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More recently the use of different molecular markers in fruit species to 

determine particularly genetic diversity, genetic relationships and cultivar identification 
has been gained more importance. In the study, 13 randomly amplified polimorfic DNA 
(RAPD) and 4 inter-simple sequence repeat (ISSR) markers were used to evaluate 
genetic relationships among 95 almong accessions (26 foreign cultivars and 69 national 
cultivars and selections). The all plant material found in Almond Germplasm 
Repository in Gaziantep, Turkey. Both RAPD and ISSR markers distinguished the 
almond cultivars and selections in various levels. 17 RAPD and ISSR markers yielded a 
total of 73 scorable bands, which 51 are polymorphic. The two marker system exhibited 
variation with regard to average band sizes and polymorphism ratio. The average 
polymorphism was higher in ISSR (88%) compared to RAPD (74%). RAPD and ISSR 
marker systems were found to be useful for determining genetic diversity among 
almong genotypes and cultivars. Combining of two dendrograms obtained through these 
markers show different clustering of 96 almond specimens without geographical 
isolation. These results supported that almonds in Turkey indicated considerable genetic 
diversity. 
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INTRODUCTION 
         The almond (Prunus dulcis (Miller) D.A. Webb, syn. Prunus amygdalus Batsch) is a 
species of tree native to the Middle East and South Asia.  "Almond" is also the name of the 
edible and widely cultivated seed of this tree (SORKHEH et al., 2007; COLIC et al., 2012).  
 Almond species grow in regions of the world that are characterized as having a 
subtropical Mediterranean climate, with mild wet winters and warm, dry summers. Therefore, 
the almond production is concentrated in some regions (Mediterranean and Asian countries and 
California with limited amounts in Argentina, Chile, South Africa and Australia) of the world 
(SORKHEH et al., 2007; SIMSEK and DEMIRKIRAN, 2010). 
 Almond is considered an important tree crop in Turkey and the almond was grown on 
all the areas except coast of East Black Sea region and high plateau of Turkey. Due to almond’s 
tolerance to drought and salinity (SORKHEH et al., 2011), it is preferable grown most parts of the 
country by farmers (ERCISLI, 2004).  
 Currently almond commercial cultivars grown throughout world have relatively narrow 
genetic background that is the main challenges of almond breeding studies. Therefore to increase 
genetic variation in almond, local cultivars and selected genotypes, which could be, include 
some special genes or gene combinations are getting more and more importance. (SORKHEH et 

al., 2007).  
 The identification of varieties of plants has become increasingly important to the 
documentation of genetic resources and to the protection of the breeders’ interests. Farmers need 
positive identification for the protection of their proprietary rights on varieties. The grower needs 
assurance that the seed lot is of the variety he intends to use. Processors must be assured of 
varietal identity and that it is free from mixtures (KAFKAS et al., 2008; SORKHEH et al., 2010; KOC 
and BILGENER, 2013; ERAYMAN et al., 2014).  

Examination of plant morphological characteristics including tree phenology, leaf 
characteristics and kernel-seed characteristics are the standard method of identifying almond 
cultivars (COLIC et al., 2007; YILDIRIM et al., 2007; SIMSEK and DEMIRKIRAN, 2010; SORKHEH et 

al., 2010; COLIC et al., 2012). However not all of them can be distinguished on this basis. Several 
biochemical techniques have been used to complement morphological examination of almond 
cultivars, and most of them rely on variations among chemical content (COLIC et al., 2012).  
Nevertheless, characterization with these kinds of markers was not very efficient for almond 
variety identification because this approach is slow and subject to environmental influences 
mainly due to the long generation time and the large size of the fruit trees. 

While preserving genetic resources of fruit trees in gene banks is generally difficult to 
handle and might not be exhaustive, precise identification of landraces in farm is highly 
recommended. Furthermore, the correct evaluation of relatedness is capital for efficient genetic 
resource management and for maintaining enough variability for breeding programs (HALASZ et 

al., 2010; HEGEDUS et al., 2013). 
DNA-based markers provides more basic information and, because these markers are 

not affected by the environment, conclusions and interpretations are more reliable (SORKHEH et 

al., 2009; NIKOUMANESH et al., 2011; BADRI et al., 2014; KACAR et al., 2014). 
Therefore more recently a number of studies were performed in order to evaluate the 

level of genetic variability in almond using various types of markers including RAPDs, ISSRs, 
AFLPs, SSRs and SNPs (MARTINS et al., 2003; SHIRAN et al., 2007; SORKHEH et al., 2007; WU et 

al., 2008; MAHMOUDI and GHAFFARIAN, 2011; GOUTA et al., 2013). These studies find high 
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levels of variation and heterozygosity among almond genotypes and suggesting the use of 
different genotypes in breeding programs and in the design of new crosses. Also these studies 
showed that almond is highly variable and heterozygous due to its self-incompatibility. 

