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ABSTRACT 

Badakhshan, H., M. S. Kamangar, M. S., and Mozafari, A. A. 2018. Characterization of strawberry 
(Fragaria × ananassa Duch.) cultivars using SCoT, ISSR and IRAP markers. Crop Breeding 
Journal 8 (1 & 2): 61-72 
 

Genetic relationship of 36 strawberry cultivars was analyzed using three molecular marker systems; 
inter simple sequence repeats (ISSR), inter-retrotransposon amplified polymorphism (IRAP) and start 
codon targeted (SCoT) polymorphism. SCoT, IRAP and ISSR primers generated 238, 113 and 122 bands, 
respectively, of which 85.2, 91.5 and 89.35% were polymorphic. IRAPs with the highest values of expected 
heterozygosity (He), Shanonn index (I) and resolution power (Rp) were more powerful compared with 
SCoT and ISSR. However, the highest value of marker index was calculated for ISSRs. The genetic 
relationships were estimated using Dice similarity coefficient between different pairs of cultivars which 
varied from 0.577 to 0.901 for SCoT, 0.547 to 0.918 for IRAP, and 0.531 to 0.983 for ISSR. The UPGMA 
dendrograms using the SCoT and ISSR data classified cultivars into four major clusters; whereas based 
on the IRAP and combined data, the cultivars were divided into three major clusters. Approximately 50% 
of the cultivars with affiliation to pedigree and geographic origins were assigned to their major clusters. 
The results demonstrated that SCoT, ISSR and IRAP marker systems are useful for identification and 
genetic diversity analysis of strawberry cultivars. 
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INTRODUCTION 

trawberry (Fragaria × ananassa Duch.) 
is an octoploid (2n = 8x = 56) perennial 

plant belonging to the Rosaceae family 
(Debnath and Ricard, 2009; Peng et al., 
2015). It is one of the most widely grown 
fruit plants in the world, and is consumed 
by millions of people (Debnath and Ricard, 
2009). Strawberry is one of the richest 
natural source of vitamins and essential 
micronutrients, and also exhibits a high 
level of antioxidant capacity against free 
radicals which can be helpful for reducing 
the risk of cancer in humans and the 
reversal of age-related effects on memory 
(Giampieri et al., 2012; Wang and Lin, 
2000).  

Strawberry cultivars have been planted 
for long time in Iran, particularly in 
Kurdistan province (Eshghi et al., 2007; 

Tehranifar and Sarsaefi, 2002). A number 
of strawberry cultivars have been adapted to 
the cold semi-arid climatic conditions of 
Kurdistan (Manbari et al., 2012). Breeding 
and inbreeding have contributed to the 
reduction of genetic variation within 
strawberry germplasm. The consequences 
of such reduction in diversity are liability to 
biotic and abiotic stresses, lower selection 
gain and higher genetic erosion. Therefore, 
knowledge of the genetic diversity within 
germplasm can develop efficient and 
reliable breeding methods and helps to 
select parental materials for hybridization 
programs.  

Identification of strawberry cultivars has 
been conducted using different methods 
(Degani et al., 2001). DNA-based markers 
are increasingly used in breeding programs 
of many plants allowing direct comparison 
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of different genetic materials independent 
of environmental influences (Lim et al., 
2017). Different molecular tools such as 
RAPD (Degani et al., 2001), EST-SSR 
(Dong et al., 2011), ISSR (Arnau et al., 
2002; Debnath and Ricard, 2009), SSR 
(Meng et al., 2015; Rugienius et al., 2015), 
AFLP (Degani et al., 2001; Rugienius et 
al., 2015) and DArT (Sanchez-Sevilla et 
al., 2015) have been employed to analyze 
relationships between strawberry 
genotypes. These markers have proved to 
be effective tools for detection and 
assessment of genetic structures of 
strawberry germplasms. These molecular 
markers are different in some aspects such 
as reproducibility, resolution power and 
polymorphism detection. Inter-
retrotransposon amplified polymorphism 
(IRAP) and inter- simple sequence repeats 
(ISSR) markers, respectively, amplify DNA 
segments lying between two long terminal 
repeats (LTR) sequences and replicable 
regions between two microsatellite repeats 
in any orientation. The start codon targeted 
polymorphism (SCoT) is designed based on 
the short conserved region in plant genes 
surrounding the ATG translation start 
codon (Collard and Mackill, 2009).  

The SCoT, ISSR and IRAP methods 
have been reported to be more sensitive to 
low levels of genetic variations, and to 
produce more complex marker patterns than 
the other markers’ systems which is 
advantageous when differentiating closely 
related cultivars. These markers are used 
for variety identification in varied plant 
species, such as barley (Fernandez et al., 
2002), citrus (Mahjbi et al., 2015), wheat 
(Carvalho et al., 2010), banana (Nair et al., 
2005) and Potato (Mousapour Gorji et al., 
2011). These techniques are extremely 
reproducible, and can be used to analysis of 
nuclear genome in a single assay without 
any previous sequence information (AiFen 
et al., 2009). ISSR markers have been used 
for analyzing genetic diversity among 
various wild, domesticated and hybrid 
strawberry genotypes (Arnau et al., 2002; 

Debnath and Ricard, 2009; Kuras et al., 
2004; Morales et al., 2011; Nunes et al., 
2013). The results suggested ISSRs are 
highly efficient markers in polymorphism 
detection as well as assigning strawberry 
cultivars in groups based on either pedigree 
or geographic regions. However, up to now, 
there is no report on IRAP or SCoT 
markers for analyzing genetic variation in 
strawberry germplasms.  

