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ABSTRACT                        The olive tree (O. europaea subsp. europaea var. europaea) is an ancient economic 
plant species with both cultivated and wild forms. In the present study, simple sequence repeat; 
SSR and inter simple sequence repeat; ISSR markers were used to study the genetic variation 
present in a few wild olive (O. europaea subsp. cuspidata) populations growing in the southern 
and western parts of Iran. Five SSR loci were analyzed which showed the presence of 12.6 alleles 
in average. The observed heterozygosity obtained for SSR markers ranged from 0.444 to 0.795 
(mean value = 0.625), while Shannon index and polymorphic information content ranged from 
1.46 (UDO99-043) to 2.47 (DCA3) and 0.620 (UDO99-43) to 0.871 (DCA3) respectively. Similarly 
ISSR analysis produced a total of 41 reproducible bands ranging from 240 bp (UBC-807) to 1750 
bp (UBC823). The highest Nei’s genetic diversity as well as Shannon index was obtained for 
UBC823 locus (0.37 and 0.54 respectively). Kerman population had the highest mean number 
of alleles while Jareh population showed the lowest number of alleles. Analysis of molecular 
variation (AMOVA) showed significant difference (p < 0.05) both among and between olive 
populations for SSR supported by Fst pair-wise test. The highest value of within population ISSR 
genetic diversity occurred in Pahtak population, while Jareh population showed the highest 
value of among populations genetic diversity. UPGMA and NJ dendrograms obtained based on 
SSR and ISSR markers grouped the individuals of each population together in a distinct cluster, 
separated from the other populations due to their genetic distinctness.
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Materials and Methods

Plant materials

Microsatellite and ISSR assay 

Data analysis

Figure 1. Distribution map and localities of wild olive (O. cuspidata 
subsp. cuspidata) populations studied. Population codes: 1-5: Pahtak, 
Geno, Homag, Bokhoon, and Anveh populations of Hormozgan 
province; 6: Jareh population of Khoozestan province; 7: Khersan 
population of Charmahal-Bakhteyari province; 8: Kerman population 
of Kerman province.



Results

Microsatellite and ISSR diversity

Population diversity and genetic relationships

Table 1. SSR alleles studied, their size range, number of alleles 
(Na), number of effective alleles (Ne), Shannon Index (I), ob-
served heterozygosity (Ho), expected heterozygosity (H    e) and 
polymorphic information content (PIC).

Locus Size range Na Ne I Ho H    e PIC

ssrOeUA-DCA03 226-286 17 8.42 2.47 0.795 0.892 0.871
ssrOeUA-DCA09 160-204 12 8.32 2.27 0.486 0.891 0.868
ssrOeUA-DCA11 113-200 14 8.15 2.3 0.692 0.888 0.866
UDO99-011 97-144 13 7.3 2.2 0.707 0.873 0.844
UDO99-043 115-221 8 2.79 1.46 0.444 0.642 0.62
Mean -- 12.6 7 2.14 0.625 0.839 0.814

Locus Size range N P% Ne I h

UBC807 (AG)8T 240-1600 15 86.67 1.50 (0.34) 0.45 (0.24) 0.30 (0.18)
UBC811 (GA)8C 370-1400 7 100 1.55 (0.31) 0.50 (0.19) 0.33 (0.15)
UBC823 (TC)8C 300-1750 11 99 1.66 (0.35) 0.54 (0.21) 0.37 (0.16)
UBC849 (GT)8YA 350-1400 8 100 1.57 (0.35) 0.50 (0.21) 0.33 (0.16)
Mean (SE) --- 41 92.6 1.57(0.33) 0.49(0.21) 0.33(0.16)

Table 2. ISSR alleles studied, their size range, number of alleles (N), percentage of polymorphism (P%), number of effective alleles 
(Ne), Shannon Index (I), Nei’s genetic diversity (h) and Standard Error (SE).



