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Abstract  

Morphological characters, along with three different random PCR based markers, (ISSR, SCoT, and RAMP) were 

used to characterize and to assess the genetic diversity among the main nine olive cultivars in El-Arish, Egypt. 

Analyses of 16 morphological characters revealed the existence of a recorded genetic variability among the studied 

cultivars. Moreover, 12 ISSR primers, 13 SCoT primers, and 11 RAMP primer combinations (PCs) produced 197, 

242, and 172 of total loc with 163, 236, and 140 of them being polymorphic respectively. Average polymorphism 

information content (PIC value) of 0.26, 0.31, and 0.26 detected for ISSR, SCoT, and RAMP markers respectively.  

Based on morphological and the selected molecular markers, the nine olive cultivars were grouped in two distinct 

clusters. The highest genetic similarity observed was that between Teffahi and Ageezi, while the least similarity 

was that recorded between Ageezi Shami and Koroneiki.  

The tested marker systems would serve as a complementary tool to provide a more complete understanding of the 

diversity available in olive populations in Egypt. 
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Introduction 

Olive (Olea europaea sub. sp europaea var. europaea) 

was cultivated for thousands of years because of its rich 

genetic pool, its remarkable cultural and economic 

importance, and its drought and salt-tolerant trees. 

Because of the wide variety of cultivars and accessions, 

the olive has, a good knowledge of its genetic variation 

as well as the relationships between olive cultivars is 

important for the development of better olive 

cultivations.  It is also important to study less common 

cultivars that are considered an important pool for olive 

genetic diversity that is affected by the introduction of 

commercial cultivars to the modern olive orchards. 

Thus, it is important to correctly identify the olive 

cultivars under study.  
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Different characters were used to measure the genetic 

variability between olive resources worldwide 

(Muzzalupo et al., 2014) as well as in Egypt (Hegazi et 

al., 2012). Traditionally, morphological traits were 

used to characterize olive trees. However, certain 

limitations associated with these traits; being affected 

by environmental factors as well as the need for 

observations of the mature plants have made them less 

popular in germplasm identification (Belaj et al., 2011).   

Molecular markers offered more robust and reliable 

tools for germplasm characterization and diversity 

analysis to complement morphological analyses. 

Different authors used RAPDs (Kaya and Yilmaz-

Gokdogan, 2015), AFLPs (Grait-Kamoun et al., 2006), 

SSRs (Richards et al. 2009), and SNPs (Le Cunff et al. 

2008). This trend is increasingly being used for this 

purpose either alone and/ or in combination with 

phenotypic traits; combined morphological characters 

with SSR (Sorkheh and Khaleghi, 2016); and with 

RAPD (Parra-Lobato MC et al., 2012) to better 

characterize olive germplasm.  

Inter-simple sequence repeats (ISSR) marker amplifies 

repeaters’ anchored between SSRs. It is characterized 

by being highly informative; reproducible as well as 

being polymorphic. The start codon targeted (SCoT) 

marker is based on the short-conserved region in plants 

that flanking the start codon. It is characterized by 

being highly reproducible; requires no prior sequence 

information and being correlated to functional genes.  

Another high polymorphic marker is the Random 

Amplified Microsatellite Polymorphism (RAMP). 

RAMP combines two markers; random amplified 

polymorphic DNA (RAPD) and inter simple sequence 

repeat (ISSR). It is characterized by being highly 

polymorphic as well as being widely distributed 

throughout the genome and above all, it is a low-cost 

marker.  

The present work reports the employment of 

morphological traits and PCR-based molecular 

markers (ISSR, SCoT, and RAMP) to characterize 

genetic diversity and relationships among nine olive 

cultivars that the most common in Arish, Egypt. Also, 

a comparison between these approaches was carried out 

to assess their efficiency in evaluating genetic diversity 

levels and to efficiently explore cultivar identity and 

the relationships among the olive cultivars under study. 

 Materials and Methods 

Plant Materials and Morphological characters 

Thirty replicates from each cultivar were used to test 

the morphological and molecular variations among the 

9 olive cultivars from El-Arish, North Sinai 

governorate (Table 1). The morphological 

characteristics were used to distinguish olive cultivars 

based on those described by the International Olive 

Council (COI, 1997). Morphological characters were 

measured manually and recorded for 16 selected 

characters including leaf characters (5 characters), 

shoot characters (7characters), and flower (4 

characters) (Table 2).  

Table (1):  List of the nine olive cultivars studied and 

their corresponding country of origin. 

