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Abstract
Molecular markers are commonly used in determination of genetic similarities and differences in many species and varieties. In this research 
Inter-Simple Sequence Repeat (ISSR) markers were used to distinguish twenty-five elaeagnus (Elaeagnus angustifolia L.) genotypes which 
were collected from various parts of Turkey in accordance with specific morphologic criteria. Eleven ISSR primers produced a total of 92 
fragments and 23 of them were polymorphic. The mean polymorphism information content (PIC) was 0.25. The unweighted pair group method 
arithmetic average (UPGMA) analysis demonstrated that the accessions had a similarity range from 0.63 to 1.00. Relatively genetic variation 
was detected among genotypes. Apart from the two genotypes, all other genotypes are separated. ‘Genotype 72’ is the most distant genotype. 
The remaining 24 genotypes were collected under three main groups. On the other hand, some of the genotypes are grouped according to their 
geographical distribution. The study showed that there is variation among genetic resources and that could be used in breeding programmes.
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INTRODUCTION
Elaeagnus angustifolia L. belongs to the genus 

Elaeagnus of Elaeagnacea family and the family comparises 
three genera: Elaeagnus L., Hippophae L., Shepherdia and 
has seventy seven species worldwide [1] and [2]. Elaeagnus 
angustifolia, commonly called wild olive, silver berry, 
Russian olive or oleaster, native to central and western 
Asia, Afghanistan, from southern Russia and Kazakhstan 
to Turkey, parts of Pakistan and Iran. It is now also widely 
established in North America as an introduced species [3]. In 
Turkey, the tree grows up to two thousand meter of altitude, 
around the Mediterranean sea, Black Sea Region, Marmara 
Sea Region and East Anatolia Region [4].

E. angustifolia is a fast-growing tree, grows up to 10 
m in height and its trunk is up to 30 cm in diameter . Its 
crown is patulous, with reddish brown or silvery branches 
having spines about 3 cm long [5]. It is classified sometimes 
a shrub or a small tree. Its flowers are yellowish white, have 
very sharp and beautiful fragrance. The fruit ellipsoid or 
subglobose, within the fruit, there is a single seed oval or 
pointed, of five to ten mm length [2]. Fruit and leaf image of 
this species provided in Figure 1.

The ability of E. angustifolia to establish growth made 
it naturalized, has invaded zones along watercourses in 
many arid and semiarid regions of the world [6] and [7]. It 
was reported that wild olive plays a very important role in 
maintaining ecosystem functions in hyperarid areas because 
of its tolerance to severe drought, high alkalinity and 
salinity, in soils [8] and [9]. The species is also often used 
in agricultural settings, playing a significant role in carbon 
sequestration and natural resource conservation[10].

The E. angustifolia species has also various medicinal 
and economical uses. The ripe fruits of it have been used 
to treat amoebic dysentery. Wild olive fruit or flower 
preparations are used for treating vomiting, nausea, jaundice, 
flatulence and asthma in folk medicine [8] and [9]. Fruits 
and leaves of E. angustifolia have antipyretic effect.There 
is a common belief that fruits and leaves of E. angustifolia 
have antipyretic effect [11]. An infusion of the fruit has been 
used in Iranian traditional medicine as an analgesic agent for 

alleviating pain in rheumatoid arthritis patients. The flower 
is also traditionally used for treating tetanus [12; 13].

Figure 1. Fruit and leaf color and shape of E. angustifolia.

For the characterization of genetic resources in plants 
morphological, physiological and cytological markers were 
initially used. Later, biochemical markers were improved 
to further shorten and strengthen this stage. In recent times, 
molecular studies have gained acceleration [14]. 

Molecular markers display nucleic acid sequence 
differences in DNA in the cells of the plants in which they 
are produced in various forms. They are evaluated with close 
to 100% confidence in the diversity in the plant population 
or in the relationships among plant genotypes within 
that population. The aim in DNA markers is to reveal the 
difference in DNA level among individuals (variety, line, 
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species, etc.). If this difference shows a single region in 
the genome, it is called an allele. The main advantage of 
doing this at the DNA level is that any DNA chain can show 
allelic variability between two individuals. For this, it is not 
necessary to know whether that DNA sequence encodes 
any protein. There are several factors that affect the marker 
system to be used. Polymorphism level or type of population, 
stability in different environments, number of loci, ease, cost 
of analysis, infrastructure are some of these criteria [15].