The objectives of the present study were 
to analyze genetic diversity in different 
strawberry cultivars using IRAP, ISSR and 
SCoT markers, and to compare the 
usefulness of these three marker systems 
for analyzing genetic diversity among 
strawberry cultivars.  

 
MATERIAL AND METHODS 

Plant Materials and DNA Extraction 
Leaves of 36 greenhouse planted 

strawberry (F. ananassa) cultivars 
(Table 1) were collected. The genomic 
DNAs were extracted by the CTAB 
method, as described by Doyle and Doyle 
(1990), with minor modifications including 
a phenol extraction to obtain DNA with 
good quality. The quality and quantity of 
the extracted DNAs were assessed by 0.8% 
agarose gel electrophoresis and 
spectrophotometry (NanoDrop 1000 
Spectrophotometer, Wilmington, DE, 
USA), respectively. 

 
DNA Markers  

A set of 36 polymorphic DNA primers 
including 20 SCoT, eight IRAP and eight 
ISSR primers were selected for analyzing 
genetic variations among 36 strawberry 
cultivars. SCoT and IRAP primers were 
randomly chosen from Collard and Mackill 
(2009), Luo et al. (2010), Alavikia et al. 
(2008) and Kalendar et al. (1999). ISSR 
primers which were highly polymorphic in 
previous studies (Arnau et al. 2002; 
Hussein et al. 2008) were selected. Primer 
sequences are listed in Tables 2, 3 and 4. 
PCR amplification reaction programs were 
the same for three used markers systems. 
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Table 1. Name, origin and parentage of strawberry cultivars 
    Parents 

No. Cultivar Origin Female Male 
1 Zalushka Russia Senga Festivalnaya 
2 Karnaval Russia Raneplodnaya Pamitnaya 
3 Festivalnaya Russia Primer Obilnaya 
4 Allaya Russia Cyantstania Rooshin skaya 
5 Hybrid 280 Russia Lochvira Lidia 
6 Dukat Poland Koralowa 100 Gorella 
7 Tokai bus Russia Dukat Zhemchuzhina 
8 Rubinovyj kulon Russia Senga Fairfax 
9 Uonismaydes Russia Khavaland - 

10 Forton Russia Zenit Iton 
11 Paros Italy Marmolda Irvine 
12 Hybrid 700 Russia Rane plodnaya Bogota 
13 Istochink Russia Grenadier Pocahontas 
14 Roosich Russia Vystavochnaya Voskhod 
15 Hybrid 141 Russia Ranyaya plodnaya Pamitnaya 
16 Senga, Sengana Germany Markee Sieger 
17 Divnaya Russia Holiday Festivalnaya 
18 Aromatnaya Russia Kometa Krasavitsa 
19 Diamonte USA Cal.87.112-6 Cal.88.270-1 
20 Camarosa USA Dougla Cal 85.218-605 
21 Queen Elisa Italy Miss USB 35 
22 Aromas USA Cal.87.112-6 Cal.88.270-1 
23 Hybrid 98 Russia Loch vira Mamochka 
24 Hybrid 521 Russia Govarovskaya Mamochka 
25 Vigera Russia Ogonic Mestnaya 
26 Eros Britain Allstar Elsanta 
27 Vityaz Russia Surprise olympiad Festivalnaya roomashka 
28 Snejhana Russia Holiday 188-16-25 
29 Bounty Canada Senga Jersey belle 
30 Honeoye USA Holiday Vibrant 
31 Kurdistan Kurdistan (Iran) Unknown Unknown 
32 Hybrid 510 Russia Oso Grande Pamitnaya 
33 Bagema Russia Loch Vira Hybrid 56 
34 Sodaromka Russia Roksana Festivalnaya 
35 Karoda Russia Hybridnaya forma 138-16-25 Red Gauntlet 
36 Orazhay C-G-L Russia Senga Red Gauntlet 

 
The PCR reactions were carried out in a 
final volume of 10 µL included 1 µL of 
genomic DNA as template, 0.25 µL dNTPs 
(10 mM), 0.5 µL MgCl2 (25 mM), 1 µL 10 
X PCR buffer (1 mM Tris-HCl, pH 8.8, 50 
mM KCl and 0.1% Triton X-100), 0.2 µL 
Taq DNA polymerase (5 U l µL-1), and 1 
µL of each primers (10 mM). The PCR 
conditions were performed according to 
following program: 94°C for three minutes; 
followed by 35 cycles of 94°C for one 
minute, annealing temperature (45-58°C) 
for one minute and 72°C for two minutes 
(Tables 2, 3 and 4), and final extension at 
72°C for five minutes.  Amplified DNA 
fragments were electrophoresed on agarose 

gel (1.2%) stained with ethidium bromide 
(0.5 µgml-1), visualized, and photographed 
with UV light. The reproducibility of the 
bands was tested in three samples. A 100-
3000 bp DNA ladder (Fermentas Co; Ltd) 
was used as molecular weight standard for 
bands scoring. 

