rayini goats. Small  Ruminant
Research 81: 146-151.

31.	Yeh FC, Yang RC, Boyle T (1999) POPGENE, Microsoft Windowsbased
freeware for population genetic analysis. Release 1.31. University of Alberta,
Canada.

32.	Ahani Azari M, Lazebny OE, Sulimova GE (2007) Determination of
heterozygosity level in fifteen various cattle breeds using ISSR-PCR method. 
Proceedings of the 5th National Biotechnology Congress of Iran. Summit 
Metting Conference Hall, Tehran, Iran.

33.	Moradi MH, Rostamzadeh J, Rashidi A, Vahabi K, Farahmand H (2014) 
Analysis of genetic diversity in Iranian mohair goat and its color types using
inter simple sequence repeat (ISSR) markers. Agricultural Communications 2:
55-62.

http://en.journals.sid.ir/ViewPaper.aspx?ID=138047
http://en.journals.sid.ir/ViewPaper.aspx?ID=138047
http://en.journals.sid.ir/ViewPaper.aspx?ID=138047
https://www.researchgate.net/publication/270745826_Estimation_of_Genetic_Phenotypic_and_Environmental_Trends_of_Growth_Traits_in_Kermani_Sheep
https://www.researchgate.net/publication/270745826_Estimation_of_Genetic_Phenotypic_and_Environmental_Trends_of_Growth_Traits_in_Kermani_Sheep
https://www.researchgate.net/publication/270745826_Estimation_of_Genetic_Phenotypic_and_Environmental_Trends_of_Growth_Traits_in_Kermani_Sheep
https://www.researchgate.net/publication/234073536_Evaluation_of_Myostatin_Gene_Polymorphism_in_Sanjabi_Sheep_by_PCR-RFLP_Method
https://www.researchgate.net/publication/234073536_Evaluation_of_Myostatin_Gene_Polymorphism_in_Sanjabi_Sheep_by_PCR-RFLP_Method
https://www.researchgate.net/publication/234073536_Evaluation_of_Myostatin_Gene_Polymorphism_in_Sanjabi_Sheep_by_PCR-RFLP_Method
http://en.journals.sid.ir/ViewPaper.aspx?ID=191863
http://en.journals.sid.ir/ViewPaper.aspx?ID=191863
http://en.journals.sid.ir/ViewPaper.aspx?ID=191863
http://en.journals.sid.ir/ViewPaper.aspx?ID=191863
http://www.smallruminantresearch.com/article/S0921-4488(10)00261-0/abstract
http://www.smallruminantresearch.com/article/S0921-4488(10)00261-0/abstract
http://www.smallruminantresearch.com/article/S0921-4488(10)00261-0/abstract
http://en.journals.sid.ir/ViewPaper.aspx?ID=280107
http://en.journals.sid.ir/ViewPaper.aspx?ID=280107
http://en.journals.sid.ir/ViewPaper.aspx?ID=280107
http://en.journals.sid.ir/ViewPaper.aspx?ID=280107
http://www.scielo.br/scielo.php?pid=S1678-91992010000400006&script=sci_abstract
http://www.scielo.br/scielo.php?pid=S1678-91992010000400006&script=sci_abstract
http://www.scielo.br/scielo.php?pid=S1678-91992010000400006&script=sci_abstract
https://www.researchgate.net/publication/270757859_Study_of_Type_1_Intermediate_Filament_Wool_Keratin_Gene_in_Kermani_Sheep_Using_PCR-RFLP_Method
https://www.researchgate.net/publication/270757859_Study_of_Type_1_Intermediate_Filament_Wool_Keratin_Gene_in_Kermani_Sheep_Using_PCR-RFLP_Method
https://www.researchgate.net/publication/270757859_Study_of_Type_1_Intermediate_Filament_Wool_Keratin_Gene_in_Kermani_Sheep_Using_PCR-RFLP_Method
https://ijas.ut.ac.ir/article_24241.html
https://ijas.ut.ac.ir/article_24241.html
https://ijas.ut.ac.ir/article_24241.html
http://gjournals.org/GJBS/Publication/2014/June/HTML/050614223 Aminafshar et al.htm
http://gjournals.org/GJBS/Publication/2014/June/HTML/050614223 Aminafshar et al.htm
http://gjournals.org/GJBS/Publication/2014/June/HTML/050614223 Aminafshar et al.htm
https://www.researchgate.net/publication/299584434_Identification_of_available_mutations_in_the_first-half_from_5%27_end_of_exon_2_of_GDF9_gene_in_crossbred_sheep_from_crossing_of_Romanov_and_Lori-Bakhtiari_breeds
https://www.researchgate.net/publication/299584434_Identification_of_available_mutations_in_the_first-half_from_5%27_end_of_exon_2_of_GDF9_gene_in_crossbred_sheep_from_crossing_of_Romanov_and_Lori-Bakhtiari_breeds
https://www.researchgate.net/publication/299584434_Identification_of_available_mutations_in_the_first-half_from_5%27_end_of_exon_2_of_GDF9_gene_in_crossbred_sheep_from_crossing_of_Romanov_and_Lori-Bakhtiari_breeds
https://www.researchgate.net/publication/299584434_Identification_of_available_mutations_in_the_first-half_from_5%27_end_of_exon_2_of_GDF9_gene_in_crossbred_sheep_from_crossing_of_Romanov_and_Lori-Bakhtiari_breeds