On the other hand, Turkish almond varieties have been poorly characterized so far and 
to characterize them by molecular markers will help more reliable identification of the material. 
In addition, nothing known about the relationships between Turkish and foreign almond 
genotypes and cultivar. Some foreign cultivars introduced to Turkey many years ago, but their 
original names have been lost and mislabeled and remains unidentified.  
 The objectives of the present study are to investigate the genetic diversity of major 
Turkish almond genotypes/cultivars and to identify their relationship to important foreign 
cultivars in order to establish a base line to assist future conservation and breeding programmes 
of this species. Also we aim to report the usefulness of RAPD and ISSR for the assessment of 
genetic diversity and relationships among almond specimens. 

 
MATERIALS AND METHODS 

Plant material 

Ninety-five almond (Prunus dulcis) specimens found together in “Pistacio Research 
Institute” (Southern Anatolia in Turkey) were used in this study. The specimen numbers and 
country of origin are listed in Table 1. 
 

Table 1. Ninety-five almond (Prunus dulcis) specimens 

Accession 

No on 

dendrogram 

Accession name Cultivar/ 

Selection 

 

Origin Accession 

No on 

dendrogram 

Accession name Cultivar/ 

Selection 

 

Origin 

1 PRIMORSKI cultivar FOREIGN 49 HACIALIBEY cultivar TURKEY 

2 28/40 selected TURKEY 50 PEERLES cultivar FOREIGN 

3 2828 selected TURKEY 51 2854 selected TURKEY 

4 2899 selected TURKEY 52 47/2 selected TURKEY 

5 2804 selected TURKEY 53 28/50 selected TURKEY 

6 2875 selected TURKEY 54 2773 selected TURKEY 

7 MARTA cultivar FOREIGN 55 D LARGUETTA cultivar FOREIGN  

8 2896 selected TURKEY 56 N.PLUS ULTRA cultivar  FOREIGN 

9 2897 selected TURKEY 57 2862 selected TURKEY 

10 2886 selected TURKEY 58 SÜPER NOVA cultivar  FOREIGN 

11 D3/2 selected TURKEY 59 101/13 selected TURKEY 

12 47/5 selected TURKEY 60 YALTINSKI cultivar  FOREIGN 

13 42/27 selected TURKEY 61 2903 selected TURKEY 

14 101/9 selected TURKEY 62 PICANTILI cultivar  FOREIGN 

15 2877 selected TURKEY 63 48/6 selected TURKEY 

16 106/1 selected TURKEY 64 T2 selected TURKEY 

17 3304 selected TURKEY 65 48/6 selected TURKEY 

18 

FALSE 

BARESE cultivar FOREIGN 66 2836 selected TURKEY 

19 2861 selected TURKEY 67 2904 selected TURKEY 

20 2834 selected TURKEY 68 5009 selected TURKEY 
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21 42/02 selected TURKEY 69 GUARA cultivar  FOREIGN 