Table 3. Genetic parameters in the wild olive. (Ho observed Hetrozygosity, H    e expected Hetrozygosity, PIC Polymorphic Information 
Content, Ne Number of effective allele).

Populations SSR loci
Indices

DCA3 DCA9 DCA11 UDO11 UDO43 Mean

Bokhoon No. Alleles 6 4 6 2 2 4
No. Unique alleles 4 1 4 0 0 1.8
Ho 1.00 0.500 0.750 0.500 0.667 0.683
H    e 0.929 0.821 0.929 0.429 0.533 0.728
PIC 0.786 0.667 0.786 0.305 0.346 0.578
Ne 5.33 3.55 5.33 1.60 1.80 3.52
Shannon’s Index 1.73 1.32 1.73 0.56 0.63 1.19

Anveh No. Alleles 5 4 5 4 3 4.2
No. Unique alleles 3 2 2 2 1 2
Ho 1.00 0.750 0.750 0.250 0.500 0.650
H    e 0.857 0.750 0.893 0.750 0.607 0.771
PIC 0.712 0.605 0.746 0.605 0.468 0.627
Ne 4.00 2.90 4.57 2.90 2.13 3.30
Shannon’s Index 1.49 1.21 1.50 1.21 0.90 1.27

Khersan No. Alleles 2 2 3 2 3 2.4
No. Unique alleles 0 0 1 0 1 2
Ho 1.00 1.00 0.750 1.00 1.00 0.950
He 0.600 0.667 0.607 0.571 0.733 0.636
PIC 0.375 0.375 0.468 0.375 0.535 0.426
Ne 2.00 2.00 2.13 2.00 2.57 2.14
Shannon’s index 0.69 0.69 0.90 0.69 1.01 0.79

Homag No. Alleles 3 2 2 3 1 2.2
No. Unique alleles 2 1 2 2 0 5
Ho 0.50 0.50 1.00 1.00 0.00 0.600
He 0.833 0.50 1.00 0.833 0.00 0.633
PIC 0.555 0.301 0.375 0.555 0.00 0.358
Ne 2.66 1.60 2.00 2.66 1.00 1.98
Shannon’s index 1.03 0.56 0.69 1.03 0.00 0.66

Jareh No. Alleles 2 2 2 1 2 1.8
No. Unique alleles 0 2 1 0 1 4
Ho 1.00 1.00 0.500 0. 00 0.500 0.80
He 0.667 1.00 0.500 0. 00 0.500 0.533
PIC 0.375 0.375 0.305 0. 00 0.305 0.272
Ne 2.00 2.00 1.60 1.00 1.60 1.64
Shannon’s index 0.69 0.69 0.56 0.00 0.56 0.50

Pahtak No. Alleles 4 4 4 4 1 3.4
No. Unique alleles 1 0 3 2 0 6
Ho 1.00 0.750 0.750 0.750 0.00 0.650
He 0.821 0.857 0.643 0.750 0.00 0.614
PIC 0.667 0.703 0.524 0.605 0.00 0.500
Ne 3.55 4.00 2.28 1.00 2.90 2.75
Shannon’s index 1.32 1.38 1.07 0.00 1.21 0.99

Kerman No. Alleles 9 4 3 1 6 4.6
No. Unique alleles 6 0 1 0 3 10
Ho 0.750 0.375 0.857 0.00 0.625 0.521
He 0.858 0.725 0.604 0.00 0.800 0.598
PIC 0.787 0.624 0.465 0.00 0.712 0.518
Ne 5.12 3.12 2.28 1.00 4.0 3.10
Shannon’s index 1.92 1.24 0.89 0.00 1.54 1.12



Table 3. Continued.