 Cultivar Origin 

1 Chemlali Tunisia 

2 Ageezi Shami Egypt 

3 Manzanillo Spain 

4 Frantoio Italy 

5 Coratina Italy 

6 Koroneiki  Greece 

7 Teffahi Egypt 

8 Kalamata Greece 

9 Picual Spain 

 

Genomic DNA extraction 

Young leaves of olive were used to extract genomic 

DNA using DNeasy plant mini-kit according to 

manual’s directives (Qiagen, Valencia, CA, USA) and 

the concentration and purity of DNA were calculated 

using Thermo Scientific NanoDrop 200 

spectrophotometer at 260 and 280 nm. 

ISSR analysis  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Parra-Lobato%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=22614458
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Out of 24 ISSR-PCR primers (Eurofins, Germany) 

initially tested, twelve of them were further used to 

screen the nine olive cultivars based on the 

reproducible and scorable profiles they produced.  

Primer names and their corresponding sequences are 

shown in Table (3). The reaction was applied in a final 

reaction volume of 25 μl containing  200 μM of dNTPs, 

2 mM of MgCl2 in  1X GoTaq® Flexi buffer, 20 pM of 

primer, 30 ng of template DNA, and 1 U of GoTaq® 

Flexi DNA (Promega; Promega Corporation, USA). 

The amplification process was carried out in a Gene 

Amp® PCR System 9700 thermal cycler (Applied 

Biosystems) and the program applied was: 94°C /5 min 

(1 cycle); [94°C /1 min, 47°C/1 min, 72°C/ 2 min] (40 

cycles); 72°C /7 min (1 cycle) and was stored at 4°C.  

SCoT analysis 

Out of 36 primers, thirteen SCoT primers showed the 

highest polymorphism and were used for further 

identification of the 9 olive cultivars (Table 4). PCR 

amplification were performed in 25 μl volume in 1 X 

of GoTaq Flexi buffer, 1.5 mM MgCl2, 0.2 mM 

dNTPs,  0.20 pmol/ μl for every primer, 1 U GoTaq 

Flexi DNA and 50 ng of template DNA. The 

amplification process was carried out as follows: an 

initial denaturation step at 94 °C for 3 min, followed by 

35 cycles of 94°C for 50 s, 50°C for 1 min, and 72 °C 

for 2 min and a final elongation of 7 min at 72°C.  

RAMP analysis 

The RAMP marker is a combination of RAPD and 

ISSR (Table 5). 30 primer combinations (PCs) were 

initially examined to assess the consistency of the 

products. Eleven PCs were further chosen for the 

analyses. The amplification reaction was performed in 

a 25 μl reaction volume containing 1 X of GoTaq Flexi 

buffer, 2 mM MgCl2, 0.2 mM dNTPs, 20 pmol from 

each primer, 1.5 U GoTaq Flexi DNA, and 30 ng 

template DNA. PCR amplification was programmed 

for 40 cycles after an initial denaturation cycle of 5 min 

at 94°C. Each cycle consisted of 1 min for denaturation 

at 94°C, 1 min for annealing at 38°C, and 2 min for an 

extension at 72°C, followed by a final cycle of 

extension for 7 min at 72°C.  

PCR products for ISSR, ScoT, and RAMP were 

separated and photographed using Imager Gel Doc XR+ 

System provided with Image Lab Software, BioRad. 

The amplified products were compared against the 1 

Kb DNA molecular weight standard (Thermo Gene 

Ruler). 

Data analysis 

Morphological characteristics were analyzed using 

Euclidean distances and the genetic similarity for 

molecular data was calculated using the pairwise 

comparisons according to the Dice coefficient (Dice, 

1945). SPSS software was used to calculate both 

methods and to construct dendrograms based on 

similarity estimates using the unweighted pair-group 

method with arithmetic average (UPGMA) (Sokal and 

Michener, 1958). Mantel test (Mantel, 1967) was 

carried out using the Power Marker program. 

Molecular markers (ISSR, SCoT, and RAMP) results 

were scored as a binary data matrix (existence (1) or 

absent (0). The performances of these markers were 

determined by using; an observed number of alleles 

(Na), effective number of alleles (Ne)  (Hartl and 

Clark,1989), Nei’s gene diversity (H), and Shannon’s 

information index of Diversity (Shannon, 1949) were 

estimated using POPGENE software V1.32 (Yeh et al., 

1997). The Polymorphic Information Content (PIC) 

was estimated using the Power Marker program version 

(3.25) according to Botstein et al. (1980). The 

multiplex ratio (MR) effective multiplex ratio (EMR) 

and the marker index (MI) were calculated according 

to Powell et al. (1996).  