22 2839 selected TURKEY 70 FERRAGNES cultivar  FOREIGN 

23 21.MAR selected TURKEY 71 TEM.22 selected TURKEY 

24 2866 selected TURKEY 72 2851 selected TURKEY 

25 48/4 selected TURKEY 73 2816 selected TURKEY 

26 2999 selected TURKEY 74 AYLES cultivar  FOREIGN 

27 2790 selected TURKEY 75 2898 selected TURKEY 

28 29.EKI selected TURKEY 76 3305 selected TURKEY 

29 2806 selected TURKEY 77 GARRIGUES cultivar  FOREIGN 

30 17.NIS selected TURKEY 78 PABUÇ cultivar TURKEY 

31 2817 selected TURKEY 79 48/2 selected TURKEY 

32 2901 selected TURKEY 80 BERTINA cultivar  FOREIGN 

33 3026 selected TURKEY 81 DOKUZOĞUZ cultivar TURKEY 

34 2870 selected TURKEY 82 CRISTOMORTO cultivar  FOREIGN 

35 2880 selected TURKEY 83 GÜLCAN2 cultivar TURKEY 

36 2771 selected TURKEY 84 48/1 selected TURKEY 

37 2845 selected TURKEY 85 42/14 selected TURKEY 

38 30/24 selected TURKEY 86 NIS.21 selected TURKEY 

39 48/5 selected TURKEY 87 FERRADUEL cultivar FOREIGN 

40 05.OCA selected TURKEY 88 MONCAYO cultivar  FOREIGN 

41 T4 selected TURKEY 89 MARCONA cultivar  FOREIGN 

42 2824 selected TURKEY 90 TEKSAS cultivar  FOREIGN 

43 AKBADEM cultivar TURKEY 91 NONPAREIL cultivar FOREIGN  

44 NIKITSKI cultivar FOREIGN 92 2902 selected TURKEY 

45 SANORA cultivar FOREIGN 93 06.ARA selected TURKEY 

46 09.EKI selected TURKEY 94 TUANA cultivar FOREIGN  

47 50/07 selected TURKEY 95 DRAKE cultivar FOREIGN 

48 DAVEY cultivar FOREIGN     

 

DNA isolation and PCR procedure 

Total genomic DNA was extracted from fresh leaf tissue of 95 almond accessions 
(Table 1) for molecular analysis using the well known CTAB procedure. DNA concentration 
was measured with a microplate spectrophotometer (BioTek Instruments, Inc., Vinooski, USA), 
and 10 ng/mL DNA templates were made using TE (10 mM Tris– HCl, 0.1 mM EDTA, pH 8.0). 
A total 13 RAPD and 4 ISSR primers were used for all almond genotypes (Table 2). In RAPD 
analysis, amplification reactions were performed in 25 ml volumes containing 1X PCR buffer, 
1.5 mM MgCl2, 200 mM deoxynucleotide triphosphates (dNTPs), 15 ng decamer primer, 0.7 
unit Taq DNA polymerase (Fermentas) and 10 ng of total genomic DNA.  DNA amplification 
reactions were performed as follows: initial predenaturation step at 95 C for 3 min, followed by 
40 cycles of 1 min at 94 C, 1 min 35 C and 2 min at 72 C followed by 10 min incubation period 
at 72 C.  

ISSR amplifications were performed in a volume of 20 ml containing 10 ng total DNA, 
1XPCR buffer (Fermentas), 2.0 mM MgCl2, 200 mM dNTPs, 1 mM oligodeoxynucleotide 
primer and 1 units Taq DNA polymerase (Fermentas). DNA amplification reactions were 
performed as follows for ISSR primers: an initial denaturation tep at 95C for 3 min; 35 cycles of 
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45 s at 95C; 45 s ; 55 C at 45 s specific annealing temperature and 1 min at 72 C; one last 
extension step of 7 min at 72 C.  

PCR products were separated on 2% agarose gel in 1 x TBE buffer (89 mM Tris, 89 
mM Boric acid, 2 mM EDTA) at 115 volt for 3 h for RAPD and ISSR PCR products. The 
fragment patterns were photographed under UV light for further analysis. A 100 bp standard 
DNA ladder as the molecular standard in order to confirm the appropriate markers were used for 
RAPD and ISSR analysis. 
 
Data analysis 

Molecular analysis was carried out as follows: each band was scored as present (1) or 
absent (0) and data were analyzed with the Numerical Taxonomy Multivariate Analysis System 
(NTSYS-pc) software package (ROHLF, 2000). A similarity matrix was constructed using RAPD 
and ISSR data. Then, the similarity matrix was used to construct a dendrogram using the 
UPGMA (unweighted-pair group method arithmetic average) to determine genetic relationships 
among the accessions studied.  
 

RESULTS AND DISCUSSION 
 

Identification and evaluation of RAPD and ISSR primers for diversity estimation 

 95 almond accessions of diverse origin (Table 1.) were assessed using the 13 selected 
RAPD primers. 
 Amplification products of the 95 foreign and Turkish almond accessions with 13 RAPD 
primers yielded a total of 77 scorable bands and out of 55 of them were found polymorphic 
(Table 2). The average polymorphism ratio among 95 almond accessions was found to be as 
74% by using these 13 RAPD primers. The highest number of bands (9) was obtained with 
primer TIBMBB07 and OPAVY17, while the lowest number (2) was obtained with primer RP18 
(Table 2). Different primers showed the various level of variation in their ability to detect 
polymorphism. The highest polymorphism ratio was observed in primer OPBF01 and OPBA08 
as 100% while the lowest polymorphism occurred in primer OPAV17 as 11.1% (Table 2). The 
size of amplified fragments ranged between 100 and 1000 bp for all primers.  