Geno No. Alleles 7 5 3 5 1 4.2
No. Unique alleles 5 2 0 3 0 10
Ho 1.00 0.400 0.600 1.00 0.00 0.600
He 0.911 0.822 0.689 0.800 0.00 0.644
PIC 0.798 0.701 0.548 0.676 0.00 0.545
Ne 1.55 1.55 2.16 2.50 4.57 2.47
Shannon’s index 0.65 0.65 0.92 1.06 1.63 0.98

Cultivars No. Alleles 3 3 3 4 6 3.8
No. Unique alleles 1 1 0 2 2 6
Ho 0.286 0.143 0.500 0.875 1.00 0.560
He 0.385 0.385 0.575 0.642 0.833 0.564
PIC 0.325 0.325 0.482 0.525 0.748 0.481
Ne 5.55 3.84 2.63 1.00 3.57 3.32
Shannon’s index 1.83 1.47 1.02 0.00 1.41 1.15

Figure 2. NJ dendrogram of SSR data. Populations abbreviations: A = Anveh, B = Bokhoon, D = Dezful cultivar, DK = Dakal cultivar, G = Geno, 
H = Homag, J = Jareh, K= Kerman, KH = Khersan and P = Pahtak. 

Figure 2. 



Discussion

Table 4. Genetic parameters in wild olive population. (Ne = Number of effective allele, I = Shannon Index, Hpop = Heterozygosity at 
population level and Hsp = Heterozygosity at species level).

Population Polymorphism% Ne I No. Unique 
allele

Nei’s genetic 
diversity

Hpop /Hsp Hsp - Hpop/ Hsp

Bokhoon 29.27 1.14 (0.24) 0.14(0.23) 3 0.09 (0.15) 0.28 0.72
Anveh 34.15 1.19 (0.31) 0.17(0.26) 2 0.11(0.17) 0.33 0.67
Khersan 17.00 1.12 (0.27) 0.10(0.23) 0 0.07(0.16) 0.21 0.79
Homag 0.00 0.00 0.00 0 0.00 0.00 0.00
Jareh 9.76 1.07 (0.21) 0.06(0.18) 0 0.04 (0.12) 0.12 0.88
Pahtak 41.46 1.26 (0.37) 0.22(0.28) 3 0.15 (0.20) 0.45 0.54
Kerman 26.83 1.17 (0.32) 0.14(0.25) 2 0.10 (0.17) 0.29 0.71
Geno 19.51 1.14 (0.32) 0.11(0.24) 2 0.08 (0.17) 0.23 0.77

Table 5. Analysis of molecular variance (AMOVA) in 9 populations. (P- values are estimated using 10100 random permutation).

Source of variation Degree of freedom Sum of squares Variance component Percent of variation P-value

Among population 8 28.397 0.28835             22.56 <0.05
Within population 73 72.237        0.98955 77.44 <0.05
Total 81 100.634 1.27791
Fixation Index     FST: 0.22565

Table 6. Nei’s standard genetic identity (upper diagonal) and pair-wise Fst values (lower diagonal) among wild olive populations 
studied.

population Bokhoon Anveh Khersan Homag Jared Pataki Kerman Cultivar Geno

Bokhoon 0.633 0.094 0.466 0.102 0.566 0.509 0.010 0.841
Anveh 0.099 0.178 0.553 0.216 0.678 0.558 0.118 0.741
Khersan 0.278 0.209* 0.109 0.210 0.058 0.114 0.258 0.098
Homag 0.069 0.029 0.194 0.139 0.557 0.685 0.092 0.751
Jareh 0.380 0.282 0.487 0.351 0.050 0.034 0.398 0.136
Pahtak 0.152* 0.117* 0.324* 0.111 0.369 0.636 0.089 0.680
Kerman 0.160* 0.153* 0.231* 0.013 0.351* 0.205* 0.090 0.725
Cultivar 0.363* 0.286* 0.321* 0.265 0.412* 0.332* 0.296* 0.179
Geno 0.018 0.062 0.230* -0.005 0.274* 0.148* 0.081* 0.240*

*Significant at 0.05 (P-value<0.05). P-values are estimated 10100 permutation. 



Figure 3. UPGMA dendrogram of ISSR markers in wild olive populations studied.
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