RESULTS AND DISCUSSION 

Qualitative morphological characters; along with 

molecular markers represent a reliable method to 

characterize genetic diversity within species. PCR-

based random markers, i.e. ISSRs, SCoT, and RAMP 



 Journal of Bioscience and Applied Research, 2017, Vol.3, No.4, P.237 -251        pISSN: 2356-9174, eISSN: 2356-9182                    240 
 

were utilized to assess the genetic diversity among the 

main nine olive cultivars grown in El-Arish.  

Morphological Characterization: 

Olive genotypes selected were evaluated using 16 

qualitative morphological characters. These characters 

included leaf, growth, and inflorescence traits that 

exhibited considerable morphological variability 

(Table 2). The most discriminative traits are leaf length, 

leaf width, leaf area, shoot length, feather shoot length, 

and feather internode that showed the highest values of 

diversity, giving a proportion of distinguishable pairs 

higher than other traits. Also, inflorescence characters, 

such as the number of flowers, inflorescence 

length/width, inflorescence width, and several flowers 

showed considerable variability. Nevertheless, 

Hannachi et al., 2008; Zaher H.et al. 2011 and Dastkar 

et al.2013 used leaf characters (length, width, and 

length/width ratio) and fruit characters as a common 

morphological trait to discriminate olive cultivars. The 

high significance recorded between quantitative 

morphological traits could be attributed to the 

consistency of data and low environmental influence 

(Belaj et al., 2011). 

 

 

 

Table 2: Morphological characters data, their corresponding abbreviations of the nine studied olive cultivars.  

Treat Cultivar Chemlali Ageezi  

Shami 

Manzanillo Frantoio Coratina Koroneiki Teffahi Kalamata Picual  

Leaf length LL 5.57bc 3.95d 3.90d 4.27d 4.42d 5.95b 5.17c 7.37a 5.22c 

Leaf width LW 0.85e 1.00cde 1.15bcd 0.95de 1.17bcd 1.25b 1.22bc 1.52a 1.12bcd 

leaf area LA 1.19de 0.99e 1.13de 1.01e 1.29cde 1.85b 1.58bc 2.81a 1.48cd 

Leaf Fresh weight LFW 0.179a 0.074c 0.109bc 0.082bc 0.089bc 0.213a 0.125b 0.224a 0.117bc 

Leaf Dry weight LDW 0.110a 0.052bc 0.06 bc 0.035c 0.052bc 0.136a 0.064bc 0.125a 0.071b 

Shoot length SL 21.25bc 17.75bcd 14.00cd 12.00d 39.62a 23.00b 16.87bcd 15.25bcd 16.50bcd 

Node number NN 10.00a 13.00a 10.25a 10.75a 15.75a 12.50a 11.25a 11.50a 12.75a 

Internode length NFS 2.10ab 1.22c 1.57bc 1.12c 2.67a 2.17ab 1.65bc 1.20c 1.70bc 

No. Feather shoot FSL 2.00b 2.00b 1.25b 1.25b 5.50a 1.50b 2.25b 1.00b 1.50b 

Feather shoot length NFN 5.1abc 6.1ab 2.7c 4.3bc 8.0a 5.5abc 3.87bc 6.2ab 3.2bc 

No.feather interned FIL 3.7bc 4.7ab 3.0cd 4.2abc 4.50ab 5.50a 3.75bc 4.00bc 1.75d 

Feather internode  NN 1.67ab 1.75ab 0.97b 1.17ab 2.02ab 1.10b 1.40ab 1.32ab 2.50a  

Inflorescence  length 
IL 

3.5a    2.5bc  2.4bc  3.1ab   0.50d 3.2ab   3.8a    3.5a    1.9c  

inflorescence width IW 0.75b   0.55bc  0.30c  0.35c  0.25c 1.52a    0.32c  0.52bc  0.42c  

inflorescence length/width LS 8.63abc  4.85bcd 8.08abc  9.41ab   4.15d 2.30cd 12.18a    6.80abc  4.98bcd 