file:///E:/Journals/JAET/Volume%206/Volume%206.1/JAET%206.1_AI/ate.net/publication/281108828_Identify_of_G-A_point_mutation_at_positions_477_and_721_in_exon_2_of_GDF9_gene_in_Kermani_sheep?_iepl%5BviewId%5D=0yw0yYHSbog0iZpKCkGVCSC7&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BinteractionType%5D=publicationTitle
file:///E:/Journals/JAET/Volume%206/Volume%206.1/JAET%206.1_AI/ate.net/publication/281108828_Identify_of_G-A_point_mutation_at_positions_477_and_721_in_exon_2_of_GDF9_gene_in_Kermani_sheep?_iepl%5BviewId%5D=0yw0yYHSbog0iZpKCkGVCSC7&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BinteractionType%5D=publicationTitle
file:///E:/Journals/JAET/Volume%206/Volume%206.1/JAET%206.1_AI/ate.net/publication/281108828_Identify_of_G-A_point_mutation_at_positions_477_and_721_in_exon_2_of_GDF9_gene_in_Kermani_sheep?_iepl%5BviewId%5D=0yw0yYHSbog0iZpKCkGVCSC7&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BinteractionType%5D=publicationTitle
https://www.researchgate.net/publication/281108997_Study_of_mutations_available_in_first-halfexon_2_of_GDF9_gene_in_crossbred_sheep_born_from_crossing_of_Romanov_rams_with_Kermani_ewes?_iepl%5BviewId%5D=PyXoa3k9JDBqyaAStcwwbHsL&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BinteractionType%5D=publicationTitle
https://www.researchgate.net/publication/281108997_Study_of_mutations_available_in_first-halfexon_2_of_GDF9_gene_in_crossbred_sheep_born_from_crossing_of_Romanov_rams_with_Kermani_ewes?_iepl%5BviewId%5D=PyXoa3k9JDBqyaAStcwwbHsL&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BinteractionType%5D=publicationTitle
https://www.researchgate.net/publication/281108997_Study_of_mutations_available_in_first-halfexon_2_of_GDF9_gene_in_crossbred_sheep_born_from_crossing_of_Romanov_rams_with_Kermani_ewes?_iepl%5BviewId%5D=PyXoa3k9JDBqyaAStcwwbHsL&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BinteractionType%5D=publicationTitle
https://www.researchgate.net/publication/281108997_Study_of_mutations_available_in_first-halfexon_2_of_GDF9_gene_in_crossbred_sheep_born_from_crossing_of_Romanov_rams_with_Kermani_ewes?_iepl%5BviewId%5D=PyXoa3k9JDBqyaAStcwwbHsL&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BinteractionType%5D=publicationTitle
https://www.researchgate.net/publication/303404973_Analysis_of_quantitative_trait_loci_affecting_growth_traits_of_Kermani_sheep_on_chromosomes_1_3_and_6
https://www.researchgate.net/publication/303404973_Analysis_of_quantitative_trait_loci_affecting_growth_traits_of_Kermani_sheep_on_chromosomes_1_3_and_6
https://www.researchgate.net/publication/303404973_Analysis_of_quantitative_trait_loci_affecting_growth_traits_of_Kermani_sheep_on_chromosomes_1_3_and_6
http://en.journals.sid.ir/ViewPaper.aspx?ID=514218
http://en.journals.sid.ir/ViewPaper.aspx?ID=514218
http://en.journals.sid.ir/ViewPaper.aspx?ID=514218
http://www.sciencedirect.com/science/article/pii/S0921448808002575
http://www.sciencedirect.com/science/article/pii/S0921448808002575
http://www.sciencedirect.com/science/article/pii/S0921448808002575
http://www.sciencedirect.com/science/article/pii/S0921448808002575
https://www.scienceopen.com/document?vid=76d06904-138c-442e-8da7-3e9fbd47b3cd
https://www.scienceopen.com/document?vid=76d06904-138c-442e-8da7-3e9fbd47b3cd
https://www.scienceopen.com/document?vid=76d06904-138c-442e-8da7-3e9fbd47b3cd
E:\Payannameh Esfandyarpoor\Paper English for Journal of Research and development USA\agricommun.com\attachments\Vol.2_Issue 1\Agri. Commun. 2_1_9.pdf
E:\Payannameh Esfandyarpoor\Paper English for Journal of Research and development USA\agricommun.com\attachments\Vol.2_Issue 1\Agri. Commun. 2_1_9.pdf
E:\Payannameh Esfandyarpoor\Paper English for Journal of Research and development USA\agricommun.com\attachments\Vol.2_Issue 1\Agri. Commun. 2_1_9.pdf
E:\Payannameh Esfandyarpoor\Paper English for Journal of Research and development USA\agricommun.com\attachments\Vol.2_Issue 1\Agri. Commun. 2_1_9.pdf

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Materials and Methods 
	Results 
	Discussion 
	Conclusion 
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References