Previously Randomly amplified polymorphic DNA (RAPD) and inter-simple sequence 
repeat (ISSR) markers were used to analyse the genetic diversity of Portuguese Prunus dulcis 
cultivars and their relationship to important foreign cultivars. In the study, of the primers tested, 
6 (out of 60) RAPD and 5 (out of 18) ISSR primers were selected for their reproducibility and 
high polymorphism. The 6 RAPD markers resulted 124 polymerase chain reaction fragments that 
were scored, 120 (96.8%) were polymorphic (MARTIN et al., 2003). However RESTA et al. (1998) 
obtained 60.4% polymorphism ratio among almond accessions by using RAPD markers. 58 
almond (Prunus dulcis Mill.) cultivars from the National Collection of Ettaous (Sfax, Tunisia), 
including local, Mediterranean, and North American cultivars, were examined using 12 random 
amplified polymorphic DNA (RAPD) markers. All the decamer primers revealed polymorphism. 
The number of polymorphic bands varied from 6 (with primers OP-A01, OP-A05, OP-A019, 
OP-B10, OP-B04, and OP-C10) to 13 (primer OP-B05) (GOUTA et al., 2008). RAPD technique 
provides a quick and economical method of generating molecular data. GARCIA-MAS et al. (2000) 
suggested that RAPD, AFLP, and RFLP markers may be equally effective and informative for 
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detecting genetic polymorphism. MIR ALI and NABULSI (2003) used 39 RAPD primers with 19 
almond cultivars and obtained average 4.5 fragments per primer.  

 
Table 2. Observed polymorphism with 13 RAPD and 4 ISSR primers in almond accessions 

Marker Primers Band size 
(bp) 

Total bands 
number 

Polimorphic 
band number 

Polymorphism 
(%) 

RAPD RP18 800-500 2 1 50.0 

RAPD TIBMBB07 1000-210 9 7 77.8 

RAPD TIBMBB09 1000-340 6 5 83.3 

RAPD OPAD10 1000-250 6 4 66.7 

RAPD OPM05 900-430 6 5 83.3 

RAPD OP107 900-300 6 4 66.7 

RAPD OPF10 1000-240 6 4 66.7 

RAPD OPP14 550-380 3 3 100.0 

RAPD OPAE10 600-260 5 5 100.0 

RAPD OPA13 1000-300 7 4 57.1 

RAPD OPAV17 1000-350 9 1 11.1 

RAPD OPBF01 1000-130 8 8 100.0 

RAPD OPBA08 1000-700 4 4 100.0 

ISSR AG7YC 300-100 6 5 83.3 

ISSR AGC6G 200-140 3 2 66.7 

ISSR GT666 270-120 3 3 100.0 

ISSR CA6AC 500-140 10 10 100.0 

 MEAN  5.82 4.41 75.8 

 TOTAL  99 75 75,8 

 

For ISSR markers, a total of 4 primers (AG7YC, AGC6G, GT666 and CA6AC) were 
used and we found clear and polymorphic patterns analyzing the entire set of 95 almond 
accessions. The number of total and polymorphic band varied from 3-10 and 2-10 among ISSR 
primers. ISSR primers amplified a total of 22 bands out of which 20 bands were polymorphic. 
The percentage of polymorphism is 88%.  The four ISSR primers showed variation in the 
percentage of polymorphism band size. The primers GT666 and CA6AC showed the highest 
values of polymorphism (100%) (Table 2). OTAGVARI et al. (2011) studied on the genetic 
diversity of 19 late flowering almond genotypes in Yazd province of Iran by using 10 ISSR 
markers. 10 selected ISSR primers revealed a total 101 polymorphic bands and the number of 
polymorphic bands varied from 3 to 17 among primers used. Previous studies indicated that 
ISSR markers are proper tools for recognition of genotypes and wild species of almond 
(MARTINS et al., 2003; OTAGVARI et al., 2011). Although the number of genotypes used in this 
work does not represent the total diversity of Turkish almond germplasm, considerable genetic 
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diversity was shown to be present. The results of this study clearly demonstrate that RAPD and 
ISSR markers are suitable for the detection of genetic variation in almond, and support their 
ability to distinguish between cultivars and to clarify synonyms and homonyms. 
 