No. flower NF 3.25c  9.25b   4.00c  5.00c  3.45c 15.25a    5.25c  5.25c  6.00c  

abcd different superscripts refer to significant differences, P <0.05 
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Results showed that the highest values for five out of 

the seven growth characters (shoot length, node 

number, internode length, number of feather shoot, 

feather shoot length) were recorded for the cultivar 

Coratina.  Koroneiki had the highest leaf width, dry 

inflorescence width, and several flowers. Interestingly, 

it showed the lowest records for inflorescence 

length/width comparing to the other cultivars under 

study. Leaf characters, except for the width, were 

higher for the cultivar Kalamata. However, Kalamata 

showed the lowest number of feather shoots. The 

highest number of feather internode was recorded for 

the cultivar Picual, while the lowest was recorded for 

Manzanillo. It worth mentioning that, Ageezi Shami 

had the lowest leaf area and fresh weight records. The 

lowest value of Dry weight Shoot length and Internode 

length was recorded in 4. Thus, the olive trees included 

in the study could be discriminated against and 

identified using 17 traits used. 

These results are in agreement with that of Fayek 2014 

who reported that Coratina had longer inflorescence 

and higher flower percentage when compared with 

some Egyptian clones and Coratina and Koroneiki.  

Similarly, Sayed, (2013) found variation in the length 

of inflorescence in 10 imported olive cultivars. 

Moreover, Sorkheh and Khaleghi (2016) discriminated 

against and identified their studied olive trees using 18 

traits. Also, Sheidai et al. (2010) used 24 morphological 

characters to compare between 8 brown olive 

populations of Iran.  

Genotype Identification by ISSR 

ISSR marker is proven to be a highly polymorphic 

marker even between closely related genotypes since 

the non-coding DNA region lacks functional genetic 

constraints (Nahla et al.2014). Interestingly, we 

obtained a reproducible twelve ISSR primers out of 

twenty-four initially tested. A representative Figure 

representing ISSR is shown in Figure (1). Also, Essadki 

et al. (2006) reported that out of the 13 primers tested 

with Moroccan olive cultivars, only four primers 

revealed polymorphic and reproducible results. 

Moreover, Lopes et al. 2007 selected 17 ISSR primers 

out from100 primers tested with 38 olive genotypes. In 

this study, a total of 197 bands were generated by the 

12 primers selected; 163 of them were polymorphic. 

The mean number of bands was 16.4/primer and band 

sizes ranged from 200 bp to 2590 bp.  That is in 

agreement with that obtained by Lopes et al 2007 who 

used 17 ISSR primers and amplified 204 bands, of 

which 180 were polymorphic between 38 Portuguese 

olive cultivars. Also, Gomes et al. (2009) obtained 135 

reproducible bands including 108 polymorphic ones. 

However, they only used eleven ISSR primers 

amplified. Also, Kaya, E. et al. 2015 used 10 ISSR 

primers and obtained a total of 217 bands, 206 of which 

were polymorphic among 40 clones belonging to 8 

Turkish cultivars.  

The highest number of bands recorded in this study (22) 

was that amplified by primer ISSR 03, whereas the 

lowest one (12) was that revealed by primers (ISSR 11, 

ISSR 12, ISSR 14, and ISSR 16) as presented in Table 

3. The level of polymorphism obtained by the ISSR 

marker ranged from 66.7 (for ISSR 04) to 94.4% (for 

ISSR 02) with an average of 82.74%. The latter result 

is in agreement with that previously ranged from 79% 

(Gomes et al. 2009); 88% (Lopes et al 2007); 91.8% 

(Zhan et al 2015) and 94.9% (Kaya et al., 2015). 
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Table 3: ISSR primers used for DNA amplification; their corresponding sequences; the total number of bands; a 

number of polymorphic bands and the percentage (%) of polymorphism. 

Primer 

Name 
Primer sequence (5'→3') 

Total 

Bands 

Polymorphic 

bands 

Polymorphic 

Bands (%) 

ISSR01  AGAGAGAGAGAGAGAGYC 16 15 93.8 

ISSR 02 AGAGAGAGAGAGAGAGY 18 16 94.4 

ISSR 03 ACACACACACACACACYT 22 20 90.5 

ISSR04  ACACACACACACACACYG 18 12 66.7 

ISSR 05 GTGTGTGTGTGTGTGTYG 18 16 88.9 

ISSR 06 CGCGATA GATAGATAGATA 14 13 92.9 

ISSR 11 ACACACACACACACACYA 15 12 80 

ISSR 12 ACACACACACACACACYC 15 12 80 

ISSR 13 AGAGAGAGAGAGAGAGYT 18 13 72.2 

ISSR 14 CTCCTCCTCCTCCTCTT 15 12 80 

ISSR 16 TCTCTCTCTCTCTCTCA 13 12 92.3 

ISSR 18 HVHCACACACACACACAT 15 11 73.3  

TOTAL  197 163 82.74 

          *Y = (C or T)  

    H= not G (A or C or T) 

    V=, not T (A or C or G) 
 

 

Genotype Identification by SCoT 

SCoT marker has several advantages over many marker 

techniques in evaluating the genetic characteristics: no 

prior sequence information is needed as that required 

by SSR, higher reproducibility than RAPD and it is 

relatively lower in cost than AFLP. The SCoT 

technique emerged in 2009, and few studies are 

available for different plant species. 