Basically, two different DNA marker techniques are 
available. The use of DNA markers in plants has started 
with non-PCR (Polymerase Chain Reaction)-based RFLP 
(Restriction Fragment Length Polymorphism) markers, 
and PCR-based DNA markers; SSR (Simple Sequence 
Repeats), RAPD (Random Amplified Polymorphic DNA), 
AFLP (Amplified Fragment Length Polymorphism) and 
SRAP (Sequence Related Amplified Polymorphism) with 
the emergence of PCR technology; has begun to be used in 
genetic definitions [16]. 

Identifying the genetic diversity, in phylogenetic studies, 
formation genomic maps and in evolutionary biologyis, 
ISSR is an effective technique that can be applied to many 
plants [17]. This is a method based on random distribution 
of nucleotide units such as two, three, four, five repeating 
in eukaryotic genomes, which is sensitive and highly 
reproducible, in a locus independent manner in the genome 
therefore stands out among other methods [18] and [19]. 
Since ISSR markers are easy to apply and have longer 
primers, they are more reliable and faster to use [20]. Using 
ISSR primers that provide sufficient information, time 
savings, low cost and practicality in genetic analysis [21].

To the best of our knowledge, the genetic diversity of E. 
angustifolia has been analyzed based on RAPD molecular 
markers and morphological traits [22] and ISSR markers [9] 
and there is only a few published report using DNA marker 
system in Turkey’s E. angustifolia germplasm. Our work, 
will give preliminary information about the genetic diversity 
of this plant in order to protect the Elaeagnus  angustifolia 
germplasm in Turkey and for use it in breeding programs.
MATERIALS AND METHODS

Plant materials
Twenty-five E. angustifolia accessions from various 

districts and altitudes were collected from 7 different 
regions of Turkey; Nevsehir (Genotypes 1-5, 25), Aksaray 
(Genotypes 6, 7, 12-14), Konya (Genotypes 8-10), Sivas 
(Genotypes 15-17), Malatya (Genotypes 18-20), Adiyaman 
(Genotypes 21-23) and Kahramanmaras (Genotypes 24) 
were used as the plant material for the present study.

DNA extraction
Total genomic DNA was extracted from fresh young 

leaves following the cetyl trimethyl ammonium bromide 
(CTAB) method described by Doyle and Doyle (1987) 
with minor modifications [23]. The concentration of each 
DNA bulk sample was determined spectrophotometrically 
at 260 nm (BioTek Instruments, Inc., Winooski, 
VT, United States). The quality of the DNA 
was checked by running 1 μl DNA in 1% (w/v) 
gels in TE solution (10 mM Tris-HCl, 0.1 mM 
EDTA, pH 8.0). DNA samples that gave a smear in the 
gel were rejected. DNA was diluted to make uniform 
concentration of 10 ng/μl for PCRs.

ISSR amplification
PCR amplifications were performed according to the 

protocol of Uzun et al. (2009) [24]. ISSR amplification 
reactions were carried out in 15 μl volume containing 1.5 
μl MgCl2 (50 mM), 0.33 μl dNTP (10 mM), 1.5 μl PCR 
buffer (10x), 0.20 μl Taq DNA polymerase (5u / μl), 1.5 
μl Primer (100 μM), 2 μl template DNA (10ng/ μl) and 

7.97 μl ddH2O. A total of 18 ISSR primers were used 
for all genotypes and 11 gave distinct polymorphic products 
(Table 1). DNA amplifications were performed using a 
DNA thermal cycler (Sensoquest Progen Scientifc Ltd., 
Mexborough, South Yorkshire, UK). The amplification 
reactions were carried out using Time Release program 
following these steps: Initial denaturation for 3 min at 94 
ºC, followed by 35 cycles of 94 ºC for 1 min, annealing at 
53 ºC for 50 sec, extension at 72 ºC for 2 min 2 repeats and 
a final extension at 72 ºC for 7 min. Tubes were held at 4 ºC 
until removal. 