 
Data Analysis 

Each sharp and prominent amplified 
fragment was scored manually as presence 
(1) and absence (0) for a given primer. 
Accordingly, total number of bands (NB), 
the number of polymorphic bands (NPB), 
the percentage of polymorphic bands (PPB) 
and the frequency of bands (FB) were 
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Table 2. Some characteristics of used SCoT primers. Total number of bands (NB), number of polymorphic bands (NPB), percentage of polymorphic bands 
(PPB), frequency of bands (FB), effective multiplex ratio (EMR), marker index (MI), resolving power (Rp), expected heterozygosity (He), and Shannon Index (I) 

obtained by each SCoT primer. 

Primer ID Sequence (5’3’) 
Annealing  

Temperature 
NB NPB PPB FB EMR MI Rp He I 

SCOT1 CAACAATGGCTACCACCA 56 7 5 71.43 0.82 3.57 0.71 1.28 0.25 0.37 
SCOT2 CAACAATGGCTACCACCC 51 12 11 91.67 0.66 10.08 3.02 5.94 0.38 0.55 
SCOT7 CAACAATGGCTACCACGG 50 16 9 56.25 0.78 5.063 0.91 5.17 0.23 0.33 
SCOT10 CAACAATGGCTACCAGCC 50 8 7 87.5 0.58 6.13 1.35 3.22 0.27 0.42 
SCOT12 ACGACATGGCGACCAACG 55 11 10 90.91 0.6 9.09 2.36 6 0.32 0.49 
SCOT14 ACGACATGGCGACCACGC 57 11 8 72.73 0.94 5.82 1.28 1.28 0.27 0.41 
SCOT17 ACCATGGCTACCACCGAG 53 12 10 83.33 0.7 8.33 2.25 6.06 0.34 0.50 
SCOT20 ACCATGGCTACCACCGCG 50 9 7 77.78 0.75 5.44 1.31 2.89 0.3 0.45 
SCOT22 AACCATGGCTACCACCAC 53 8 6 75 0.71 4.50 1.13 3.72 0.33 0.47 
SCOT23 CACCATGGCTACCACCAG 56 9 8 88.89 0.8 7.11 2.13 3.56 0.39 0.56 
SCOT25 ACCATGGCTACCACCGGG 56 12 11 91.67 0.6 10.08 3.02 7.11 0.38 0.55 
SCOT27 ACCATGGCTACCACCGTG 55 12 11 91.67 0.56 10.08 2.92 7.06 0.36 0.53 
SCOT29 CCATGGCTACCACCGGCC 58 10 10 100 0.49 10.00 2.90 5.94 0.36 0.54 
SCOT30 CCATGGCTACCACCGGCG 53 13 11 84.62 0.64 9.31 2.61 7.56 0.36 0.52 
SCOT31 CCATGGCTACCACCGCCT 52 14 12 85.71 0.69 10.29 2.47 4.61 0.3 0.45 
SCOT33 CCATGGCTACCACCGCAG 55 14 14 100 0.59 14.00 4.34 8.89 0.39 0.58 
SCOT34 ACCATGGCTACCACCGCA 50 17 15 88.24 0.59 13.24 3.44 9.17 0.33 0.49 
SCOT35 CATGGCTACCACCGGCCC 57 13 11 84.62 0.65 9.31 2.61 7.28 0.36 0.52 
SCOT36 GCAACAATGGCTACCACC 50 14 14 100 0.5 14.00 3.78 6.56 0.33 0.5 
SCOT70 ACCATGGCTACCAGCGCG 50 16 13 81.25 0.69 10.56 2.53 6 0.29 0.44 
Total   238 203 1703.27 13.33 176.00 47.07 109.30 6.54 9.67 
Mean   11.9 10.20 85.20 0.67 8.80 2.35 5.47 0.33 0.48 
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Table 3. Some characteristics of studied IRAP primers. Total number of bands (NB), number of polymorphic bands (NPB), percentage of polymorphic bands 
(PPB), frequency of bands (FB), effective multiplex ratio (EMR), marker index (MI), resolving power (Rp), expected heterozygosity (He), and Shannon Index (I) 

obtained by each IRAP primer. 

Primer ID Sequence (5’3’) 
Annealing  

Temperature 
NB NPB PPB FB EMR MI Rp He I 

Gaga GGGAACCAACCGTCACA 51 16 15 93.75 0.62 14.06 4.22 8.94 0.39 0.56 
5′LTR1 ACAACCTTTATACGGGATCTCCGTT 48 18 17 94.44 0.56 16.06 4.66 10.28 0.37 0.53 
5′LTR2 CTTAATACGGGATCTCCCTTACTA 48 17 12 70.59 0.70 8.47 1.95 6.61 0.30 0.43 
LTR6149 CTCGCTCGCCCACACATCAACCGCGTTTATT 48 14 13 92.86 0.47 12.07 2.78 5.83 0.28 0.43 
LTR6150 ATGTACACACCTATGTATCTGTACCCGGCTTGGTC 58 5 5 100 0.79 5.00 1.70 2.11 0.43 0.62 
3′LTR TGTTTCCCATGCGACGTTCCCCAACA 57 13 13 100 0.53 13.00 4.16 8.78 0.40 0.59 
Sukkula GATAGGGTCGCATCTTGGGCGTGAC 57 14 13 92.86 0.61 12.07 3.14 6.39 0.32 0.48 
Nikita CGCATTTGTTCAAGCCTAAACC 54 16 14 87.50 0.54 12.25 2.82 6.44 0.29 0.44 
Total   113 102 732 4.82 92.98 25.42 55.38 2.78 4.08 
Mean   14.13 12.75 91.5 0.60 11.62 3.18 6.92 0.35 0.51 

 
 

Table 4. Some characteristics of studied ISSR primers. Total number of bands (NB), number of polymorphic bands (NPB), percentage of polymorphic bands 
(PPB), frequency of bands (FB), effective multiplex ratio (EMR), marker index (MI), resolving power (Rp), expected heterozygosity (He), and Shannon Index (I) 

obtained by each ISSR primer. 