Out of 36 SCoT primers initially tested, thirteen 

primers were further chosen to examine genetic 

polymorphism among the nine olive cultivars. They 

successfully produced a total of 242 clear bands (Fig. 

1), with an average of 18.6 bands per primer (Table 3). 

The overall size of amplified bands ranged from 200 to 

2320 bp. While primers SCoT2, SCoT11, and SCoT 22 

revealed percentages of 94.7, 88.9, and 94.1% 

respectively, 10 primers showed 100% polymorphism. 

These 10 primers showing high allelic variation can be 

used to study genetic polymorphism as well as to 

fingerprint olive genotypes. Nevertheless, Moreover, 

Amirmoradi et al. 2012 generated a polymorphism that 

reached 100 % working on 38 accessions of Cicer 

species. They obtained a total number of 112 bands 

with an average number of 12.4 bands per primer 

ranging in size from 220 to 2250 bp. 

In this study, primer (SCoT 03) yielded the highest 

number of bands (31), while the lowest number (12) 

was detected by primers SCoT 4, SCoT 33, and SCoT 

36. The number of polymorphic bands was 236 bands 

with an average of 18.2 bands/ primer. This high 

average polymorphism rate obtained (97.52 %) from 

studying the 9 olive cultivars is quite similar to that 

reported by Bhattacharyya 2013 (96.21%); Leila 

Alikhan et al. 2014 (95.71%); and El framawy 2016 

(97.10%) revealing the elevated level of variability 

when compared with similar studies. Interestingly, 

lower polymorphism rates were recorded by Gorji et 

al., 2011 (61%); Shahlaei et al., 2014 (36.14%); Xiong 

et al., 2011 (38.22%). That would be attributed to the 

differences in genotypes and species tested.

https://www.sciencedirect.com/science/article/abs/pii/S0378111913010044#!
https://www.sciencedirect.com/science/article/abs/pii/S0378111914010725#!
https://www.sciencedirect.com/science/article/abs/pii/S0378111914010725#!
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Table (4): SCoT primers used in this study, their corresponding sequences, the total number of bands, number of 

polymorphic bands, and the percentage of polymorphism. 

 

Primer 

Name 
Primer sequence (5'→3') 

Total 

Bands 

Polymorphic 

bands 

Polymorphic 

Bands (%) 

SCoT 02 CAACAATGGCTACCACCC 19 18 94.7 

SCoT 03 CAACAATGGCTACCACCG 31 31 100 

SCoT 04 CAACAATGGCTACCACCT 12 12 100 

SCoT 05 CAACAATGGCTACCACCC 26 26 100 

SCoT 11 AAGCAATGGCTACCACCA 18 16 88.9 

SCoT 13 ACGACATGGCGACCATCG 21 21 100 

SCoT 16 ACCATGGCTACCACCGAC 17 17 100 

SCoT 20 ACCATGGCTACCACCGCG 19 19 100 

SCoT 22 AACCATGGCTACCACCAC 17 16 94.1 

SCoT 28 CCATGGCTACCACCGCCA 19 19 100 
SCoT 33 CCATGGCTACCACCGCAG 12 12 100 
SCoT 35 CATGGCTACCACCGGCCC 19 19 100 
SCoT 36 GCAACAATGGCTACCAC 12 12 100 

Total  242 236 97.52 

  

 