Electrophoresis
Amplified products were electrophoresed (Cleaver 

Scientific, Major Science) on 2% agarose gel with 1X 
TBE buffer (89 mM Tris, 89 mM boric acid, 2 mM 
EDTA) at 110 V for 2.5–3 h. The gels stained with 
ethidium bromide (1.0 μg/ml). The fragment patterns were 
photographed under UV light for further analysis. A 100-
bp standard DNA ladder was used in both analyses as the 
molecular standard in order to confirm the appropriate 
markers. Primers which gave reproducible fingerprints 
(DNA bands) were considered for the data analysis.

Data analysis 
Each ISSR band was considered as an independent locus 

and polymorphic bands were scored as absent (0) or present 
(1) for all the 25 genotypes. Only clearly reproducible 
bands were scored and differences in band intensity were 
not considered. Faint or unclear bands were not considered. 
Unweighted Pair Group Method with Arithmetic Averages 
(UPGMA), and dendrograms were constructed using 
NTSYS pc 2.11 sofware [25]. The genetic relationships 
among the genotypes were examined using UPGMA cluster 
analysis through Nei’s pairwise genetic distance. 
RESULTS AND DISCUSSION

ISSR amplifcation 
Size of DNA fragments were estimated by 

comparison with the DNA size marker 100 to 
3000 bp. A total of 18 primers tested, 11 gave distinct 
polymorphic products (Table 1). Typical results obtained 
with primer VHV(GTG)7  are shown in Figure 2. The size 
of the fragments ranged from 50 to 1,500 bp. The number of 
bands scored per primer for the ISSR analysis ranged from 5 
((AG)8T, (GACA)4, (GT)8YA and (CA)8R) to 11 ((AG)6GC, 
(CAC)3G and HVH(CA)7T), with a mean of 8.36.
Table 1. List of ISSR primers used in the study, and their 
fragment lenght (FL), total fragment number (TFN), 
Polymorphic fragment number (PFN) and percentage of 
polymorphism (PP)

Primer FL (bp) TFN PFN PP (%)
(AG)8T 500-1500 5 1 20.0

(GACA)4 475-1100 5 2 40.0

(AG)7YC 50-450 10 0 0.0

(GT)8YA 390-1400 5 0 0.0

HVH(CA)7T 200-1000 11 3 54.5

BDB(CA)7C 140-1100 10 6 60.0

(AGC)6G 200-1100 11 2 18.1

(CAC)6 350-1400 9 7 77.7

(CA)8R 850-1500 5 0 0.0

VHV(GTG)7 275-1400 10 1 10.0

(CAC)3G 350-1000 11 1 9.09

Mean - 8.36 2.09 25.0

Total - 92 23 -
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The number of polymorphic fragments varied between 
0 ((AG)7YC, (GT)8YA and (CA)8R ) and 7 ((CAC)6), 
with a mean of 2.09. Eleven primers generated 92 scorable 
fragment, which 23 were polymorphic (25 %). Asadiar et al. 
(2012) [22], obtained 8.3 polymorphic fragments per primer 
and found a polymorphism rate of 79%. Uzun et al. (2015) 
[26], obtained 7.66 polymorphic fragments per primer and 
found a polymorphism rate of 81.92%.   The differences 
among the studies may be caused by geographic factors, a 
high level of worldwide diversity within Elaeagnus spp.the 
limited area of the studies.

Genetic similarity analysis
The data of the ISSR analyses were used to perform 

a genetic diversity analysis among the 25 E. angustifolia 
accessions. The unweighted pair group method arithmetic 
average (UPGMA) analysis demonstrated that the 
accessions had a similarity range from 0.63 to 1.00 (Figure 
3). Relatively genetic variation was detected among 
genotypes. E. Angustifolia was propagated by seed and 
vegatative sections. So,  obtained relatively genetic variation 
may be expalined by vegatative propagation of this plant. 
Apart from the two genotypes (genotypes 6 and 21), all other 
genotypes are separated. ‘Genotype 22’ which was collected 
from Adiyaman, Turkey, is the most distant genotype. The 
remaining 24 genotypes were collected under three main 
groups. The firs group consisted of genotypes 15, 16,17, 
18, 19, 23 and 24. These genotypes collected from closely 
related region of Turkey that Sivas, Malatya, Adıyaman and 
Kahramanmaras provinces. Ten genotypes (6, 7, 8, 9, 10, 
11, 12, 13, 14, 21) nested in group 2. All genotypes except  
number 21, collected from Aksaray and Konya provinces 
which was in same region of Turkey. The last group of 
dendrogram was consisted of seven genotypes (1, 2, 3, 4, 5, 
20, 25). In this group, except genotype 20, all of others were 
taken from Nevsehir province. In general, genotypes were 
grouped according to their geographical distribution. The 
genetic similarity of 9 Iranian E. angustifolia genotypes was 
determined to be between 0.51 and 0.77, according to ISSR 
data [22]. On the other hand the genetic distance of 56 E. 
angustifolia accessions collected from the Central Anatolian 
region of Turkey was between 0.00 and 0.34 [26].