Primer ID Sequence (5’3’)* 
Annealing  

Temperature 
NB NPB PPB FB EMR MI Rp He I 

IS-2 (CA)6GG 45 20 18 90 0.48 16.2 3.73 9.28 0.28 0.43 
IS-7 (CT)8AC 50 15 14 93.33 0.64 13.07 3.66 7.28 0.34 0.51 
IS-11 (GAG)3GC 56 13 12 92.31 0.55 11.08 2.55 4.94 0.28 0.44 
ISSR-1 VBV(AC)7 58 16 14 87.5 0.59 12.25 3.06 8.00 0.31 0.47 
ISSR-2 BDB(CA)7 58 17 12 70.59 0.65 8.47 1.61 5.67 0.24 0.35 
ISSR-4 GCV(TC)7 58 17 15 88.24 0.76 13.24 3.84 7.83 0.37 0.54 
ISSR-5 VCG(TC)7 58 14 13 92.86 0.53 12.07 3.26 8.06 0.33 0.50 
ISSR-7 HVH(TGT)5 57 10 10 100 0.57 10 3.30 6.67 0.42 0.61 
Total   122 108 714.83 4.77 96.38 25.01 57.73 2.57 3.85 
Mean   15.25 13.5 89.35 0.60 12.05 3.13 7.22 0.32 0.48 
* V= non T; B= non A; H= non G and D= non C 
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calculated using GenAlex 6.5 software 
(Peakall and Smouse, 2012). Cluster 
analysis based on Unweighted Pair Group 
Method with Arithmetic Averages 
(UPGMA) and Neighbor Joining (NJ) 
algorithms were carried out by using 
XLSTAT (version 2017) and DARwin 
(version 6.0.17) softwares to categorize 
overall variation to separate clusters.  

The cophenetic correlation coefficients 
were calculated, and Mantel’s tests (1967) 
were performed to check the justification of 
the cluster analysis to the similarity 
matrices, and consequently, only Dice 
Similarity Matrix was used in subsequent 
analyses. The degree of correlation between 

similarity matrices of the IRAP, SCoT and 
ISSR markers was estimated using the 
Mantel’s test. The band informativeness 
(Ib) was estimated as Ib = 1- (2×ǀ0.5-pi|) 
(Prevost and Wilkinson, 1999), where pi is 
the frequency of the ith band. The resolving 
power of the primer (Rp) was measured 
based on Rp = ∑Ib as mean for determining 
discriminatory potential of a primer sets.  

The expected heterozygosity (He) and 
Shannon’s index (I) were estimated as 
indicators of genetic variation using 
GenAlex 6.5 software (Peakall and Smouse, 
2012). Polymorphism information content 
(PIC) for each primer was calculated using

PIC= 1- -                                                  (Nagy et al., 2012) 

 
where pi is the frequency of present band 

and qi is the frequency of absent band. 
Marker index (MI) was calculated to 
evaluate the usefulness of molecular 
markers based on PIC × EMR formula. The 
effective multiplex ratio (EMR) was 
measured by multiplying the proportion of 
polymorphic loci (β) and number of loci per 
assay unit (Powell et al., 1996). 

 
RESULTS 

SCoT amplification using 20 single 
primers produced 238 unambiguous, 
scorable bands (ranged from 150 to 3000 
bp) of which 203 bands were polymorphic 
including one band (SCoT31, 660 bp) which 
was distinctive of cv. Roosich. The average 
estimated PPB was 85.20%, and on average 
11.9 bands were observed per primer. 
SCoT29, SCoT33 and SCoT36 generated the 
maximum percentage of polymorphism 
(100%); while SCoT7 produced the 
minimum percentage of polymorphism 
(56.25%). Maximum values of primer 
characteristics including EMR (14), MI 
(4.34), Rp (8.89), He (0.39) and I (0.58) 
were obtained by SCoT33. The lowest 
values of the EMR, MI, RP, He and I were 
observed for SCoT14, SCoT1 and SCoT7 
primers, respectively. Conversely, the 
frequency of SCoT14 (0.94), SCoT1 (0.82) 

and SCoT7 (0.78) bands were maximum 
(Table 2). FB was negatively correlated 
with He (r = -0.474, p <0.05) and I  
(r = -0.546, p <0.05), but positive 
correlation was found between He and I 
values. 

Eight polymorphic IRAP primers 
generated 113 scorable bands ranged 
between 200 and 2900 bp. On average, each 
primer produced 14.13 bands and 102 
bands were polymorphic (91.50%). One 
single band (5’LTR1, 1500 bp) was 
distinctive of cv. Aromas. The LTR6150 
and 3’LTR produced the highest PPB 
(100%), whereas 5’LTR2 primer generated 
the lowest PPB (70.59%). Although the 
minimum values for EMR (5.00), MI 
(1.70), Rp (2.11) obtained by LTR6150, the 
calculated PPB (100%), FB (0.79), He 
(0.43) and I (0.62) were highest for this 
primer. The maximum values of NB (18), 
NPB (17), EMR (16.06), MI (4.66) and Rp 
(10.28) were obtained for 5’LTR1 primer 
(Table 3). FB positively correlated but not 
significantly with He and I. 