Genotype Identification by RAMP 

Twenty primer combinations (RAPD primer × ISSR 

primer) were tested for their ability to characterize the 

studied olive cultivars and to investigate the genetic 

relationships among them, out of these, eleven primer 

combinations (PC) (Table 5) produced clear and 

reproducible banding profile with a product size that 

ranged between 150–1200 bp.  These RAMP primer 

combinations yielded a total of 172 bands, with an 

average of 15.6 bands per primer.  The number of bands 

varied from 10 (PC 06) to 20 (PC 03 and PC 08) with 

an average of 15.63 bands per primer. Out of the 172 

bands obtained, 140 (81.39%) were polymorphic. The 

highest number of polymorphic bands (18 bands) was 

that amplified with PC 03, while the lowest one (5) was 

obtained with PC 06 with an average of 12.72 bands per 

primer. In this context, Soumaya et al. (2011) obtained 

210 reproducible bands as RAMPs using 18 primer 

combinations to study 40 Tunisian date-palm cultivars 

with a polymorphism percentage of 88.57. Moreover, 

Rai et al., 2013 used 17 RAMP PCs and they obtained 

106 fragments; 87 out of them were polymorphic when 

studying 48 Capsicum genotypes. The number of 

fragments per primer combination ranged from three to 

nine with an average of five fragments per primer 

combination. Also, Saleh 2015 used 21 RAMP (PCs) 

that could distinguish 145 loci, 139 of which (95.862%) 

were polymorphic in three genotypes of Arthrocnemum 

macrostachyum. 
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Table 5:  RAMP primers used, their corresponding sequences, the total number of bands, number of polymorphic 

bands, and % polymorphism. 

 Primer 

combination 

(PC) 

Primer sequence (5'→3') 
Total 

Bands 

Polymorphic 

Bands 
Polymorphic 

Bands (%) 

PC01 ISSR02/ OPA 10 (AG)8 YG /GTGATCGCAG 16 15 93.75 

PC02 ISSR03/ OPA 10 (AC)8YT / GTGATCGCAG 16 16 100 

PC03 ISSR04/ OPA 10 (AC)8YG / GTGATCGCAG 20 18 90.0 

PC04 ISSR14/ OPZ 09 (CTC)5TT / CACCCCAGTC 19 12 63.16 

PC05 ISSR18/ OPZ 09 HVH(CA)7AT / CACCCCAGTC 16 10 62.50 

PC06 ISSR19/ OPZ 09 HVHT(CCT)4CC/CACCCCAGTC 10 5 50.0 

PC07 ISSR20/  OPZ 09 HVHT(GT)7/ CACCCCAGTC 14 14 100 

PC08 ISSR06/  OPB10 CGC (GATA)4 / CTGCTGGGAC 20 16 80.0 

PC09 ISSR08/ OPC4 (AGAC)4 GC / CCGCATCTAC 14 12 85.71 

PC10 ISSR10/ OPC07 (GACA)4 AT/ GTCCCGACGA 15 13 86.66 

PC11 ISSR12/ OPC08 (AC)8YC/ TGGACCGGTG 12 9 75.0 

 Total  172 140 81.39 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): representative figure showing the polymorphism as revealed by ISSR marker;  (ISSR 13 & ISSR18), SCoT marker  

(primers SCoT 11and SCoT 13) and by RAMP primer combinations (PC06 &PC14) in the olive cultivars studied   M: 1 kb  DNA 

size marker. Numbers refer to the corresponding olive cultivars as indicated in Table (1). 
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Genetic relationships and differentiation among 

olive cultivars  

Estimated genetic similarity based on morphological 

data revealed that the closest cultivars to be Manzanillo 

and Frantoio followed by Kalamata and Picual. On the 

other hand, Frantoio and Coratina showed the lowest 

similarity between the studied cultivars. However, 

genetic similarities based on ISSR, SCoT, and RAMP 

data were showed a different trend; the Egyptian 

cultivars (Teffahi and Ageezi Shami) gave the highest 

genetic similarity (0.81) developed by ISSR data, 

(0.78) by RAMP data, and (0.71) combined data among 

studied cultivars. Moreover, SCoT data revealed the 

highest genetic similarity (0.62) between varieties 

Frantoio and Ageezi Shami. The least genetic similarity 

was that recorded between cultivars Ageezi Shami and 

krownaki by ISSR, and RAMP and with the 

dendrogram constructed using the combined data (0.47, 

0.54, and 0.48 respectively). On the other hand, SCoT 

recorded the lowest genetic similarity (0.38) between 

Manzanillo and Koroneiki.  It worth mentioning that,  

the high diversity recorded between Egyptian and 

foreign genotypes understudy would be the diverse 

germplasm origin resulting from crosses between wild 

olive and cultivated one over through the 

Mediterranean region. In this context, El Saied et al., 

2012 reported a high degree of genetic similarities 

among the Egyptian cultivars based on ISSR marker, 

on the contrary to the foreign cultivars. Also, Fayek et 

al 2014 reported the highest genetic similarity for the 

ISSR marker of (0.75) between two different Egyptian 

genotypes (Maraki and Sewia) and the least genetic 

similarity (0.40) between Coratina and Kronakiei. 