Figure 2. Amplified PCR products generated using primer 
VHV(GTG)7 for 25 genotypes of E. angustifolia.1-25 
respectively.  M: DNA Ladder (100 - 3000bp).

CONCLUSION 
Our research is the one of the prominent evaluation of 

genetic diversity of E. angustifolia in Turkey and the study 
showed that there is relatively variation among genetic 
resources. Regarding to results of this study, more DNA 
markers should be used for diversity analysis of this species. 

In conclusion, there is a high genetic variability among 
studied E. angustifolia genotypes in Turkey. This present 
study showes that PCR based fingerprinting techniques 
(ISSR) are informative for estimating the extent of genetic 
diversity as well as determining the pattern of genetic 
relationships and that could be used in breeding programmes.
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Figure 3. UPGMA dendrogram of the 25 E. angustifolia 
genotypes based on Nei’s genetic distance and ISSR data. 
Codes of genotypes represent in the Material section.

REFERENCES 
[1] Y. Sahan, A.N. Dundar, E. Aydin, et al. Characteristics 

of cookies supplemented with oleaster (Elaeagnus 
angustifolia L.) flour: physicochemical, sensorial and 
textural properties. J Agr Sci. (2013) 5:p160.

[2] M. Sun, Q. Lin A revision of Elaeagnus L. 
(Elaeagnaceae) in mainland China. J. Syst. Evol., (2010).  
48(5): 356-390.

[3] Anonymus, (2018). https://en.wikipedia.org/wiki/
Elaeagnus_angustifolia 

[4] I.H. Kalyoncu, N. Ersoy, M. Yilmaz, A research on 
the effects of some hormone and relative humidity levels on 
rooting of softwood top cuttings of russion olive (Elaeagnus 
angustifolia L.) determined by the selection of breeding. 
Journal of the Suleyman Demirel University Agricultural 
Faculty, 3(1): 9-18, (2008) ISSN 1304-9984.

[5] N. Ersoy, I.H. Kalyoncu, A.Y. Elidemir, I. Tolay,  
Some physicochemical and nutritional properties of Russian 
olive (Elaeagnus angustifolia L.) fruit grown in Turkey. 
International Journal of Biological, Veterinary, Agricultural 
and Food Engineering, (2013), 7:179–181. 

[6] P.B. Shafroth, G.T. Auble, M.L. Scott. Germination 
and establishment of native plains cottonwood (Populus 
deltoids Marshall subsp. monilifera) and the exotic Russian 
olive (Elaeagnus angustifolia L.). Conserv. Biol., (1995), 
pp. 1169-1175.

[7] M.G. Klich. Leaf variations in Elaeagnus angustifolia 
related to environment heterogeneity. Environmental and 
Experimental Botany, (2000), v. 44, n. 3, p. 171-183.

[8] Q. Wang, X. Ruan, J. Huang, N. Xu, Q. Yan. 
Intra-specific genetic relationship analyses of Elaeagnus 
angustifolia based on RPHPLC biochemical markers. J 
Zhejiang Univ-SC. (2006), B 7: 272–278.



 A. Uzun et al. /IJANS, 1(1): 10-13, 2018/Proceeding of IAC 13

[9] L.S. Asadiar, F. Rahmani, A. Siami. Assessment 
of genetic diversity in the Russian olive (Elaeagnus 
angustifolia) based on ISSR genetic markers. (2012), Rev 
Cienc Agron 44: 310–316.