Genetic diversity and clustering based on RAPD and ISSR polymorphism data 

 The dendrogram obtained by the UPGMA method using the total number of amplified 
RAPD plus ISSR fragments had a cophenetic correlation of 0.90 and most of the clusters and 
subclusters of the dendrogram had values of cophenetic correlation higher than 0.85, giving a 
good degree of confidence in the associations obtained for the accessions. 
 The dendrogram consists of nine main clusters (Fig. 1). The foreign cultivar ‘Primorski’ 
and local selection ‘2880’ are found to be as outgroup on dendrogram.  
  

 

Fig. 1. Dendrogam of the 95 almond accessions in this study obtained with the dice similarity coefficient 
and UPGMA cluster analysis using RAPD and ISSR markers  

 

 There were no identical accessions on dendrogram. Cluster I included foreign ‘Primorski’ 
cultivar. A large number of accessions are clustered together in Cluster II. In the Cluster II, there 
were 63 accessions clustered together and these 63 accessions including local selections, foreign 
cultivars and local cultivars as well.  
 Among the studied accessions, the most genetic similarity is seen between accessions 
‘Picantili’ and ‘Nonpareil’. Similarity and genetic closeness of some studied accessions may 
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arise from having the same origin or geographic similarity of their cultivation and breeding 
areas. 
 The third cluster included foreign ‘Moncayo’ and ‘Texas’ cultivars and the 4th cluster 
included 3 local selections and one foreign cultivars ‘Ne Plus Ultra’. The 5th, 6th, 7th, 8th and 9th 
clusters including 1, 2, 1, 2 ans 1 accessions which all of them are local selections from Turkey 
(Fig. 1).  
 In general clusters, particularly sub-clusters were formed which contained Turkish local 
selections only, foreign cultivars only or mixtures with foreign and local cultivars indicating 
some relation with them. That mean both dendrograms based on RAPD plus ISSR markers do 
not show geographic profiling between almond specimens (Fig. 1). This could be probably due 
to gene flow among population and among groups. On the other hand, the easy germination and 
transportation of almond seeds could also allow significant gene flow and transfer among 
different regions and countries. However we did not find very close relationships between local 
and foreign cultivars as well. Considering the self-incompatible nature of the almond plants, it 
may be concluded that the domesticated genotypes and those cultivated in studied regions, have 
had little mixture with alien almond germplasm. 

The results highlighted that genetic variation among accessions is not always related to 
their geographical origin but is likely the result of human selection and spread of the most 
valuable genotypes. However this selection, despite the probably narrow initial genetic basis, did 
not reduce the genetic variability in the different areas where almond has been spread into 
cultivation. This is in agreement with recent findings of EL HAMZAOUI et al. (2013) for Moroccan 
almond.  

CONCLUSIONS 
The genetic diversity of P. dulcis cultivars was high and RAPD plus ISSR markers discriminate 
all almond accessions analysed. Molecular results using nuclear DNA markers show that the 
Turkish genotypes, with the exception of some, are genetically different from major foreign 
varieties and local cultivars and therefore form a separate genetic pool. The presence of a large 
genetic variability expressed by the both local and selected accessions point out the importance 
of the country for almond genetic resources.  
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Izvod 

Ova ispitivanja su vršena korišćenjem 13 RAPD i 4 ISSR markera u utvrđivanju 
genetičkog odnosa među 95 genotipova (26 stranih sorata i 69 nacionalnih sorata i selekcija). 
Ispitivani uzorci su iz Repozitorijuma germplazme badema u  Gaziantepu, Turska. Korišćenjem 
molekularnih, RAPD i ISSR markera, utvđšene su razlike sorata i selekcija badema na različitim 
nivoima. 17 RAPD i ISSR markera su dali ukupno 73 alela od kojih su  51 polimorfni. Prosečan 
ISSR marker polimorfizam je bio viši (88%) u poređenju sa RAPD markerima (74%).  Rezultati 
ukazuju na značajnu genetičku divergentnost badema u Turskoj.  
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