Using ISSR primers, 122 distinct and 
scorable bands amplified of which 108 
bands were polymorphic. Among the 
polymorphic bands one single band (ISSR2, 
320 bp) was distinctive of cv. Rubinovyj 
Kulon. The size of bands ranged from 100 
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to 3000 bp. The average of produced bands 
estimated as 15.25 for each primer. The 
highest (100) and lowest (70.59) values of 
the PPB were observed for ISSR7 and 
ISSR2, respectively. The ISSR7 created 
maximum values of He (0.42) and I (0.61); 
however, IS-2 primer generated the 
maximum values of EMR (16.20), MI 
(3.84) and Rp (9.28). The minimum values 
of EMR, MI, Rp, He and I were observed 
for ISSR2 primer (Table 4). 

The highest and the lowest average of 
MI value were obtained by IRAP (3.18) and 
SCoT (2.35) primers, respectively. Out of 
all used primers the 5’LTR2 generated the 
maximum MI (4.66) value. Mean Rp,  
as primer performance determinant,  
was highest for ISSR (7.22) and lowest  
for SCoT (5.47), respectively. While,  
the highest value of Rp (10.28) obtained  
by IRAP (5’ LTR2) primer. The IRAP 
primers generated the highest average 
values of He (0.35) and I (0.51).  
However, the mean values of He and I were 
identical for ISSR and SCoT primers 
(Tables 2 and 4). 

 
Genetic Similarity 

The Dice similarity coefficients using 
IRAP data ranged from 0.547 to 0.918, 
therefore, Festivalnaya and Hybrid280 had 
more similarity whilst Roocich and 
Hybrid521 were less similar. The Dice 
similarity values calculated using ISSR data 
ranged from 0.531 to 0.983 for Roosich- 
Kurdistan, and Karnaval and Festivalnaya, 
respectively. Using SCoT data, similarity 
values ranged from 0.577 to 0.901 for 
Roosich and Vigera, and Hybrid521 
andVigera, respectively. Significant 
correlation (r = 0.345, p < 0.0001) was 
obtained between Dice similarity matrices 
using Mantel test, estimated from 10000 
permutations. Likewise, the mantel 
correlations were highly significant for 
pairwise SCoT and IRAP (r = 0.434, p 
<0.0001), SCoT and ISSR (r = 0.495, p 
<0.0001) as well as IRAP and ISSR (r = 
0.298, p <0.0001) data sets.   

Genetic Relatedness 
The UPGMA and Neighbor joining 

dendrograms generated from Dice 
similarity coefficient for each of SCoT, 
IRAP and ISSR primers. UPGMA was 
selected as suitable method due to its best 
pattern of clustering in accordance with the 
geographic origin and genetic relationships 
of cultivars. The cutting point of each 
dendrogram was determined according to 
pedigree information and the maximum 
variation between classes. 

All of the strawberry genotypes were 
divided into four groups using SCoT data 
(Fig. 1, a). The Honeoye and Kurdistan 
cultivars were classified together in the 
second group. Honeoye has originated from 
USA, whereas no information is available 
about the origina and parentage of 
Kurdistan genotype. The third group with 
two subgroups was more consistent with 
pedigree (56%) and geographic origins 
(Table 1). 

Genotypes were classified into four 
distinct groups using ISSR data in which 
approximately 38.09 percent of clusters 
were in agreement with pedigree (Fig. 1b). 
The cv. Kurdistan was grouped together 
with the Canadian cultivar (Bounty); while, 
most of the American and European 
cultivars formed the third group which 
comprised two subgroups with 57.14% 
accordance with pedigree (Table 1). 

The cv. Roosich appeared as distinct 
from all other genotypes in SCoT and  
ISSR markers based on dendrograms  
(Fig. 1a and b). 

Using IRAP data, genotypes were 
grouped into three clusters (Fig. 1c). 
Greater accordance (55.17%) between 
classifications of genotypes with the 
pedigree revealed in the second major 
group with five sub-groups in which cv. 
Honeye grouped with cv. Kurdistan.  

Cultivars were classified into three 
groups with an average of 51.65% 
accordance with pedigree using combined 
SCoT, ISSR and IRAP data (Fig. 1d). 
Bounty, Honeoye and Kurdistan cultivars 
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Fig. 1. Dendrograms for 36 cultivars of strawberry with UPGMA based on Dice coefficient. (a) SCoT 
data-based dendrogram, (b) ISSR data-based dendrogram, (c) IRAP data-based dendrogram, and (d) the 

combination SCoT, ISSR and IRAP data-based dendrogram. 
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were classified once again in the third 
group. 