Also, Lopes (2007) reported a genetic similarity that 

ranged from 0.55 to 0.84 for 38 Portuguese olive 

cultivars based on ISSR data. As in the case of SCoT 

data, similar results to those previously reported in 

studies of different species (Xiong et al., 2011;  Gorji 

et al. 2012; Shahlaei et al., 2014;  Zhang et al. 2015 El 

Framawy 2016) While,   Pu et al.,2009 scored the mean 

genetic similarity of  0.803 for barley using RAMP 

data. Similarly, Soumaya et al.  (2011) reported that 

genetic similarity ranged from 0.10 to 0.76 with a mean 

of 0.34 for date-palm genotypes by RAMP data.   

The derived UPGMA dendrogram based on the 

similarity matrices for ISSR, SCoT, RAMP  and that 

constructed using combined data (Figure  2 ) illustrate 

the affinities among the nine cultivars and is composed 

of two main clusters within three main groups.  

Morphological data separated Coratina into the distinct 

cluster with leaving the 8 remaining cultivars to form 

two groups in the second cluster. The first group is 

composed of cultivars Chemlali, Manzanillo, Frantoio, 

and Teffahi. Interestingly cultivars Manzanillo and 

Frantoio were the closest. Moreover, the last group 

contained cultivars Ageezi Shami, Koroneiki, 

Kalamata, and Picual. This finding is congruent with 

the results of Zhan et al., 2015 who found that Coratina 

were clustered in one independent group and Koroneiki 

and Chemlai were in another sub-group when 

analyzing 32 olive cultivars using SSR and ISSR 

markers. On the other hand, Koroneiki was separated 

into a singular cluster by SCoT marker and combined 

data program. However, the cultivar Koroneiki was 

added to the group of Frantoio and Coratina in the first 

cluster by ISSR marker, but Frantoio and Coratina 

successfully were clustered together in the dendrogram 

of the combined data. Montemurro et al. (2005) 

reported the same trend of grouping between the Italian 

Frantoio and Coratina varieties by using the UPGMA 

dendrogram from data with AFLP and SSR markers. 

The high similarity coefficients recorded reference to 

the existence of a common ancestor for the study 

cultivars. 

Remarkably, the Egyptian cultivars, Teffahi, and 

Ageezi Shami tend to form a separate group by RAMP 

markers; the case was further confirmed by the 

combined dendrogram. Moreover, the RAMP marker 

successfully separated Chemlali, Kalamata, koroneiki, 

and Coratina in the second group and the last group 

comprising Manzanillo, Frantoio, and Picual. 
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Additionally, Chemlali, Kalamata were clustered 

together in the dendrogram of the combined data.  

These discrepancies in the genetic similarity revealed 

by the different marker types could be attributed to the 

different mechanism of detecting the polymorphism 

and genome coverage offered by each marker. 

Therefore, the genetic similarity based on the combined 

data could be more representative of the genetic 

relationships. In general, such findings were previously 

reported (Lopes et al., 2007&   Sorkhen and Khaleghi, 

2016).  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: UPGMA dendrogram derived from genetic similarity between nine olive cultivars, based on morphological traits and amplification 

profiles produced y ISSR, SCoT, and RAMP 

 
A comparison of distance matrices of morphological 

and molecular data was carried out based on the 

correlation coefficient of the Mantel test to evaluate the 

degree of correspondence (Table 6). In this study, no 

significant correlation was found between matrices 

based on qualitative traits and the three markers used. 

On the contrary, ISSR & SCoT gave the most 

significant   correlation (r= 0.57) compared to ISSR & 

RAMP (r=0.47) and RAMPO and SCoT (r=0.48). 

Accordingly, Sorkheh and khaleghi, 2016 reported no 

significant correlation between matrices based on SSR 

markers and qualitative traits or between matrices 

based on SSR markers and quantitative traits among 20 

Turkish olive trees. On the other hand, Zaher, H., 

(2011) identified a significant correlation between 

morphological and microsatellite marker-derived 

matrices derived by Mantel test analysis.   