[10] Y. Ge, J. Liu, D. Su. In vivo evaluation of the anti- 
asthmatic, antitussive and expectorant activities of extract 
and fractions from Elaeagnus pungens leaf. (2009), J. 
Ethnopharmacol., 126(3): 538-542.

[11] A. Zargari. (1990), Medicinal Plants, Volume 4. 
Tehran University Press,. Tehran, pp. 275-277.

[12] H. Hosseinzadeh, M. Ramezani, N. Namjo. Muscle 
relaxant activity of Elaeagnus angustifolia L. fruit seeds in 
mice. J. Ethnopharmacol. (2003), 84(2-3): 275-278.  

[13] L.S. Asadiar, F. Rahmani and A. Siami. Assessment 
of genetic variation in Russian olive (Elaeagnus angustifolia) 
based on morphological traits and random amplified 
polymorphic DNA (RAPD) genetic markers. Journal of 
Medicinal Plants Research. (9 March, 2012), Vol. 6(9), pp. 
1652-1661.

[14] M. T. Scarano, L. Abbate, S. Ferrante, S. Lucretti, 
N. Tusa. ISSR-PCR Technique: a useful method for 
characterizing new allotetraploid somatic hybrids of 
Mandarin. Plant Cell Rep. (2002), 20:1162-1166.

[15] O. Gulsen, S. Kaymak, S. Ozongun, A. Uzun. 
Genetic analysis of Turkish apple germplasm using 
peroxidase gene-based markers. Sci. Hort., (2010), 125: 
368–373.

[16] B.P. Celikkol. Genetic characterization of the 
important plum (Prunus sp.) germplasm based on ssr 
markers. Ankara University Graduate School of Natural and 
Applied Science Department of Biyology. (2011), Ankara.

[17] M.P. Reddy, N. Sarla, A. Siddiq. Inter simple 
sequence repeat (ISSR) polymorphism and its application in 
plant breeding. Euphytica, (2002), 128: 9–17.

[18] E. Zietkiewicz, J.A. Rafalski, D. Labuda. Genome 
fingerprinting by simple sequence repeat (SSR)-anchored 
polymerase chain reaction amplification. Genomics, (1994), 
20: 176–183.

[19] M. Gupta, Y.S. Chyi, J. Romero-Severson, J.L. 
Owen. Amplification of DNA markers from evolutionarily 
diverse genomes using single primers of simple-sequence 
repeats. Theoretical and Applied Genetics, (1994), 89, (7–8), 
998–1006.

[20] B. Bornet and M. Branchard. Nonanchored inter-
simple sequence repeat (ISSR) markers: Reproducible and 
specific tools for genome fingerprinting. Plant Mol Biol 
Reporter, (2001), 19: 209–215.

[21] D.G. Wang, J.B. Fan, C.J. Siao, A. Berno and et 
al. Large-Scale Identification, mapping and genotyping of 
Single-Nucleotide Polymorphisms in the human genome. 
Science, (1998), 280, (5366), 1077-1082.

[22] L.S. Asadiar, F. Rahmani, A. Siami. Assessment of 
genetic variation in Russian olive (Elaeagnus angustifolia) 
based on morphological traits and random amplified 
polymorphic DNA (RAPD) genetic markers. Journal of 
Medicinal Plants Research, (2012), Vol. 6(9), pp. 1652-
1661.

[23] J. J Doyle, J. L. Doyle. A rapid DNA isolation 
procedure for small quantities of fresh leaf material. 
Phytochemical Bulletin, (1987), v. 19, p. 11-15.

[24] A. Uzun, O. Gülşen, G. Kafa, U. Seday, Ö. Tuzcu, 
T. Yeşiloğlu. Characterization for yield, fruit quality, and 
molecular profiles of lemon genotypes tolerant to ‘Mal 
Secco’ disease, Scientia Horticulturae, (2009), 122, 556-
561. 

[25] F.J. Rohlf, (2000). NTSYS-pc, Numerical 
Taxonomy and Multivariate Analysis System, Version 2.11. 
Setauket, NY, USA: Exeter.

[26] A. Uzun, B. Celik, T. Karadeniz, K.U. Yilmaz, C. 
Altintas. Assessment of fruit characteristics and genetic 
variation among naturally growing wild fruit Elaeagnus 
angustifolia accessions. Turk. J. Agric. For. (2015), 39: 286-
294.