 
DISCUSSION 

Three DNA fingerprinting techniques, 
SCoT, ISSR and IRAP markers, were used 
to analyze the genetic variation among 36 
strawberry cultivars. Additionally, the 
usefulness of three different types of DNA 
markers was demonstrated for 
characetrizing genetic variation and their 
efficiency to reveal the extent of 
polymorphism in octoploid strawberry. 
SCoT, ISSR and IRAP markers exhibited 
high polymorphism among analyzed 
strawberry cultivars. SCoT primers were 
designed based on conserved regions 
flanking the ATG initiation codon sequence 
of genes. Thus, these markers are often 
considered as functional markers (Collard 
and MacKill, 2009). ISSRs target the 
microsatellite repeats of the genome, 
whereas IRAPs reveal information from the 
retrotransposon regions of the genome.  

Each technique, though differing in the 
underlying principle, was informative with 
regard to the amount of detected 
polymorphism. The polymorphism 
generated with IRAP primers (average He = 
0.35, I = 0.51) was found to be higher than 
SCoT and ISSR primers (average He = 
0.33, I= 0.48). This attributes to variable 
average number of polymorphic bands per 
markers data ranged from 85.2% for SCoT 
to 91.5% for IRAP markers. This analysis 
also implied potential utilization of primers 
LTR6150, 3’LTR, Gaga, ISSR7, ISSR4, 
SCoT2, SCoT23, SCoT25 and SCoT33 
(with higher He and I) for detecting 
polymorphism among strawberry cultivars 
(Tables 2, 3 and 4). In general, our results 
showed that SCoT markers were less 
efficient than IRAP and ISSR assay in 
respect to polymorphism detection (Table 
2), as they detected 85.2% polymorphism 
compared to 91.5% for IRAP markers and 
89.35% for ISSR markers (Tables 3 and 4). 

Marker index (MI) and resolution power 
(Rp) used for comparison of the efficiency 

of three marker systems showed that IRAP 
and ISSR markers, with slightly 
differences, were more informative than 
SCoTs in the assessment of genetic 
diversity among strawberry cultivars. The 
higher performance and discriminativer 
power of ISSR and IRAP markers was due 
to primers designation based on the 
abundant number of the repetitive DNA 
sequences in plants including 
microsatellites and retrotransposon repeats. 
Some bands were specific to only one 
genotypes enabling immediate 
identification of that genotype as concluded 
earlier by Arnau et al. (2002). SCoT31 (660 
bp), ISSR2 (320 bp) and 5’LTR1 (1500 bp) 
bands were distictive for Roosich, 
Rubinovyj and Kulon, and Aromas 
cultivars, respectively. The distinctive 
bands provide the possibility of PCR- based 
SCAR markers designation to develop 
breeding schemes through marker-assisted 
selection (MAS) methods. 

To date, molecular markers have been 
widely used for the identification of genetic 
relationships in wild and cultivated 
strawberry germplasm, but this is the first 
report of genetic characterization of 
octaploid strawberry using IRAP and SCoT 
markers. Arnau et al. (2002) results with 
ISSR markers showed that the ISSR 
technique has a high discriminative 
potential and revealed real relationships 
between cultivars. However, low levels of 
polymorphism (30%) between strawberry 
varieties were reported in comparison with 
our results. On the other hand, generated 
levels of polymorphism using SCoT, ISSR 
and IRAP primers were nearly similar with 
the variation observed by Meng et al. 
(2015),using SSR markers (88.9%). 

Mean similarity coefficient obtained 
using IRAP and ISSR data was 0.73, while 
the mean similarity coefficient using SCoT 
data was 0.74 (Fig. 1). The Mantel 
correlation between SCoT, IRAP and ISSR 
Dice’s similarity coefficient was 
significant. This showed that these 
techniques demonstrated harmony in 
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distinguishing powers among the 
strawberry cultivars. High significant 
correlations between ISSR, SCoT and 
IRAP markers has been reported by 
Rahmani et al. (2014) and Rahmani et al. 
(2015). 

Two clustering methods including 
UPGMA and NJ were used to demonstrate 
genetic relationships among strawberry 
cultivars. The results were generally 
consistent, but due to more congruency of 
the results of UPGMA with pedigree, this 
method was chosen for further analysis. All 
cultivars were grouped in four, three and 
four clusters based on SCoT, IRAP and 
ISSR assessments, respectively. A doable 
rationalization for distinctive resolution of 
SCoTs, IRAPs and ISSRs is that, they have 
distinct targets in the genome. However, 
based on the three assays the Russian 
strawberry cultivars were separated from 
American and European cultivars. This 
observation may result from differences in 
the procedures of plant propagation and 
breeding programs in these regions. The 
groups obtained by IRAP marker were 
relativity more consistent with pedigree 
information than ISSR and SCoT primers 
due to high potential of the IRAP primers in 
detection of cultivars. Therefore, these 
markers are appropriate markers to 
discriminate strawberry genotypes based on 
their paternity relationships and ancestors. 

The cv. Kurdistan with unknown origin 
and parentage has been introduced and 
commercialized in Kurdistan province since 
more than 50 years ago. In all generated 
dendrograms using SCoT, IRAP, and 
combined SCoT, ISSR and IRAP data the 
cv. Kurdistan was classified together with 
the American cv. Honeoye which support 
the conclusion that these two cultivars 
might be more closely related. However, 
reliable and accurate conclusions warrant 
DNA sequencing analysis.   