 



 Journal of Bioscience and Applied Research, 2017, Vol.3, No.4, P.237 -251        pISSN: 2356-9174, eISSN: 2356-9182                    247 
 

Table (6): correlation between morphological traits and molecular markers 

                      (ISSR, SCoT, and RAMP) based on the Mantel test  

Distance A Distance B Correlation P-Value 

RAMP Frequency ISSR Frequency 0.467 0.002 

SCoT Frequency ISSR Frequency 0.573 0.0008 

SCoT Frequency RAMP Frequency 0.475 0.004 

SCoT morphology 0.3829 0.121 

ISSR morphology 0.283 0.142 

RAMP morphology 0.2507 0.137  

 

Comparison 

Three different PCR-based markers (ISSR, SCoT,  and 

RAMP) in this study allowed a better comparison to the 

effectiveness of each genetic marker in the 

characterizing of olive cultivars. These markers 

successfully provided a unique fingerprint for each of 

the olive varieties used. 12 ISSR primers, 13 SCoT 

primers, and 11 RAMP primer combinations 

successfully produced a total of 197, 242, and 172 

reproducible bands, with a percentage of 

polymorphism of 82.74%, 97.52%, and 81.39% 

respectively (Table 7) 

The high polymorphism generated by these markers 

indicates that the olive tree is a highly polymorphic 

species that reflect the agronomic diversity within olive 

cultivars. These results are following previous studies 

that carried out for olive trees reported by Martins-

Lopes et al. 2007; Gomes et al. 2009; Ben Mohamed et 

al. (2016) SORKHEH and KHALEGHI 2016 

The discriminatory power and the usefulness of each 

marker were evaluated by comparing its PIC and MI 

values. The highest value of polymorphism was that 

recorded by SCoT marker with a PIC value of (0.31) 

and MI (5.63) compared to ISSR and SCoT which 

indicates that these loci were highly informative for 

olive cultivars studied, based on Botstein et al. 

(1980)who mentioned the primers that show a PIC 

value of 0.5 ≥PIC ≤0.25 is considered informative 

marker. So SCoT marker can be used as an effective 

complementary method besides ISSR and RAMP for 

molecular characterization of olive as well as for 

determination of genetic relationships. This finding 

concurs with the report by Gorji et al. 2011 reported 

that SCoTs markers were more informative and 

efficient for fingerprinting of Potato varieties than other 

markers based on the average percentage 

polymorphism, PIC, and overall Shannon index. Also, 

Leila Alikhan et al. 2014 who found SCoT markers 

were more informative than IRAP and ISSR for the 

assessment of diversity among individuals which had 

the highest PIC value (0.38) compared to ISSR (0.30) 

and IRAP (0.32) respectively.   

On the contrary, Noor Zafirah Ismail 2016 reported a 

high value of PIC of 0.25, MI 11.36 from RAMP 

markers comparing between RAPD and ISSR although 

both markers showed 100% polymorphisms whereas 

RAMP markers detected 86% polymorphism for 

clinecanthus nutans 

Also, in this work Na (1.96±0.18), EMR (18.15), and 

SI (0.48±0.16) were quite high in SCoTc compared to 

ISSR, and RAMP. The effective number of alleles (Ne) 

of ISSR, SCoT, and RAMP showed less variability 

than Na with an average of 1.45±0.36 for the different 

markers used. Consequently, these results are in 

agreement with previous studies Noor Zafirah Ismail 

2016; Mahnaz Nezamivand CHEGINI et al 2016and 

Guo 2012 in which PIC, EMR, and MI can be 

anticipated as most marker parameters for selecting 

informative markers. 

https://www.sciencedirect.com/science/article/abs/pii/S0378111914010725#!
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Table  ( 7): a comparison of the efficiency  of  ISSR SCoT and  RAMPO to characterize the nine olive 

germplasm  based on polymorphism  parameters used in this study 

  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Results indicated that the SCoT marker can be used as 

an effective complementary method to ISSR and 

RAMP because SCoT is a gene-targeted marker and 

can effectively produce makers linked with traits and 

could be employed in studying genetic relationships. 

Moreover,  results can asset in establish a molecular 

database for Egyptian olive identification and to 

construct a molecular catalog that can compare the 

molecular pattern of cultivars as well as to avoid 

redundant genetic entities to make a reference 

collection 

Conclusion 

Molecular markers are still the most important and 

most efficient markers to study the variability and 

genetic relationships between different plant species. 

ISSR, SCOT, and RAMP   markers are powerful tools 

for olive varietal identification as well as in enabling an 

accurate characterization of the nine cultivars 

examined. Thus, it would serve in establishing a 

molecular database for Egyptian olive identification 

and to construct an accurate molecular map for olive 

cultivars.  Moreover, it would represent a better 

understanding of the diversity available in the Egyptian 

olive cultivations in one of the most threatened areas in 

EL Arish governorate, Egypt. Results obtained can 

through light for reliable olive breeding and 

conservation strategies in Egypt.  
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