In conclusion, characterization of 
strawberry cultivars is necessary to promote 
and improve its cultivation. Additionally, 
strawberry breeding programs needs more 

genetic information to be able to develop 
new competitive cultivars. The present 
study using IRAP, SCoT and ISSR 
fingerprinting techniques revealed adequate 
genetic variation among starwberry 
cultivars. IRAP markers were more 
efficient than SCoTs and ISSRs in detecting 
genetic diversity as well as revealing 
genetic relationships among starwberry 
cultivars. 

 
ACKNOWLEDGMENTS 
The authors are grateful to the 

University of Kurdistan, Iran, for financial 
support. 

 
REFERENCES 

AiFen, T., Zhong Hua, L., JianMin Q., 
Dong Xin, Z., Tao, W. and Shun Hui, C. 
2009. Comparison and analysis of IRAP 
and ISSR molecular methods used for 
assessment of genetic diversity in 
tobacco. J. Wuhan Bot. Res. 27(6): 589-
594. 

Alavikia, S. S., Mohammadi, S. A.,  
Aharizad, S. and Moghaddam, M. 2008. 
Analysis of genetic diversity and 
phylogenetic relationships in Crocus 
genus of Iran using inter-retrotransposon 
amplified polymorphism. Biotechnol. 
Biotechnol. Equip. 22: 795-800. 

Arnau, G., Lallemand, J. and Bourgoin, M. 
2002. Fast and reliable strawberry 
cultivar identification using inter simple 
sequence repeat (ISSR) amplification. 
Euphytica 129: 69-79. 

Carvalho, A., Guedes‐Pinto, H., 
Martins‐Lopes, P. and Lima‐Brito, J. 
2010. Genetic variability of Old 
Portuguese bread wheat cultivars 
assayed by IRAP and REMAP markers. 
Ann. Appl. Biol. 156(3): 337-345. 

Collard, B. C. Y., and Mackill, D. J. 2009. 
Start codon targeted (SCoT) 
polymorphism: A simple, novel DNA 
marker technique for generating gene-
targeted markers in plants. Plant Mol. 
Biol. Rep. 27: 86-93. 

Debnath, S. C., and Ricard, E. 2009. ISSR, 
anthocyanin content and antioxidant 



Badakhshan et al., Characterization of strawberry (Fragaria × ananassa Duch.) … 

71 

activity analyses to characterize 
strawberry genotypes. J. Appl. Hortic. 
11(2): 83-89. 

Degani, C., Rowland, L. J.,  Saunders, J. A.,  
Hokanson, S. C.,  Ogden, E. L.,  Golan-
Goldhirsh, A. and Galletta G. J., 2001. A 
comparison of genetic relationship 
measures in strawberry (Fragaria× 
ananassa Duch.) based on AFLPs, 
RAPDs, and pedigree data. Euphytica 
117(1): 1-12.  

Dong, Q., Wang, X., Zhao, M., Song, C. N, 
Ge, A. J. and Wang, J. 2011. 
Development of EST-derived SSR 
markers and their application in 
strawberry genetic diversity analysis. 
Sci. Agric. Sintica. 44: 3603-3612. 

Doyle, J., and Doyle, J. L. 1990.  Isolation 
of plant DNA from fresh tissue. Focus 
12: 13–15. 

Eshghi, S., Abdi, G.,  Tafazoli, E. and 
Yavari, S. 2007.Strawberry research and 
biotechnology in Iran. Middle East Russ. 
J. Plant Sci. Biotech. 1(2): 39-41. 

Fernandez, M., Figueiras, A. and Benito, C.  
2002. The use of ISSR and RAPD 
markers for detecting DNA 
polymorphism, genotype identification 
and genetic diversity among barley 
cultivars with known origin. Theor. App. 
Genet.104: 845-851. 

Giampieri, F., Tulipani, S., Alvarez-Suarez, 
J. M.,  Quiles, J. L.,  Mezzetti, B.  and 
Battino, M. 2012. The strawberry: 
composition, nutritional quality, and 
impact on human health. Nutrition 28: 9-
19. 

Hussein, T. S., Tawfik, A. A. and Khalifa, 
M. A. 2008. Molecular identification and 
genetic relatioships of six strawberry 
varieties using ISSR markers. Int. J. 
Agri. Biol. 10: 677-680. 

Kalendar, R., Grob, T., Regina, M., 
Suoniemi, A. and Schulman, A. 1999. 
IRAP and REMAP: two new 
retrotransposon-based DNA 
fingerprinting techniques. Theor. 
Appl. Genet. 98: 704-711. 

Kuras, A., Korbin, M.  and Zurawicz, E. 
2004. Comparison of RAPD and ISSR 
techniques for determination of 
strawberry (Fragaria ananassa Duch) 
relationship. Plant Cell Tissue Organ 
Cult. 79: 189- 193. 

Lim, S., Lee, J., Lee, H. J., Park, K. H.,  
Kim, D. S.,  Min, S. R.,  Jang, W. S.,  
Kim, T. and Kim, H. R. 2017. The 
genetic diversity among strawberry 
resources based on SSRs. Sci. Agric. 
74(3): 226-234.  

Luo, C., He, X., Chen, H., Ou, S. J.  and 
Gao, M. P. 2010. Analysis of diversity 
among mango cultivars using start codon 
targeted (SCoT) markers. Biochem. Syst. 
Ecol. 38 (6): 1176-1184. 

Mahjbi, A., Baraket, G.,  Queslati, A., and 
Salhi-Hannachi, A. 2015. Start codon 
targeted (SCoT) markers provide new 
insights into the genetic diversity and 
characterization of Tunisian citrus 
species. Biochem. Syst. Ecol. 61: 300-
308. 

Manbari, Y., Karami, E., Etminan, A. and 
Talebi, R. 2012. Characterization of 
genetic variation between local and 
exotic Iranian strawberry (Fragaria× 
ananassa Duch.) cultivars using 
amplified fragment length polymorphism 
(AFLP) markers. Int. J. Biosci. 2(12): 
159-167. 

Meng, F., Liu, L., Peng, M., Wang, Z., 
Wang, C. and Zhao, Y. 2015. Genetic 
diversity and population structure 
analysis in wild strawberry (Fragaria 
nubicola L.) from Motuo in Tibet 
Plateau based on simple sequence 
repeats (SSRs). Biochem. Syst. Ecol. 63: 
113-118. 

Morales, R. F. G.,  Resende, J. T. V., Faria, 
M. V., Andrade, M. C., Resendae, L. V.,     
Delatorre, C. A., and Silva, P. R. 2011. 
Genetic similarity among strawberry 
cultivars assessed by RAPD and ISSR 
markers. Sci. Agric. 68(6): 665- 670.  

Mousapour Gorji, A., Poczai, P., Polger, Z. 
and Taller, J. 2011. Efficiency of 
arbitrary dominant markers (SCoT, ISSR 



Crop Breeding Journal, 2018. 8 (1 & 2) 

72 

and RAPD) for diagnostic fingerprinting 
in tetraploid potato. Am. J. Pot. Res. 88: 
226- 237. 

Nagy, S., Poczai, P., Cernak, I., Mousapour 
Gorji, A., Hegedus, G. and Taller, J. 
2012. PICcalc: An online program to 
calculate polymorphic information 
content for molecular genetic studies. 
Biochem. Genet. 50: 670- 672.  

Nair, A. S., Teo, C. H.,  Schwarzacher, T.  
and Harrison, P. H. 2005. Genome 
classification of banana cultivars from 
South India using IRAP markers. 
Euphytica 144(3): 285-290. 

Nunes, C. F., Ferreira, J. L.,  Generose, A. 
L.,  Dias, M. S. C., Pasaqual, M. and 
Cancado, G. M. A. 2013. The genetic 
diversity of strawberry (Fragaria 
ananassa Duch.) hybrids based on ISSR 
markers. Acta. Sci. Agron. 35(4): 443-
452.   

Peakall, R., and Smouse, P. E. 2012. 
Genalex 6.5. Genetic analysis in Excel. 
Population genetic software for teaching 
and research- an update. Bioinformatics 
https://doi.org/10.1093/ 
bioinformatics/bts460 

Peng, M., Zong, X., Wang, C. and Meng, F. 
2015. Genetic diversity of strawberry 
(Fragaria ananassa Duch.) from the 
Motuo county of the Tibet Plateau 
determined by AFLP markers. 
Biotechnol. Biotechnol. Equip. 29(5): 
876-881. 

Prevost, A. and Wilkinson, M. 1999. A new 
system of comparing PCR primers 
applied to ISSR fingerprinting of potato 
cultivars. Theo. Appl. Genet. 98: 107-
112.  

Rugienius, R., Siksnianiene, J. B.,  Freroks, 
B.,  Staniene, G., Stepalaitiene, I., 
Haimi, P. and Stanys, V. 2015. 
Characterization of strawberry (Fragaria 
× annanassa Duch) cultivars and hybrid 
using SSR and AFLP markers. 
Zemblirbyste Agric. 102 (2): 177-184. 

Powell, W., Margenta, M., Andre, C., 
Hanfrey, M., Vogel, J.,  Tingey, S. and 
Rafalsky, A. 1996. The utility of RFLP, 

RAPD, AFLP and SSR (microsatellite) 
marker for germplasm analysis. Mol. 
Breed. 2: 225-238. 

Rahmani, M. S., Alikhani, L., Shabanian, 
N., Badakhshan, H. and Khadivi-Khub, 
A. 2014. Genetic variability and 
structure of Quercus brantii assessed by 
ISSR, IRAP and SCoT markers. Gene 
552: 176-183. 

Rahmani, M. S., Shabanian, N., Khadivi-
Khub, A.,  Woeste, K., Badakhshan, H. 
and Alikhani, L. 2015. Population 
structure and genotypic variation of 
Crataegus pontica inferred by molecular 
markers. Gene 572(1): 123-129 

Sanchez-Sevilla, J. F., Horvath, A., Botella, 
M. A., Gaston, A., Folta, K., Kilian, A., 
Denoyes, B. and Amaya, I. 2015. 
Diversity Arrays Technology (DArT) 
marker platforms for diversity analysis 
and linkage mapping in a complex crop, 
the octaploid cultivated strawberry 
(Fragaria × annassa). PLoS One 10 
(12). http://dx.doi.org//10.1371/journal 
prone 0144960   

Tehranifar, A., and Sarsaefi, M. 2002. 
Strawberry growing in Iran. Acta. 
Hortic. 567: 547-549. 

Wang, S. Y. and Lin, H. S. 2000. 
Antioxidant activity in fruits and leaves 
of blackberry, raspberry, and strawberry 
varies with cultivar and developmental 
stage. J. Agric. Food. Chem. 48(2): 140-
146. 


